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I. INTRODUCTION 

1. The RECLBL Library Package 

The RECLBL Library is a package of computational subroutines that 
apply to the reconstruction of transverse sections from projection data. 
The subroutines are written in the FORTRAN programming language (ANSI 
standard) and have been tested on CDC 6400, 6600, and 7600 computers 
and on a PDP 11/45 system. The package applies to three-dimensional 
reconstruct~on problems that arise in the medical and physical sciences. 
The package includes programs for medical applications that can be 
used both for the determination of tissue attenuation coefficients using 
x-ray transmission data and for the determination of radionuclide 
concentration using data from nuclear medicine detectors. This manual 
contains descriptive material that gives the physical and mathematical 
bases for the algorithms, examples of the use of the algorithms, and 
FORTRAN listings of the algorithms. 

2. The Reconstruction Problem 

The reconstruction problem consists of generating a two-dimensional 
picture from its projections. The reconstructed picture consists of 
a quantitative set of numbers specifying source density or attenuation 
coefficient on a two-dimensional grid. The picture represents a transverse 
section of an object such as a human head as shown in figure 1. 

XBL777-3587 

Figure 1. Concept of a transverse section. 
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The RECLBL Library applies to data that represent the projection 
of density along parallel or diverging sets of straight-line paths 
(rays) through an object. The algorithms transform one-dimensional 
projections from multiple angles around the object to a corresponding 
transverse section through the object. Three-dimensional information 
is obtained by stacking successive transverse sections. 

3. Description of Library Contents 

The reconstruction algorithms in the library are supplied as the 
following subroutines: 

(1) BJECT - Simple back-projection. 
(2) BKFIL - Back-projection of filtered projections (Fourier space). 
(3) CONGR - Iterative least-squares minimization by the method of 

conjugate gradients. 
(4) CONVO - Back-projection of convolved projections (configuration 

space) . 
(5) ENTPY Iterative dual-space entropy maximization by the method 

of conjugate gradients. 
(6) FILBK - Two-dimensional filtering of the simple back-projection 

(Fourier space). 
(7) GVERS Direct least-squares minimization using the generalized 

inverse. 
(8) GRADY - Iterative least-squares minimization by the method of 

steepest descent. 
(9) MARR - Direct least-squares minimization using orthogonal 

polynomials on the unit circle. 

These reconstruction algorithms' execute with the following geometry 
options: 

(1) Parallel-beam geometry with weighting by the area of the pixel 
intersected by the ray. 

(2) Parallel-beam geometry assuming that all the activity is in the 
center of the pixel. 



(3) Parallel-beam geometry with weighting by the length of the line 
that traverses the pixel. 

(4) Fan-beam geometry with weighting by the area of the pixel intersected 
by the diverging ray. 

(5) Fan-beam geometry assuming that all the activity is in the center 
of the pixel. 

The methods of compensating for attenuation use attenuation factors 
calculated by the subroutines: 

(1) EVATN - Incorporation of attenuation from a user provided array of 
attenuation coefficients. 

(2) EVATU - Incorporation of constant attenuation coefficient within 
a convex boundary. 

An overview of the library is shown in figure 2. The figure gives 
the name~ of the essential library subroutines with which the user 
will need to be familiar. 

Several reconstruction algorithms that this library does not contain 
(e.g., ART, the Algebraic Reconstruction Technique and SIRT, the Simultaneous 
Iterative Reconstruction Technique) may be found in G. T. Herman and 
S. W. Rowland, SNARK77: A Programming System for the Reconstruction of 
Pictures from Projections, State University of New York at Buffalo, 
Department of Computer Science, Technical Report No. 130 (1977). 

4. Distribution of Documentation and Programs 

Subscribers to the RECLBL Library will receive the Users Manual 
and the library source material, which is distributed on magnetic tape. 
The magnetic tape can be either 7 or 9 track, depending on the user's 
hardware requirements. A charge of $20.00 will be made for each 
magnetic tape provided to cover the cost of the tape and mailing .. 
The user will receive library revisions and additions after they have 
been tested and implemented. 
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Figure 2. The RECLBL Library has 9 user called reconstruction 
subroutines. Projectors, back-projectors, convolvers and 
filters are passed to the reconstruction algorithms as 
external subroutines. The data are input using the sub
routine GETUM, and the parameter arrays IPAR and PAR are 
input using the subroutine SETUP. The reconstructions may 
be displayed using special output subroutines. 
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The last page of this manual contains an order blank for a magnetic 
tape containing the source material of the RECLBL Library. The contents 
and format of the magnetic tape are given in section 11.5. 

Corrections or comments on the RECLBL Library or this manual should 
be sent to: 

Research Medicine Group 
Donner Laboratory 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 
Attention: RECLBL Library 
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II. LIBRARY CHARACTERISTICS 

1. Philosophy. 

The RECLBL Library is a collection of subroutines. The user is 
expected to have a working knowledge of the FORTRAN computer language. 
He must write a main program that calls various subroutines of the 
RECLBL Library. These include setup, data input, and display routines, 
as well as the major routines that execute the reconstruction algorithms. 

The user must also be familiar with the names of another class 
of library subroutines that are used as external parameters of major 
reconstruction algorithms. These routines specify the type of weighting 
factor and the convolution or filter function to be used. All of the 
subroutine names that the user might need to use are shown in figure 2. 

The structure of the RECLBL Library provides the user with a great 
deal of flexibility while requiring a minimum knowledge of computer 
progralTll1ing. 

2. Operating Environment 

The programs have been des i gned to accommodate both sma 11 and 
large computer implementation. The RECLBL Library has been written 

. and tested on CDC 6400, 6600, and 7600 computers. Parts of the library 
have been put into operation on PDP 11/45 and HP2100 systems. Because 
the HP2100 does not allow labeled common, this package must be modified 
for full implementation on that system. 

The library has been designed to be used in an operating system 
. that has the abil ity to load into memory on ly those rout i nes that are 
necessary to execute the user's code. Because of the structure of 
the RECLBL Library, a minimum amount of computer memory is required. 

7 
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.3. Coding Conventions 

The subroutines of the RECLBL Library were coded in the FORTRAN 
computer language using the guidelines of: 

American National Standard FORTRAN 
American National Standards X3.9-1966 
United States of America Standards Institute 
New York, 1966 

Clarification of American National Standards X3.9-1966 was prepared 
by a Subcommittee of the American Standards Committee X3,Computers 
and Information Processing, and published in the Communications of 
the Association for Computing Machinery: 

Clarification of Fortran Standards--Initial Progress, Comm. ACM, 
Vol. 12, No.5, May 1969, pp. 289-294. 

Clarification of Fortran Standards--Second Report, Comm. ACM, 
Vol. 14, No. 10, October 1~71, pp. 628-642. 

4. User Coding Restrictions 

Within the RECLBL Library there are various common blocks and 
subroutines, with which the user need not be familiar, but whose names 
are a possible source of conflict with user-created common blocks 
and subroutines. In order that the library as a whole operate 
correctly, the user must not use the common block and subroutine names 
listed in table 1. Note that blank common (II) is one of the common 
blocks used by the library. 

5. Magnetic Tape Structure 

The following describes the fil~ structure of the magnetic tapes 
containing the source code of the RECLBL Library routines. The first 
file of the tape is a label and contains information such as the version 
number, the date of the last revision, etc. The subsequent 80 files 
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Table 1. Common block and subroutine names used by the RECLBL Library. 

COrTmon Blocks 

// /FANCOM/ /OUTCOM/ /STRCOM/ 
/ATNCOM/ /FILCOM/ /PHNCOM/ /TRGCOM/ 
/CNVCOM/ !GNVCOM/ /PRTCOM/ /WRKCOM/ 
/DATCOM/ /ITRCOM/ /PTRCOM/ 
/ENTCOM/ /MARCOM/ /RAYCOM/ 

Subroutines 
ARRAY BUTER GRADY PPTF 
ATENF CBARP GVERS PRF 
BCD CISQ HAM PRFA 
BCDA CONGR HAN PRFF. 
BCDF CONVO IOCTL RADAL 
BCDF2 DOT LAKS RALA 
BCOM DULFC LGTXT RAMP 
BIN EMESG MARR RAYST 
BINF ENTPY MEMST RCHEK 
BJECT EVATN PARZN SETIT 
BKFIL EVATU PCD SETUP 
BLL FFTC PCDA SHLO 
BPT FFTR PCDF SQINT 
BPTA FFTR2 PHAN SRCH 
BPTF FILBK PHANL STATN 
BPTF2 FMCG PIE STPTR 
BRF FTATN PJECT XYGRF 
BRFA GETDE PLL ZERO 
BRFF GETDM PPT 
BRFF2 GINV PPTA 
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(2-81) contain the routines that make up the library (cf. section X.2). 
The last 18 files (82-99) contain examples (cf. section IX). Two file 
marks follow the last example. The format of the tape depends on whether 
the tape is 7 or 9 track. Each record of each file on the magnetic 
tape contains an 80-character card image. Each character is represented 
by either 6 or 8 bits, depending on whether the tape is 7 or 9 tracks, 
respectively. 

The 7-track magnetic tapes are written in EXTERNAL BCD format 
with 80 characters per record. This is an industry standard, even 
parity format. The 6-bit octal EXTERNAL BCD code for the standard 
FORTRAN character set is shown in table 2. 

The 9-track magnetic tapes are written in either ASCII or EBCDIC 
. format. These are both industry standard, odd parity formats. The 

7-bit octal ASCII code and the 8-bit octal EBCDIC code for the standard 
FORTRAN character set are shown in table 2. Because of tape writing 
restrictions at the Lawrence Berkeley Laboratory Computer Center, the 
9-track magnetic tapes contain 90 characters per record. The first 
80 characters contain the aD-character card image, and the last 10 
characters contain blank fill. 

• 
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Table 2. EXTERNAL BCD, ASCII and EBCDIC octal codes for the standard 
FORTRAN character set. 

Standard 6-Bit 7-Bit 8-Bit 
FORTRAN EXTERNAL BCD ASCII EBCDIC 

Character Octal Code Octal Code Octal Code 

,J". 

A 61 101 301 
B 62 102 302 
C 63 103 303 
D 64 104 304 
E 65 105 305 
F 66 106 306 
G 67 107 307 
H 70 110 310 
I 71 111 311 
J 41 112 321 
K 42 113 322 
L 43 114 323 
M 44 115 324 
N 45 116 325 
0 46 117 326 
P 47 120 327 
Q 50 121 330 
R 51 122 331 
S 22 123 342 
T 23 124 343 
U 24 125 344 
V 25 126 345 
W 26 127 346 
X 27 130 347 
Y 30 131 350 
Z 31 132 351 
0 12 060 360 
1 01 061 361 
2 02 062 362 
3 03 063 363 
4 04 064 364 
5 05 065 365 
6 06 066 366 
7 07 067 367 
8 10 070 370 
9 11 071 371 
+ 60 053 116 

40 055 140 
* 54 052 134 
/ 21 057 141 
( 34 050 115 
) 74 051 135 
$ 53 044 133 
= 13 075 176 

blank 20 040 100 
33 054 153 
73 056 113 



III. USER PROGRAM STRUCTURE 

1. General Description 

.Since the RECLBL Library is a collection of subroutines, the user 
must provide a program that performs such functions as: set parameters 
that define the geometry as well as determine control operations within 
the library subroutines, call reconstruction subroutines of the library, 
call display ro~tines of the library, and save results if desired. 
In addition, the user must provide a subroutine GETUM for data input. 
A skeleton program that outlines the recommended structure of a main 
program and a data input routine (GETUM) is shown in figure 3. 

The variables LUNOUT and 180132 of COMMON/OUTCOM/ must be set by 
the user prior to the execution of any of the library subroutines. 

LUNOUT is the logical unit number of the print file. The library 
communicates with the user via this file. 

180132 isa flag indicating whether to print 80 or 132 characters 
per line on LUNOUT. 180132=0 indicates 80 characters per line, otherwise 
the library prints 132 characters per line. 

Before any of the reconstruction algorithms are called, the user 
must call the subroutine SETUP. The arguments of SETUP include control 
options that describe the geometry as well as some computer operation 
parameters. Subrouti ne SETUP is call ed as fo 11 ows: 

CALL SETUP (IPAR,PAR,ANG) 

Parameters of the IPAR and PAR arrays are described in sections 111.2 
and 111.3 below. Throughout this manual they will be referred to by 
the variable names given in the EQUIVALENCE statement of figure 3. 
ANG is an array of projection angles and is needed only when MODANG=IPAR(4) 
is equal to zero or one. 

13 
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Program card (machine/compiler dependent) PROGRAM"MAIN ( 

Reconstruction array aod uncertainties DIMENSION X("NDIMU","NDIMU"),E("NDIMU,"NDIMU") 

Array of projection angles • DIMENSION ANG("NANG") 

Working space in blank common (see section Ill.3) COMMON WORK(2000) 

Output file and fiag for number of characters "per 
line (see section 111.1) . . . • • . . . . . COMMON/OUTCOM/LUNOUT,I80132 

Integer and real parameter arrays 
(see sections 111.2 and III.3~ . DIMENSION IPAR(12),PAR(3) 

8ack-projection and convolution subroutines that 

EQUIVALENCE 
1 
2 
3 
4 

(NDIMU ,IPAR( l)),(ICIR ,IPAR( 2)),(IGEOM ,IPAR( 3)), 
(NANG ,IPAR( 4)),(MODANG,IPAR( 5)),(KDIMU ,IPAR( 6)), 
(IMIT ,IPAR( 7)), (NWORK ,IPAR( 8)), (NFLOAT ,IPAR( 9)), 
(I STORE ,IPAR( 10)), (IPRINT ,IPAR (11)), (LUNATN,IPAR( 12)), 
(PWID ,PAR( l)),(AXISU , PAR( 2)),(RFAN ,PAR( 3)) 

are passed as externals (see section V.2) • EXTERNAL 8CK,CNV 

Output file (see section Ill.1) • • . • • . LUNOUT= 
Output line length flag (see section IIl.1) 180132= •••• 

NDIMU= .... 
ICIR= .: .. 
IGEOM= •••• 
NANG= .•.• 
MODANG= •••• 
KDIMU= .••• 
IMIT= •••• 

Input parameters (see sections IlL2 and IlL3).. NWORK= •••• 
NFLOAT= 
ISTORE= 
IPRINT= ••.• 
LUNATN= .••• 
PW!O= .••• 
AXISU= •... 
RFAN= •••• 

Reconstructs the array X using the convolution 
algorithm (see section V for a description of all 

CALL SETUP(IPAR,PAR,ANG) 

the reconstruction algorithms. • • • • • . • •• CALL CONVO(X,E,CNV,8CK,l) 

Displays the reconstructed array X 
(see section IV.3) ••.•.••• CALL ARRAY(X,NDIMU) 

END 

Data input routine (see section IIl.4) •••.• SU8ROUTINE GETUM(M,DATA,ERR) 

M is the angle index, DATA is 
the projection data array, and 
ERR is an array of projection errors. 

DIMENSION DATA(l),ERR(l) 

(Here is where data and errors for the Mth projection are supplied by 
the user; see section 111.4 and examples in section IX.) 

RETURN 
END 

Figure 3. Skeleton program to show reconrnended user program 
structure. 



A description of the input data format for the user provided 
subroutine GETUM (cf. figure 3) is given in section 111.4. 

2. Geometry Parameters 

Of the 15 parameters of the IPAR and PAR arrays, 10 describe aspects 
of the geometry to be used in the reconstruction. In conjunction with 
the definitions given below the reader is referred to figures 4-7. 

NDIMU is the linear dimension of the reconstruction array, i.e., 
a reconstruction algorithm will return an array of NDIMU x NDIMU values 
that represent recGnstructed intensities on an NDIMU x NDIMU grid. 

ICIR is a flag indicating whether the reconstructed intensities 
are to be calculated for the entire NDIMU x NDIMU square grid or only 
for points lying within a circle inscribed in the square. A 25% reduction 
in computer time can be expected for certain algorithms if only the 

. inscribed circle is used. To reconstruct on a circle, set ICIR=O; 
otherwise the entire square will be reconstructed. 

IGEOMis a flag indicating the type of geometry to be used in 
the reconstruction. IGEOM=O, 1, 2, 3 indicates parallel-beam, fan
beam (curved detector), fan-beam (flat detector), and ring geometry, 
respectively. These types of geometry are shown in figures 4-7. 

15 

NANG is the number of projection angles to be used for the reconstruction 
in parallel-beam or fan-beam geometries (IGEOM=O, 1, 2). For the ring 
geometry (IGEOM=3), NANG is the number of detectors around the circle 
(an even number). Therefore, the exact meaning of NANG depends on 
IGEOM. 

MODANG is a mode flag for the input of projection angle values. 
For MODANG=O or MODANG=l, the user supplies ~rojection angles in the 
array ANG in degrees or radians, respectively. For MODANG=2 or MODANG=4, 
SETUP generates NANG projection angles equally spaced between 0 and 
'IT starting with 0.5 'IT/NANG or 0, respectively. For MODANG=3 or MODANG=5, 
SETUP generates NANG projection angles equally spaced between 0 and 
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NDIMU x NDIMU Matrix 

XBl776·3544 

Figure 4. Parallel-beam geometry for data collected at 
projection angle 8. NDIMU may be either even or odd 
and the center of rotation is at the exact center of 
the NDIMU x NDIMU reconstruction array. The indices of the 
array are denoted by (I, J), each represent i ng a pi xel wi th 
linear dimensionPWID, where projection bins are defined to 
have unit width. AXISU is 0.5 greater than the distance 
from the center of rotation to the lower bin edge of the 
first of KDIMU projection bins. 



XBL 776 -3546 

Figure 5. Fan-beam geometry for data collected at projection 
angle e using a curved detector. NDIMU may be either even 
or odd and the center of rotation is at the exact center of 
the NDIMUx NDIMU reconstruction array. The indices of the 
array are denoted by (I,J), each representing a pixel with 
linear dimensionPWID. The diverging projection bins are 
defined to have unit width measured at the center of rotation, 
a distance RFAN from the vertex of the fan. AXISU is 0.5 
greater than the distance from the center of rotation to the 
lower bin edge of the first of KDIMU projection bins. 

17 
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~--------RFAN 

XBL 776- 3545 

Figure 6. Fan-beam geometry for data collected at projection 
angle e using a flat detector. NDIMU may be either even or 
odd and the center of rotation is at the exact center of 
the NDIMU x NDIMU reconstruction array. The indices of the 
array are denoted by (I,J), each representing a pixel with 
linear dimension PWID. The diverging projection bins are 
defined to have unit width measured at the center of rotation, 
a distance RFAN from the vertex of the fan. AXISU is 0.5 
greater than the distance from the center of rotation to 
the lower bin edge of the first of KDIMU projection bins. 



Il.NDlMU) 

(1.3) 

(1.2) (2.2) 

(1.1) (2.1) (3.1) (4.1) 
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XBL777 -3586 

Figure 7. Geometry for data collected using a ring of NXTAL=NANG 
detectors. NDIMU may be either even or odd and the center 
of the ring is at the exact center of the NDIMU x NDIMU recon
struction array. The indices of the array are denoted by 
(I,J), each represing a pixel with linear dimension PWID, 
where the center-to-center distance between adjacent detectors 
is defined to be unity. 
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2n starting with n/NANG or 0, respectively. For MODANG between -2 
and -5, SETUP generates the same angles as for MODANG between 2 and 5, 
respectively, but in reverse order. 

KDIMU is the dimension of the user's projection array for all 
geometries except ring geometry (IGEOM=3). The user is expected to 
input a projection data array of length KDIMU for each projection angle 
using his own subroutine GETUM. Subroutine GETUM is described in section 
III.4 below. 

IMIT is a flag indicating whether the reconstruction is of emission 
or transmission data. For emission data the reconstructed intensities 
will be in terms of events per pixel, i.e., for unattenuated data the 
Sll11 of all re.constructed intensities should equal the sum of the pro
jected data (for all ~ngles). For transmission data the reconstructed 
intensities will be attenuation coefficients in units of inverse pixel 
width. To reconstruct emission data, set IMIT=O; if IMITrO the library 
assll11es transmission data. 

PWID is the distance between neighboring reconstruction grid points 
relative to the projection bin width. Proj~ction bin width for fan-
beam geometries is described in the definition of RFAN below. Projection 
bin width for the ring geometry (IGEOM=3) is defined as the distance 
between the NANG equally spaced points on the circle. 

AXISU is the location within the projection array (of length KDIMU) 
where the rotation axis is projected. The rotation axis is defined 
to be in the exact center of the NDIMU x NDIMU reconstruction grid. 
AXISU ,is assumed to be the same for every projection angle but need 
not be integer valued. AXISU will be an integer equal to the number 
of the projection bin into which the rotation axis projects if it projects 
into the exact center of a bin. 

RFAN is the distance between the rotation axis and the origin 
of the fan for fan-beam geometries (IGEOM=1,2). RFAN is measured in 
terms of projection bin width, which is the distance between neighboring 
projection bins as they cross. the rotation axis. 



3. Computer Operati on Parameters 

The remaining five parameters of the IPAR array relate to the 
internal operations of the RECLBL subroutine~package. 

NWORK is the number of floating point words that have been set 
aside by the user in blank common (II). It must be set by the user 
to the dimension of WORK, the array in blank common. This space will 
be used as a working area by the library, and is not available to the 
user. See also the description of ISTORE below. 

NFLOAT is the number of computer words required for the storage 
of a single floating point variable. (It is assumed that integer variables 
require one memory location.) NFLOAT is needed for the management 
of the working area in blank common. 

ISTORE is a flag indicating whether to actually execute library 
code or to only estimate the size of blank common needed in order to 
accomplish the reconstruction. The amount of blank common needed is 
printed on the logical unit given by LUNOUT. To perform a reconstruction 
set ISTORE=O, otherwise only a storage size test ;s performed. In 
case the user has set NWORK too small, reconstruction will halt and 
from that point on only a storage size test will continue. 

IPRINT is a flag that indicates the various print options for 
output onto the logical unit given by LUNOUT. The six low-order bits 
of IPRINT determine the following options: 

bit 0 - Print the number of floating point variables in blank 
common whenever changed. 

bit 1 - Print the projection data and uncertainties. 
bit 2 - Print the IPAR and PAR arrays when SETUP is called. 
bit 3 - Print the filter function for the convolution and filter 

routines. 
bit 4 - Print the values of the Lagrange multipliers and gradient 

of the function that is optimized in the maximum entropy 
reconstruction. 

bit 5 - Print pointers in blank common whenever changed (debug). 
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LUNATN is the logical unit number of a scratch file that is required 
when compensating for attenuation. 

4. Data Input 

Projection data (and possibly their uncertainties) must be supplied 
to the RECLBL Library subroutines by the user-coded subroutine GETUM. 
The arguments to this subroutine are: 

SUBROUTINE GETUM (M,DATA,ERR) 

where DATA is an. array of projection data to be returned by the user, 
and ERR is an array of uncertainities of the respective values returned 
in DATA. The uncertainties, ERR, need only be supplied if the user 
desires to take account of uncertainties when using the algorithms CONGR, 
GRADY, or GVERS; or if the user desires that the resulting uncertainties 
of the rec·onstruction be calculated when using the algorithms CONVO or 
GVERS. 

For parallel- or fan-beam geometries (IGEOM=O,1,2) M is the angle 
index number for which GETUM is to return projection data. KDIMU values 
are to be returned in the DATA array corresponding to the KDIMU projection 
bins for the Mth angle as shown in figures 4-6. 

For ring geometry (IGEOM=3) there are NANG(NANG-l)/2 possible 
pairs of detectors and hence NANG(NANG-l)/2 different projection data 
values. M is an inde~that indicates the detector separation for the 
set of data values GETUM must supply. M will vary from 1 to NANG/2, 
and GETUM must supply NANG values in the DATA array for M between 1 
and NANG/2-1. For M=NANG/2, GETUM need only supply NANG/2 values since 
for this case, the detectors are diametrically opposed. If K is an 
index that indicates the order in which the NANG (or NANG/2) values 
are to be returned in the DATA array, the projection data are from 
between the Kth and (K+M)th detectors. 



IV. PROJECTION AND BACK-PROJECTION ROUTINES 

1. Models of Intensity Distribution 

In order to perform the reconstruction of a transverse section 
from its projections on a digital computer, it is necessary to characterize 
the two-dimensional intensity distribution by a finite number of parameters. 
In the RECLBL Library the transverse section is divided into NDIMU 2 

small square areas (pixels), and the reconstruction results in an array 
of intensity values (one for each pixel). These values may represent 
either the intensity at the center of the pixel or the total (or average) 
intensity within the pixel. 

The reconstruction algorithms of the RECLBL Library may be divided 
into two categories: those for which there is an implied distribution 
of intensity within each pixel, and those which are analytic by nature 
and require no such assumption. In the first category are the iterative 
methods (CONGR, GRADY), the maximum entropy metho~ (ENTPY), and the 
generalized inverse method (GVERS). In all of these the reconstructed 
intensities are chosen such that when projected they are, in some sense, 
close to the user-supplied projection data. In order to perform this 
projection, the model of intensity distribution (distribution within 
each pixel) is required. 

A natural choice for the model is that intensity within each pixel 
is uniformly distributed. This is the most realistic model in the 
library. The projection of one such pixel has a trapezoidal shape for 
all angles except multiples of TI/4. Degenerate cases exist at multiples 
of TI/2 (square shape) and odd multiples of TI/4 (triangular shape). 

A good approximation to the uniform square model is what has been 
termed the concave disk model. For this model the projection of a single 
pixel has a square shape independent of angle. This is a particularly 
good approximation when the pixel size is the same as the projection bin 
size (PWID=1). The third model of intensity distribution assumes 
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that all intensity within a pixel is concentrated at its center, and 
is called the delta function model. 

2. Relationship of Models and Geometry 

Within the RECLBL Library the projection of a two-dimensional 
intensity distribution may be over infinitesimally narrow paths 
(line integrals) or over finite width paths (ray sums) where a single 
projection bin extends in width to both of its neighbors (without overlap). 
This section describes the relationship between the models of section 
IV.l and the various geometry options of section 111.2. Note that the 
projection operation is required only for the model-dependent algorithms: 
CONGR, GRADY, ENTPY,and GVERS. 

Projection routines are intended to mimic the data-taking process 
under the assumptions of the model of intensity distribution within 
each pixel (excluding statistical fluctuations). In the RECLBL Library, 
projections may be perc formed using any of the four geometry options, 
which are described in'section 111.2 and illustrated in figures 4-7. 

For the model of uniform intensity within each pixel, the projections 
may be performed either as line integrals or as ray sums. For parallel
beam geometry (IGEOM=O) the corresponding routines are PLL (line length) 
and PRF (ray factors), respectively. For fan-beam geometries (IGEOM=1,2) 
only ray sum projection exists at this time, and the routine is PRFF 
(ray factors ,f an) . 

~.~ 

For the concave disk model and the delta function model only ray 
sum projection rO,utines are necessary. For parallel-beam geometry the 
corresponding routines are PCD (concave disk) and PPT (point), respectively. 
For fan-beam geometries they are PCDF (concave disk, fan) and PPTF (point, 
fan) . 

The model-dependent algorithms must also perform a back~projection, 
that is, the adjoint or transpose of the projection operation. Thus 



the library contains the seven back-projection routines corresponding 
to the projection routines described above. In the names of these 
routines the first letter (P) has been replaced with the letter B: 
BLL, BRF, BRFF, BCD, BPT, BCDF and BPTF. 

3. Incorporation of Attenuation 

For x-ray imaging the transmitted beam intensity I(~,e) is equal 
to 

I(~,e) = lo(~,e) exp[-ff]l(X,y) K(~,e,x,y) dxdy] (3.1) 

where ]l(x,y) is the distribution of attenuation coefficients, 10 is 
the incident-beam intensity, and K(~,e,x,y) is a function whose dis
tribution corresponds to either parallel-beam, fan-beam, or ring geometry. 
The projection p(~,e) is thus equal to 

p(~,e) = -log[I(~,e)/lo(~,e)] = fJ]l(X,Y) K(c,;,e,x~y) dxdy. (3.2) 

This equation does- not represent the line integrals measured in emission 
tomography. 

The projection p (~,e) for positron annihilation coincidence yy 
imaging is defined by the integral equation 

p (~,e) = (3.3) 
yy 

exp[- ff]l(x,y) -K(c,;,e,x,y) dxdy]' ffp(x,y) K(c,;,e,x,y) dxdy 

where p(x,y) is the concentration of positron emitter. Therefore, the 
projection is the line integral of the positron concentration distribution 
multiplied by an exponential attenuation factor determined from the line 
integral of attenuation coefficients over the total ray path. The 
projection data that should be supplied to a RECLBL reconstruction 
algorithm are given by 

p(~,e) = exp[ff]l(x,y) K(c,;,e,x,y) dxdy] pyy(c,;,e) 

= ffp(x,y) K(c,;,e,x,y) dxdy (3.4) 
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Thus, the user must modify the observed data pyy(~,e) by the appropriate 
attenuation factor. 

The projection py(~,e) for single photon imaging in emission tomography 
is defined by the integral equation 

py(~,e) = 

1~{, [detertor 
jp(x,y) exp - if ~(x· ,y.) 

xy 

K(I;,e,x',y') dX'dY] K(I;,e,x,y) dxdy (3.5) 

Note the difference between equations (3.4) and (3.5). A single photon 
projection is the summation of isotope concentration at points (x,y) 
modified by an exponential e-Z where Z is the line integral of attenuation 
coefficients from the point (x,y) to the detector. Thus, the attenuation 
compensation needed for single photon emission computed tomography is 
not a simple multiplicative correction of the observed projection data as 
in the case of positron emission tomography. 

The attenuation problem for single photon imaging is handled in 
a straight-forward m~nner in the model dependent algorithms (CONGR, 
GRADY, and GVERS). Using prior information of the attenuation 
coefficient distribution, equation (3.5) is implemented for the various 
models by the projection routines PRFA (ray factors, attenuated), PCDA 
(concave disk, attenuated) and PPTA (point, attenuated). Note that 
only p.arallel-bea,m geometry with ray sum routines have been implemented. 
The corresponding back-projection routines are BRFA, BCDA, and BPTA, 
respectively. For these reconstruction algorithms, the uncorrected 
projections of equation (3.5) should be supplied. When compensating 
for attenuation, one of the subroutines EVATN or EVATU must be called 
before these algorithms are executed (cf. section V.7). 



For the model-independent algorithms (CONVO, BKFIL, FILBK, and 
MARR) the data must be preprocessed to take account of the attenuation 
problem. This problem is discussed in: T. F. Budinger and G. T. Gullberg 
in Reconstruction Tomography in Diagnostic Radiology and Nuclear Medicine, 
M. M. Ter-Pogossian, et al., eds., University Park Press, Baltimore, 1977, 
pp. 315-342. 

4. Special Back-Projection Routines 

Special back-projection routines can be used with the model-independent 
algorithms CONVO, BKFIL, and FILBK. The back-projection need not be the 
adjoint or transpose of a projection operation, but must be the digital 
approximation of an angular integral that is needed by these algorithms. 

For parallel-beam geometry, the routine BIN (interpolation) is used 
to reconstruct the values of the intensity distribution at the centers 
of the pixels. Contributions to the back-projection image are calculated 
by linear interpolation between the appropriate projection bins. BIN 
can be used with each of the algorithms CONVO, BKFIL, and FILBK. The 
routines BRF, BCD, and BPT described above can also be used with these 
algorithms but give the average value of the intensity distribution 
within each pixel. BIN allows the calculation of one standard deviation 
statistical errors of the reconstructed intensity values when used 
with CONVO. 

For fan-beam geometry, the routine BINF (interpolation, fan) is 
used with CONVO to reconstruct intensity values at the centers of the 
pixels. Like BIN it allows calculation of errors of the reconstructed 
values. In addition to the type of interpolation performed by BIN, 
the routine BINF applies weighting according to the relative positions 
of the image point (pixel center) and the origin of the fan. For a 
curved detector (cf. figure 5) the weighting factor is given by 
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(RFAN)2 
[RFAN + r cos(</>- 8) ]2 + '[r sin(</> - 8) ]2 (4.1) 

and for a flat detector (cf. figure 6) the weighting factor is given by 

(RFAN)2 (4.2) 
[RFAN + r cos(</> - 8)]2 

RFAN and 8 are defined in figures 5 and 6 for equations (4.1) and (4.2), 
respectively, and (r,</» are the polar coordinates of the image point. 
The denominators of equations (4.1) and (4.2) are the squares of the 
distance and the projected distance from the image point to the origin 
of the fan, respectively. 

For FILBK, one of the back-projection routines BRFF2 (ray 
factors, fan), BCDF2 (concave disk, fan) or BPTF2 (point, fan) must 
be used for f~n-beam geometry. Back-projection using these routines 
results in a convolution of 1/r with the source. (Deconvolution follows 
the back-projection.) A discussion of the function of BRFF2, BCDF2 

}-

and BPTF2 can be found in section V.3. 



V. LIBRARY RECONSTRUCTION ALGORITHMS 

1. Iterative Algorithms 

a. The Function to be Minimized 

Iterative methods within the RECLBL Library minimize the function 

X2(X) =L(LF~jxij - Pkm)2/0~m 
km ij 

where Pkm is the measured projection at the mth angle and bin k; 0km 
is the uncertainty with which Pkm was measured; Xij is the intensity 
in pixel (i,j) to be reconstructed; and F~~ is the fraction of lJ . . 
Xi j that proj ec ts into Pkm' F~j depends on the mode 1 of i ntens i ty 
distribution within each pixel and whether attenuation compensation 
is involved (cf. section IV). 

(1.1 ) 

In order to simplify the notation in this section, equation (1.1) 
can be rewritten in matrix form by contraction of the double indices 
(i,j) and (k,m) to the single indices i and k, respectively, 

X2(X) =~(~FikXi - Pk)2/0k = X·MX - 2 V'X + c 
k i 

where X is the vector of intensities to reconstruct, and 

Mij =t:FikFjk/O~ 
vi =t:FikPk/O~ 

,,2 2 
c = £.JPk /0 k 

k 

(1. 2) 

(1. 3) 

(1.4 ) 

(1. 5) 

Methods that minimize X2(X) are called weighted least-squares methods. 

The weighting factors are 1/0~ in equation (1.2). These weighting 

factors may also be set to unity, and some savings in memory requirements 
wi 11 be real i zed at the expense of the accuracy in the estimate of X. 

29 



30 

The two iterative least-squares algori,thms of this library are 
GRADY (gradient or steepest descent minimization) and CONGR (conjugate 
gradient minimization). Other notable algorithms of this class are 
ART and SIRT (cf. R. Gordon, R. Bender, and G. T. Herman, J. Theoret. 
Biol. 29, 1970, p. 471-481; P. F. C. Gilbert, J. Theoret. Biol. 36, 
1972, pp. 105-117). 

b. Step Length Calculation 

The difference between the iterative algorithms of the RECLBL 
Library is the manner in which they choose the direction of the next 
step in the iterative process. Common to these algorithms is a step 
length calculation after the step direction has been chosen. 

The direction of the nth s~ep is denoted by ~n, and the step length 
calculation consists of finding the factor an such that 

minimizes x2(Xn+1). To accomplish this, set the derivative of 
x2(Xn+1) (with respect to an) equal to zero and solve for an' The 
solution is 

where the vector an is proportional to the gradient of x2(X) at the 
nth st.ep, 

c. Parameter Scaling 

In most cases, convergence of the iterative process may be 
accelerated by performing a scale change on the parameters. This is 

(1. 6) 

(1. 7) 

(1. 8) 

• 



not true when the diagonal elements of the matrix M are nearly equal 

(i .e., for the case of parallel-beam geometry without attenuation and 

not using errors in the reconstruction). The scale change of variables 
performed on the pixel values is 

Y = DX 

where D is a diagonal matrix with diagonal elements equal to 

D .. =~ 
" " 

After substituting equation (1.10) into equation (1.2), the function 
to be minimized has the form 

2() (-1 -1)· ( -1 ) X Y = y. D MD Y - 2 D v·Y + c 

(1. 9) 

(1.10 ) 

(1.11) 

Iterative stepping (using GRADY or CONGR) is performed on the transformed 
variables, Y, with M replaced by D- 1MD- 1 and v replaced by D- 1v. The 

final reconstructed values are obtained by the operation 

In this manual the parameter scaling described above is called 
"relaxation." When this scaling is performed in the gradient method 
(below) it becomes the iterative relaxation method (cf. M. Goitein, 
Nucl. Inst. Meth. 101, 1972, pp. 509-518). 

d. Gradient Method or Method of Steepest Descent (GRADY) 

(1.12 ) 

The gradient method of reconstruction is implemented as follows: 

CALL GRADY(X,PRJ,BCK,ISTP,IRLX,IERR,IZER) 

where 
X is the reconstructed transverse section; 

PRJ is the projection subroutine; 

BCK is the back-projection subroutine; 
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ISTP is the number of iteration steps to take; 
IRLX is nonzero for iterative relaxation; 
IERR is nonzero for weighted least squares (otherwi se 0=1 is 

assumed); 
IZER is zero to zero the initial solution; 

(cf. Examples 6, 8, 9, 10, 11, 12 of section IX). 

The parameter PRJ can be one of the projection subroutines: PCD, 
PCDA, PCDF, PLL, PPT, PPTA, PPTF, PRF, PRFA, or PRFF; and the parameter 
BCK can be one of the back-projection subroutines: BCD, BCDA, BCDF, 
BLL, BPT, BPTA, BPTF, BRF, BRFA, or BRFF. These parameters are externals 
and should be declared in an EXTERNAL statement. 

The gradient method takes as its step direction that direction 
in which x2(X) locally decreases most rapidly. This direction is opposite 
to the gradient so that 

is chosen. The step length calculation is performed yielding an 
(equation (1.7)) and the step is calculated by 

e. Conjugate Gradient Method (CONGR) 

The conjugate gradient method of reconstruction is implemented 
as follows: 

CALL CONGR(X,PRJ,BCK,ISTP,IRLX,IERR,IZER) 

where 

X is the reconstructed transverse section; 
PRJ is the projection subroutine; 
BCK is the back-projection subroutine; 

(1.13 ) 

(1.14 ) 
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ISTP is the number ~f iteration steps to take; 

IRLX is nonzero for iterative relaxation; 
IERR is nonzero for weighted least squares (otherwise 0=1 

is assumed); 
IZER is zero to zero the in it i a 1 solution; 

(cf. Examples 5, 7 of section IX). 

The parameter PRJ can be one of the projection subroutines: PCD, 
PCDA, PCDF, PLL, PPT, PPTA, PPTF, PRF, PRFA, or PRFF; and the parameter 
BCK can be orie of the back-projection subroutines: BCD, BCDA, BCDF, 
BLL, BPT, BPTA, BPTF, BRF, BRFA, or BRFF. These parameters are externals 
and should be declared in an EXTERNAL statement. 

The conjugate gradient method improves convergence of the iterative 
process by making the step direction orthogonal to all previous steps 
(cf. J. M. Ortega and W. C. Rheinboldt, Iterative Solution of Nonlinear 
Equations in Several Variables, Academic Press, New York, 1970). The 
direction of the~first step is taken the same as the gradient method, 

The succeeding step directions are given by 

where 

This makes all steps orthogonal in the sense 

(1.15 ) 

(1.16 ) 

(1.17) 

(1.18 ) 

(1.19) 
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·The step length calculation is performed yielding an (equation (1.7)), 
and the step is calculated by 

Xn+1 = Xn + a ~n 
n 

f. Subroutine USER 

(1.20) 

All of the iterative reconstruction subroutines in the RECLBL 
Library (CONGR, ENTPY, GRADY) call a subroutine named USER after each 
iteration. The library contains a default subroutine by that name, 
which prints out the iteration number and the value of the function 
being minimized. Howeve~, it has been anticipated that the user may 
be interested in more than this information. Thus, the user may supply 
a subroutine USER (along with the main program and subroutine GETUM) 
to satisfy his requirements. The arguments of the subroutine are 

where 

SUBROUTINE USER(ITER,X,FCN) 

ITER is the iteration number; 
X is the array of fitted parameters, 

for CONGR and GRADY - reconstructed array, 
for ENTPY - Lagrange multipliers; 

FCN is the value of the function being optimized, 
for CONGR and GRADY- chi-square, 
for ENTPY - objective function of the dual program. 

2. Configuration Space Convolution Algorithm 

a. One-Dimensional Convolution (CONYO) 

Reconstruction by the convolution method is accomplished using 
the statement 

CALL CONYO(X,XE,CNY,BCK,IERR) 



where 
X is the reconstructed transverse section; 
XE is an array of uncertainties for X; 

CNV is the convolution subroutine; 
BCK is the back-projection subroutine; 
IERR is the error flag; 

( cf. Example 2 of section I X) . 

The parameter CNV can be one of the three convolution functions: 
SHLO, RALA, or LAKS; and the parameter BCK can be one of the back-projection 
subroutines: BCD, BIN, BINF, BLL, BPT, or BRF. These parameters are 
externals and should be declared in .an EXTERNAL statement. The routines 
LAKS and BINF are required for reconstructing fan-beam data. If XE 

. (errors of the reconstruction X) are desired, then only the back-projection 
routines BIN or BINF can be used and IERR must be set nonzero. 

The algorithm CONVO requires the projection angles to be equally 
spaced over at least n radians for parallel-beam geometry. To ensure 
this MODANG must not be 0 or 1 in the call to SETUP. When reconstructing 
fan-beam data, the projection angles must be equally spaced over 2n 
radians. Therefore MODANG must be 3, -3, 5, or -5 in the call to 
SETUP (cf.section 111.2). 

The algorithm performs the following operations: multiply the 
projection data by a weight function; convolve the projection data 
with a convolver; ~and back-project the modified projection data 
(cf. G. N. Ramachandran and A. V. Lakshminarayanan, Proc. Natl. Acad. 
Sci. U. S. 68, 1971, pp. 2236-2240). These algorithm operations are 
symbolized by the equation 

x = bac k-proj ect [( pd) *c ] 

where X is the. transverse section, p are the projection data, and 
c is the convolution function. The weight function d is unity for 
parallel-beam geometry. For fan-beam geometry there are two weight 

(2.1) 
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functions; one is used with a curv.ed detector and the other is used 
with a flat detector. These functions are defined in section V.2.b. 

The digital implementation of this algorithm by the RECLBL Library 
first multiplies the projection data by a weight function 

where k is the lateral index and m is the angular index. Then modified 
projections qkm are formed using the convolution equation 

qkm =~c(k - k') P~'m (2.3) 
k' 

where c is a symmetric convolution function. The convolved projections 
are then back-projected giving the reconstruction 

1 "km (2.4) 
Xij = NANG ~Fijqkm 

km 

where F~j are the weighting factors in the back-projection routines. • 
A factor of TI/NANG is required for the numerical calculation of the 
back-projection integral. However, a factor of l/NANGis shown in 
the above equation and the other factor of TI is incorporated in the 
convolution function. 

The errors XE in the reconstructed image are returned if the error 
flag IERR is set nonzero. If errors are desired, then one of the 
back-projection routines BIN or BINF must be used, depending whether 
the user is reconstructing parallel- or fan-beam geometry, respectively. 
The BIN back-projection operator is represented by the equation 

x .. = 
lJ 

N!NGL[fkqkm + (1 - f k) qk+1,mJ ' 
m 

(2.5) 

where the factors fk are determined by linearly interpolating between 

adjacent bins and qkm are the convolved projections. Thus, the error 



matrix XE has elements given by the equation 

The variance of qkm is given by the equation 

var(qkm) = E [c(k- k') d(k,)]2 var(Pkm) 
k' 

and the covariance of qkm and qk+1,m is given by the equation 

~ c(k - k') c(k + 1 - k') d(k,)2 var(Pk'm) 
k' 

(2.6) 

(2.7) 

(2.8) 

The errors of the projection data, which equal the square roots of the 
variances (/var(Pkm))' are input to the program using the subroutine 
GETUM (section 111.4). 

b. Convolvers and Weight Functions 

The analytic expressions for the convolvers are shown below. 
Section IX, example 2 is an example program utilizing these convolvers 
with the convolution algorithm. 

RALA Convolver 

The RALA convolver (cf. G. N. Ramachandran, and A. V. Lakshminarayanan, 
Proc. Natl. Acad. Sci. U. S. 68, 1971, pp. 2236-2240) is defined by 
the equation 
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'TT if k = 0 l 

c(k) = -1 if k odd 
'TTk2 (2.9) 

0 if k even 

This. convolver must be used only for parallel-beam geometry, for which 
the weight functiond in equation (2.2) is equal to 1 for all k. The RALA 
convolver is the digital representation of the RAMP convolution function 
given in section V.3.c. 

SHLO Convolver 

The SHLO convolver (cf. L. A. Shepp and B. F.' Logan, IEEE Trans. 
Nucl. Sci. NS-21, 1974, pp. 21-43) is defined by the equation 

2 if k = 0 -
c(k) 

'TT 
(2.10) = 

-2 if k F 0 
'TT(4k2 - 1) 

This convolver must be used only for parallel-beam geometry, for which 
the weight function d in equation (2.2) is equal to 1 for all k. 

Figure 8 compares the graphs of the RALA and SHLO convolvers. 
The SHLO convolver is designed such that the convolution function c(x), 
which is equal to c(k)-at x=k and linear in the intervening intervals, 
has a filterrfunction that is the Fourier transform of c(x) equal to 

(2.11) 

The SHLO and RALA convolution functions have widths for the central 
lobe that are nearly the same. Therefore, the resolutions in the 
reconstructed images are similar for perfect data. However, the side 
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lobes for.the SHLO convo1ver ar.e damped, reducing noise amplification 
for data with statistic~l fluctuations. 

LAKS Convo1ver 

The LAKS convo1ver (cf. G. T. Herman, A. V. Lakshminarayanan, 
and A. Naparstek, Comput. Bio1. Med. ~, 1976, pp. 259-271) is used 
only for fan-beam geometry. For a curved detector the convolution 
function is defined by the equation 

7f if k = 0 if 

c (k.) 
..,(l/RFAN)2 if k odd = 7fsin2(k/RFAN) 

0 if k even 

with weights d(k) defined by the equation 

d(k) = cos(k/RFAN). 

(2.12) 

(2.13) 

For a flat detector the convolution function is defined by the equation 

7f if k = 0 , 
if 

c(k) 
-1 

= ;k2 if k odd (2.14) 

0 if k even 
1f,'. 

with w~ights d(k) defined by the equation 

d(k) 1 (2.15) = 
/1 + (k/RFAN)2 

• 



3. Fourier Space Convolution Algorithms 

a. Back-Projection of Filtered Projections Algorithm (BKFIL) 

The back-projection of filtered projections algorithm is implemented 
as follows: 

CALL BKFIL(X,FIL,BCK,ORDERX,FREQX) 

where 
X is the reconstructed transverse section; 
FIL is the filter subroutine; 
BCK is the back-projection subroutine; 
ORDERX is a filter parameter used only by the filter BUTER; 
FREQX is a fi lter parameter; 

(cf. Example 3 of section IX). 

The parameterFIL can be one of the five filters: BUTER, HAN, 
HAM, PARZN, or RAMP. The parametel'l' BCK can be one of the back-projection 
subroutines: BCD, BIN, BLL, BPT, or BRF. These parameters are externals 
and should be declared in an EXTERNAL statement. 

A description of the filter options and the appropriate values 
for ORDERX and FREQX parameters is found in section V.3.c. The cutoff 
frequency FREQX for the filters has units of cycles per projection bin. 
Thus, for a Nyquist frequency equal to 1 cycle per projection bin, one 
can choose FREQX=O.5 for most applications. Other appropriate values 
for FREQX are described in section V.3.c. 

The algorithm BKFIL requires the projection angles to be equally 
spaced over at least TI radians. To ensure this MODANG must not be 
o or 1 in the call to SETUP (cf. section III.2}. 

The algorithm performs the following sequence of operations: 
Fourier transform the projection data vector; multiply the complex 
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values by one of the five optional filters; inverse Fourier transform 
these modified frequencies; and back-project the modified projection 
data (cf. T. F. Budinger and G. T. Gullberg,IEEE Trans. Nucl. Sci. 
NS-21, 1974, pp. 2-20). These algorithm operations are symbolized as: 

1 ~ll[-c czr
1

(p),ll X = back-project tJ' tJ' ~~ (3.1 ) 

where X is the transverse section, p are the projection data, c is the 
filter function, and ~ denotes one-dimensional Fourier transformation. 
The filter function c is equal to the product of a window function 
w(R) and the absolute value of the frequency: 

c(R) = IRI w(R) 

Due to the Fourier convolution theorem, this method of reconstruction 
is equivalent to the convolution method except that the convolution 
of the projection data is carried out in frequency space. The filter 
function c is the Fourier transform of the convolution function c. 
The rationale for performing the filter operation in Fourier space 
is given in section V;3~c. 

(3.2) 

The digital implementation of this algorithm by the RECLBL Library 
performs the discrete fourier transform of the projection data given 
by the equation 

1 
= KDIMT 

KDIMT-l 
~ Plm exp(-i2~kl/KDIMT) 
1 =0 

where k is the projection bin index and m is the angle index. KDIMT 
is equal to 2IPOW2 where IPOW2=2x(the smallest power of two that is 
greater than or equal .to KDIMU). The factor of 2 is required so that 

(3.3) 

the convolution result of one period does not overlap the convolution 
result of the succeeding period when using the discrete Fourier transform. 
After discrete Fourier transforming the projection data, Fourier 
transformed values Pkm are multiplied by a filter function giving 



qkm = c(k/KDIMT) Pkm 

Then the values qkm are discrete inverse Fourier transformed giving 
the convolved projection 

KDIMT-l 
qkm = L: Cflm exp(i27Tkl/KDIMT) 

1 =0 

(3.4) 

(3.5) 

The convolved projection data are then back-projected as in the convolution 
method to give the reconstruction 

7T ""'" km Xij = NANG ~Fijqkm 
km 

where F~j are the weighting factors in the projection and 
back-projection routines. The factor 7T/NANG is the step size in the 
numerical calculation of the back-projection integral. 

b. Filter of the Back-Projection Algorithm (FILBK) 

Reconstruction by the filter of the back-projection method is 
accomplished using the statement 

where 

CALL FILBK(X,FIL,BCK,ORDERX,FREQX) 

X is the reconstructed transverse section; 
FIL is the filter subroutine; 
BCK is the back-projection subroutine; 
ORDERX is a fi lter parameter used on ly by the fi lter BUTER; 
FREQX is a filter parameter; 

(cf. Example 4 of section IX). 

(3.6) 

The parameter FIL can be one of the five filters: BUTER, HAN, HAM, 
PARZN, or RAMP. The parameter BCK can be one of the back-projection 
subroutines: BCD, BCDF2, BIN, BLL, BPT, BPTF2, BRF,· orBRFF2. These 

43 



44 

parameters are externals and should be declared in an EXTERNAL statement. 
The back-projection subroutines BCDF2, BPTF2, and BRFF2 are required 
for reconstructing fan-beam projection data since the filter of the 
back-projection algorithm requires special weighting for fan-beam geometry. 
When reconstructing fan~beam projection data with this algorithm, the 
user should not use BCDF, BPTF, or BRFF. 

A description of the filter options and the appropriate values 
for the ORDERX and FREQX parameters is found in section V.3.c. The 
cutoff frequency FREQX for the filters has units of cycles per pixel. 
(In the algorithm BKFIL, FREQX has units of cycles per projection bin.) 
For most applications FREQX=O.5 gives good results. 

The algorithm FILBK requires that the projection angles be equally 
spaced over at least Tf radians for parallel-beam geometry. To ensure 
this, MODANG must not be 0 or 1 in the call to SETUP. When reconstructing 
fan-beam data, the projection angles must be equally spaced over 2Tf 
radians. Therefore MODANG must be 3, -3, 5, or ~5 in the call to SETUP 
(cf. section 111.2). 

This algorithm performs the following sequence of operations: 
back-project the projection data; Fourier transform the two-dimensional 
back-projection image; multiply the two-dimensionally distributed 
Fourier coefficients by one of the optional filter functions; and 
perform the two-dimensional inverse Fourier transform (cf. R. H. T. 
Bates and T. M. Peters, New Zealand J. Sci. 14, 1971, pp. 883-896). 

!;j -

These algorithm operati'6ns are symbolized as: 

(3.7) 

where Xis the transvers~ section, p are the prOjection data, ? is the 
filter function, and .~ denotes the two-dimensional Fourier transform. 
The filter function? is equal to the product of a window function 
w(R) and of the absolute value of the frequency: 



c( R) =. I R I w (R ) (3.8) 

This method of reconstruction is equivalent to performing a 
two-dimensional convolution of a sharpening kernel with the 
back-projection data. The purpose of this method is to effect a 
deconvolution of the t~ueimage X from the back-projected image b given 
by the equation: 

b(x y) -If X(XI,yl) dx'dy' = X*r-1 
, - V(x-x , )2+(y_y,)2 

The derivation of the algorithm is based on the convolution theorem 
and the fact that r-1 = ~21(R-1) where R is the frequency. 

(3.9) 

Three general geometries for back-projection are available: parallel
beam, fan-beam with curved detector and fan-beam with fl at detector. The 
back-projection operation for parallel-beam geometry requires the 
summation of line integrals over the range of 1800 and is given by the 
equation 

b = ( r , $) = J ~ p [r sin ($ - e), e] de (3.10) 

o 
The five choices of back-projection subroutines for parallel-beam are 
BCD, BIN, Bll, BPT, or BRF. Fan-beam geometries require samples around 
the full 3600 for use of this algorithm (cf. G. T. Gullberg, lawrence 
Berkeley laboratory Report lBl 5604, 1977). The back-projection operations 
for the fan-beam geometry are given for a curved detector by the equation 

2rr 

bc(r,¢) = ~ f pc(s*,e) de 
o 

where· 

s* = RF AN tan -1 [ r sin (¢ - e) ] 
RFAN + r cos(¢ - e) 

(3.11) 
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and for a flat detector by the equation 

where 

bf(r,¢) = 

} J21T PfU;*.s) yfr2 + RFAN2 + 2 RFAN r cos(¢ - e) de 

o 

* _ RFAN r sin(t - e) 
S - RFAN + r cos ¢ - e) 

RFAN + r cos{¢ - e) 

(3.12) 

The variable RFAN is the distance of the source in transmission tomography 
or of the pinhole in emission tomography to the center of rotation. 
Notice in equation (3.12) that when using a flat detector a special 
weighting is requi~ed for the back-projection operation. The three 
choices of back-projection subroutines for fan-beam geometry are BCDF2, 
BPTF2, and BRFF2. 

The digital implementation of th.,is algorithm by the RECLBL Library 
first back-projects the projection data Pkm using the equation 

L: km b .. = F .. Pk lJ lJ m 
km 

(3.13) 

where k is the projection bin index, m is the angle index, and 
F~~ are the weighting factors in the projection and back-projection 
routi nes. Theback-projecti on ,image is then di screte Fouri er transformed 
using the equation 

1 

N-DI~ 

NDIM-l NDIM-l 

2:- 2: bnmexp~21Ti(kn + lm)/NDIM] 
n=O m=O 

(3.14) 

NDIM is equal to 2IPOW2 where IPOW2=2x(the smallest power of two that 
is greater than or equal to NDIMU). Next the discrete Fourier transformed 



values bkl are multiplied by a filter function c giving 

Then the values Xkl are inverse Fourier transformed and multiplied 
by a normalization factor to give the reconstruction 

x = nm 

NDIM-l NDIM-l 
NANG!PWID L L Xkl eXP[27ri(nk +ml)/NDIM] 

k=O 1 =0 

The factor 7r/NANG is the step size in the numerical calculation of 

(3.15) 

(3.16) 

the back-projection integral. The factor l/PWID is the result of scaling 
the reconstruction space. 

c. Filter Functions 

The algorithms BKFIL and FILBK require a filter to be designated. 
These algorithms have been developed with various options for frequency 
space filters because frequency space manipulation lends itself to 
easily changing the noise propagation vs. resolution properties of the 
convolution kernel. The user can improve resolution by changing the 
filter shape, but the noise amplification will increase. Alternatively, 
the user can suppress noise; however, this noise suppression will come 
at the cost of resolution. A s~cond reason for incorporation of various 
filters with the Fourier space· algorithms is that the computational 
method for reconstruction is more efficient using the Fast Fourier 
Transform than convolution in real space. 

The particular filter desired by the user is evaluated by one of 
the five optional external subroutines: BUTER, HAM, HAN, PARZN, or 
RAMP. The external subroutine chosen must be designated in the main 
program (cf. example 3 of section IX). These five filters correspond 
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to multiplying the ramp function in frequency space'by one of the following 
windows: Butterworth, Hann, Hamming, Parzen, or rectangular. (A thorough 
discussion of these windows and their application is found in: 
R. K. Otnes and L. Enochson, Digital Time Series Analysis, John Wiley 
and Sons, 1972; R. W. Hamming, Digital Filters, Prentice Hall, 1977.) 

Texts usually define a digital filter as the real space convolution 
equat ion: 

qn =L:cn-kPk .'''. 
k 

In this manual a convolver means the convolving sequence {ckf and 
a filter is the Fourier transform of a continuous convolution 
function c(x) such that ck=c(x=k). 

Real space convolution and frequency filtering are equivalent 
operations .. As is shown in examples 2 and 3 of section IX, the RAMP 
filter used with thea<lgorithm BKFILachieves the same~result as the 
RALA convolution function used with CONVO. In BKFIL the operation 

(3.17) 

of filtering is done by multiplying the filter values by the Fourier 
transform of the projection data, then inverse Fourier transforming 
the result. Projection data modified in the same fashion is obtained 
by convolving the projection data with the real space equivalent of 
the RAMP function. Symbolically we have 

(3.18) 

Modified projection = ~il [I RI w(R) ~(prOjection data)] 

where ~ denotes the one-dimensional Fourier transform and w(R) is 
one of .the window functions defining the filter 1 RI w(R). From the 
convoltition theorem, the equivalent result can be obtained as 

Modified projection = {~11 [I Rlw(R~}* projection data (3.19) 



where the convolver s;r-~[IRlw(R)J is determined by the window function 
wand the symbol * denotes convolution. 

The shapes of the window functions are shown in figure 9. The 
width of the window is measured as the distance between the closest 

. zeros on each side of the center lobe of the inverse Fourier transform 
of the window function. Ideally, for good resolution, the window function 
should have a central lobe that is tall and narrow. The side lobes 
for the inverse Fourier transform of these window functions give rise 

49 

to the Gibbs phenomenon, which is observed as artifacts that are contamination 
from adj acent parts of the reconstruction. 

The RECLBL filters: HAN, HAM, PARZN, RAMP (figure 10 upper) are 
obtained by multiplying the ramp function by the window functions in 
figure 9: Hann, Hamming, Parzen, Rectangular, respectively. Figure 
10 lower gives the graphs of the convolution functions that are the 
inverse Fourier transform of the filter functions given in figure 10 
upper. The analytic expressions for the frequency filters and the 
corresponding real space convolution functions are shown below. The 
frequency parameter fm is the frequency parameter FREQX, which is input 
to the subroutines BKFIL and FILBK. 

Rectangular Window and RAMP Filter 

The rectangular window is defined by the equation 

w(f) = 
\ 

1 if 

o if 
(3.20) 

Multiplying the rectangular window by the ramp function in frequency 
space gives the RAMP filter 

c(f) = 
if I f I 5 fm 

if If I >f m 
(3.21) 
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Figure 9. These window functions are multiplied by a ramp function 
giving the filters shown in figure 10. 
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Figure 10. Window functions of figure 9 multiplied by a ramp with a . 
cutoff frequency FREQX=0~5 (upper). The inverse Fourier transform 
of the filters in the upper figure give the real space convolution 
functions (lower). 
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The inverse Fourier. transform of the RAMP filter gives the convolution 
function 

The RAMP filter gives the best resolution in the reconstructed 
image for perfect data but amplifies noise for data with statistical 
fluctuations. The sharp cutoff gives rise to intensity oscillation 
in regions of sharp contrast and thus generates artifacts in the 
reconstructed image. 

Hann Window and HAN Filter 

The Hann window is defined by the equation 

w(f) = 
1 

0.5"'+· 0.05 cos1Tf/fm if 

if 

(3.22) 

(3.23) 

Multi P lyi ng the Hann wi ndow by the RAMP functi on gi ves the HAN fi lter 

c(f) = 
1

0.5 If I + 0.5 If I cOS1Tf/fm if - If 15 fm 

o if If I > fm 
(3.24) 

The inverse Fourier transform of the filter function gives the convolution 
function 



c (x) = 
f~ sin[fm(21TX +1T/fm)] f~ (Sin [fm(21TX + 1T/fm)/2])2 

"2 f m(2 1Tx + 1Tlfm) - 4 fm{21Tx + 1T/fm)!2 

(3.25) 

For the Hann window the central lobe of the convolution function 
c(x) is wider than the central lobe of the corresponding convolution 
function for the rectangular window, but its side lobes .are greatly 
reduced. Therefore, the reconstructed image has a smoother texture 
with a loss in resolution. 

A frequency parameter fm for the HAN filter, which is two times 
the value of the cutoff frequency for the RAMP filter, gives an 
approximation to the ramp function with a small rol1off near f = f m/2. 

The RAMP and HAN filters give the same resolution in the reconstructed 
image when the RAMP has a -cutoff frequency equal to one half that of 
the HAN (cf. D. A. Chesler and S. J. Riederer, Phys. Med. Bio1. 
20, 1975, pp. 632-636). 

Hamming Window and HAM Filter 

The Hamming window is defined by the equation 

1
0.54 + 0.46 cos 1T f/fm if 

w(f) = a if 
(3.26) 

Multiplying the Hamming window by the ramp function in frequency space 
gives the HAM filter 
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c(f) = (

0.54 I fl + 0.46 I fl cos 1Tf /fm if 

o if 

The inverse Fourier transform.gives the convolution function, which 
is merely equation (3.25) with terms 1, 2, 5 and 6 reduced by 1.08 
and terms 3 and 4 increased by 1.08: 

(3.27) 

, 2 sin fm(2,1TX + 1T/fm) (Sin fm(21TX +, 1T/fm)/2)2 
() 0 46 f ' - 0 23 f2 ' c x =. m f m (2,'JT)( + 1T If m ) . m ~f~m"7(~2~1TX~+--=1T 7"'f~m""T)"772~ 

. 22 m . s i n2TIfmx (S i n1Tf X)2 
+ 1.08 fm 21Tfmx - 0.54 fm 1Tfmx 

(3.28) 

The Hanming window has smaller extreme values in the side lobes 
than, does the Hann wi ndow. The maximum side lobe for the HalTl11i ng wi ndow 

,l.'tl .'W 

is approximately ohe-fifth that of the Hann window. 

Parzen Window and PARZN Filter 

The Parzen window is defined by the equation 

1 - 6(~)2 (1- ~) if If I < f /2 - m 
~ 

w(f) = 2~ -~y f m/2 < I fl 2-if fm 

0 if Ifl > fm 

where fm is the cutoff frequency. Multiplying the Parzen window by 
the ramp function gives the PARZN filter 

(3.29) 

- ~," .' 



If I - 6Ifl(~y (1 -~) if If I ~ fm/ 2 

c(f) = 21f I (1-~y if fm12 < If I .s. fm 

0 if If I > fm 

The inverse Fourier transform gives the convolution function 

c (x) = [48'IT f x cos 2'rrf x - 96 sin 2'ITf x .:. 96'IT f x cos 'IT f x m m m m m 

+ 384 sin 'IT f mX - 16'IT3f~x3 - 144 'IT f mX] / (32'IT5f~x5) 

and 

c(O) = 0.175 f~ 

The central lobe of the Parzenwindow is about 30% wider than 
either the Hann or the Hamming window. Thus the reconstructed image 
resolution will be less than can be achieved with either the HAN or 
HAM filter. On the other hand the PARZN filter suppresses noise. 

(3.30) 

(3.31) 

(3.32) 

The side lobes for the Hann and Hamming window oscillate between 
positive and negative values, whereas with the Parzen window the side 

. lobes always remain positive. 

Butterworth Filter and BUTER Filter 

The major advantage of the filter BUTER is that it can be modified 
to suit the user. The filter is derived by using the magnitude of 
the Butterworth filter as a window function: 

where fm is a frequency parameter and n is the order of the filter. 
This is multiplied by the ramp function giving the filter BUTER: 

(3.33) 
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(3.34) 

\/1 + (lfl/fm)2n 

The shape of the filter is designed by declaring values of FREQX=fm 
. and ORDERX=2n. Note that the order of a Butterworth filter 

(equation (3.33)) is given a~ n=ORDERX/2 if ORDERX is an even integer. 
However, the filter BUTER in the RECLBL Library allows ORDERX to be 
any real value. 

Usually the Butterworth filter is used in connection with 
recursive filtering; however, in our application the amplitude of the 
Butterworth filter is multiplied with a ramp function to obtain a 
rolloff. A filter can be selected that gives the desired result in 
the reconstruction by using a value for ORDERX that may be in the range 
of 5 to 350 and a va 1 ue for FR EQX between 0.25 and 1. 

A filter is designed by calculating the appropriate window widths 
between 0 and fp and the corresponding transition bands between the 
pass-band frequency f~'and the stop-band frequency fs 'as illustrated 
in figure 11. If the values of E, A, ~p' and fs are known for a particular 

1 

XBL778-3786 

Figure 11. Method of .designating a Butterworth 
filter. Parameters E and A are calculated 
from ordinates at the user selected pass 
frequency fp and stop frequency f s . 



window, then the parameters ORDERX and FREQX of the Butterworth .filter 
are determined using the equations: 

ORDERX 

FREQX 

= 2 10g(E/ j A2 - 1) 

log(fp/fs) 

= f p 
(c::)2/0RDERX 

(cf. R. W. Hamming, Digital Filters, Prentice Hall, 1977, p. 189). 

(3.35) 

(3.36) 

The wi ndow defi ned by the Butterworth fil ter can either be des i gned 
so that it has a narrow transition band between fp and fs' and thus 
approaches a rectangular window, or can be designed so that it has 
a wide transition band such as the Hann or Hamming window. For example, 
suppose a Hann window had FREQX=0.5 and we select f p=0.23 and f s=0.47, 
then equation (3.23) gives w(0.23)=0.563 and w(0.47)=0.009. A Butterworth 
filter that matches this Hann window at fp and fs is designed by solving 
equations (3.37) and (3.38) for A and E: 

R(O.23) 1 
=1 + E2 = 0.563 

(3.37) 

1 R ( O. 47) = Al = O. 009 (3.38) 

This is illustrated in figure 11 and the results are A=10.624 and 
E=0.882. From equations (3.35) and (3.36) we calculate the parameters 
of the Butterworth filter ORDERX=6.95 and FREQX=0.238. Figure 12 upper 
compares the window defined by the Butterworth filter for ORDERX=6, 
FREQX=O.23 with the Hann window for FREQX=O.5. Figure 12 lower compares 
the corresponding filters. 

Designing a window function with a narrow transition band infrequency 
space is equivalent to having a narrow central lobe that will give good 
resolution in the reconstructed image, but concurrently the side lobes 
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Figure 12. The upper figure shows the Hann window with a cutoff 
frequency FREQX=O.5 and the Butterworth filter withORDERX=6 
and FREQX=O.23. The lower figure is a plot of the filters 
BUTER and HAN obtained by multiplying these window functions 
by a simple ramp. . 



for such a window function are larger, thus amplifying noise. On the 
other hand, a wider transition band gives poorer resolution with reduced 
noise amplification. 

4. Maximum Entropy Algorithm (ENTPY) 

The maximum entropy method of reconstruction is designed for 
projection data samples that give a system of linear equations that 
are underdetermined. This method of reconstruction is accomplished 
using the statement 

where 

CALL ENTPY (X, PRJ, BCK, LIMITX, ERENTX) 

X is the reconstructed transverse section; 
PRJ is the projection subroutine; 
BCK is the back-projection subroutine; 
LIMITX is the maximum number of iterations allowed to minimize 

the objective function for the dual program; 
ERENTX is the test value representing the expected absolute error 

between the true solution and the iterative solution; 

(cf. Example 14 of section IX). 

The parameter PRJ can be one of the projection subroutines: PCD, 
PCDF, PLL, PPT, PPTF, PRF, or PRFF; and the parameter BCK can be one 
of the back-proj ecti on subrouti nes: BCD, BCDF, BLL, BPT, BPTF, BRF, 
or BRFF. These parameters are externals and should be declared in 
an EXTERNAL statement. 

The maximum entropy algorithm requires as ~any as 121 (LIMITX=121) 
iterations for a 21 x 21 reconstruction array if ERENTX=10-6. Therefore, 
due to the computer time requirements the user might want to use this 
method for small array sizes and sample sizes. For larger arrays, 
computer tests have shown that if LIMITX=15, ENTPY gives a good 
reconstruction even when the iterative procedure has not yet converged 
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to the maximum entropy solution. ERENTX should not be any smaller 
than 10-0, where 0 is the number of significant digits in floating 

point representation. 

When reconstructing fan-beam data, the projection angles must be 
equally spaced over 2rr radians. Therefore MOOANG must be 3, -3, 5, 

or -5 in the call to SETUP (cf. section 111.2). 

The maximum entropy method determines a solution for the 
reconstructed pixel values that maximizes an entropy function subject 
to a consistent system of projection constraints. The problem is 
stated formally as follows: 

Find the maximum of 

S(X) = _ ~ ~ ln (X+j) 
ij 

subject to the constraints 

~ km 
F •• X .. = Pk 

.. lJ lJ m 
lJ 

L: Xij = T 
ij 

X .• ~ 0 
lJ 

for all k,m 

The intensities X .. are elements of the ~rray X representing the 
lJ ~ 

(4.1) 

(4.2) 

(4.3) 

(4.4) 

reconstructed transverse section, which has a total intensity T. These 

intensities are related to the projection values Pkm by the weighting 
factors F~j, which are determined by the particular choice of the 
projection and back-projection subroutines. 

A solution for the reconstructed transverse section is solved 
uti,lizing Lagrange multipliers and duality theory (cf. R. T. Rockafellar, 
Convex AnalYSis, Princeton University Press, 1970). Using conjugate 
gradient methods, a solution to the dual program: 



Find the minimum of 

where Zij=LF~j\m' gives the optimum solution for the Lagrange 
km . ' 

multipliers. This solution immediately gives an optimal solution for 
the reconstructed image from the equation 

x .. = 
lJ 

T exp z .. 
lJ 

" km where Zij=~FijAkm and the Akm are the optimum Lagrange multipliers 
km . 

(cf. G. T. Gullberg, in Information Processing in Scintigraphy, Proceedings 
of the IVth International Conference, Orsay, France, July 15-16, 1975, 
eds. C. Raynaud and A. Todd-Pokropek, pp. 325-332). 

The maximum entropy reconstruction method will give an estimate 
for the reconstructed image which has less structure than any other 
possible solution, and thus avoids any bias while agreeing with the 
projecti on data. 

5. Generalized Inverse Algorithm (GVERS) 

The generalized inverse method of reconstruction is obtained by 
using the Fortran statement 

CALL GVERS(X,XE,PRJ,BCK,CHISQ,IERR) 

where 
x is the reconstructed transverse section; 
XE are the errors in the reconstructed image; 
PRJ is the projection subroutine; 
BCK is the back-projection subroutine; 
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CHISQ is the resulting chi-square; 
IERR is the error indicator; 

(cf. Example 15 of section IX). 

The parameter PRJ can be one of the projection subroutines: PCD, 
PCDA, PCDF, PLL, PPT, PPTA, PPTF, PRF, PRFA, or PRFF; and the parameter 
BCK cap be one of the back-projection subroutines: BCD, BCDA, BCDF, 
BLL, BPT, BPTA, BPTF, BRF, BRFA, or BRFF. These parameters are externals 
and should be declared in an EXTERNAL statement. The chi-square, CHISQ, 
which is returned is defined by the equation 

CHISQ = i(X) = L:(~ F~Xij - PkY /a~m 
km lJ . 1 . 

(5.1) 

where F~j are the weighting factors in the projection operation, 
Pkm are the projection data, and c1 km are the errors in the projection 
data. If IERR=l, the input projection data uncertainties are used, but 
no errors are calculated for the reconstructed values. If IERR=2, the 

~ .. I . . 

input uncertainties are used, and the errors are calculated for the 
reconstructed values. If IERR has any other value, then input data errors 
are not used, i.e., cr km=l is assumed, and errors for the reconstructed 
va 1 ues are not ca lcul ated .. 

The generalized inverse method is a direct method, as opposed 
to the iterative methods, for minimizing equation (5.1). If H is 
defi ned as 

equation (5;1) can be rewritten: 
2 

X 2( X) = :E(:E H~~X .. - crk-
l 

Pk ) 
k 

.. lJ lJ m m m lJ 

(5.2) 

(5.3) 

••••• 
, . 

~~. 



If H is considered a matrix with i and j contracted to the column index 
'" and k and m contracted to the row index, then H, the Penrose generalized 

inverse of H, provides the reconstructed solution 

_ ,","'ij -1 
Xij - L.JHkmokmPkm 

km 
(5.4) 

which will minimize the x2 function .. The error array XE is evaluated 
using 

[ 

2J1/2 
(XE)ij' ~ 0~~) (5.5) 

The magnitude of the ij and km indices of the matrix H in many 
applications are so large that the memory requirements for the generalized 
inverse method are the limiting factors of its usefulness. 

6. Orthogonal Polynomial Expansion (MARR) 

The method of orthogonal polynomial expansion parameterizes the 
distribution to be reconstructed by a set of coefficients of polynomials 
orthogonal on the unit circle. The transverse section is reconstructed 
using the statement 

CALL MARR (X,NDEG) 

where 
X is the reconstructed transverse section~ 
NDEG is the degree of the polynomial expansion; 

(cf. Example 13 of section IX). 

The maximum degree NDEG of the polynomial expansion is two less 
than the number of projection angles, which is the number of detectors. 
The subroutine MARR is a modification of the program ZHEAD (Version 
2.0--12/10/71) supplied to us by R. Marr. (The algorithm is described 
in: R. B. Marr, J. Math. Anal. and Appl. 45, 1974, pp. 357-374.) 
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The data are assumed to beN(N-1)/2 line integrals of the source 
distribution for the transverse section between N equally spaced points 
on the periphery of a circle. In this geometry we can still represent 
the proj~ctiondata Pk~ with k a~ a projection bin index and m as an 
angle index. With each projection measurement Pkm there are ,associated 
two quantities zk and 8m, where zk is the perpendicular distance of 
the center ,of the unit circle to the projected ray and 8m is the angle 
of the projection. Polynomial coefficients (Snn' and Ynn,) are calculated 
using the equations 

f Snn 1 1 
1 Y nnl f 

= 

2 (n + ~2' + 1) 1: sin [( n + 2n 1 + 1) 

kn 

(6'.1 ) 

(6.2) 

(6.3) 

The reconstruction can then be calculated at the center of each pixel using 

x .. = lJ 

M [(M-n)/2] 

LL 
n=O nl=O 

(S 1 sin n~ .. + Y 1 cos n<p .. ) nn ~lJ nn lJ 

(6.4) 

r~.Q 1 (r~.) lJ nn \1 lJ 

wher~ M=NDEG is the degree of the polynomial expansion, (r .. ,<p .. ) 
lJ lJ 

are the polar coordinates of pixel (i,j) with the center of the unit 
circle at the origin, and Qnn, (t) is a polynomial in t of degree nl 
with the explicit representation 

•• 



(6.5) 

The subroutine MARR is the only algorithm that reconstructs data 
explicitly for a ring geometry. However, by reorganization of the 
chords into parallel- or, fan-beam projections, the same data can be 
used with other algorithms. Due to the ring geometry only the SETUP 
parameters: NDIMU, IGEOM, NANG, IMIT, NWORK, NFLOAT, ISTORE, 
IPRINT, and PWID have meaning (cf. section III). The others need not 
be assigned values. 

Furthermore, while the definition of PWID is not different, the 
presence of detectors in an entire circle lends a different implication 
to the values it takes on. Remembering that NANG, the number of angles 
at which projections are collected (in the conventional sense) also 
represents the number of detectors comprising the ring, we can consider 
the case when the ring is inscribed in the NDIMU x NDIMU reconstruction 
region. Then the circumference of the circle in "projectiori bin widths" 
is just NANG so that 

NANG = n·NDIMU·PWID (6.6) 

or 

PWID" = NANG/(n'NDIMU) (6.7) 

To use PWID larger than this simply introduces zeroes in th~ 
reconstruction array outside the circle of detectors. The user can 
"zoomll in on the center of the reconstruction region by choosing PWID 
smaller than this value. 

Before using the subroutine MARR the user should study section 111.4, 
which describes the subroutine GETUM, iince the data input is in a 
different format than for the other reconstruction algorithms. 
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7. Attenuation Correction 

Transverse section emission imaging with single photon or positron 
annihilation photons requires compensating for attenuation effects. 
For positron imaging, the user must first correct the measured projection 
data by multiplying the sampled projection data by exp(f~(x)dx), where 
f~(x)dx is the corresponding line integral of attenuation coefficients. 
The transverse section can then be reconstructed using one of the 
algorithms available in the RECLBL Library. For single photon imaging, 
the user can ~ompensate for attenuation by using attenuation coefficients, 
which can be determined from a transmission experiment, or may be assumed 
constant over a convex region. Other methods of attenuation correction 
(cf. T. F. Budinger and G. T. Gullberg, in Reconstruction Tomography 
in Diagnostic Radiology and Nuclear Medicine, eds: M. M. 
Ter-Pogossian, et al., University Park Press, Baltimore, 1977, 

.pp. 315-342) require either preprocessing the projection data or 
correcting the reconstructed but uncorrected transverse section using 
a correction matrixJba~ed on phantom studies. 

The attenuation correction schemes used in the RECLBL Library 
assume that the projection data for the transverse section are the 
summation of pixel concentrations attenuated by a factor that is a 
function of the attenuation between the pixel and the edge of the object. 
The projections Pkm are represented by 

L km km Pk = F .. A .. X .. m .. lJ1J lJ 
(7.1) 

lJ 

where F~~ are weighting factors and A~~ are the attenuation factors, 
,- lJ . lJ 

which are calculated by the subroutines EVATN or EVATU. The reconstructed 
pixel values X .. can be determined by one of the iterative routines . . lJ 
CONGR or GRADY using the appropriate projection and back-projection 
subroutines PPTA and BPTA, or PCDA and BCDA, or PRFA and BRFA. 

The attenuation factors A~j are evaluated from an array of 
attenuation coefficients by using the Fortran statement 



CALL EVATN(B) 

where 
B is the array Of attenuation coefficients. 

The attenuation factors A~j are evaluated using the equation 

A km - [. ~ L km B ( . I • I )] ij - exp ~ i'j' 1 J 
i I j I 

(7.2) 

where the summation is taken over the pixels (i',j') in the 
projection ray (k,m) from the pixel (i,j) in the direction of the 
measured projection. L~~j' is the length of that portion of a 
line centered in the projection ray (k,m) within the pixel (i',j'). 
For an NDIMU x NDIMU array and NANG projection angles, it is necessary 
to evaluate (NDIMU)2'NANG attenuation factors. Due to the large 
number, the attenuation factors A~j are stored on the file LUNATN, 
which is determined by the user as one of the SETUP input parameters. 

A method of reconstructing single photon data and correcting for 
attenuation using attenuation coefficients evaluated from a transmission 
experiment is outlined as follows: 

(1) Set parameter arrays IPAR and PAR and call SETUP (cf. section III). 
(2) Input projection data from a transmission experiment using 

subroutine GETUM. 
(3) Reconstruct the array B of attenuation coefficients using any 

appropriate reconstruction algorithm. 
(4) Prepare for the emission reconstruction by resetting appropriate 

parameters in the arrays IPAR and PAR and call SETUP again. 
(5) Evaluate the attenuation factors using the statement: CALL EVATN(B). 
(6) Reconstruct the array of isotope concentrations using one of the 

iterative routines CONGR or GRADY with one of the back-projection 
subroutines BPTA, BCDA, BRFA, and correspondingly one of the projection 
subroutines PPTA, PCDA, PRFA. 

Examples 8, 9, and 10 in section IX iliustrate this method of attenuation 
correction, which requires two reconstructions: one for the transmission 
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data to obtain the correction factors and one for the emission data to 
get the final reconstruction. 

For the case of an object that has a constant attenuation coefficient, 
km . 

the attenuation factors Aij can be determined using the statement 

where 

CALL EVATU (B,XLEV,ATENL) 

B is the transverse section that has not been corrected 
for attenuation; 

XLEV is the approximate ratio of the concentration in the object 
to the background for use by the boundary search routine; 

ATENL is the constant attenuation coefficient per pixel width; 

The attenuation factors A~~ are evaluated using equation (7.2), 
. lJ .. 

where B(i',j')=ATENL for all pixels (i',j') within the boundary of 
the object. The boundary is determined using a search routine and 
the corresponding distr:"ibution of attenuation coefficients is 
displayed so that the user can change the parameter XLEV if necessary 
to obtain the true object shape. The user may desire to interact by 
varying XLEV until the desired object ~hape is obtained. The attenuation 
factors are stored on the file LUNATN and are read into memory in arrays 
of NOIMU2 words when needed. 

A method of reconstructing single photon data and correcting for 
attenuation assuming a constant attenuation coefficient is outlined 
as follows: 

(1) Set parameter arrays IPAR and PAR and call SETUP. 
(2) Input single photon projection data from an emission study 

using subroutine GETUM. 
(3) Reconstruct the uncorrected transverse sectibn B using one 

o~ the reconstruction algorithms. 



(4) Evaluate the attenuation factors using the statement CALL 
EVATU(B,XLEV,ATENL). 

(5) Reconstruct the array of isotope concentrations using one of 
the iterative routines CONGR or GRADY with one of the back
projection subroutines BPTA, BCDA, BRFA, and correspondingly 
one of the projection subroutines PPTA, PCDA, PRFA. 

Examples 11 and 12 in section IX give example programs utilizing this 
method of attenuation correction. 
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VI. HOW TO USE THE LIBRARY 

1. Summary of Reconstruction Procedures 

To execute a reconstruction using the RECLBL Library, the user 
must prepare a main program with a declarative as well as an executable 
section. The declarative statements appear first in the sequence of 
program lines, but some are dependent on values or operations performed 
in the executable section. The set of declarative statements is 

DIMENSION B("NDIMU","NDIMU"), ANG("NANG") 
COMMON/ /WORK ("NWORK ") 
COMMON/OUTCOM/LUNOUT,I80132 
DIMENSION IPAR(12),PAR(3) 
EQUIVALENCE (NDIMU ,IPAR( 1)),(ICIR ,IPAR( 2)),(IGEOM ,IPAR( 3)), 

1 (NANG ,IPAR( 4)),(MODANG,IPAR( 5)),(KDIMU ,IPAR( 6)), 
2 

3 

4 

(IMIT ,IPAR( 7)),(NWORK ,IPAR( 8)),(NFLOAT,IPAR( 9)), 
(ISTORE,IPAR(10)),(IPRINT,IPAR(11)),(LUNATN,IPAR(12)), 
(PWID i PAR( 1)),(AXISU , PAR( 2)),(RFAN , PAR( 3)) 

EXTERNAL "BCK","PRJ","CNV","FIL" 

The meaning of each statement will become clear from the description 
of the executable statements below. Variable names enclosed in 
quotation marks represent a numeric constant whose value is dependent 
on the value given to that variable. For example, if NDIMU = 64, 
then the statement represented by DIMENSION B( "NDIMU", "NDIMU") is 
DIMENSION B(64,64). Of course, the variable names used are up to the 
user. The EQUIVALENCE statement has been included above for convenience, 
but is not a necessary declarative statement. In what follows, the 
elements of the IPAR and PAR arrays are referred to by the names 
given them in the EQUIVALENCE statement. Any additional declarative 
statements included by the user should carefully observe the reserved· 
common block names given in table 1. 

There are three basic steps to executing a reconstruction with 
the RECLBL Library. The first step is to establish the values of the 
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input parameters using the SETUP subroutine. The second step is to 
actually execute the reconstruction. The third step is to display 
and/or save the resulting image. 

There are 17 parametric values to be decided upon before SETUP 
can be called. These can be broken down into four categories: those 
describing the image that is to be reconstructed (3 parameters), those 
that describe the projection data that is to be input (7 parameters), 
those that describe the computational environment in which the reconstruction 
will be carried out (4 parameters), and those that cOhtrol the output 
received from the library (3 parameters). 

The first three parameters are NDIMU, ICIR and PWID. The value 
for NDIMU is usually related to the expected resolution in the image. 
If a pixel is chosen much smalle~ than the obtainable resolution, the 
library may calculate ~alues that do not have physical significance 
and will cost the user memory space and computation time. If the pixel 
size is chosen much larger than the resolution, then resolution is lost. 
The parameter ICIR can save the user memory space and execution time. 
If the object to be reconstructed fits entirely within a circular domain 
of diameter '::'NDIMU, then ICIR should be set toO. It is important to 
note that the e'ntire objeCt to be imaged must 1 ie within the NDIMU x NDIMU 
array. The parameter PWID gi~es the wi~th of a pixel in projection bin 
units. For the most efficient use of memory PWICFKDIMU/NDIMU. In most 
cases KDIMU (cf. section ,III.2 and below) is fixed by the data collection 
geometry, and thus PWID and NDIMU show an inverse relationship. If one' 
of these is known (or its desired value is known) the value of the other 
is also determined. For ex~mple, it has been shown (cf. R. H. Huesman, 
Phys. Ned. Biol. ~, 1977, pp. 511-521) that PWID should be at least 
1.5 when using iterative reconstruction techniques. Thus, if KDIMU was 
100 during data collection, NDIMU should be.::.66. Conversely, if the 
reconstruction phase is' considered before data collection, then knowledge 
of PWID and NDIMU will dictate the required spatial sampling. 



The second set of SETUP parameters describes how the projection data 
were collected for the number of angles, NANG. MODANG is. a coded parameter 
that defines the initial angle, angular increment, and angular range of 
the NANG angles. Again, consideration of how the data will be reconstructed 
before their actual collection, may make the reconstruction phase easier. 
For MODANG!O or 1, the library generates angles equally spaced over 
'IT or 2'IT radians. If these angles have been used in data collection, the 
user may choose one of these values for MODANG and avoid having to supply 
the angles to SETUP (cf. section 111.2 for MODANG options). Three 
reconstruction algorithms (i.e., CONVO, FILBK, BKFIL) rely on data 
having been collected at equally spaced angles in order to arive at a 
correct solution, and in some cases the library will not execute the 
reconstruction unless this is the case. Thus, the user is advised to 
let the library generate the data collection angles whenever possible. 
IGEOM describes the geometry (i.e., fan, parallel, ring) in which the 
data were collected. KDIMU is the parameter describing spatial sampling 

. and represents the number of projection bins in each projection. IMIT 
indicates whether to reconstruct emission or transmission data. 

AXISU describes where in the projection array the axis of rotation 
is projected. In general, if the axis is to fall in the exact center of 
the projection array, AXISU=(KDIMU+1)/2. It is very important to locate 
the AXIS of rotation as accurately as possible (to precision of less 
than 1 bin if possible), since even small errors may cause artifacts 
in the reconstruction. RFAN is the distance from the fan beam source 
to the center of rotation and is only meaningful under fan~beam geometry 
conditions. 

The third group of SETUP parameters describes the computational 
environment in which the reconstruction is to be carried out. NWORK 
is the number of floating point variables that have been provided as 
working space for the library. There must be a COMMON//WORK(IINWORK II ) 
statement reflecting the value given NWORK in the declarative portion 
of the main program. (For example, if NWORK=100, then there must be 
a COMMON//WORK(100) statement somewhere in the main program.) The 
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minimum value of this parameter may-be determined by running a "storage 
size test" (described below). NFLOAT gives the number of computer 
words that actually make up one floating point variable in the array 
WORK. (For example, if the computer has16~bit words and floating point 
variables- are represented in 32 bits, then NFLOAT=2.) LUNOUT (in common 
block/OUTCOM/) and LUNATN are logical unit numbers for printed output 
and attenuation factor scratch storage, respectively. If LUNOUT is 
not given a value the library cannot communicate with the user. 

The fourth group of SETUP parameters govern~ the execution of the 
reconstruction and the format of the output. ISTORE may be used to 
implement a "storage size test" to determine the amount of blank common 
that is needed for the reconstruction. IPRINT contains six 1-bit print 
flags that govern .what output is received during the reconstruction. 
180132 (word 2 of corrrnon block/OUTCOM/) is a flag that determines the 
width of the output (either 80 or 132 characters/line). 

After all of the above parameters are given values, SETUP is called 
using the statement: 

CALL SETUP (IPAR,PAR,ANG) 

The second phase of ~xecution involveS the actual reconst~uction. 
Several considerations must be made at this juncture. First, if attenua
tion compensation is to be done during the reconstruction, attenuation 
factors must be calculated first using the routines EVATN or EVATU 
(cf. section V.7). Calculation of these factors usually involves a 
reconstruction as well, as in the case of using a transmission scan 
to correct for the attenuation in an emission scan. The next step is 
to determine what type of weighting model is to be used in the projection/ 
back-projection operations and/or what type of filter or convolution 
function is to be used. The names of the routines (such as BCD, PCD, 
SHLO, BUTER, et~.) decided upon should be entered in the EXTERNAL statement 
in the declaratlve portion of the program (see above). In addition, 
they are included in the calling sequence of the reconstruction routine. 
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Another integral part in the actual execution of the reconstruction 
is input of the projection data via the user-supplied subroutine GETUM. 
The user must supply a routine that returns the projection data 
one angle at a time with ~ach projection being KDtMU in length. If 
appropriate, the measurement uncertainty for each projection value 
must also be returned. 

If an iterative reconstruction method is being employed (GRADY, 
ENTPY or CONGR), subroutine USER will be called between each iteration. 
USER is a subrouti.ne that allows the user access to the reconstruction 
array between steps in the iterative process. While it is not necessary 
that a subroutine of that name be supplied (since a default ro~tine 
is supplied with the package), the user may desire more information 
than that supplied by the default routine and may supply a replacement. 

When the reconstruction subroutine returns control to the main 
program, the reconstructed image ;s stored in the NDIMU x NDIMU array 
stipulated in the calling sequence. It;s now up to the user to display 
it or save it as desired. Two display routines are provided in the 
RECLBL Library. ARRAY is a subroutine that displays a 2-dimensional, 
gray-scale image using an overprinting scheme. The second display 
routine, XYGRF, makes i-dimensional slices through the 2-dimensional 
array and displays them graphically on the output device. All other 
graphical display or output of the image onto peripheral storage devices 
is left to the user. 

A surrmary of the steps for the preparation of a FORTRAN program 
to obtain a reconstruction from the RECLBL Library follows: 

(1) Set up declarative statements that are consistent with values 
given to SETUP parameters in the executable section including 
the coinmon blocks IOUTCOMI and blank common II, arrays IPAR and 
PAR, an array for the reconstruction and one for the projection 
angles (if MODANG=O or 1). 
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(2) Choose the back-projection or projection weighting model 
or filter or convolution function to be used in the reconstruction 
as well as other options provided by the reconstruction routine. 
Be sure to declare these subroutines in an EXTERNAL statement. 

(3) Assign values to the IPAR and PAR variables and the two variables 
in /OUTCOM/. 

(4) Call SETUP. 
(5) Call the reconstruction subroutine. 
(6) Display and/or store the reconstructed image using ARRAY, 

XYGRF, or some user-supplied subroutine. 

In addition the user must provide a subroutine GETUM for projection data 
input and, if appropriate, a subroutine USER. 

2. Library Output 

As the various subroutines in the library are executing, they 
conmunicate with the user via output on the file LUNOUT.While the 
output is intended to ,b-e self-expl anatory, this section-"wi 11 attempt 
to clarify any ambiguities that remain and point out details that may 
be especially useful to the user. 

The output obtained on anyone run is, of course, a function of 
what subroutines are employed during the reconstruction and what print 
options are chosen by the user (cf. section 111.3). However, many 
portions wi 11 be common to most runs. These are the ones that wi 11 be 
described here. 

In most cases the first output received will be from the subroutine 
SETUP. Figure 13 shows sample output that was obtained during a test 
run. As with all user-called routines, SETUP alerts the user of its 
initiation by. printing its name in large block letters. The first part 
of the listing contains the values input in the integer parameter array 
IPAR (cf. section III for details of their meanings) and the second 
part contains the values for the floating point array PAR. The first 
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Figure 13. Example of library output. 
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column gives the index of the parameter on that. line. The second column 
gives the actual value input and the third column gives a description 
of what it means. Between the second and third columns flags will 
occasionally appear. They will be the letters NA or ER. NA means the 
value for this parameter is not applicable to the situation as defined 
by parameters above it. For example, ,in figure 13 the third line under 
the PAR headin~ the reader will see NA between columns 2 and 3 (labeled A). 
This indicates that the distance of the fan source from the center of 
rotation is not necessary since IPAR(3), the geometry flag, indicates 
the reconstruction will use parallel-beam geometry. If the ER flag 
is seen, it indicates that a fatal error has been detected in the inp~t 

to SETUP. At the end of the SETUP output an error message will be 
printed telling how many errors were detected. The lines containing 
the ER flag indicate the input values that were in error. 

The next port i on of the SETUP output wi 11 be a few 1 i nes s imil ar 
to those labeled B in the figure (assuming the appropriate print option 
has been indicated). :J"hese are •. lines output by the· memory management 
routine that tell the user how much blank common is in use at the time 
the line is printed. The multiple lines indicate that several requests 
for memory allocation have been generated by the library. The first 
number in the line is the decimal number of floating paint variables 
in use and the number enclosed in parentheses is its octal equivalent. 

The next line of output, labeled C, indicates to the user which 
portion of the supplied' projection"array will be used during the 
reconstruction. In this case the user has supplied 100 bins when only 
52 are necessary. Since the axis of rotation has been placed 50.5 
projection bins from the beginning of the array, the library uses 26 
on either side of it or bins 25 through 76. 

Line 0 indicates how many bins will act~ally be used as the projection 
array during the reconstruction and how many, if any, are assumed to be 
zero in value. In this case a sufficient number of bins has been supplied. 
However, if the user's projection array is found not to be long enough 



to cover the entire reconstruction region, the library will add bins 
on either side until the projection array is long enough. These bins 
are assumed to have the value zero for all projection angles. 

Line E is the closing line of the SETUP output (and several other 
routines). It informs the user of the largest amount of blank common 
that has been in use up to that point in the program. If one wishes 
to know the maximum amount that is ever in use, simply find the last 
time this message is printed during the job. SETUP indicates it has 
completed execution by printing END SETUP in large block letters. 

In the job shown in figure 13 a phantom was generated using the 
subroutine PHAN (cf. section VII). The output from it is labeled F. 
All of the input values are ~rinted. In.this particular case the phantom 
was generated in a 64 x 64 pixel array. When a pixel was found to 
fall only partially inside one of the ellipses comprising the phantom, 
it was divided into 10 x 10 (or 100 total) "pixelettes" in order to 
determine what percentage of the full value should be assigned to that 
pixel. There are 1.33 pixels/projection bin. The entire phantom is 
composed of 4 ellipses. If the pixelized array is considered to have 
(x,y) coordinates with the origin in the exact center of the array, then 
the centers of the four ellipses are at the points (0,0), (0,-13.33), 
(13.33,0) and (-13.33,0). These values were arrived at by applying 
the conversion factor of 1.33 to the actual input values, which are in 
terms of projection bin width. The center points in units of projection 
bins are listed above the corresponding converted values that are in 
parentheses. 

The major and minor axes of the ellipses are l1sted in a similar 
fashion ~s the center points under the columns headed A and B, respectively. 
The angle that the major axis makes with the x-axis is listed in the 
PHI column and the density assigned to each pixel in an ellipse is 
listed under DENS. 
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In summary, the first ellipse is centered at the origin (0,0); 
it has major and minor axes of 53.33 pixels (i.e., it is a circle); 
its major axis is colinear with the x-axis; and each pixel completely 
inside it has a value of 2.81. The fourth ellipse, however, is centered 
at (-13.33~a) in the pixel array; has major and minor axes of 18.67 
and 13.33 pixels, respectively; its major axis makes an angle of 1.57 
(TI/2) radians with the x-axis and each pixel inside it has a value 
of -2.25. 

The beginning of the next section of output is delimited by the 
large letters CONVa. This indicates that the user has called subroutine 
CaNVa and is about to perform a convolution reconstruction. The first 
few lines of output-from any of the major reconstruction routines (BKFIL, 
CONGR, caNva, ENTPY, FILBK, GRADY, GVERS, or MARR) are a· list of what 
the input values were and what the subroutine has interpreted them 
to mean. In this case the only input parameter to be interpreted is 
IERR~ Its value was passed as a and CaNVa interprets that to mean 
that the user does not want errors calculated for the reconstructed 

~ . t·· 

& -. 

values .. Next the algorithm must determine if the back-projection and 
projection (or filter or convolution) routines chosen by the user are 
compatible. There is a single routine in the package that is used to 
do this and typical output from it is labeled G. 

This particular output indicates that the arguments specified 
in the call to CaNVa were a back-projection routine and a convolution 
routine, which is correct for CaNVa. Any other combination would be . ..!< . 
an error and an error message would be printed. For the other 
reconstruction methods, the correct combinations are: 

(1) BKFIL and FILBK must have a back-projecti on and a filter 
routine, 

(2) CaNGR, ENTPY, GRADY, and GVERS must have a back-projection 
and a projection routine. 

(3) The MARR reconstruction routine does not use back-projection, 
projection, convolution or filter routines. 



The column labeled "ray weighting"explains what model is employed 
in the projection/back-projection operation. In this case the back
projection value assigned to a pixel is proportional to the length 
of the line emanating from the center of a projection bin that intersects 
that pixel. Other entries that may appear in this column are DELTA 
FUNCTION, CONCAVE DISK, UNIFORM SQUARE or INTERPOLATION (cf. section 
IV for full description of what these models imply). Since the convolution 
routine does not perform either a back-projection or projection operation 
the "ray weighting" column contains an N/A (not applicable) entry. 

The next column indicates whether the routine in question uses 
attenuation factors in calculating projection/back-projection values. 
In this case neither does. If attenuation factors are to be used in 
the projection/back-projection operations, it is important that the 
user employ either of the subroutines EVATN or EVATU to store the 
coefficients on the file LUNATN before calling the main reconstruction 
routine. If this has not been done an error message will be generated 
and execution terminated. 

The last column indicates whether the routine assumes fan-beam or 
parallel-beam geometry. In this case, both assume parallel-beam. It is 
important that both the back-projection and projection (or convolution 
or filter) routines make similar assumptions and use the same model 
in order that the reconstruction be correct. If this is not the case, 
an error message is generated. The output just described may be consulted 
to locate the exact cause of the error if an error message is printed. 

In addition, certain reconstruction methods or options require 
that special purpose routines be used with them. If the user attempts 
to use a routine that cannot fulfill the task requested, a self
explanatory error message will be printed after the just described 
output. All of the limitations that must be observed with each 
reconstruction method are given in the appropriate parts of section V. 
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The remaining .output from .CONVO. consists of Jines from the memory 
management routine already described. It ends with the line informing 
the user of the largest amount of blank common storage used to that 
point in the program (also described above). Termination of the subroutine 
CONVO is indicated by the large block letter message END CONVO. 

Output that was not encountered in this run, but may be seen in 
others (by selecting more print options and/or using other reconstruction 
routines) include a printout of the projection data and their uncertainties 
as they are input from the user-supplied subroutine GETUM, a printout of 
the values' of the convolution function (for CONVO), the filter function 
in Fourier space (for FILBK or BKFIL) or the Lagrange multipliers and 
their gradient function (for ENTPY). When using the iterative reconstruct ton 
methods, the subroutine USER is called between successive iterations 
and output may be generated from that routine. (The default subroutine 
USER supplied with the package prints the value of the function being 
optimized and the iteration number.) All of these are accompani~d 
by self-explanatory headings and.messages . ..... 

3. Library Display Routines 

The RECLBL Library provides the two display routines ARRAY and XYGRF. 
The subroutine ARRAY produces a two-dimensional gray-scale display using 
overprinting on the output device. The subroutine XYGRF produces a plot 
of intensities for one-dimensional slices through a two-dimensional 
array. 

Any two-dimensional array may be displayed on an output device 
that has an overprinting capability using the statement 

CALL ARRAY{B,NXN) 
where 

B is the array to be imaged; 
NXN is the dimension of the array. 



The subroutine is coded assuming the printing" device has ten characters 
per inch and six lines per inch. The subroutine interpolates vertically 
between pixels in order that the array appear square. The format 
statements use carri age control statements, whi ch are used by the 1 i ne " 
printer at Lawrence Berkeley Laboratory for implementing the overprinting 
capability. These statements assume that the carriage control is affected 
after the line has been printed. The subroutine is coded so that this 
gives a gray-scale image with 21 levels of gray (cf. I. D. G. McLeod, 
IEEE Trans. Computers C-19, 1970, pp. 160-162). 

Cross-sectional plots of a two-dimensional array are graphically 
displayed using the statement 

where 

CALL XYGRF(B,N,NP,BMAX,BMIN,IXY,ICOR,IL,IU) 

B 
N 
NP 
BMAX 

is 
is 
is 

a square array from which plots are generated; 
the dimension of B (i.e., B(N,N)); 
the number of cross-sectional plots; 

is the maximum value for the plot; if BMAX = 999999., 
the maximum will be determined from the data; 

BMIN is the minimum value for the plot; if BMIN = 999999., 
the minimum will be determined from the data; 

IXY determines the direction of the cross section; 
if IXY = 0, the cross section is parallel to the x-axis; 
if IXY = 1, the cross section is parallel to the y-axis; 

ICOR is an array of x- or y-intercepts that determines the 
location of the cross section; 

IL is the lower coordinate for the plot; 
IU is the upper coordinate for the plot. 

The maximum number of plots that can be displayed on the same 
graph is 10. If NP=l, then the cross-sectional plot will appear as 
a histogram where the spaces between the axis and the functional value 
are filled in with the symbol X. For NP>l, the functional value for 
each cross section will be given a different symbol and only one symbol 
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will,be plotted for each .function at each coordinate value. It is 
assumed that the array is stored such that the array value B(I,J} corresponds 
to the value at the point (I,J) relative to a standard (x,y) coordinate 
system with (1,1) in the bottom left corner of the first quandrant of 
the xy-plane. Example 7 uses the subroutine XYGRF in the subroutine 
USER to graph one cross-sectional plot parallel to the x-axis for each 
iterat ion. 

4. Error Handling 

Duiing execution of,a reconstruction subroutine, if errcirs that 
result from inconsistent user requests, omission of input parameters, 
or inappropriate data input are detected, a self-explanatory error 
message is printed on the file LUNOUT. In addition, an error number 
is printed in large block letters. If the detecting routine is user
called, its name is also printed in large block letters. If the error 
is nonfatal, the program will continue; but if it is fatal then STOP 
is printed in large block letters on LUNOUT and program execution is 
terminated. 

There are a small number of errors that under normal circumstances 
should never occur. However,user coding errors or yet-undetected 
library errors may result in destruction of portions of the executable 
code or internal variables causing a program stop with a message to 
the user of a SYSTEM ERROR rather than just a plain ERROR. If this 
shoul d occur, the user .,should carefully check the mai n program and any 
user-supplied subroutines to be sure that no addressing errors (such 
as incorrect array subscripts) are the cause. Ample documentation 
of unresolved problems should be sent to the Donner Laboratory Research 
Medicine Group (cf. section I.4). Error messages, their identification 
numbers, the routine that detects them and whether they are fatal or 
not appear in table 3. 

• 



Table 3. RECLBL Library Error Messages. 

Error No. Routine Fatal 

1 

2 

3 

4 

5 

6 

7 

8 

SETUP 
MEMST 

STPTR 

STPTR 

STPTR 

RCHEK 

RCHEK 

y 

y 

N 

y 

y 

y 

y 

y 

Error Message 

SETUP must be called before 
-~----

Errors in IPAR or PAR arrays. 
The amount of space in common block WORK 
is 1 arger than the amount allocated by 
the user. This run is now a storage 
size test, no reconstruction will be 
executed. 
T~e rotation axis (AXISU = XXXXX.XX) 
does not project into the reconstruction 
array. The projection is XXXXX bins 
long. 
The fan source at a distance of XX.XXXEXXX 
is inside the reconstruction array. The 
distance from the fan source to the center 
of rotation must be at least XX.XXXEXXX. 
The reconstruction array does not project 
into any user projection bins. 
These are inconsistent. Explanation: 

The combination of back-projector and 
projector/filter/convolver chosen by 
the user is inconsistent. Consult 
listing just above error message for 
description of the choices that were 
specified. 

Due to lack of appropriate filters, BKFIL 
cannot ex'ecute fan-beam reconstruct ions 
at the present time. 
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Table 3. Continued. 

Error No. Routine Fatal Error Message 

9 RCHEK Y When using fan-beam geometry and the 
subroutine FILBK, one of the back-projection 
subroutines BCDF2, BPTF2, BRFF2, should 

10 RCHEK 

11 RCHEK 

12 RCHEK 

13 RCHEK 

14 RCHEK 

15 RCHEK 

16 RCHEK 

Y 

Y 

Y 

'Y 

Y 

Y 

Y 

be used. 
Should use BCDF2, BPTF2, BRFF2 ~nly with 
the subroutine FILBK. 
Cannot use attenuation projection and 
back-projection subroutines with the 
subroutine ENTPY. 
The requested back-projection subroutine 
will not calculate errors for convolution 
reconstru.ct ions. 
For this weighting model pixels and 
projection bins must be the same size 
(PWID=PAR(3)=1.0). 
These subroutines are inconsistent with 
the fan-beam parameters seen by SETUP. 
Attempted call of a projection or back
projection subroutine requiring 
attenuation factors before the factors 
were evaluated. 
For convolution and Fourier reconstruction 
methods, projection angles must be equally 
spaced over at least TI radians for parallel
beam geometry. To ensure this MODANG=IPAR(4) 
must not be 0 or 1 in the call to SETUP. 

1.-



Table 3. Continued. 

Error No. Routine Fatal Error Message 

17 RCHEK Y For convolution, Fourier, and entropy 
reconstruction methods, projection angles 
must be equally spaced over 2n radians 
for fan-beam geometry. To ensure this 
MODANG=IPAR(4) must be 3, -3, 5 or -5 

18 

19 

20 

21 

22 

23 

24 

25 

26 

RCHEK 

RCHEK, 
BJECT, 
PJECT 
CONGR, 
GRADY 
FMCG 

FMCG 

FMCG 

FILBK 

MARR 

. MARR 

Y 

y 

y 

y 

N 

y 

y 

y 

y 

in the call to SETUP. 
Must use BINF when performing convolution 
on fan-beam data. 
Must use the MARR reconstruction algorithm 
on ring geometry data. 

The number of steps NSTP=XXX is less 
than O. 
There is an error in the gradient calculated 
by the subroutine DULFC. 
Convergence was not obtained in the limit 
number of iterations. 
The linear search technique indicates 
it is likely that there exists no minimum. 
The dimension of the reconstruction array, 
NDIMU=IPAR(l), must be even for subroutine 
FILBK. 
The MARR reconstruction method can only 
be used for ring geometry (SETUP input 
parameter IGEOM=IPAR(3)=3). 
The number of crystals NXTAL=XXX is not 
even. 
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Table 3. Continued. 

Error No. Routine Fatal Error Message 

27 MARR N A. ring of XXX detectors and pixels that 

29 

30 

31 
32 . 

33 

34 

MARR 

BJECT 

BJECT 

CBARP 
EVATU 

EVATU 

GETUM 

PHANL 

N 

y 

y 

y 

y 

y 

y 

y 

are XX.XXX the size of one detector implies 
that the entire ring will be inscribed 
in a square XXX pixels on a side. Using 
an array of XXX pixels on a side will 
only result in zeroes outside a radius 
of XX.XXX. 
The maximum degree of the polynomials 
for a ring of XXX detectors is XXX. 
The reconstructed values will be computed 
to this degree. 
The back-projection subroutine is incon
sistent with the fan-beam parameters 
seen by SETUP. 
Attempted call of a back-projection sub
routine that uses attenuation factors 
before the factors were evaluated. 
NREPS*NBARS=XXX is greater than 100. 
Zero range in reconstructed array. No 
attenuation factors calculated. 
Target to nontarget must be greater than 
1. The value was .XXXEXXX. 
A data input subroutine named GETUM must 
be supplied by the user. 
There is a parameter error in the ca 11 

to subroutine PHANL. (This is followed 
by a self-explanatory description of 
the rules for parameter values and a 
list of the. values input.) 
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Table 3. Continued. 

Error No. Routine Fatal Error Message 

36 PHANL N Warning ... negative source (or attenuation) 
detected during generation of PHANL data. 

37 PJECT Y The subroutine PJECT cannot be called 
during the execution of FILBK. 

38 

39 

40 

System Error 
No. 

1 

2 
3 

4 

5 

PJECT 

PJECT 

XYGRF 

FTATN 

MEMST 
MEMST 
PHAN 

STATN 

Y 

Y 

Y 

Y 

v 
Y 

Y 

Y 

The projection subroutine is inconsistent 
with the fan-beam parameters seen by 
SETUP. 
Attempted call of a projection subroutine 
that uses attenuation factors before 
the factors were evaluated. 
Input parameter IXY=XXX is not set properly. 

No message--just SYSTEM ERROR 1 in large 
letters. 
XXXXXX is not a valid pointer. 
LPTR is negative, but not -ISET (-XXXX). 
No message--just SYSTEM ERROR 4 in large 
letters. 
No message--just SYSTEM ERROR 5 in large 
letters. 
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VII. GENERATION OF PHANTOMS AND PROJECTION DATA 

The RECLBL Library has the ability to generate images of phantom 
objects and projection data that could theoretically be collected from 
them. If the user wishes to experiment with different reconstruction 
methods, he may employ the following subroutines to generate a variety 
of phantoms and corresponding projection data . 

. The general phantom generating subroutines of the RECLBL Library 
are PHAN and PHANL. These two subroutines have much in common and 
will therefore be described together. PHAN will generate a pixelized 
image of any phantom composed of ellipses and rectangles, and PHANL 
will generate analytic projections of any phantom that PHAN can generate. 
For purposes of simulating emission data with PHANL, each ellipse or 
rectangle can be specified as a source or attenuator. The value of 
each bin in the projection will be a line integral of source activity 
with attenuation included if appropriate. The amount of attenuation is 

-.. -'-a-functJoD of the density (attenuation coefficient) of the attenuator 
and the length of attenuating material that the source radiation must 
traverse on its path to the detector. 

The phantom/phantom data generated by the routines PHAN/PHANL are 
from a superposition of rectangles and ellipses whose size and orientation 
are defined by the user in arrays that are arguments of these subroutines. 
The calling sequence for PHAN is 

where 

CALL PHAN(N,INTG,ITYPE,OENS,X,Y,A,B,PHI,BB,NBB,PIXW) 

N is the total number of ellipses and rectangles that make 
up the phantom. 

INTG is an integration factor. PHAN generates the phantom in 
a discrete pixelized space. When the edges of an ellipse/ 
rectangle do not coincide exactly with the boundary of 
a pixel, PHAN gives that pixel a fractional part of the 
full value according to what portion of the pixel lies 
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inside the phantom. To .do this, PHAN divides each border 
pixel into INTG x INTG "pixelettes," ,each of which is tested 
for "insideness" and the final value given to the pixel 
is the full value times the fraction of pixelettes found 
inside the phantom. This border "integration" gives the 
image a smoother appearance. We have found a reasonable 
value for this is 10. 

ITYPE is an array that describes the ellipses/rectangles. For 
the Ith ellipse/rectangle, ITYPE(I) can take on the 
following values: 

1 for a source ellipse 
2 for a source rectangle 

DENS ;s an array that describes the density (or attenuation 
coefficient) of each shape. For transmission this is in 
units of inverse projection bin width, and for emission in units 
of inverse bin width squared. 

X, Yare two arrays that describe the (x,y) coordinates of the 
center of ea~h el~ipse/rectangle relative to the center 

... ~. 

of the image array~ These are in units of projection bin 
width. 

A,B are two arrays that describe the major and minor axes, 
respectively, of the ellipses or the lengths of the sides 
of the rectangles. 

PHI is an array giving the angle in radians that the major 
axis (A above) makes with the x-axis. 

BB is the array in which the image is generated. 
'.,1: 

NBB is the dimension of BB, which is assumed square. 
PIXW is the pixel width in units of bin width. Since X, Y, A 

and B are all given in units of bin width, this is the 
conversion factor fro~ bins to pixels. The sign of PIXW 
is used to normalize the total number of "counts" in the image 
so that it can be directly compared to a reconstructed image. 
It should be positive (+) for transmission and negative (-) 
for emission. 

•- " 
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The calling sequence for PHANL is 

where 

CALL PHANL(N,ITYPE,DENS,X,Y,A,B,PHI,P,M) 

N is the total number of ellipses and rectangles that make 
up the phantom. 

ITYPE is an array that describes the ellipses/rectangles. For 
the Ith ellipse/rectangle ITYPE(I) can take on the following 
values: 

1 for a source ellipse 
2 for a source rectangle 

-1 for an attenuating ellipse 
-2 for an attenuating rectangle. 

DENS is an array that describes the density (or attenuation 
coefficient) of ~ach shape. For transmission data this 
is in units of inverse projection bin width, and for emission 
in units of inverse bin width squared. 

X,Y are two arrays similar to ITYPE that describe the (x,y) 
coordinates of the center of each ellipse/rectangle. These 
are in units of projection bin width. 

A,B are two arrays that describe the major and minor axes, 
respectively, of the ellipses or the lengths of the sides 
of the rectangle. 

PHI is an array giving the angle in radians that the major axis 
(A above) makes with the x-axis. 

P is an array -at least KDIMU (SETUP input-parameter IPAR(6)) 
long in which PHANL generates the projection. 

M is the angle index at which the projection is calculated 
(the angles are either supp1 ied to or generated by SETUP). 

Arrays X, Y, A, B, PHI, DENS, and ITYPE in both routines must be dimensioned 
at least as large as the number of ellipses/rectangles in the phantom. 
The Ith entry in each of these arrays is the appropriate parameter for 
the Ith shape. Only PHANL uses parameters from SETUP so phantom development 
can be done using PHAN without calling SETUP. PHANL and PHAN are 
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conveniently used together since reconstruction of data generated 
by PHANL may be compared to the corresponding phantom generated by 
PHAN. However, it is not necessary to create a pixelized phantom image 
using PHAN in order that PHANL be able to generate projection data. 
Demonstrations of the use of these two routines are given in section IX. 

In addition to the general phantom generators, two special phantom 
generatrirs in the RECLBL Library are PIE and CBARP. PIE generates an 
image of a circle containing equal-sized, alternating black and white 
sectors. CBARP generates a circular bar phantom. This is a phantom 
consisting of alternating black and white bars superimposed on a circular 
domain. The bar pattern is generated s~ch that the last bar in each 
repetition of the pattern is 1/2 as wide as the previous bar, 1/3 as 
wide as the third last, etc. (cf. Example 16, section IX). The bar 
pattern may be repeated as many times as desired across the circle 
with the limitation that the number of bars in the pattern times the 
number of repetitions of the pattern is less than 100. Projection 
data are obtained from""these phantom generators using subrout i ne PJECT. 
PJECT generates projection data for any phantom that can be represented 
in a pixelized array. It gives the added freedom of allowing the user 
to choose which model of activity distribution he wishes to employ 
during the projection operation (see section IV for the choices available). 
However, it should be noted that PHANL comes the closest to mimicking 
the data that would be collected in a physical situation. (This can be 
closely approximated by use of the projector PLL in conjunction with 
PJECT.) _ 

The calling sequence for PIE is 

CALL PIE(B1,N,R,X1,Y1,Z,INTFAC,NSLIPI,ISTART) 

~'-<., 



where 
Bl 
N 
R 
Xl, Yl 

Z 

INTFAC 

NSLI PI 

I START 

is the array where the phantom is generated. 
is the dimension of the square array B1. 
is the radius of the circle (in pixel unit~' 

are the coordinates of the center of the circle with 
respect to the center of the array (in pixel units). 
is the amplitude value to be assigned to pixels that are 
completely in a black section. 
is an integration factor (see description of INTG under 
PHAN above). 
is the total number of slices in half of the pie (or the 
number of black slices in the whole pie). 
is an indicator of the color of the first slice (counter
clockwise from straight up). If it is zero, the first 
section is white; otherwise itis black. 

The ~alling sequence for CBARP is 

CALL CBARP(Bl,N,R,Xl,Yl,Z,INTFAC,NBAR,NqEPS,IDIREC) 

The meaning of the parameters is the same as for PIE with the 
following exceptions: 

NBAR is the total number of bars in one repetition of the bar 
pattern. 

NREPS is the number of repetitions of the pattern across the 
entire circle. 

IDIREC is the direction the bars should be in: 
o = horizontal, 
1 = vertical, 
2 = annular rings. 

The calling sequence for PJECT is 

. CALL PJECT(B,P,M,PRJ) 
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where 
B is the array containing the image from which the projection 

is to be calculated. 
P is the 'array at least KDIMU (SETUP input parameter IPAR(6)) 

long in which the projection is generated. 
M the index of the angle at which the projection is to be 

taken (the angles are either supplied to or generated 
by SETUP). 

PRJ the name of the projection subroutine to be used in the 
projection operation. It must be declared in an EXTERNAL 
statement in the calling routine. 

PJECT depends on values supplied to SETUP in its computations, and 
thus, SETUP must be called before PJECT can be used. 

In section IX, Examples 5, 6 and 17 use PIE to generate a phantom 
and Examples 5 and 6 use PJECT to get projection data from it. Example 
16 shows the use of CBARP. 

, ''"'' 



VIII. STORAGE REQUIREMENTS AND TIMING 

1. Storage Requirements 

The amount of storage that must be allocated in blank common is 
a function of the SETUP parameters NDIMU, NANG and KDIMU. The terms 
that make up the function vary depending on the reconstruction algorithm, 
the back-projection/projection weighting model, and options selected 
for the reconstruction via arguments in the calling statement or other 
SETUP parameters. It is difficult to ascertain the exact amount of 
storage necessary for any given program without running a storage size 
test (cf. sections 111.3 and VI.1). 

The expressions below are given as functions of NDIMU, NANG, KDIMU, 
and KDIM. KDIM may be determined from NDIMU by the relations 

KDIM = NDIMU + 4 if ICIR = 0 
KDIM = INT ('2*NDIMU) + 4 if ICIR, 0 

When the storage requirements are dependent on values input to 
SETUP or the reconstruction routine, the appropriate portion of the 
equation is in the form of a logical statement. If the statement is true 
for the case being considered, then the preceding factor is included 
in the calculation; otherwise the value following the word "else" is 
used. For example, the expression 

M = [NDIMU2 x (n/4 if ICIR=O, else l)J + [KDIM*NANG x (1 if IERR=l, else O)J 

would be interpreted to mean M is equal to NDIM2 times n/4 if ICIR=O 
plus KDIM*NANG if IERR=l. If IERR;l, the last term is zero and if 
ICIR,O the n/4 term becomes 1 in the calculation. 

All reconstructi~n routines require that SETUP be called to initialize 
the values of all input parameters and to set up storage that is used by 
all algorithms. This amount is 
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S = 3*NANG + 2*KDIMU + 2*NDIMU + [NDIMU2 x {Tr/4 if ICIR=O, else 1) 

x {1 if using attenuation correction, else O)J + [62 x NANG x 

(1 if using ray factors, else O)J 

and will be referred to below. 

The storage requirements M for the nine reconstruction algorithms 
are as f 011 ows: 

BJECT 
M = KDIM + S 

BKFIL 

M = 3 x 2{P-l) + S 
where 

CONGR 

CONVO 

P = smallest integer ~ 1092{2 x KDIM). 

M = 2 x KDIM + [3~x NDIMU2 x {tr/4 if ICIR=O, e1se1)J 
+ [KDIM x NANG x {I if IERR=l, e"lse O)J 
+ [NDIMU2 x (Tr/4 if ICIR=O, else 1) x {1 if IRLX=l, else O)J + S 

M = 4 x KDIM + [KDIM x {1 if IGEOM=l or 2, else O)J 

+ [6 x KDIM x {1 "if IERR=l, else O)J + S 

ENTPY . 
M =·6 x NANG x KDIM + KDIM + [NDIMU2 x (Tr/4 if ICIR=O, else 1)] + S . 

FILBK 
M = 2P x (2P + 2 + 12) + 2 x KDIMU + (3 x NANG) + 4 

where 
P = smallest integer ~ 1092{2 x NDIMU) 

! I. 



GRADY 

GVERS 

MARR 

M.= 2 x KDIM + [2 x NDIMU2 x (n/4 if ICIR=O, else 1)J 

+ [KDIM x NANG x (1 if IERR=1, else O)J 

+ [NDIMU2 x (n/4 if ICIR=O, else 1) 

x (1 if IRLX=1, else O)J + S 

M = {NDIMU2 x [NDIMU2 x (n/4 if ICIR = 0, else 1) + (KDIM x NANG) + 2J 

x (n/4 if ICIR=O, else 1)} + [KDIM x (NANG + 1) J 

+ [KDIM x (NANG + 1) x (1 if IERR=1, else O)J + S 

M = NANG/2 x (25 + NANG) - 4 

Table 4 shows a comparison of the estimates computed from the above 
expressions with the actual work space necessary for that reconstruction. 
The pertinent parameter values are as follows: NDIMU=32, ICIR=O, NANG=36, 
KDIMU=32, IGEOM=O (except for MARR where IGEOM=3), IERR=O, IRLX=l and 
using the projector/back-projector pair PCD, BCD. 

Table 4. Comparison of estimates computed with actual work space 
necessary for reconstruction. 

Reconstruction Subroutine Actual Estimate 

BJECT 272 272 
BKFIL 428 428 
CONGR 3556 3525 
CONVO 380 380 
ENTPY 8860 8852 
FILBK 4488 4496 
GRADY 2744 2720 . 
GVERS 1,714,888 1,692,296 
MARR 1094 1094 
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2. Algorithm Timing 

Table 5 gives the central processor times for reconstructing a 
circular array from 36 projection angles (NDIMU=32, NANG=36, ICIR=O) 
for various combinations of reconstruction algorithm and back-projection 
subroutine. These simulations were compiled using the MNF compiler 
and run on the CDC 7600 computer at the Lawrence Berkeley Laboratory. 
The times should be used only as a relative measure and not as an absolute 
measure of algorithm speed because speed is a function of the compiler 
and the particular computer used. We have found that during peak· usage 
the computation time increases due to increased central processor overhead; 
thus the times listed in table 5 are only approximate values. 

The speed of the algorithms BJECT, CONGR, ENTPY, and GRADY is 
determined entirely by the speed of the projection and back-projection 
subroutines. A major part of the effort of developing the RECLBL Library 
has been spent in optimizing the code for these subro~tines. The time to 
project and back-project is a function of the size of. the reconstruction 

. array, the number of projections, the weighting scheme, and the type of 
geometry. This time is linear in both the number of elements to reconstruct 
and the number of projection angles. 

The fan-beam projection and back-projection subroutines require 
the longest computation times. For example, in the CONGR and GRADY 
algorithms the time for fan-beam geometry with flat detector is increased 
more than a factor of iten over parallel-beam geometry: time for BCD 
is 3 sec as compared with the time for BCDF (flat detector) of 
30 sec; time for BRF is 4 sec as compared with the time for BRFF (flat 
detector) of 69 sec. The increase in computation time of fan-beam 
over parallel-beam routines is less when using fan-beam geometry with 
a curved detector. 

The data in table 5 for the algorithms CONGR and GRADY were obtained 
using the parameters IRLX=l, IERR=O, and NSTEP=lO. Other tests were 
done for various combinations for IRLX and IERR but the computation 
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Table 5. Central processor times in seconds for constructing a 32 x 32 
circular array from 36 projection angles for various combinations 
of reconstruction algorithms and back-projection subroutines. 

~ CONGR ENTPY GRADY 
for 10 for 10 for 10 

Back-Projection Subroutines BJECT BKFIl Iterations CONVO Iterations FIlBK Iterations 

Parallel Beam 

BPT 0.19 0.45 1. 43 0.44 7.76 0.79 1. 42 

BCD 0.25 0.53 2.65 0.53 16.24 1.06 2.73 

BIN 0.26 0.54 0.52 1.14 

Bll 0.36 0.64 5.41 0.62 31. 70 1. 52 5.53 

BRF 0.32 0.61 4.28 0.63 23.98 1. 38 4.32 

Fan Beam Curved Detector 

BPTF 0.55 9.51 53.45 9.88 

8PTF2 0.55 2.68 

BCDF 0.94 17.75 102.6 17.96 

BCDF2 1.00 4.80 

BINF 0.54 0.91 

BRFF 2.57 52.87 310.2 54.01 

BRFF2 2·.58 13.28 

Fan Beam Flat Detector 

BPTF 0.27 3.29 17.98 3,25 

BPTF2 0.47 2.03 

BCDF 1.47 30.16 169.8 30.19 

BCDF2 1.54 8.36 

BINF 0.36 0.76 

BRFF 3.26 68.83 388.1 68.48 

BRFF2 3.35 18.31 

Attenuation Correction 

BPTA 0.23 2.21 2.25 

BCDA 0.29 3.80 3.72 

BRFA 0.37 5.37 5.35 

Other Reconstruction 
Subroutines 

GVERS " 
MARR 2.23 

Special Routines for 
Attenuation Correction 

EVATN 2.94 

EVATU 3.02 

"Timing could not .be measured since the memory required to reconstruct a 32 x 32 array is larger than 170 K. 
which is the memory size of the CDC 7600 computer at the lawrence Berkeley Laboratory. 
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times were the same. This is what one would expect when algorithm 
speed is primarily determined by the speed of the projection and 
back-projecti~n subroutines. For these algorithms one projection and 
one back-projection must be done for each iteration. The reconstructio~ 
subroutine ENTPY required longer central processor time than any of 
the other algorithms. The reason for this is that the function optimized 
(equation (4.5) of section V) is not quadratic; thus more than two 
back-projection and projection operations are required for each iteration. 

Attenuation correction increases computation time in CONGR and 
GRADY (BRF - 4.3 sec as compared with BRFA - 5.4 sec). These timings 
were measured after the attenuation factors were calculated. Notice 
that the time for calculation of the attenuation factors (EVATN -
2.9 sec and EVATU - 3.0 sec) is significant. 

The speed of the algorithms BKFIL, CONVO, and FILBKis determined 
to a large extent by the speed of the back-projection subroutines. 
For these algorithms the filter or convolution operation also takes 
considerable time.. BKFIL, CONVO, and FILBK require a single back
projection. However, FILBK requires longer computation time than BKFIL 
and CONVO since the data is back-projected into an array that is four 
times the size of the user's array. 



IX. EXAMPLES OF LIBRARY USE 

The sample programs illustrated in this section were run on the 
CDC 7600 computer at the Lawrence Berkeley Laboratory. These programs 
show how the user can set up his main program in order to use the RECLBL 
Library. The example programs are written in standard Fortran IV except 
for the nonstandard program statement: 

PROGRAM XXXXX (INPUT,OUTPUT,TAPE2=OUTPUT) 

The user may have to replace this statement with the appropriate program 
statement applicable for his computer or compiler. 

All programs require the declaration statements: 

DIMENSIONB( ) ,AG( ) 
COMMON WORK ( ) 
COMMON/PARM/IPAR(12),PAR(3) 
COMMON/OUTCOM/LUNOUT, 180132 
EXTERNAL BCK, PRJ 

where B is the reconstruction array, AG is the array of angles, WORK is 
an array of blank connnon used for working space, IPAR is an integer 
array of input parameters, and PAR is a real array of input parameters. 
Besides the 15 input parameters in the IPAR and PAR arrays (cf. sections 
111.2-111.3), the user must specify the logical unit number LUNOUT for 
the output file and specify whether the Dutput line will be 80 or 132 
characters long by setting the parameter 180132 zero or nonzero, respec
tively (cf. section 111.1). The EXTERNAL statement must specify each 
back-projection, projection, convolution or filter subroutine that is 
passed as a parameter to one of the reconstruction subroutines. 

The user must supply his own subroutine GETUM, which is used for 
data input as explained in section 111.4. The subroutine SETUP must 
be called before calling any of the reconstruction subroutines as 
discussed in section 111.1. 
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1. Example 1 - Projection and Back-Projection of Parallel- and 
F an-Beam Data 

The program XBJECT gives an example of how the subroutines PJECT 
and BJECT are used to project and back-project data. The projection 
data are obtained from the array BX, representing a poi nt source at 
position (48,48). Using parallel-beam geometry, PJECT is called (statement 
E1.058) to project data into the user's projection array P with KDIMU 
= 100 and AXISU = 50.0. In statement E1.059 the data are back-projected 
into the array B and the resulting image is displayed by the subroutine 
ARRAY. This simple back-projection image is blurred by approximately 
l/r, where r is the distance from the point source to other elements 
in the image. 

Next we perform a test to see how close the blurriflg function 
is appro x imated by l/r. In statements El. 064 through El. 067, the 
back-projection result is multiplied by the distance each point (I,J) 
is from the point (4~,48), i.e., vi (1-48)2 + (J-48)2. Since the 
back~pr6jection result gives a l/r response for a point source, the 
multiplied image represents a nearly uniform distribution of intensities 
as can be seen from the displayed image. This same procedure is applied 
for fan-beam data projected for· both curved and flat detectors. Notice 
that for the fan-beam geometry the back':'projection subroutine BRFF2 
(statements E1.081 and E1.103) is used instead of BRFF. The subroutine 
BRFF2 properly weights the projection data such that the result gives 
a l/r response for a point source. 

PROGRAM XBJ Eel t INPUT ,DUn' UT ,T APE2-0UTPUT J 

EXAMPLE 1 

THE PROGRAM XBJECT BACK-PROJECTS A POINT SOURCE PROJECTION 
FUNCTION FOR PARALLEL BEAM, FAN BEAM CURVED DETECTOR, FAN BEAM 
FLAT DETECTOR GEOMETPIES AND COMPARES THE RESULT WITH A lIR 
rtE SPONSE .. 

01 MENS) (iN a(4096), aX(4096), P( 100) ,AG( 180) 
OATA aX/4096*0./ . 
DATA SX(3056111.1 
COMMON WORK(Z'6001 
COMMON/ OVTCOM/LUNOUT, I 80132 

LUNOUT - OUTPUT FILE 
180132 - OUTPUT LINE LENGTH FLAG 

"0 EACH LINE WILL SE WITHIN 80 CHARACTERS 
(OTHERWISE 132 CHARACTERS) 

CIJMMON/PARMII PAR (1) ,PAR 131 

EQUIVALENCE {NOIMU .IPAP.( 1J)'(ICIR ')PARI 1IJ,(IGEOH ,!PAR( 311, 
1 (NANG ,JPAR( 4)),IMDDANG,IPARI 511tiKOIMU ,IPAR,( 611, 
2 lIMIT .JPAR( 7U,INWOPK ,IPAR( 8J1,1NFLQAT,IPAR.1 9'1, 
3 (I STORE, JPARIlO) I, I I PRt!\lT, IPARHlI', ILUNATN, IPAR {1211, 
4 (PWIO ,PARI lJl,(AXISU , PARt ZJ),U~FAN ,PAR( 311 

EXTERNAL SRF,PRF,SRFF1,PRFF 

LUNOUT"l 
IS0131o::0 

THE INPUT PARAMETERS All E 

El.oal 
Ela002 
El.oa) 
El.OO" 
El.ODS 
El.006 
E1.007 
El.ooa 
El.009 
El.Ola 
El.Oll 
El.012 
El.OI) 
El.OI" 
El.015 
El.016 
El.on 
El.018 
El.019 
El.OlD 
El.021 
El.022 
El .. 023 
H.Ol4 
El.025 
El.026 
El.027 
El.OZS 
El.OZ9 
El.OlD 
El.031 
El.OlZ 
H.al) 
El.034 
El.OlS 

NDIMU-64 
IetRal 
IGEOH-a 
NANG- LBO 
MOQANG-5 
KDIMU-IOO 
IHn-t 
NWORK-Z600 
NFlOATlIIl 
ISTaRE-O 
I PRJ NT-1 
LUNATN-O 
PW)O"l. 
AX) SU-50.5 
RFAN-O. 

PARALLEL 8EAM GEOMETRy 

CALL SETUP (lPAR,PAR,AGJ 

DO 10 M-!tNANG 
CALL PJECT (BX,P,M,PRF) 

10 CAll SJECT CS,P,M,BRF) 

WRITE (2,21) 
CAll ARRAY IS,NDIMUI 

DO 12 1"1,64 
DO 12 J1II1,64 
K-(J-lJ*64+t 

12 SI KI"Be K)*SQRTCFLOAT(<< J-48'''2+t J-48'**21' 

WRITE (2,221 
CALL ARRAY 'B,NOtMU I 

El.036 
El.on 
EI.038 
El.039 
El.040 
E1.0·H 
El.042 
E1.D43 
El.D'" 
El.D4S 
El.046 
El.DltT 
El.04! 
El.049 
H.OSD 
El.on 
El.052 
El.D53 H.a,. 
EI.055 
H.D56 
H.D5T 
El.058 
El.059 
H.060 
El .. 061 
El.062 
El.063' 
El.OM 
El.065 
El.066 
El~067 
El.068 
El.D69 
El.OTD 
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11 

12 

FAN SEAM GEOMETRY - CLRVEO OETECTa~ 

CAL.L. SETUP I1PAR,PAR,AGI 

DO lit M-1,NANG 
CAL.l. PJECT C8X,P,M,PRFFI 

lit CAl.L. BJECT IB,P,M,BRFF21 

WRITE 12,241 
CALL. ARRAY (B,NOIMUI 

DO 16 1-1,64 
00 it J-l,64 
K"" J-ll.0<4+1 

16 B{KI. BI K I.SQRT (FLOAT 111-<48 '''Z+( J-1t8 ' •• ZII 

WRITE IZ,2<4) 
CALL ARRAY IB,NotMUJ 

fAN BEAM GEOMETRY - FLAT DETECTOR 

IGEOM-Z 
RFAN_BO. 

CAL.L SETuP tlPAR ,PAR ,AGI 

DO 18 M-l,NANG 
CAL.L PJECT IBX,P,M,PRFFI 

18 CAL.L BJECT f8,P,M,BctFF21 

WRITE 12,261 
CALL ARRAY IB,NDIMU) 

DO 20 l-l,61t 
·00 20 J-l,blt 
K-I J-U.6<4+1 

20 a (K)_ al KI.SQRT (FLOAT( (1-48 ) •• 2+( J-48 '''2) ) 

WRlTE (2,26' 
CALL ARRAY IB"NOIMUI 

22 FORMATClXI/23H PARALLEL BEAM GEOMETRYI 
2<4 FORMATClXI/36H FAN BEAM GEOMETRY - CURVED DETECTOR) 
26 FORM ... T(lXI/3<4H FAN BE"'M GECjMETRY - FLAT DETECTOR) 

END 

SSS EEEEE TTTTT U U pppp 
S E TUUPP 

SSS EEE T U U PPPP 
SE T U UP 

SSS. EEEEE T UUU P 

INTEGER PARAMETER ARRAY f IPAR, 

IP"'A.( IJ 

•• 1 
o 

180 

• 
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DESCRIPTION 

LINEAR DIMENSION OF THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A SQUARE ARRAY 
GEOMETRY HAG 
pARALLEL aE ..... GEOMETRY 
NUMBER OF PROJ EtTlON ANGLES 
MODE fOR PROJECTION ANGLE INPUT {SEe FOLLOWING LINES) 
ANGLES GENERATED BETWEEN ZERO ANO Z.PI 
STARTING AT ZERO 
NUMBER OF RAYS FOR EACH PROJECTJO~ 

. TRANSMISSION DATA 
DIMENSION OF THE FLOATING POINT USERS BLANK COMMON BLOCK 
NUMBER OF WORDS FOR A fLOATING POINT VAttlABLE 

E1.071 
El.0n 
E1.073 
El.074 
El.075 
B.016 
El.077 
El.078 
El.079 
El.080 
H .. 081 
El.082 
El.083 
El.084 
El.085 
El.080 
El.087 
El.088 
El.089 
El.090 
El.091 
El.092 
El.093 
El.091t 
El.095 
El.090 
Et.097 
El.098 
El.099 
El.I00 
El.101 
El.102 
El.I03 
El.10<4 
El.I05 
El.106 
El.107 
El.10S 
El.109 
El.110 
n.Ul 
£1.112 
El.113 
£1. 11 It 
El.115 
El.116 
El.lll 
Et.llS 
H.lle; 
£1.120 
Et.121 

2600 
1 
o 
7 

EXECUTE THE RECONS"~UCTtoN (NOT JUST STORAGE SIZOE TESTJ 
PRINT FLAGS (OPTIONS SELECTED ARE ON THE fOLLOWING LINES' 
PRINT REQUIRED FLOATING "OINT BLANk COM"ON WHENEvER CHANGED 
PRINT PROJECTtO~ OATA AND· UNCERTAINTIES 
PRINT SETUP VALUES FROM IPAR AND PAR ARRAYS 
LOGICAL UNIT NO. FOR ,&TTENUATION fACTOR STORAGE 

FLOATING POINT PARAMETER ARRAY (PAR' 

PARI I) 

1.000 
50.500 

o 

DESCRIPTION 

PIXEL WIDTH IN UNITS OF PROJECTION BIN WIDTH 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 

NA NOT APPLICABLE {NOT FAN BEAM GEOMETRY) 

BLANK CO"MON FlEQUlREO 180 2641 

BLANK COMMON REQUIRED '.0 5501 

BLANK COMMON REQUIRED f 103<41 

BLANK COMMON REQUIRED 740 13"' 

BLANK COMMON REQUIRED 8.8 1544' 

A TOTAL OF 92 ( 5 THRU 961 OF THE 100 USER PROJEC"ION BINS WILL BE USED 

92 PROJECT ION BINS wiLL BE USED OF WHICH 0 ~AVE SEEN ZE!tOED BY THE PROGRAM 

MAXIMUM SIZE OF BLANK COMMON THUS FAR- 868 flOATING POINT WORDS. 

EEEEE N N DODO SSS EEEEE TTTTl U U PPPP 
E NNNo.O SET U U P P 
EEe N N N. 0 0 SSS EEE T U U pppp 
E N NNO 0 SE T U UP 
EEEEE N N 0000 SSS eEeEE T UUU P 

BLANK COM"40N REQuiRED 

BLANK COMMON REQUIRED 

BLANK COMMON REQUIRED 

BLANK COM"40N R.EQUIRED 

PPPP J EEEEE eec , , J E e e 
PPPP J EEE e , J J E C e , . 

JJJ EEEEE eec 

'.0 17001 

1140 I 21~41 

2543 I 47571 

B6M J EEEEE CCC 
B B J E e C 
SSBB J EEE C 

TTTTT 
T 

TTTTT 
T 
T 

B B J J E C C 'T 
BBSS JJJ EEEEE CCC T 

2451 1 .. 6231 

105 

MAXIMUM SIZE OF BLANK CO"''''ON THUS FAR~ 251t3 HOATING POINT WORDS. 

EEEEE N N DODO PPPP J EEEEE CCC TTTTT 
E NN NO 0 P P J E C C T 
EEE N N N 0 0 PPPP J EEE C T 
E N NNO 0 p JJE CCT 
EEEEE N N 0000 JJJ EEEEE CCC T 

BLANK COMMON REQUIRED 2543 « 4151) 

BLAt« COM"40N REQUIRED 21t51 { 46231 

MAXIMUM SI ZE OF BLANK CC"''''ON THUS FAR_ 25<43 FLOATING. POINT WORDS. 

EEEEE N N DODD BBBS J EEEEE CCC 1TTTT 
E NN NO 0 8 8 J E e C T 
EEE N N N a a BBBa J EEE C T 
E NNNOD B BJ JE C e T 
EEEEE N N DODO B88S JJJ EEEEE eec T 

PARALLEL BEAM GEOMETRY 

XMIN • XMAX IE .21£+01 XSUM - .203';:E+03 

................................................................... . 

---+1 ___ _ 

----•• 08+---
-·IX)----

. .................................................................. 
• I 1 

.4890E-OZ .1634E+00 .3'iS8E+00 .5015E+00 .5754E+OO .6600E+00 ~71t1t5E"OO 

·Z X A '" 8 ft Ii 
.Sla5HOo • 81UE+00 .9241E+00 .1040E+Ol .1157E+Ol .1231E+Ol .1315E+Ol 

• • • • • • • • 1389E+Ol • 15<47E+Ol .1738E+Ol .181t3E+Ol .1928E+Ol .2012E+Ol .2086E+Ol 

• • 2118E+01 
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PAliAlLEL AEA"I GEO~ETR.Y 

XMI N r X"1AX .18E+Ol xsu"t " .4099E+04 

.................................. * •••••••••••••••••••••••••••••••• 
*il8efteeaee€lSflII180aeI3SltIlIIlIWI!II!II18881i11il19R8i1filteelliSRIAIXle8181111"8* 
·geOH8 •• 1I@888M881111111!tOO€100fltl.€lliellliIUI€l8R88fiB6M1tt1!eOIMI"fll""BlltI~~. 
·qee9aeee€l()aaoa8Ele.l1€l€l .... M+l6ee.tll!t6@il€l@€le.e@-€"~@t'IeeileeHMleMeeli • 
• '.efl@el!~eQHeeMMMII"t!€lM"'i3\J.l!lHItlOO6'68t16t1fH10oe.88t1i1M.MM •• "'A. 
·.g"1aeee€l ..... 1t9geMeeetl ••• €I"'~tI.~~8Ia'*'e8ij8!iJe06@fI8"@ftle~~MtI.@. 
• •• tleIl188eMMMae"ilIII1I6eeeillleeaaellee£€lH@~@tltl@ljI@e@DIUIEteaeiH@MI38ft. 
.eeSM"1961J ••••• UIl6jojX II '".OIl.filA XelM!Ael(l AtltteeCil88DItftt6C!ttelKJtKI"'H9xe* 
.etl.tllltltletlEl8e88988888e866111J'.1I1&8ealtl'I?@"a@6()1J!8@n~UUll€l€l8t188811a81J1". 
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... MMMMMMM~666ee~<8ee8ge8ee€l661@e8@1@@fI'I!II~I008ftI81@IUllfl@· 
••••••• ee88ee9MMMMMMoQlI£etlIl88tt@8eeOtltll€l§6fJ@6s@6€1@II€1(1981886886eBe8€!. 
.@CUlflll.'ee'IISMAAMElMlfieeee81111180@66888@1i@@@@888PIOflIl98611818'1858. 
co9BEla99a6111811(111I1II1.eeSMlI!8eIUlCUiOfiIlPI1!8@@O@@@8e88CK1OOt1I1tt9818108.818 • 
•••••• aeMAA"'Ea8.tI"'~E4i~88E8@6@88Ci8@"618C18@68811'@8811.e8@t11il88890. 
·S6eS8gaOO!'otsea'C:;9M8'IIMSlllelloe88C1IIi1CU!8€l8888@@@fleefleflfllEltlesluiIllVIIM. 
*lIl1etl&9OOeellteee€fI€le€H-Gfm089@6@8@16@€l188f1M66fleefiI@HM-eeee88SIlS0· 

' ... S •• "tlSAA8111I1AAII.II.lI.BflgNlIoeeeeseee8ae61!UI@@eeg@lMIBI1IUJMA8AtI •• 98S8I1e_ 
·8d8ijll'8MefJ'IIBerJllEleIl881118t16ee@CI@I~"e@8t1f1~e@flf:le0lHt8eMaettMH8fl1Itle
.lIl1taOOgl.8MI;I8a€H3IEif1€1ie8eet1eIlOIl8@"ICI@~8€€(I€0Ee@1I8De"M.IIMII,II@ef!o. 

.1 ellex ACI,IMX 111M A .. A.ItM .... !ta1l81K1'8~8@til8.18f'<988IiA€lIl8aB.X.Xef>"I1I1.888* 

.eeeee"Met@88t!1BEI8Ge9S@€I-'3!193EOflle{;lOlillflClClt!CI~HI@6E:1B.8~1,"eI8B.e811"€I8. 
·eell€l€lMEEtlA.gfltlMM&8t!6€1eeeeeeeallil91i18886fi1lJ69611199SISMIAI"'IAI.aaOIlllI ... 
"'€lAMIIAXeI8M8I8M8ElM.Mf!EMiA.MI8I18€CJ618&efi1NOOIIMJM'Mfl.XtilA •• ~I898 •• e· 
·,1le9dilifiS •• S8IBgell1081168B0888@e8988f1I1B@l6etIBtlIrBMIXlJ@ee8MIMaleaeee'" 
• 1 eHe M€I'IIM8 • .., M.qS8ge8~'Mae~IIM.a.IfIMII!lMIlCiM!IIM •• X.I'''''A.A 111"111118681:. 
·OO98teeAflel"MeftKHlAII8If1M.MtMIH.lI!iJ''''II6IJ9A'II'''~SII.1'1'lleMISMII8ee. 
·S6188BtlIlMili@6e€l",eeel8f1881J8f181i81158t1"'M8eP'ltl/l41!8~1.)'1IAHMII5M81Iel3· 
..... X ..... J "MSI.Alll.8E1IMIie8!;JIoliMItMG>:39I!MIXIMfieM€Z' J" .AtileMtiM£le8MIIIOB* 
*X.'AXliMall.M •• xe.""I!MIAfi!81JE1"~''''881i88!t8'l.x'A'1'11'''''X.I!IM'.MB •••• 
• IAA II !oI431l8eMfiM.a9f18€iItAItf!81l88AIAIXIAIXIA.AtI zeMIIII eeeeXeleel8hl9111* 
• ll8X 8IieSI •• +." Z.'MIIIII Z8I!JMI1.XIA eelEiltBIt8111Siell11l, XIMeleMllleMIlI. 
• 8"11J8111JA .lxe.MSIIIM.S8'Mlegl Z."4NIBI"'t1 X,AIXtlMIBIi5 ZI ZeIX8lilAI.Q&IfI"ISI. 
·88BflMM4tellflAII8eMIIA@.X.@Mlxea9I1A.XIMI@SIXIZIMflIZIZ8fAIIMIII3e8eeBtI. 
·AISll''''I.Z8I1MB'+18M.SMIZ.88IAeee.XIXIM(!IAt!AHZIZPIAI.M9loeee86M. 
... eZHX MftEjMIlIIII"l11l ZIM810MIAfliMleeIA,M8I1M.AI@s.xaaZIZSIAMPlMH99E1 •• a • 
• A.elllll'88A'9Z'Ael@M'fI4@1IX'{JXilZCJ3A.AHA'AI.zeeX'XM''''~'''fIHefl188 • 
• 1I+5III M868£IMI1 Mil 1!@8Mle8lxli'fiAI@M8{U?eXlle8allflx.eX.X .... M9 •• gM.easMea • 
.............. " ............................................... * ••• * .................. . 

+ I 1 
o .1327£+00' .3274£+00 ~4158E+OO .4778E+OO .548!E+00 .6193E+00 

Z X A M 9 It • 
• 6B13E+00 .72.55£+00 .7CC;7£+00 .8t..7lE+00 .9644E+00 .1026E+Ol .100;7£+01 

I I • I I • • 
.1159£+01 .1.292£+01 .1451(+01 .153C1E+01 .1610E+01 .1c>81E+Ol • 1743E+01 

• • 1770E+Ol 

• 
7 , 
9 

10 
11 

SSS EHEE TTTTT U U pppp 
S £ T U UP P 

SSS EEE T U U pppp 
SET U U p 

SSS EEEEE T UUU p 

INTEGER PARA"'ETEP AR;q,AY (lPARI 

IPAItC I) 

•• 1 
1 

,"0 
5 

100 
1 

2600 
1 
o 
7 

DESC" IPT JON 

LJNEAR oJ"IENStON OF THE I<ECCNSTRUCTYON ARRAY 
RECONSTRUCT IN A SOUAF:E ARQAY 
GEO"'E TP, Y FlAG 
FAN BEAM GE(1"1E TRY C CUPVEo OETECTJRt 
'IIU"IBER OF PROJECTION ANGLES 
MODE FOR PROJECTION ANGLE INPUT (SEE FOLLOWI~G LINES) 
ANGLES GENEPATED BETWEEN'ZER.O AND .2.0 1 
STARTING AT ZEP.O 

'NUMBER Of RAYS FOR EACH PP.OJECTION 
TRANSMI SS ION DATA 
DIMENSION OF THE HOATtI\G P(INT USEq,S BLANK CO,.MON BLOCK 
NUMBER. JF WORDS FOR A FLOATING POINT VARIABLE 
EXFCUTE THE QECONSTRUCTION (NOT JUST STORAGE SHe TEST) 
PRINT FLAGS COPTION-S SELECTED A~E 0"4 THE FOLLOWING LINES) 
Prl.IN! REOUIRED FLOAT ING POINT SLANt< COMMON WHENEVER CHANGED 
PRINT P~OJECTION DATA AND UNCERTAINTIES 
oRtNT SETUO VALUES FROM 10AR A/ljO PAR ARRAYS 
LOGICAL UNIT NO. for. ATTENUATI'JN FACTOR STORAGE 

FlOUI NG POINT PARAMETEP APPAY C PARI 

OARCI J 

1.000 

50.500 
BO.oOO 

oESCP.IPTION 

PIXEL WIDTH I'll UNITS OF PROJECTION BIN WIDTH AT CENTER OF 
ROTATION 
LOCATl('IN Of THE ~!1TATION AXIS tN THE PPOJECTION ARRAY 
DISTAN('E FRO,", SOURCE TO CENTE~ ('IF ROTATION Ff'R FAN BEAM IN 
UNITS IJF PRfJJECT]ON BIN WYOTH AT CENTER I); q,OTATJON 

BLANK COI-1",ON REOUIR.EO 180 2b41 

PLANK COMMON REOUIQ.ED 3.0 5:0) 

BLANK CO",..,JN 9.EOUIRED =40 10341 

BLAt4K eOM",oN PEOUiREO 740 131041 

hANK COM"'ON REOUIREo ,., 1:44) 

A TOTAL IJF 100 I 1 THRlI 1001 of THE 100 USER PROJECTION BINS WILL BE USED 

100 pOOJECTIDN BINS Will SE USED OF WHICH 0 HAVE BEEN ZEROED BY THE P~OGR.A'" 

"'AXIMU'" SIZE OF BLANK eDMM(!N THUS FAR_ .2543 FLOATING POINT WORDS. 

EEEEE N N DODD 
E NN NCO 
EEE ~ N NOD 
E N NN 0 0 
EEEEE N N 0000 

PPPP 
P P 
PPPP 
P 

P 

SSS EEEEE TTTTT U U pppp 
SET U U P P 

SSS ,HE T U U PPPP 
SET U . .'U P-... :.-

SSS EEEEE T UUU P 

J EEEEE eee TTTTT 
J E C C T 
J EEE C T 

J JE C C T 
JJJ EEEEE CCC T 

BLANK COMMO~ REQUIRED 9.' { 17101 

BBBS J EEEEE CCC TTTTT 
8 B .J E C C T 
BBBB J EEE C 
B B J J E C C 
BBBB JJJ EEEEE ecc 

BLANK COM"'O~ Q;EQUIRED ,.e 1544} 

MAXIMUM SIZE OF BLANI( COMMON THUS FA~- 2543 FLOATING POINT WORDS. 

EEEEE N N DODO PPPP J EEEEE cec TTTTT, 
E NN NO D P P J E C C T 
EfE N N NOD PPPP J EEE C T 
E N NNO 0 P J JE C C T 
EEEEE N N DODO P JJJ EEEEE eec T 

BLANK COMMON ~EQUI'tEO 9.' 
BLANK COM"ION R.ECut REO ,.e { 1544' 

MAXJ"IUM SIZE DF BLANK COMMON THUS fAR.- 2543 flOATING POINT WORDS. 

EEEEE N N DODO 
E NNNDO 
EEE N N NOD 
E N NNo 0 
EEE EE N N DODO 

FAN BEAM GEOMETRY - CURVED DETECTOR 

88SB J EHEE cee 
B e JE e c 
SBeB J EEE e 
13 B J J E . C C 
BBBB JJJ EEEEE eee 

TTTTT 
T 
T 

XMIN .. .55E-0.2 XMAX - • .21E+01 XSUM - .2038E+03 

.................................................................... . . 

---11+----
----+ .... ---
----- J X J ---'--

................................................................... 
I 1 

• 5465E-02 .1601E+00 .3B70E+00 .4C;0IE+OO .5623E+00 • 6448E+00 .7273E+OO 

l X A M fI Ct I 
.7995E+00 .8S10E+00 .90.26E+00 .1016E+Ol .1129E+Ol .1.202E+Ol .1284E+01 

II • • I • • • 
• 1356E+01 .1511E+01 .16<;7E+Ol .1800E+01 .1882E+01 .1965E+Ol .2.037E+Ol 

• .206BE+Ol 



4 

fAN BEAll! GeOMETRY - CURVED DETECTOR 

XNIN • XMAX • • 16E+Ol XSUM • 

......................... ** ••••••••••••••••••••••••••••••••••••••• 

....... e' ................ "." .... 80 ••••• 01l ••• 0 .......... • 

........ H89M ............. , ....... 'HeeeHlleSIBII8.lIl1l1e •••••••••• 
• ee •• 9Ga....aH.e ....................... lltteeft1eeMt1.en •••••••• • 
... eeeeeee • .....aeee .... e&8eMHle ...... eBII •• StleeelilleeIIlGIII ••• • 
• ... H ...... H98e.aGleeHeel ... eee ... It6I ........ eeseeeeeeeMI •• II ••• 
••• HI99n ........... n .... IIlHGlHeHIi .... III1 ........ n.MlHlltI •• 
•• H ••••• H •• Hee~MMeIH •• .a)ilM"I(IMfI"MeeEt8.II ••• " •• a"""8fI.tI •• 
·, .... ' •• H.81.'HIS .... HH.H' .. ' ••••••• HHa98H •••••• III1.e ••• • 
·H •• lfI •• H ••••• H •••• IS8998.1I •• "U ••••••• IIH11 ..... aaeeee ..... II. ................. " ........... 18................ H ...... III.IIIIIII. 
·eMleMtleeeet ....... ".elle ............. '.I •• e .................. IlIle-
............ aeeeeeM66I ..... le •• e ........................ I ....... • 
..... 8 ...... IeMfoI81J ... Hln ............. n ........ eee ........... e· 
• ••• 8IIfi ............. IJHGOaa&aaaaaia.'.II.II ......... I8 ••••• 8t1.tI.'· 
.1I ...... eeMell" •• 88 ••• 1!J8H ............... I ••• ~"16 ••••• I •• Be· 
·-ee811 .... 'ee' ... I9II ... HI ........ 'H ... a ......... G8et18ee.e .. rH.lII. 
• ...... I ... IIH ••• HHeetMtetl •• n.tlNtleeeetll .... II.e ... 8I3Hllaaae ••• • 
...... eeXI ••• eMII •• el!l •• 8 •• II .......... ,1 ••••• I.Ht1 .. H~eMellltlll· 
.eM .... .eMetI ... e ••• e .. tI_.tI.tI ••••••••••••••• IJ ••••• ee.8 ••• 8~ 
.......... I6 ..... H ... etHJHe8eHeeee •• e.fll .......... e.M.M ........ . 
• MIH.MM.II6Mte9MHM.eee.. ........ H8H •• t1.eeseeeee ••• HM •••••• " • 
• H .................. IJ ... H ••••••• IJ •• IJ •••••••• eeH8HM.M.ee.H •• e • 
• tefi ...... eeeHeItetll6 .... H ••••••••• , ••••••••• 8 •• I8.' •• eete8 ••• IIB· 
·xee..aMMeM.een.s.eIl9.919IS .... II ••• IIIH41I ..... efI.M.M--' .. e ..... • 
·eee ••• HI •• IIIHH •••• HIH •••••• eelfll .. e.e8ee88U""'MHs.eBtl ••• • 
.A .. HS.etIH .. se •• e •••• MI6 .. H16H.I9.I9.I8 •• M •• Mee .... eeeeHII9I ••• 
•• eeMINtlMAHEMI.681M.NIBI816 •• II.eee.I8 •• e.ea,Mee.816'M •• 8.H81 •• 
.... eeeeee ... HefillttteeaeetH ... e.8ft8lal."'.M.M.,..."'180188.1I ••• 
·'X9H.ZHlM"Allx.IJIII'N'8leeetBeeeeetlJIIIeMMlMI8''''''''''''MM'II8 ... a,· 
• ... ~I"' .. MHIIIIH8 ... HHeeee." •• ee.M.AI8It8IA.M88.I6I11." •• 88. 
·eeMl.It6M8.HMeeee ... "' .... e.M.M."'.M.M.e.eeeeel8.AI8 .. e •• e.ee ••• IJ· 
·JIII.eexHx8I.).A .. x •• XeeH".X.M.e.619.e ••••• ' .... A .. eteH8HfMi1I.e • 
• 18,...MeIIIM.ItI""88IIttI.""I8IMe81 ••• e./III.MI~.Meet ... A.HI8 .. 8 ••• el •• • 
."' ......... X .. JIII.ee.l8.aMne ..... e."'."'.e •• M8."'."' •••• A ... 1I88I1e ... 88 .. 
·.,Z ... +HlZ .... H1 •• X.ee.M •• A."' •••• M.Xeeet)M.M.eMlAHe •• Mlte •• &P8.· 
••• HMMI ... eeMlA .. MeeeteMA .... "'.,.. .... lJ.eelJ.A8.HM.eeae ••• 88 .... e· 
• .. l ... x.AIH ... x •• "'Ie ....... ,.,.eeeAeteeellx.II .. M .. "'ItI .... e ... ee· 
•• ) ... A"' .. M •• X ... X •• 9.8 •• S. ..... Z.aM.M •• MIBMH .. MIt.MItMM.ee .... "· ...........•.........•............................................ 

I 1 
o .1216£+00 .2998£+00 .3809£+00 .4376E+00 .5024E+00 • 5672E+00 

Z X A Me. Et 
.6240e+00 .bblt5E+00 .105Of+00 .1941E+00 .8833E"00 .9400E+00 .1005E+01 

• • • • • • • • 1062E+01 .1183E+01 .1329E+Ol .1410E+01 .1475E+01 .1540E+01 .1596E+01 

• • 162lE+01 

6 
7 

• 9 
10 
11 

12 

SSS EEEEE TTTTT U U PPPP 
S E TUUPP 

SSS EEE T U U pppp 
SET U U I' 

SSS EEEEE T UUU P 

INTEGER PARAMETER ARRAY (IP ... RJ 

IPARU» 

•• 1 
2 

,.0 
• 

100 
1 

2600 
1 
o 
7 

DESCRIPTION 

LINEAR DIMENSION OF THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A SQUAPE AA:RAY 
GEOMETRY FLAG 
FAN BEAM GEOMETRY tFLAT DETECTOR) 
NUMBER OF PROJECTION ANGLES 
"'ODE FOR PROJECTION ANGLE INPUT (SEE FOLLOWING LINES) 
ANGLES GENERAT ED BETwEEN ZERO AND 2.1'1 
STARTING AT ZERO 
NUMBER OF RAYS FOR EACH PROJECTION 
TRANS"'I SSION DATA 
DIMENSION OF THE FLOATING POINT USERS 8lAN)( COMMON BLOe)( 
NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
EXECUTE THE RECONSTRUCTION tNOT JUST STDPAGE SIZE TESTI 
PRINT FLAGS (OPTIONS SELECTED ARE ON THE FOLLOWING LINES) 
PRINT REQUIRED FLOATING POINT 8LAN)( COMMeN WHENEVER CHANGED 
PRINT PROJECTION DATA AND UNCERTAINTIES 
PRINT SETUP VALUES FROM IPAR AND PAR ARRAYS 
LOGICAL !.MIT NO. FOR ATTENUATION FACTOR STORAGE 

FLOATING POINT pARAMETEP: ARRAY (PAR) 

PARtl J 

1.000 

50.500 
80.000 

DESCRIPTION 

PIXEL WIDTH IN UNITS OF PROJECTION BIN WIDTH AT CENTER OF 
ROTATION 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 
DISTANCE FROM SOURCE TO CENTER OF P.OTATIDN FOR FAN 8EAM IN 
UNITS OF PRI)JECTtON 81N wIDTH AT CENTER OF ROTATJO~ 

BUNK COMMON REQUIRED ,.0 2M) 

BL ... NK COMMON REQUIRED )60 550) 

BLANK COMMON REQUIRED 10341 

BLANK COMMON REQUIRED 740 I 134lt) 

BLANK COMMON REQUIRED .6. 151t1t) 

A TOTAL OF 100 I 1 THRU 1001 Of THE 100 USER PROJECTION BINS WILL BE USED 

1"12 PROJECTIllN BINS WILL BE USED OF WHICH 12 HAVE BEEN ZEROED BY THE PROGRAI1 

107 

fl'AXI"lU"·SIZE OF BLANK COMIIION THUS FAil.. 25.-.3 flOATING POINT W(1RDS. 

EEEEE N N Dobo 
E NN NO 0 
EEE N N N a 0 
E N NNO D 
EEEEE N N 0000 

PPPP 
P P 
pppp 
P 
P 

SSS EEEEE TTTTT U U pppp 
SET U U P P 

SSS EEE T U U ppo.p 
SET U U P 

SSS EEEEE T UUU P 

J EEEEE eec TTTTT 
J E e ~ T 
J EEE C T 

J J E C C 
JJJ EEEEE ecc 

BLANK COMMON REQUIRED 9.0 17241 

THE NUMBER OF BINS PRQJECTEO OUTSIDE THE USER PROJECTION ARRAY 12: 

THE NUMBER Of BINS PROJECTED BELOw THE USER ARRAY 

THE NUMBER OF fUNS PROJECTED A80VE THE USEII .... RRAY 

BB~B J EEEEE eee TTTTT 
B B JE C C T 
eB66 J EEE C T 
B 6 J J E C C T 
BBB8 JJJ EEEEE ecc T 

B1.ANK COMl'''ON I'IEQUIRED .6. 15441 

MAXIMUM SIZE OF BLANK caMMON THUS FA,R- 2543 FLOATING POINT WORDS. 

EEEEE N N DODO 
E NN NO D 
EEE N N N 0 0 
E N NNO 0 
EEEEE N N 0000 

OPPP 
P P 
1'1'1'1' 
P 
P 

J EEEEE CCC TTTTT 
J E C C T 
J EEE C T 

J J E C C T 
JJJ EEEEE eec T 

BLANK COMMON Fc.EQUIREO 9.0 I 11241 

BLANK COMMON REQUIRED .6. I 15441 

MAXIMUM SIZE Of BLANK eOMMClN T~US FAR- 2543 FLOATING POINT Wt)RDS • 

EEEEE N N 0000 8SSB J EEEEF. CCC TTTTT 
E NN N' 0 0 6 B JE C C T 
EEE N N NOD 89BR J EEE C T 
E N NNO 0 EI B J J E C C 
EEEEE N N 0000 BMB JJJ EEEEE cec 

FAN BEAM GEOMETRY - FLAT DETECTOR 

.55E-02: XMAX ... .22E+Ol XSUM ., .2:039E+03 

.................................................................. . 

----+ 1 +----
---- +9.~+----
----)Z) .. ---

I 1 
.3465E-02: .1614E+00 ."048E"00 .512:8E+OO .5883E+00 .6741E+00 .7610E+OO 

Z X A M 9 (I • 

• 8366E+OO .8905.E+00 .9445E+00 .1063E +0 1 .1l82E+Ol • 12:58E +01 .1344E+ 01 

I • • • • '. • 
.1419E+Ol .1581E+01 .1776E+01 .1664E+Ol .1970E+01 .2:056E+Ol .2132:E+Ol 

• • 2:164E+01 
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FAN BEAM GEO!'!ET~Y - FLAT oETEcr"'p' 

XMI'" ., XMAX = .16E+01 XSU:oI " ."'090;E+04 

•••••• ,. •••• "' .... * •••• ** •••••••••••••••••••••••••••••••••••••••••• "'. 
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·fllI.tI@69i(JIJ ••• 1J9~tItI ••• II .. tlfI •• lltI.llltI.'lI ••••••••• lIellll •• III .... 1I .. 
• •• tlfJ •• IIMleee ••• II.f!tj@t!t ••• 1I1I811.1 •••• '.,., ••••••••• ,1'.It •• B .... '.' • 
.. H'M€ltliI •• eeeM€nfl' •• eeee •• ..a ......... , .... '.tllllfI.llt1etl ........ . 
·.i.HI •• fM@86t11i ... UIl8S .... €lSII ... AO ••• U.ItI •• II ....... II •••• IIIP • 
.. geflM.ellllf!.Hllllefl.fltllI .. IIIBllli.liI •• 'II ...... IJIJIIJ.'I ... ".ellllll ..... . 
......... HH86"1MeetI4MI ..... M"18 ••• IMU.S •• Sa.' ........ a ••• IIIIII ...... I'I· 
.eeRqICHIIIHlfllIl .......... Hllntl'.'fle •• fI'.tllI • .,E ... II ... II ..... HIlIlIt· 
............... fllI~@9lIMflI"&tI.!I.1J9I1fi1l1li1"iI.IH.IIII1 ...... ".fI • 
• eee" .... fle.eeHHe&llleEetlet!'lIelll'flnfll.tI~ .. II ...... 6W ......... . 
• ..... , ... fllt.II.I ....... RgaI)8.91iIlQ.tle.Htfie~e8lle"II •• I.It • 
.............. IiIIIElilSeseell.18laH8.9'''eeflMlfl8et1E •• II ... HflII1I8II' .. I.ft. 
·e8eMe ••••••••• eeM8f1.H •• 8El1.II.fle.eIlHlle' .... III.e.A999QiIl9l)tl1l"' • 
•••••••• e.18MHH .. H ••• n •• III •• IEII£tltlIlEHftflElleH ... efl •• ell.ell •• 
• 8.1f ..... e8~ .... H84)II ... It"!I"I ••••• I!."' ••• f1.ell •• HD4te.~efifif!ell.* 
·cte@~."eel ... II ••• I.tI.IIII"II.ItI •• lIt1t1."".IIHee ... e.l.e.1I* 
...... M .... lleMfiHll •• H •• fletlll.liellflllltlille.lltlfI.III ••••• e .. lIll1l1l1l1l1. 
*e ..... iX881fi!M8.eae.It8 ..... II .. lI.II ••• fllIlleeMtJMe ... H .. e5ee ... II.' •• 
•• i4fja\i.It()8IlMH •• ItB •• ~ .. HiI.II.II .......... III ••• lIl1l1leseeeHlil8flelifl • 
...... e ............. 9H9Hooe8~ae., ••• tltll!lllI •• "flfjeNeee,...ell.HeH • 
• AgeMEHeMeMII8"1HM.eeeeHIII.81I1f1 •• e"III1@'IIell ••••• eel.ea.8e ••• ," • 
.... U •• @ltlMt!tI.ltflHfllltltIIIMtI.tlllflfil!t'lItl.tlHlllltll.Ilt1f1I1 •• eel"'.e •• IIIH •• * 
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2. Example 2 - Convolution 

The program XCONVO uses the convolution algorithm to reconstruct 
emission and transmission projection data for parallel-beam, fan-beam 

fan-beam geometry with flat detector. geometry with curved detector, and 
For the parallel-beam geometry the reconstruction 
the convolvers SHLO and RALA in statements E2.058 

is performed 
and E2.071, 

using 
respectively. 

For the fan-beam geomet r i es the 
data in 

convolver LAKS 
statement E2.091 simulated projection 

and in statement E2.109 for the fl at detector. 

is used to reconstruct 
for the curved detector 

The convolvers SHLO 
and RALA cannot be used for fan-beam geometry nor can the convolver 
LAKS be used for parallel-beam geometry. 

The errors XE 
statements E2.067, 

in the reconstructed 
E2.080, E2.100, and 

image 
E2.118. 

are displayed in 
The projection errors 

that these errors are 
are 

input 
equal 

emission 
data. 

by the subroutine GETUM and it is assumed 
root of the projections to the square 

data and are all 
(statement E2.187) for 

equal to 1 (statement E2.192) for transmission 



The largest number of floating point words required in blank 
common is evaluated in statement E2.122. The output indicates that 
this example requires a maximum of 1605 words for blank common. 

The subroutine GETUM 
heart phantom. For the 

generates 
parallel-beam 

simulated projection 
geometry the pixel 

data for a 
wi dth PWID 

is equal to 1 and there is no scaling of the image; however, for the 
by a scaling factor 

to the fact 

geometries the 
l/PWID = 0.752. 

images 
This 

in Size are reduced 
reduction ins i ze is due 

fan-beam 
equal to 
that the parameters 

bin widths 
to the phantom 

(= l/PWID) and images 
transmission data the 

projection 
generators 

the 
are always in units of 

are displayed in units 
of pixel widths. Likewise for 
pixel, which represents the 1 i near 

intensity in each 
attenuation coefficient in units 

of inverse pixel width, is 
emi ss i on data 

increased by a scaling factor PWID = 1.33. 
However, for 
per pixel and is therefore 

the intensity is in units of concentration 
increased by a scaling factor PWI02 = 1.77. 

PROGRAM XCONVO f]NPuT,OU1PuT,TAPEZ-OUTPUTJ 

EXAMPLE 2 

THE PADGP"'" XCOHVQ USES THE CONVOLUTION ALGORlTHM TO 
RECONSTRUCT EMlSSI0N AND TRANSMISSION PIIOJECTION DATA FOR 
PARALLEL BEAM, FA"f BEAM CURYED DETECTOR, AND FAN BEA'" flAT 
DETECTOR. 

DJII'ENSION XI4096',XE{40961 
CONMON WORI(,120001 
COMHON/OVTCO'VLUNDUT, ~B0132 

LUMour - OUTPUT FilE 
180132 - OUTPUT UHE lENGTH FLAG 

-0 EACH LINE WILL BE wITHIN 80 CHARACTERS 
(OTHERWISE 132 CHARACTERS I 

CQlOION/PAAM'IPAA.f 121 ,PARCll 

EQUIVALENCE INOIMU tIPARI lll,CICIA ,IPAR( 2IhctGE014 ,IPAR' 311, 
1 (HAttG tlPAR! 4U,""OOANG,IPAIH 511,(II.Ol"'U ,JPARI 6U, 
2 IHHT tIllAR' 1,t,fNWQRK ,IPUI 8JI,INFLOATtlPARI -;)), 
3 U STOP E, IPAR( 101',IIP"INT ,I PARllll' .ILUNATN, IPARel21', 
4 IPwtO ,PARI U',UX(SU • OARt 21lttRFAN • PARt 31) 

EXTERNAL 61N, 6JNF, S HLO, LAKS, RALA 

LUNQUT-2 
180132-0 

THE INPUT PARAMETERS AR E 

NDIHU-64 
ICJR-O 
NANG-n 
MOOANG-!5 
I(DJMU-IDO 
NWORK-2000 
NFLOAT-1 
ISTORE-a 
IPRtNT-12 
LLNATN-O 
AXISU-SO .. !5 

IMIT--l 
DO 10 1-1,2 
I/I1JT-J/I1JT+l 

IGE0/l1-0 
pwIO-l. 
RFANooO. 

CALL SETUP ItPAR,PAR,OU/l11 

RECONSTRUCTION OF PARALLEL ~EA/I1 GECMETRY USING SHLO CONVOLVER 

CALL CONVO IX,XE,SHLO,6tN,lJ 

DISPLAV OF THE RECONSTRUCTEO IMAGE x AND THE ERRORS XE 

WRITE 12,1Z1 
IF tlMlT.EO.OI WRllE (2,221 
IF IIMIT.EQ.l) WRITE (2,Z41 
CALL ARRAV U,NOIMUI 
WR.ITE (2,141 
CALL ARRAY IxE,NOIMU) 

RECONSTRUCTION OF PARALLEL BEAM GEOMETRV .USING RAU CONVOlVEP 

CALL CDNVO CX,XE,RAlA,BIN,ll 

E2.001 
EZ.002 
E2.00! 
E2.004 
EZ.005 
E2.006 
ez .007 
E2 .. 008 
E2.00l1 
E2.010 
E2.011 
E2.012 
E2.013 
E2 .. 014 
E2.015 
E2.016 
E'2.011 
E2.018 
EZ.019 
EZ.020 
E2.021 
E2.022 
E2.023 
E2.0241> 
EZ.025 
EZ.026 
EZ.027 
E2.028 
E2.029 
E2.030 
E2.031 
E2.032 
E2.033 
E2.0341> 
E2.035 
E2.036 
E2.031 
EZ.038 
E2.03e; 
E2.040 
E2.041 
E2.042 
E2.043 
E2.044 
E2.045 
E2.046 
E2.047 
E2.046 
E2.04C! 
E2.050 
E2.051 
E2.05Z 
EZ.0~3 
EZ .. 054 
EZ.055 
EZ.05b 
EZ. 0~7 
E2.058 
E2.059 
EZ.OfO 
EZ.061 
E2.062 
EZ .063 
EZ.Of4 
E2.065 
E2.066 
E2.067 
E2.068 
E2.0~9 
E2.070 
E2.071 

OISPLAV OF THE RECONSTRLCrEO IHIGE x AND THE ERA')NS XE 

WRITE (2t16) 
IF IIMIT.EO.OJ WAnE IZ,221 
IF II"4lT.EQ.lI WAITE 12.241 
CALL ARRAY (X,NOIMUJ 
WRITE (2,14) 
CALL ARRAY (xE,~OIMUJ 

IGEO"'-l 
PWIO-l.33 
RFA~-IZ.5. 

CALL SETUP ftPAR,PAR,DUMI 

RECONSTRUCTION OF FAN BEAM GECMnR.Y - CUq;VED :)ETECTOR USING 
LAI(S CO~YOLVER 

CALL CONYO CX,XE,lAKS,aINF,lJ 

DISPlAV OF THE RHONSTPLCTEO II1AGE X ANO THE EP.FORS XE 

'4RlTE eZ,181 
IF III~1T .. !::Q.OI WAITE (2,ZZI 
IF IIMIT.EQ.l) WRITE (2.Z41 
CALL ARRAY IX,NOI"'UI 
'4RITE I Z, lItl 
CALL ARRAV {XE,~IOIMUI 

IGEOM-Z 

CALL SETUP ItPAR,PAR,DUJo41 

RECONSTRUCTION OF FAN 8EAM GE.j~ETQY - !=LAT DETECTOR USIN~ 
LAKS CONVDLVEP 

CALL CONYO CX,XE,LAKS,BJNF,lI 

DISPLAY OF .THE I:ECONSTRtXTED P~AGE X AII/O THE ERROA.S XE 

WRITE 12,ZOI 
IF lIMIT.EQ.OI WRITE (2,221 
IF C IMIT .EQ.l) WIdTE (2,2 .. ) 
CALL ARRAY fX,NOI/llUI 
WRITE (2, 1~1 
CALL ARRAY (XEtNDt~UI 

10 CONTINUE 

CALL 8COM '''IAXFW) 

lZ FORMATClxllb3H RECONSTRUCTION fa'" PAPALLEL BEA"'! GEOMETRY USING 5HL 
10 CONVOLVERI 

14 FORIIIIATflXI134H ER.R(1RS IN THE PECONSTRUCTED H4AGEI 
10 FOR14ATUXI/63H ~ECONSTRUCTICN FOA. PAPALLEl BEAM GEOMETRY USING RAL 

1A CDNVOLVERI 
18 FORHAT(lX/176H RECONSTRUCTICN H'~ FAN BEA'1 GEO~EHv - CUfiVED OHEC 

1 TuR USING LAKS C(lNVOLVER) 
20 FOR"IATIlXI174H P.ECONSTRUCTJI"'N fDR FA"l BEAM GEOMETRY - FLAT l>ETECTD 

lit USING LAI(S CO"lVOlVERI 
Z2 FORf'lATU4H EMISSION DATAl 
Z" FORI4ATIIBH TRANSMISSW'II DATAl 

END 
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EZ.072 
E2.073 
E2.074 
E2.07: 
E2.0n 
E2.071 
E2.078 
E2.071:? 
E2.0M 
E2.08l 
£2.082 
E2.083 
E2.084 
E2.085 
E2.086 
E2.087 
e2.0~p. 
E2.0(l9 
E2.090 
E2.091 
E2.0~2 
E2.093 
~2.0<;l" 
E2.0c;.~ 
£2.096 
EZ. 0~7 
E2.01?8 
E2.09~ 

E2.100 
f2.101 
F.Z.I02 
£2.103 
E2.104 
E2.10!: 
E2.10f; 
E2.107 
E2.108 
E2.10e; 
E2.110 
F2.111 
E2.112 
E2.113 
E2.114 
E2.11S 
E2.llf 
E2.117 
E2.118 
E2.11C; 
E2.120 
E2.121 
F.2:.12.2 
E2.123 
E2.1Z" 
E2.125 
EZ.l.U: 
£2.1Z" 
E2.128 
E2.12e 
E2.130 
f2.131 
F.2.132 
E2.133 
EZ.134 
E2.133 
~Z .13b 
E2.137 
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• 7 
B 
9 

10 
11 

12 

SUBROUTtiiE GETU"! ("ItDATA,!:R~1 

EXAMPLE 2 

THE SUBJtOUTlNE CelUM GIVES SIMULATED po.OJECTIJN OAT .. FOR 
A CHEST PHANTOM. ERo.OQ~ IN pq;QJECTICN DATA ARoe GIVEN IF 
PUT .. 0, IE. IF IT IS E"'ISSI:JN DATA. 

DI~ENSION OATAClI,ERiULJ 
OIME~S ION et/tOQ6) 
01 MENSl ON A1 (It), Bl141, X1l4) tV it 41 ,PHI (41, Z lit), 1 TYPE! 4' 
COfol"'ON/OUTCJM/L UNDUT, I 60132 

LUNDUT - ~UTPUT FILE 
180132 - OUTPUT UNE LENGTH FLAG 

.=0 EACH L tNE WIll BE wJTHIN BO ,"'ARACTERS 
(OTHERWISE 132 CHUACTERSI 

COMMONI PARMI I PAR 1121, DAP (3) 

EQUIVALENCE 
1 

(NDiMU ,IPAI\! lJ),IICIR. ,tPA~( 2J1,ltGEOM ,JPAR( 31" 
I NANG ,IPMI 41I,(M'JDANG,IP.AP:( 511t(kOIMU ,IPAR( 60", 

2 lIMIT ,IPM,( 7JI,INWORK ,JPARI B)I,INFLOATrIPARI 911. 
I ISTORE, IPAR It 01), I IPR INT, IPAR( III I t (lUNATN, I PARI 121" 
(PWIO , PARI 1II,(AxISU , PA~I Z)ltIPFA~ ,PARI 3.1' 

DATA tTYPE/l,l.l,11 
DATA .0.1/40.,10.014.,14.1 
DATA 61/40.,10.,10.,10.1 
DATA X1/0.,0.,10.,-10.1 
DATA YJ./O.,-10.,0.,0.1 
DATA PHI/O.,O.,1.57079b33, 1.570796331 
DATA Z/!!.,Z7.,-4.,-4.1 

IF 1"I.NE.lI GO TO 10 

IF IIMIT.NE.O) PWIOTH"PWIO 
IF I tMIT .E.Q. 0' pwtOTH .. -Pwto . 
CALL PHAN 14,10, ITYPE,Z, Xl ,Y itA 1 ,6L ,PHI, 6, NOt MU, PW!OTH) 

CALL ARRAY IB,NOIMU' 

10 CALL PHANL 14,lTYPE,Z,XL,Yl,A1,Bl,PHt,OATA,MI 

IF I IMJT .EQ.1) GO TO 14 

00 12 h1,KOIHU 
OK"OATACK' 
IF IOK.LE.1.) OKe1. 

1Z ERR(I(I.SQRTIDKI 

RETURN 

14 01) 16 Klll1,1<01MU 
lb ERiUKllll1. 

RETUR~ 

E,..O 

sss eeEee TTiTT U U pppp 
SET U UP P 

SSS EEE T U U PPPP 
SET U U P 

SSS EEEEE T UUU P 

INTEGER PARAMETEI<. ARR'&'Y IIPAI\, 

t PARI 1 J 

., 
o 
o 

72 
5 

100 
o 

DESCRIPTION 

LHiEAR DIME~stC!t<l OF THE REC(!NSTPUCTlON ARRAY 
RECONSTRUCT l~ {l. CIRCULAR ARRAY 
GEOMETRY· FLAG 
PARALLEL 6EAM GEOMETIl.Y 
NUMBER OF PROJ eCTlON A~GLeS 
MODE FOR PROJECTION ANGLE INPUT (SEE FOLLowING UNESI 
ANGLES GENERATED eETWEE"I lER(I AND 2."1 
STARTING AT IERCI 
NlJI'IBER OF RAYS FOP EACH OR[lJECTltN 
EMISSION DATA 
DIMENSION OF THE FLOATING POt~T USERS BLANK COMMON BLOCK 
NUMBER Of WORDS FIJR A flOATING POt'ff VARIA6lE 

f2.138 
E2.139 
E2.140 
E2.141 
EZ.142 
E2.1"3 
E2.144 
E2.145 
E2.146 
E2.147 
El..148 
E2.14!? 
E2.150 
E2.151 
E2.152 
E2.153 
E2.154 
E2.I55 
E2.LSe: 
E2.157 
E2.158 
E2.150; 
E2.L60 
E2.161 
EZ.162 
fZ.163 
E2.164 
EZ.165 
EZ.166 
E2.1H 
E2.168 
EZ.Le:C; 
EZ.170 
E2.171 
E2 .. 172 
E2.173 
f2.t 74 
EZ.175 
E2.176 
E2.177 
EZ.178 
EZ.179 
E2.180 
E2.181 
fl..182 
EZ.183 
EZ.184 
EZ.1B~ 
E2.18b 
E2.187 
E2.L88 
f2.189 
EZ.1~0 
E2.1~1 
E2.192 
E2.193 
E2.194 
E2.l95 
E2.196 

2000 
1 
o 

12 
EXECUTE THE RECONSTRUCTION (NOT Jun STORAGE SIZE TEST! 
PRINT FLAGS (OPTIONS SELECTED APE (IN THE FOLLOW INt; L I"IH 1 
PRINT SETUP VALUES FqOM IPAR AND PAR ARRAYS 
P~tNT FILTER FUNCTICN F(lq CONVOLUTIO~ AND FILTfR r-,OUTINES 
LOGICAl UNIT ~O. FOJl. ATTENUATlt'N FACTOP. STORAGE 

FL:JATING POINT oARA""ETEJ: ARRAY I PAR' 

PARI t I 

1.000 
50.500 

o 

OESCRIPTION 

PIXEL WIDTH IN UNITS OF PROJECTION BIN WIDTH 
LOCATI(I'" Of THE ROTATlON AXIS IN THE PROJECTION ARRAY 

NA NOT APPLICABLE INOT FAN BEAM GEOMETRY, 

A TOTAl OF 68 I 17 THPU a4' OF THE 100 USER P~OJECTJON BINS WIll. Be useD 

b8 PROJECTION BINS WILL BE USED ('IF WHICH 0 HAVE BEEN ZEROED BY THE Pr-,OGR,&,M 

MAXIMU"4 SIZE DF BLANK COMMON THUS FAP" 54" FLOATING POINT WORDS. 

EEEEE N "'I ODOO SSS EEEEf TTTlT U U PPPP 
E NN NO 0 SET U U P P 
EEE III N NOD SSS EEE T U U PPPP 
E N NNO 0 SET U U 0 
EEEEE N N 0000 SSS ,·EEEEE UUU P 

CCc. -]0000 ~ N V V 00001) 
CO OfllNNVVOO 

o Ol\NNVVO 0 
C CO O~I"'INvvl) 0 
cee ooooe N N V 00000 

PU,AMETERS FOR suaROUT JNE COlliI/O 

DESCRIPTiON 

IERR - CALCULATE ERRORS 

eACKPROJECTIOI'o! AND PROJECTION/CONVOLUTION/FILTER ROUTINES 
PEPFOR"'I THE FOllOWING FUNCTIONS 

ARG 
BCK 
CNV 

FUNCTION 
BACKPROJECTlO"l 
CONVuLUTt ON 

RAY WEIGHTtN(, 
tNTERPt)LAT ICN 

N/A 

ATTENUATION 
NO 

FAN BEA!'! 

NO 

THE VALUES FOR THE FILTER t:-.l REAL SPACE (CCNVOLClI,I"'O, t:07J 
.637E+00 -.ZI2E+00 -.424E-Ol - .18ZE-01 -.IOLE-Ol 

-.Mo3E-02 -."5E-02 - -.3UE-02 -.250E-02 -.I<:;7E-02 
-.160E-02 -.132E-02 -.111E-02 -.943E-03 -.813E-03 
-.70BE-03 -.622E-03 -.S5J.E-03 -.4<;2E-03 -.441E-03 
-.)98E-03 -.361E-03 -.329E-03 -.30tE-03 -.276E-03 
-.255E':'03 -.236E-03 -.21~E-03 -.203E-03 -.189E-03 
-.I17E...,.03 -.l66E-03 -.15~E-03 -.14bE-03 -.DSE-03 
-.130E-03 -.123E-03 -.1l6E-03 -.1l0E-03 -.105E-03 
-.99~E-04 -.947E-04 - .• 90ZE-04 ·-.a6lE-04 -.822E-04 
-.786E-04 -.752E-04 -.121E-04 -.691E-04 -.i:63E-04 
-.toHE-Olt - .b1Z[-Olt -.589£-010 -.567E-04 -.54oE-04 
-.Sl6E-04 -.508E-04 -.490E-04 -.473E-04 -.457E-Oit-
-.44"2E-04 -.4ZSE-04 -.414E-04 -.401E-04 -.389E-04 
-.317E-04 -.365E-04 -.35H-04 

PPPP H H AAA N 

PHANTOM GENERATED 

PPHHAANN 
PPPP HHHHH A ANN N 
P H H AAAAA N N'" 

H A ANN 

ARRAY SIZE b4 X 64 INTfGI<ATlCN FACTOR. LO SCALING FACTOR 
NUMBER OF EllPSES ANOIOR RECTANGLES" 4 
THE P'&'RAMETERS FOR THE ELLIPSES ANOIOR RECTANGLES ARE 

X,Y - CENTER 
A,8 - LENGTH OF AXIS OR SlOE A AND B 
PHI - ANGLE Of AXIS OR SIDE A . 
DENS - INTENSITY 

THE PARENTHESIS INDICATES THE SCALED VALUE 
ITYPE x Y A B 

XMtN .. 

1 - elLIPSE a , 

- ElLI PSE 
01, I 
o • 
01, I 

- ELLIPSE 

- ELlI PSE 

LO.OO , 
10.00),( 

-10.00 , 
( -10.001,( 

eEEEE N N 0000 
E foIfoI N 0 0 
EEE N ~ N 0 0 
E N NNO 0 
EEEH N N 0000 

o 
011 

-10.00 
-lO.OOH 

o 
011 
o 
011 

1t0.oo , 
1t0.001, ( 
10.00 , 
10.00',( 
14.00 , 
1-4.001,t 
14.00 , 
14.001,1 

40.00 
40.001 
10.00 
10.001 
10.00 
10.001 
10.00 
10.00) 

PPPP H AAA N N 
PP ~AANN"" 
PPPP HHHHH A ANN N 
P H AUAA N NN 
P HA AN N 

XMAX '"' • 32E+OZ XSUM .. .7526E+04 

PHI 

1.57 

1.57 

( 

( 

, 

• ......................................................... * •••••••• · 

· ". ---+MIIaa+---
-------------- X •••••••• X--------------
-------------..... n ..... ----------------------.n ....... ----------------------8 .... 0 •• 8----------

----------" •••••• A--:..-------

". . 

.................................................................. 
I 1 

NO 
NO 

L.OOO 

OE"IS 
5.00 
5.001 

27.00 
27.001 
-4.00 
-4.00' 
-4.00 
-'t.DOI 

o .2400E+01 .5920E+Ol .75Z0E+Ol .661t0E+01 .9920E+01 • 1120E+02 

Z X A M 9 I & 
.1232E+02 • 1312E+02 • 13<iZE+02 .1568E+02 .1744E+02 .1856E+02 .1C;84E+02 

I.. • • • '.' 
.2096E+02 .2316E+02 .2624E+02 .Z764E+02 .2912E+02 .30"0E+02 .315ZE+02 

• .3200E+OZ 

:'tAXP4UM SIZE OF SLANIt; COMMON THUS FAR_ 1251 FLOATING PJI"IT WORDS. 



EEEEE N N DODD CCC 00000 N N V V OODOLI 
E NNNOo C CO DNNNV va 0 
HE N_ N NOD C OONNNVVOO 
E N NNo 0 C co ONNNVVO a 
EEE EE N N DODO CCC 00000 N Y 00000 

RECONSTRUCTION FOR PARALLEL SEAM- GEOMETRY USING SHlO CONVOlVEP, 
EM1 SSION OATA 

XMI N. -.23E+Ol XMAX ... .32E+02 XSUM .. .7525E+04 

................................................................... 

· -......... -................. "' ...... - ........... -
• _ _ __ K ...... ______ ., ..... ., • ., .... .,., .. "' ______ .cc ••• _ _ _ 

· --- -.. "' ...... ----------.... "' ....... "'----------...... -
.- -...... ---- ---+ ............. _-- ------..... -· .- -··· ...... ------·· .. Z ..... IIZ .... ·---·.,··· .. ---•••••••• -•••• "'.n .......... c._ •• ., •••• .,--

--••• ., ........ I .... O •• OJ ............ ----............. ) .......... , ............ --
-- ............ -+ .......... ,.+-........ -
--....... + .... 1M •••••• "', •• + •••••• --

- •••• - ·+··+11+··+·-·····-

+ I 1 
-.2305E+01 .2822E+00 .4077E+01 .5802E+01 .7009HOl .8389E+Ol .9769E+Ol 

Z X A M 98' 
.1098E+02 .118ItE+02 .1270E+02 .1460E+02 .1650E+02 .1770E+02 .1908£+02 

• • • • • • • .2029E+02 .2288E+02 .2598E+02 .2771E+02 .2909E+02 .3047E+02 .3167E+02 

• .3219E+02 

ERRORS IN THE RECONSTRUCTED IMAGE 

XMIN • XMAx • .12E+02 XSUM • .2086E+05 

.................................................................. 
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• fl!eMM8"'MEI.8898@811f111.1I.'U ............. eettIIM8ltHteeweeeeeeMMSMM8f111· 
.MMMM8"'M8.9ge8889.B8 ........................ "8~Mf0'8MMMM. 
·ZMMM9MMee.eee.18 .. 1I ...................... M .... n •• 998I1eeMMBMMMZ. 
• I499MMB ••• 98B88.H •• ~ •••••• H ....... flI888ge88H'eMI499M • 
• eee9M98 .. I9BIIHII ................. H ........... ae99n.99M99B9 • 
• Meeeeeu.889I.'.III •• 8 ••••• n ............... 8Itt9eaeeeeeeee,.. • 
• -98889818989111 .............. 0.0"1 ••••• 118.988.1998889 

eeM8898G9ge99'.IIH ................ H ••• aee.88989998eeeeMB9 
fltElMeeeeeMMeeeBMCI.II.III ................. 0a.9888MMBB988MBM 

MM9H89aeM89tte8tN1H ............ ~tMt8868Me996MeMM 
'98M9BBM89M9119.H, ... tI ... lltlI8HtlMlIl8eeMe6Me99Mee I 
MM8999988EMteeeeeHtlII1l8.Heet!1iMCI4I8ge88tMt@Ele9886MM 

98S8e89BB9S8809HM8t1Ht1I1HHt1I9aeeeeeeeSae999- •. 
18Sf3ee9ge91J9Btt996H ...... 11988It9geSee998ee91 

9J111Meeeeeeeeee9B8B9ge9988898998999eBfIIIMB 
... gegeM999889998998eeeeeeeeee"4S898"· 

xxxeeeeee988B9B88889888gee8xxx 
89BeM999888899BMt3999 • ..............................................................•... 

+ I 1 
o • 811tltE +00 .2157E+Ol .2740E+01 .3148E+Ol .3614E+Ol .4081E+Ol 

Z X A " 8 0 • 
.1t1t89E.Ol .1t780E+01 .5072E+Ol .5713E+Ol .635ItE+Ol .6762E+Ol .7229E+Ol 

• ••••• .7637E+Ol .8511E+Ol .9561E+Ol .1014E+02 .106lE+02 .1108E+02 .1148E.02 

• .1166E+02 

cec 00000 N N V V 00000 
C COO NIII N V Y 0 a 
e aONNNVVOQ 
e co ONNNYVO 0 

CCC 00000 N N Y 00000 

PARAMETERS FOR SU8ROUTINE CONYO 

DE SCRI PTI ON 

IERR - CALCULATE ERRORS 

BACKPROJECTION AND PROJECTION/CONVOLUTION/FILTER. ROUTINES 
PERFORM THE FOLLOWING FUNCT IONS 

111 

ARG 
BCK 
CNY 

FUNCTION RAY WEIGHTING 
INTERPOLAT ICoN 

N/A 

ATTENUAT ION 
NO 

FAN BEA"! 
BACK PROJ ECllON 
CONVOLUT I ON NO 

THE VALUES FOR THE FILTER IN REAL ·SPACE 
.785E+00 -.318E+00 0 

(CONVOllII,I·0,67J 
-.354E-Ol o 

-0.39.3E-02 
o 

-.662E-03 
o 

-.318E-03 
o 

-.20QE-03 
o 

-.133E-03 
o 

-.'114E-04 
o 

-olZ7E-01 0 -.650E-02 
o -.263E-02 0 

-.141E-02 0 -.110E-02 
o -.722E-03 a 

-.509E-03 0 -.437E-03 
o -.331E-03 0 

-.260E-03 0 -.233E-03 
o -.189E-03 0 

-.157E-03 0 -.144E-03 
o -.122E-03 0 

-.105E-03 0 -.980E-04 
o -.855 E-04 0 

-.753E-01t 0 -.709E-04 

o 
-.188£-02 

o 
-.602E-03 

o 
-.292£-03 

o 
- • 172E-03 

o 
-.1l3E-03 

o 
-.802E-04 

PPPP H H UA N N 
PPHHAANNN 
pppp HH~HH A ANN N 
P H HAAAAAN NN 
P HHAANN 

PHANTOM GENERATED 
ARRAY SIZE 64 X t4 INTEGRATION FACTOR - 10 SCALING FACTOR. 
NUM8ER OF EL IPSES AN~/OR RECTANGLES" It 
THE PARAMETERS FOR THE ELLIPSES AND/OR RECTANGLES ARE 

X,Y - CENTER 
A,B - LENGTH OF AxIS OR SIDE A AND 8 
PHJ - ANGLE Of AXIS OR S IDE A 
OENS - INTENSITY 

THE PARENTHESIS INDICATES THE SCALED VALUE 
!TYPE X., A B 

XMIN • 

1 - ELLIPSE 0 , 
0.,( 

- elLIPSE 

- ELLIPSE 

- ElLI PSE 

o • 
OI,l 

10.00 , 
10.001, I 

-10.00 , 
( -10.001,1 

EEEEE N N DODO 
E NN NO 0 
EEE N N NOD 
E N NNO 0 
EEEEE N N DODD 

o 
Oil 

-10.00 
-10.001 I 

o 
011 
o 
011 

40.00 , 
40.001t' 
10.00 , 
10.001,1 
14.00 , 
14.001,( 
14.00 , 
14.001, I 

40.00 
ItO. 001 
10.00 
10.00. 
10.00 
10.00. 
10.00 
10.001 

plIPP H H AU N N 
PPHHAANNN 
PPPP HHHHH A. ANN N 
P H AAAAA N NN 
P HA AN N 

XMAX • .32E+OZ XSU~ .. .7526E+01t 

PHI 

1.57 

1.57 

I 

, 
I 

. ..........................•...................................... 

--+0 ...... +--
--------------x •••• n •• x--------·-------------------......... ----------------------........... --------------------6 •• 0 ... 18--------

----------A ..... A---------

I 1 

NO 
.0 

1.000 

DENS 
~ .00 
5.00) 

27.00 
27.001 
-4.00 
-4.001 
-4.00 
-4.001 

o .2400E+Ol .5920E+Ol .7520E+Ol .6640E+Ol .9'120E+Ol .1l20E+02 

Z X A ~ 8 @ • 

.1232E+02 .1312E.02 • 1392E.02 01568E+02 • 17"t4E·02 .1856E+02 .198.E+02 

• • • ••• • • .2096E+02 .2336E+02 .262ItE+02 .2784E+02 .2912E+02 .3040E+02 .3152E+02 

• • 3200E+02 
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"1AXJMUM SIZE OF BLANK (O,",,",ON THUS FAR- 1251 flOATING POINT WORDS. 

EEEEE N N 0000 eec 00000 N N V II 00000 
E NN NO 0 C CO ONNNV va 0 
EEE N N NOD C OONNNVVOO 
E N NNO 0 C CO DNNNYVO a 
EEEEE N N 0000 eee 00000 N N II oooao 

r(ECONSTRUCTION' FOR PARALLEL BEMI GEOMETR.Y USING RAtA CONI/OLVER 
EMISSION DATA 

XMIN" -.26e"'01 XMAX .. .32E+02 XSUM .. 

.................................................................. 

.----------------- -- --- -- -- - ----------------* 
*------------------ - - --- -- --" - -- -----------* 
*------------- --. - -- -- -.- -- - -- -.. -----------* *---------- -- -- -- .... --- .... - - - ----------. *---------- -- ----- -_.. .. .. .. -- --- -- -----* .----------- -- ---- - -_.. .. .. .. -- -- ---- --- ---------* 
.______ ____ - -- -- --___ e._+ ... +_ •• _____ -- -- -- ---- ---:---• . ------ --- - - -_ ...............•.. --- -- -- --- ------. 
----- --- --- -- -- '!" ................................... - - -- --- ---------- -- -- _ - ....................................... - -- -- -- -----
---- -- -- -- -- ................................... "'! •••• - --" - -- ---. ------- ---- --.......................................... - --- -----. . ---- -- -----....................................... -- -- ---. 
*----- -- -............................................. - -- ----. · -- -- -- - ....... -----.................... ---.•.... - -- -- --. .- ----------.... --------......... -------.... --------- -. .---- --- ..... _---------.......... ----------....... ----- ----. 
.------ - ..... --------......... _-------...... - ------. 

....... ______ :0.. ............ _________ .... ... 

-----...... -------.............. -~---...... ---_---- --- ---...... ------. ··ZH .... Z···-----······--- ---- ----• . ---------................ _M .............. ------- -. _-_- ------ --···········, .... U •••• I···········- ----- ... ---. . --------- --............. , .• ----t·· ...... ··· ...... --- -----. . --- ------ --··· .. ·· .. ·-.. -1_ ...... -· .. ·· .. ···-- ---- ----
.------ ---~ --...... • .... IM .... M' ... + ... + .... -- --_ ... -- -------. 
.--- - - --·-........ +11 .. •••••• .. ···-- - - --• . ------- _ -- ----.. "' .... ,. .............. --- -- - -------. • ----- ------- ---_ ......... --- ----- ---* • ________ - __ _ __________ - - : __ - __ ----0 
.-------- - ------ -- - - -- -------- - -------. . -------- --- ---- -- ---- -- -- -- --- -----. .------ -- - -- -- -- -.- -- -------------. .-------- ---- - -- - - --- ----------. .----------------- ... ~ ,-- - -- - - -------------. .------------------- -- ------- -- -----------------* .................................................................... 

• I 1 
-.2819E+Ol -.1801E+00 .3688E+01 .5447E+Ol .U78E+Ol .8085E+Ol • 9492E+Ol 

Z .1072E+02 X • 1160E"02 A .1248E+02 M .U.42E"02 B .1635E+02 • .1758E+02 • • 1899E+02 

I • • • • • • 
.2022E+02 .Z286E+02 .Z602E+02 .2718E+OZ .Z9l9H02 .3060E"02 .. 3183E"02 

• 1 
8 

• 10 
II 

12 

SSS EEEEE TTTTT U U PPPP 
SET U UP P 

SSS EEE T U U PPPP 
SET U U P 

SSS EEEEE T UUU P 

INTEGER P ARAMEl EA. ARRAY ( IPAA. ) 

IPAR! II 

•• 0 
1 

12 
5 

100 
0 

2000 
1 
0 

12 

0 

DESCRIPTION 

LINEAR DIMENSION OF THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A CIRCULAR ARRAY 
GEOMETRY FLAG 
FAN 8EAM GEOMETFtY ICURVEO DETECTOR. 
NUMBER OF PROJECTION ANGLES 
MODE FOR PROJECTION ANGLE INPUT (SEE FOLLOWING LINES I 
ANGLES GENERATEO BETWEEN ZEPO AND 2.Pt 
STARTING AT ZERO 
NUMBER Of flAYS FOR EACH PROJECTION 
EMISSION DATA 
DIMENSION OF THE FLOATING POINT USERS BLANK COMMON BLOCK 
NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
EXECUTE THE RECONSTRUCTION INOT JUST STORAGE SIZE TESTJ 
PRINT FLAGS (OPTIONS SELECTED ARE.ON THE FOLLOWING LINES) 
PRINT SETUP VALUES fROM I PAR AND PAR ARRAYS 
PRINT FILTER FUNCTION FOR CONVOLUTION AND FILTER ROUTINES 
LOGI CAL UNIT NO. FOR ATTENUATION FACTOR STORAGE 

FLOATING POINT PARAMETER ARRAY (PAPI 

PARI J I 

1.330 

50.500 
125.000 

DESCRIPTION 

PixEL WIDTH IN UNITS OF PROJECTION BIN WIDTH AT CENTER OF 
ROT ATION 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 
DISTANCE FROM SOURCE TO CENTER OF ROTATION FDA. FAN BEAM IN 
UNITS OF PROJECTION BtN WIDTH AT CENTER OF ROTATION 

A TOTAL OF 90 C 6' THRU 951 OF THE 100 USEII: PROJECTION BINS WILL BE USED 

90 PROJECTION BINS WILL BE USED OF WHICH 0 HAVE BEEN ZEROED BY THE PROGRAM 

MAXIMUM SIZE OF BLANK CO","'DN THUS FAR. 1251 FLOATING POINT WORDS • 

EEEEE N N DODO SSS EEEEE "TTT U U pppp 
E NN NOD S E TUUPP 
EEE N N N D D SSS EEE T U U PPPP 
E NNNoO SE T U UP 
EEEEE N N DODD SSS HEEl: T UW P 

CCC 00000 N N Y V 00000 
t CO ONNNY YO 0 
C OONNNYVDO 
C CO ONNNVVO 0 

CCC 00000 N N VOODOO 

• PARAMETERS FOR SUBROUTINE tONVD 
.32]5E"02 

ERRORS IN THE RECONSTRUCTED IMAGE 

X141N '"' XMAX • .. 15E+OZ XSUM .. .2587E"05 

..................................................................... 
_ MMM"I"''''M9M:'<III4MBMMM'''MM''' • 

Zl Z :"'MM14MM MMtlJoIM88M"I9"''''MJoI ... ''''M'''Z Z Z 
,..",14MMMMMM ... MMI'4eI'l9MHS"'9".MMMM"'''''''MMMM •• 

"IMMMMee"'14MM/IIIMM"'BeeMII4&eBMMMMMMJIIIMPt!M"'","", 
IMMMMMMMElMeMMeMM9ge ..... eeeeMM9MMeMeMMMMMMM1 

-MMMMMI'IEMMeMQeB{lQ8HtiliItIO.'.I89EIBeeHeMMeMMMMMM- . 
MMMM8MMM88BBBMMMMMMM8eeeeeeeetiMMMMMMMBgeeEIMMMSMMMM 

1 I'll"'''' '" MMMM I'll"" B88 BB8BB B BBB 8BB 88 88 8E! 98B 8 9 98 "''''MM''' MMMM MM I 
"'MMMMfoieMMe'396~8e..eleeeeeeeeeeeeeMQB89MMeMMMMMM 

MIIMMMMeeMHtteeMEl9BtlgeBeM •• ee •••• eeeeeeeeeeM6EMlMJllleBMMI'IMMM 
JIIIMMMMBeee"l8B98B884 .. 8H •••• HIBHtJ .... I6.aeeeeeeeI'l8BgeMMMMH 

• -MMMMa8MBBMueeeee ................. eeeeeeeHee8996M9BM88MMMM-
• MMMMMBM@8MBB8IBB.II ........ , ..... ~ee~H&eMBM"'MMM • 
• MMMM MMB8MeeaeBIBH •• eeeaeeHlfltteeeM88eiieeH@8tteeeeeM88MMMMMM • 
• .. M)4M"4QeeeeeBBB9B9 ........ , ...... .".eeeeeea.e8B88eeBBBB8MMM14M • 
.ZMMMMMABM&MBeB8B&e8II, ..... , ....... eee.8fi ... eeENt68E!M8MeAMMMMMZ. 
.MMMMMMMB8BBeeeeSeeetl ........... , ••• H ...... I&BB.B8BB8SBBBMMMMMMM. 
."'g14MMM9"1eeeSIBBee.II8 ..................... "tlBIOBwBe.B8B."'B"'MM/I4BM. 
.14MMMM9MM.B8B9B •• II8I ................. II.e.8I41e8eeaeeeeIMMBMMMMM. 
.MMMtlMeMMIiBSee9 • ...e ............ ...-.eee.8SSIl •• IB8SBS.MMflMBMMM. 
!'MMMMMMMMeea8&ee88.e.H .......... U'.H ..... eelJB.BB.9BB.I"'IM"'MMMMM. 
.MMMHeMMeeeee8e&eeee .. en .. n ........... 1I.9Q.9Oeeeeee9BBOBMMSMMM.,.. 
·ZIo4MMaMMge@8869.8H.IIH ................ lleKHfIe88BBBBIBBMMBMMMZ· 
• "4909MH6688geSB9Mea .......... ..-. •• HH ••• eee.eeBSe.HBMMeeM • 
• 8MMMMaeeeUeeeB.€II1I1I1"".8H ........ H .......... 1tte99Be8199"'M/IIM8 • 
• MOOMeeBeeeeefl8n ....... _____ "U.HII .. H.eee •• 8SBM89M • 
• -MeBBB9BHMB ••••••• n.H .......... , ••••• H.t!nMeMS.eeaeBB/II- • 

MMMeeBeeeMeeBft99IJHII ........... ..eeeeeeee.8098ellJ9.SSB9'''MM 
MMM"'eeeeM"'.9eel.8HH ............ ,""~MM9BeeMMMI4 

MMMMM98MM8Beee.eaeeeeMlIIII •• lll1r188SSI889989IMMeeMItIIMMM 
I €MMeeeM98MBaee.I ...... ," •• eeeee •••• B98B/IIBeMBBBM~81 
MMoeeeeBeeeeMIle6eBIBHI&ee6tI.I."ttBBSeeMHIB88BSBMM 

-SMM8MSeBBBBeHeUMIt91t9G11"IIJ8EHte99BBB9BMBMMB-
19&B1'8BBB8B8BI89aM1I1IEleMeeeeeeeeeeeeBM@@81 

MMMBeeeeeeBBBM9eeBBeBE119M9eeeeeeeeeMMM 
··SMM9MB98BBeeeeeasesBaeeeBBBI'IIBMMg· .. 

xx Z88BBBB8eae8B9eaeBSeaB8B9Z xx 
• eBe-IM8BBBesesesMM8&e ................................................................... 

• I 1 
o .1099E+Ol • 2710E"01 • 3442E"01 .3955E+Ol .4541E+Ol .. 51Z6E+Ol 

Z X A I'll B • II 
• 56317E"01 .. 6005E~01 .6371E+Ol .7177E"Ol .7983E"01 .8495E+Ol .0;081E+Ol 

a I I •. • • • 
.9594E+Ol .1069E"02 .. lZ01E"OZ • 1274E"02 .1333E+02 .1391E"02 • 1443E"01 

• • 1465E+OZ 

JERR -

DESCRIPTION 

CALCULATE ERRORS 

8ACKPROJECTION AND PROJECTIONICONVOLUTION/FILTER ROUTINES 
PERfORM THE FOLLOWING FUNCTIONS 

ARG 

B" 
eNY 

FUNCTION 
BACKPROJECTJON 
CONYOLUTION 

RAy WEIGHTING 
INTERPOLATION 

NIA 

ATTENUAT 10 ... 
NO 
NO 

THE VALUES FOR THE FILTER IN REAL SPACE (CONYOLC 1),1.0, 89. 
-.35"-E-01 .785E"00 -.318E+00 0 

-.lZ7E-Ol 0 - .. 650E-02 
o -.26,,-e-OZ 0 

-.1"-2E-02 0 -.111E-::02 
o - .. 729E-03 0 

-.5UE-03 0 -.443E-03 
o -.338E-03 0 

-.Z67E....a3 0 -.239E-03 
o -.196E-03. 0 

- .164E-03 0 -.1 51E-03 
o -.lZ9E-03 0 

-.llZE-03 0 -.105E-03 
o -.9Z7E-04 0 

- .. 8Z5E-04 0 -.781E-01t 
o -. 70ltE-01t 0 

-.639E-01t 0 -.610E-04 
o -.559E-04 0 

-.515E-04 0 - .496E-04 

o 
-.189E-02 

o 
-.609E-03 

o 
-.299E-03 

o 
-.119E-03 

o 
-.lZ0E-03 

. 0 
-.873E-01t 

o 
-.610E-01t 

o 
-.536E-04 

o 

o 
-.394E-02 

o 
-.889E-03 

o 
-.385E-03 

o 
-.216E-03 

o 
-.140E-03 

o 
-.985E-04 

o 
- .. 74LE-G4 

o 
-.584E-04 

o 
-.477E-0"-

THE WEIGHTS USED .FOR THE FAN BEAM CONVOLUTION (WEIGHTOl,I.1, 901 
.937E+00 .940E"00 .91t3E+OO .945E"00 .. 9lt8E+00 
.9S0E+00 .953E+00 .955E .. 00 .95B£+00 .960E+OO 
.96Ze .. 00 • 96ltE"00 .. 966E+00 .. 968E"00 .. 970e+00 
.972E"00 .. 974E"00 .. 0;16E"00 .978E"00 .. 979E"00 
.981E"00 • 982E"00 .984E"00 .. 985E+00 .987E .. 00 
.988£+00 • 989E+00 .990E+OO .. 991E"00 .992E+00 
.993E"00 .';9ltE+00 .995E .. 00 .99~E"00 .996E+00 
.997E+00 .998E+00 .99BE"00 • ~99E+00 .999E+00 
.999E"00 .100E"01 .100E"01 .100E"01 .100HOI 
.100£+01 .100E+Ol .100E+01 .100E+Ol .999£+00 
.999E+00 .. 999E+00 .998E+00 .998E+00 .991E+OO 
.996E"00 .. 996£+00 • 99!!E .. 00 .994E"00 .993E"00 
.992E+OO .991E"00 .990E+00 .989E"00 .988HOO 
.987E+00 .985E+00 .98ItE+00 .982E+00 .. 981E"00 
.979E"00 .978E+00 • 976E"00 .o;74E"OO .912£+00 
.. 970E+00 .968E+00 .966E"00 .964E"00 .962E"00 
.. 960E+00 .958E+00 .955E"00 .953E+00 .950E+00 
• 91t8E +00 .945E"00 • 943E"00 • 9ltOE"00 ~ 93 7HOO 

fAN 8EAM 
YES 
YES 

• 



PHANTOM GENERATED 

pppp H H AU N 
PPHHAANN 
PPPP HHHHH A ANN N 
P H H AAUA N NN 
P H H A A N 

ARRAY SIZE 64 X 64 INTEGRATION FACTf'R· 10 SCALING FACTOR. 
NUMBER OF ElIPSES AND/OR RECTANGLES· It 
THE PARAMETERS FOR THE ELLIPSES ANO/OII. RECTANGLES ARE 

X. Y - CENTER 
A,B - LENGTH OF AXIS DR SIDE A AN~ B 
PHI - ANGLE OF AXIS OP SIDE A 
DENS - INTENSITY 

THE PARENTHESIS INDICATES THE SCALED I/ALUE 
lTYPE X Y A B 

XMIN • 

1 - ELLI PS E "0 , 0 40.00 , 
30.081 f I 
10.00 , 
7.521, { 

14. 00 I 

10.531, ( 
!'f.00 , 
10.531, I 

40.00 
01,1 all 30.081 

- ELLIPSE 0, -10.00 10. 00 
01,( -1.52lf 7.521 

- ELLIPSE 10.00 , 0 10.00 
7.521,1 01( 7.521 

- ELLIPSE -10.00 , 0 10.00 
'-7.521,1 011 7.521 

EEEEE N N DODD 
E NN NO 0 
EEE N ~ N 0 0 
E N NN 0 0 
EEEEE N N 0000 

XMAX • 

pppp H H A.AA N N 
PPHHAANNN 
PPPOP HHHHH A ANN N 
po H AAAAA N NN 
P HA AN N 

.57E+02 XSUM • .7522E+04 

PHI 

1.57 

1.57 

I 

I 

I 

.................................................................. . 

--, .... ,--
----------X ...... X-------------------....... --------
--------~ ... M--------------X •• Hx------

. . ................................................................... 
+ I 1 

.752 

DENS 
5.00 
8.841 

27.00 
47.761 
-4.00 
-7. 081 
-4.00 
-7.081 

o .4245E+01 .1041E+02 .1330E+02 .1528E+02 .1755E+02 .1c;81E+02 

Z X A ,. e • • 
• 2179E+02 .2321E+02 .2462E+02 .2774E+02 .)085E+02 .)283E+02 • 3509E+02 

lit • • • • • • 
• 3708E+02 .4132E+02 .4642E+02 .4925E+02 .5151E+02 .5377E+02 .5576E+02 

• • 5660E+02 

MAXIMUM SIZE OF 8LANK COM"'ON THUS FAR. 1561 FlOATI~G PQINT WORDS. 

EEEEE N N 0000 cee 00000 N N II II 00000 
E NN NO a ceo (]NNNII va a 
eeE NNND 0 C O(]NNNVVQa 
E N NN 0 1) C CO ONNNVVO a 
EEEEE N N 0000 CCC OQOOO N N V 00000 
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RECONSTQUCT{ON FOR FAN BEAM GEOMETRY - CURvED DETECTOR. USING LAIW;S CONVOLvER 
EMtSSION DATA 

XM!N.. -.50E+()l XMAX .. .57E+02 xSU"I .. .7484E+04 

................................................................... 
*---------------------- - - - - - - -----------------------* .------------------- - - - ------ - - - ------------------. .---------------- -- - -- -- ---- -- -- -- -- ----------------* .-------------- -- - -- - -- --- -- - -- - - ------------. 
*----------- -- -- -- -- - -- - - -- - -- -- - -- ----------. 
.--------- -- -- - --- - ---- --- - --- -- -- - ---------* 
.------- -- --- -- -- - --- -- --- - - - --- -- -------* 
.-------- -- - -- - -- - - -----:- .. - -- -- -- - -- --------* .------ - - - - - - - -- -- -- - - - -- - -- -- ------. .------ -- - - - - -- - - - - - - - - -- - - - - - ------. 
*--- -- --- ---- - - ------............ ,,------ .. - ---- --- --*------ --- _ -- -- _ ---+.+ ......... + ...... +--- - -- -- - ---" ------. 
$----- ----- -- - -----..... + ..................... -..:.--- - -- ----- --"--. ._ _ __ __ __ _ ____ •••••• t-+ .. + ..... +_+ • ., •••• __ __ _ _______ * 

------..... -----... ZII •• IZ··-----.·· .. ------ - -----* 
*- ------------- •• + .......... "' ...... "' ••••••• +... ------------* 
.- ---- •••• + ... + .......... + •• + ••• .,---- -. 
.---- ------ -- ---···· .. • .. +6 ••••• 19+···· .... ·--- -- ------ ----* .-- -- - ----------···.++-IoIH •• I'4-++ •••• __________ _ ____ * 
.--- ---- -- - ---- .. +-+ •• ++++ •• + .. +----- - -- ---- ---. 

.----- -- --- --- -- ---- ----- --:...--- - --- --- --- -----. 
*------- -- --- - -- -- -- - - -- - --- -- ------• . ------- - - --- - -- -- -------- - -- - --- -- -- ---------. 
*------------- - - - - - -- - - - - - - - - -------------• . -."---------- - -- --- --- - - - --- -- -- - ------------. .-------------- - -- - --- - - - - - -- - -- - -----------. .---------------- - -- - - ------- - - -- - --------------. . ---------------- -- - ---------- - -- ----------------. . -------------------- -- - - - - - -----------------. ...............•.....................•............................ 

• I 1 
-.5040E+01 -.3791E+00 .6457E+01 .9565E+01 .1174E+02 .1423E.02 .1671E+02 

Z X A /II e I • 
• 1889E+o2 .2044E+02 .21~9E+02 .254lE+02 .2883E+02 .3101E+02 • 3349E+02 

• • • • • • • • • 3567E.02 .4033E+02 .4592E+02 .4903E+02 .5151E+02 • 5400E+02 .,618E+02 

• .57UE+02 

ERRORS IN THE RECONSTRUCTED IMAGE 

XMIN • XMAX • • 24E+02 xsu .... 

.................................................................. 
• --......... ' ... '119991!jt-- • 

MeMIIIIII •• ' •••••••• I .. "'~ .... M9M 
++61 ........ 11 ••••• 811 ..... 1 .. '"++ 

eeeeeeee ..... .a •• eeeIlH8IHllle •• II8 •• 
AI89ae.H ..... 81 ........ ' ... 81!1 ...... I88 •••• A 

z ••• 09&e1l.800 .... ""'lell.e.'18H.eee ••••• " •••• 
lI.fI.Ofll8 .... s.a8a.SSI69H.It8Sage@8e.H".MIJ.e •••• 

Z •• flll •• iIlH881188188I,eI1l81f11tE1!IJIIHllfMlllatl81i1lll9H1J1 
I8H""I8'8Uee"I"lIfi'"€'IJIIII'f.eflleeu~§eetl ... el8f1 

.HHHI8.aeltl ......... IH •• MlHfi.HtI8IHIIM8e8eHfltl •• II • 
• 1I11.1I •• IC ••• leetlHM' ...... IIf1.eell.Ilf1Ii1.IIU •• II&eIl'e •• e •••• '." 

• - •••• eelo •• eee .... ' •• HlltleIHlltI".et3EIIIIHI8eeCleeetl •• I!t.a ..... - • 
• 111181189111111 .. leetJ .. 'flllfiII.e ... lllt1l1eet.fJlta.SII ...... e.lfI .. e.. • 
• ..... eleeoeee •• HMlleelltltl •• III"IefIH8QfII!ee.1!1I8ti1He8e •• 99~ • 
• .IIEtOH06IBft9H88 ••• IMI •• II ..... tltlHEHlllttltleeHl.eeeettlltI ..... , •• 
.MIt.I •••• II.IIB ..... Ra.II" ... III ••• t .. ".t!II~."flIIIBII •• lllfHlIIIIM • 
• 919EN1(J9I1 .......... ftI ••• IIII ....... " .... et!lueHeeeUHfteefln.lI • 
•• lB8eeeft1eel98.CMHIGH.I8 ... n .......... 1I.86MetlEeee.It8I •••• U9lBe.· 
.1I.Ba ...... 8I8H ......... 0 ............ eeueeeeeeoHBDfJ.H.'IIIB .. • 
."III ••• O ....... "I1 .......... O ......... I ••• III1IHII"I •••• III •• • 
••• B ••••• ee.etI'IJ.I •••• IO ........ " .... IHH ... IIIHII.~.8fIe" • 
• IIItIHH ............. H.HIH ........... H ....... I •• IOI ...... 'I • 
• MHtHlE81118fJeIJlM.S81s...-.... n ............. III1I1.llee ... I" ........ . 
• NIIIIHIM.HlfI.I9918.1 ................... HII •• UIII •• ' ••••• H •• 4< 
• ... fllIllI.SlllllfllIlIlI ............... u ....... H9(JBB99EtEM1G1HHII ... . 
• 1I ... eellflllflll.IlI1I1t1t1t!t!HI ................. 'lIl1eeellfllll •• II •• B •••• 1I • 

-H98&a .. II ..... II ... n .................... llI1Ii1I1E1I1 •• II18eeI .... - • 
H.IIHltI.' ••• ,." ••• H ....... 888'lNaeaH!t.Mete.S •• I' ••• 8111 
•• e"fiflllflll.IItI •• llfIlIHII.II ..... ft.I •• HIIIIIII •• llllllltllI •• 1I1 

eGIIIIIIIOII •• IIIII.611.flIHIIfIH ......... IIH ...... II .... H.e. 
XlIlIlIlIltlIlflIfltlttllflHtl8fI"1I1I,"ell.IItIMllefillHIIIIHlfI,nllJlx 

I118l1e.HIIHflIl1l8flHtlltlIMilHeIIU.lll1l11l1e"''' •• II ... 
= '1 .. 1I ................. IIfI.lllflfIlIllllleelll ... 'MfltI· 

Jo:HIJ ..... I •••• H •••••• tlHIIfIIIHtlllleHfteH.eM 
.1 ..... H .... tefl .. 16 •• eelfle.e.Ilt1t1f1l1l1l. 

1+ ..... ' ........ ' ....... 11."' .... 1+1 
Mes.ae ..... aaaa9"1JI1JI1I •• 899M 

• --•• " •••• '1 .......... -- 4< .................................................................. 
+ I 1 

o .1176E+01 .4380E+Ol .5564E+01 .6392E+01 .7339E+01 .8286E+Ol 

l X A Mel II Ii 
.S1l5E+01 • ..;o707E+01 .1030E+02 .U60E+02 .1290E+02 .1373E+02 .1468E+02 

• 8 • • • • • • 
.1551E+02 .1728E+02 .1941E+02 .20tOE+02 .2154E+02 • 2249E+02 .2332E+02 

• .2368E+02 
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• 7 
a 
9 

10 
11 

12 

SSS EEEEE TTTTT 
S , T 

SSS EEE T 
S , T 

SSS EEEEE T 

u pppp 

U P P 
U pppp 

U U P 
UUU P 

INTEGER PARAMETER ARRAY IIPAR) 

IPARII J 

•• o 
2 

72 
5 

100 
o 

2000 
I 
o 

12 

DESCRIPTION 

LINEAR DIMENSION OF THE RECCN.iTPUCTION ARRAY 
FlECONSTRUCT IN A C JRCULAR ARRAY 
GEOMETRY HAG 
FAN BeAM GEOMETF<:.Y (FLAT· DETECT(lR) 
NUMBER OF PROJECTION ANGLES 
MODE FOR PROJECTION ANGLE INPUT (SEE FOllOWl~G LINESI 
ANGLES GEN"ERATED BETWEEN ZERO AND Z*Pl 
STARTING AT ZERO 
NUMfiER OF RAYS FOR EACH PROJECTION 
EMISSION OATA _ 
DIMENSION OF THE flOATING POINT USERS BLANK COM"10N SLOCI< 
NUMBER OF WOROS: FOR A FLOATING POINT VARIABLE 
eXECUTE THE RECONSTRUCTION (NOT JUST STORtr.GE SIZE TES'''' 
PRINT FLAGS (OPTIONS SELECTED ARE ON THE FOLLIJWING LINES) 
PRINT SETUP VALUES FROM IPAR AND PAR ARRAYS 
PRINT FILTER FUNCTION FOR ,CONv'RUTION AND FILTER ROUTINES 
LOGICAL UNIT NO~ FOR ATTENUATION FAeTQP STORAGE 

FLOATING POINT PARAHETER ARRAV (PARI 

PARI II 

1.330 

50.500 
1"25.000 

OESCRIPTI~~ 

PIXEL" WIDTH IN UNITS" Of PROJECTION BIN WIDTH AT CENTE~ Of 
ROTATION " 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 
DISTANCE FROM SOURCE TO CENTER OF ROTATION FOR FAN BEAM IN 
UNITS OF PROJECTION 8IN WIDTH AT ee .... TER OF ROTATION 

A TOTAL OF 94 ( • THRU 911 OF THE 100 USER PROJECTION BINS WILL BE USED 

9. PROJECT ION BINS WILL BE USED OF ·WHICH 0 HAVE BEEN ZEROED BY THE PIiOGRAM 

"","XIMUM SIZE OF BLANK "COMMON THUS FAR-" 1561 FLOATING POINT WORDS. 

EEEEE N N DODD 
E NNNOO 
EEE N N N 0 0 
E N NNO 0 
EEEEE N N 0000 

SSS EEeEe 
S . E 

SSS " EEE 
S , 

SSS EEEEE 

TT'Tn U U PPPP 
T U UP"" P 
T U U PPPP 
T U U P 
T uuu P 

eec 00000 N N V V COOOO 
C COO NN N v" V a a 
C ooNNNVVOO 
C CO ONNNVVo Q 
cee 00000 N N V 00000 

PARAMETERS FOR SUBROUT tNE CONVO 

OESCR-IPT ION 

!ERR - CALCULATE ERItORS 

BACKPROJEeTION AND PROJECTION/CONVOLUTION/FILTER ROUTINES 
PERFORM THE FCLLOWING FUNCTIONS 

"G 
aCK 
CNV 

FUNCTION 
BACKPROJECTlON 
CONVOLUT JON 

ItAY WEIGHTING 
INTERPOLATION 

NIA 

ATTENUATION 
NO 
NO 

THE VALUES FOR THE FILTER IN REAL SPACE «CONVOL(I1,r-O, 931 
.78SE+OO -.318E+00 0 " -.354E-01 o 

-.393E-OZ 
Q 

-.SSZE-Ol 
o 

-.37SE-03 
o 

-.209E-Ol 

-.127E-Ol 0 -".6S0E-02" 0 
o -.263£-OZ 0 -~ ISSE-OZ 

-.1.lE-02 0 -.110E-OZ 0 
o -.722E-03 0 -.60ZE-03 

-.509E-03 0 -.437E-Ol " . 0 
" 0 -.331E-03 0 -.Z9ZE-03 

-.Z60E-03 0 -.Z33E-03 0 
o -.lS9E-03 0 -.172E-03 - ·0 

-.157E-03 0 -.1~E-03 0 -.133E-03 
o -.lZ2E-03 O· -:.113£-03 . 0 

- .105E-03 0 -.9S0E-01t 0 -.9UE-04 
o -.85SE-04 0 -.80ZE-04 o 

-.669€-0. 
o 

-.SlDE-D4 
o 

-.402E-0. 

-.7S3E-04 0 -.709E-O'" 0 
o -. 631E-01t 0 -. S97E-0~ 

-.SHE-04 0 -.SHE-04 0 
o -.4SSE-OIt 0 -.462E-01t 

-.441E-04" 0 -.lt21E-04 0 
o -.3S4E-04 0 -.3~SE-04 

THE WEIGHTS USED FOR THE FAN 
.917E+00 
.949E+OO 
.960E+00 
.970E+OO 
.978E+OO 
.986E+00 
.991E+00 
.996E+00 
.999E+OO 
.100E+Ol 
.100E+Ol 
.99BE+00 
.994E+00 
.989E+00 
.983E+00 
.975E+00 

".966E+00 
.956E+00 
.94ltE+00 

.940E+00 

.951E+OO 

.962E+00 

.91lE+OO 

.9S0E+00 

.9S1E+00 

.992E+00 

.996E+00 

.999E+00 

.100E+Ol 

.999E+00 

.997E+OO 

.991E+00 

.988E+00 

.981E+00 

.973E+00 
~9ME+OO 
.954E+OO 
.9"42E+00 

BEAM CONVOLUTION IWEIGHTU1,I-l, 9.1 
.9"4ZE+00 • 944E+ 00 .94 7E+OO 
.9S4E+00 .956E+OO .958E+00 
.964E+00 .9~6E+00 .C;6BE+00 
.973E+00 • 915E+OO .977E+OO 
~981E+00 .983E+OO .9S4E+00 
.9SSE+00 .989E+00 .990E+OO 
.993E+00 .994E+00 .995E+00 
.997E+oa .998E+oa .9QSE+00 
.999E+OO .100E+01 .100E+Ol 
.100E+Ol .100E+Ol .100E+Ol 
.999E+00 .999E+00 .99SE+00 
.99te+00 .996£+00 .995E+00 
.992e+00 .991E+00 .'ir90E+00 
.987E+00 .986E+00 - ~9f1.!:+00 
.9S0E+OO .~7BE+OO .977E+00 
.971E+00 .970E+00 .96SE+00 
.96ZE+00 .9~OE+00 .95SE+00 
.9S1E+00 .949E+OO .941E+00 
.940E+00 .937E+00 

FAN BEA'" 
YES 
Y'S 

PHANTOM GENERATED 

PPPP H H AAA N N 
PPHHAANNN 
PPPP HHHHH A A" N N N 
P H AAAAA"N NN 

H A ANN 

ARRAY SIZE "64 X 6. INTEGRAT10~ FACTOR _ 10 SCAlING FACTOR" .. 
NUMBER OF ELIPSES AND/OR RECTANGLES" 4 
THE PARAMETERS FOR THE ELLIPSES lNo/OR RECTANGLES ARE 

X,Y - CENTER 
A.B - LENGTH OF AXIS OR SIDE A AND B 
PHI - ANGLE OF AXJS OR SIDE A 
DENS - INTENS lTY 

THE PARENTHESIS INDICATES THE SCALED VALUE 
ITYPE X Y A a 

XMIN .. 

1 - ELLIPSE 0 , 
01,( 

- ELLIPSE 

- "ELLIPSE 

- ELLIPSE 

o • 
0),1 

10.00 • 
7.521,( 

-10.00 t 
( -7.521, I 

EEEEE N N DODO 
E NN NOD 
EEE N N NO~ 
E N NN 0 0 
EEEEE N N DODD 

o 
OJ( 

-10.00 
-7.5ZI( 

o 
011 
o 
Oil 

40.00 , 
30.0SI, ( 
10.00 , 
7.5ZI, ( 

1 •• 00 t 

10.5l', ( 
14.00 t 

10.531, ( 

40.00 
30.0SI 
10.00 
7.521 

10.00 
7.521 

10.00 
T.521 

pppp H H AAA N N 
PPHHAANNN 
PPPP HHHHH A ANN N 
P H AMAA N /'IN 
P HA AN N 

XMAX - .57E+OZ XSU"I .. .7522E+01t 

PHI 

1.57 

1.57 

( 

( 

( 

.................................................................. 

. . 
--1 .... 1-' --------X..._x-------

------' .. 08----
----/1111001"---------x .... x----

................................................................... 
• I I 

.752 

DENS 
5.00 
8.S.' 

27.QO 
41.761 
-4.00 
-1.0SI 
-4.00 
-7.08) 

o .1t24SE+01 .1041£+02 .1330E+02 .15ZSE+02 .1755£+02 .19S1E+02 

Z X A Jill 9' • 
.ZI79E+OZ .23ZlE+OZ .2.62E+02 .277ItE+OZ .30SSE+02 .32S3E+02 .3509E+02 

• • • • • 1 • 
.170SE+02 .4132E+02 •• 61t2E+02 .4925E+02 .5151E+02 .5371E+02 .5576E+02 

• .5660E+02 

MlXJHUH SIZE OF SUNK COMMON THUS FIIR_ 1605 FLOATING POINT NOP.OS. 

EEEEE N N 0000 cec 00000 N ' N II VOODOO 
E NN NOD C COO NN N V V a a 
EEE N N NOD C OONNNVVOO 
E NNNoO C CO ONNNVVO 0 
EEEEE N N 0000 ecc 00000 N N VOODOO 



FECC'I~TRU(:TIOi~ FQ.:" FAN !'EAM GEO'lETCI:y - FLAT DE7ECTI':II:t u$!'-IG LAKS Cu~jVOLI/EI
E,~ISSIOI~ 06.TA 

XI~tN;; -.53E+Ol X~AX .. 

•••••••• " ............................. "'>to ..................... ** •• ~ ~ ..... * .. 
.---------------------- -- - - - - -- -----------------------. *------------------- - - - ------ - - - ------------------* 
.---------------- -- -- -- -- ---- -- -- -- -- ---------------.-* 
.-------------- -- - -- -- -- ---- -- -- -- - -- --------------* 
.------------ -- -- -- -- - -- ---- -- - -- -- -- -- ------------* 
*--------- -- -- ------- -------------- ------- -- -- ---------. .------- -- --- -- -- -- ---- ---- ---- -- -- -- --- -- -------'" 
*-------- -- -- -- -- -- - - ------ - - -- -- -- -- -- --------"$ 
.. ------ -- --- ----- - - -------------- - - ----- --- -- ------* .------- --- - - --- ------ - - - - ------ --- - - --- -------* 
.------ --- ---- -- - ---+ ..... "' .. = .......... +,..--- - -- ---- --- ------'" 
"$----- ----- -- - -----= .. == ...... " .. ::: ......... == ... ----- - -- ----- ----- ... 

.----- -- ---------+"'",,-----.... + .. "' ...... -----.... "' .. --------- -- -----. 
- --- - -- .. ., .... ------- ...... ++ ..... -------+,."'+ -- - --- -• ___ .:._______ __~"'::" _______ c+"'''''=+''' _______ ,,,,''',,__ ___________ • 

.-------- -------->:== .. ------- .,,,., ,,"'==,,-------"" ~,,-------- --------* 
'" - --- .,,+:-------=+.++++""-------,,+"'= --- -
.----------- ------++".,-----.,'" za.'az .... -----"" ... ------ -----------• • _______________ .. ~+".,., .. ="'::MI ••••• "1".,lI,.I:""' .. .,,:z: --------______ • 
• _ _ ___ "'".",.+c++ •••••••• ++=+.,." .. ,,---- _ • 
• ---- ------ -- --- .......... +=+8 •••••• 8+" ..... " .... --- -- ------

----------" .... " +) :c~ •• I1'!'1'" 1+ .... .,.-_______ _ 
• ___________________ .. +"+== •• ++:::+"'.0::--_________________ • 
• _________________________ "_=,, •• "=_c _________________________ * 

.--------- --- ---- --------- ------ -------- ---- --- --------- .. .---------- --- - ----- -- -- ----- - --- ----------. .--------- - -- --- - -- -- -------- -- -- - --- -- - ---------. . -------------- - - - - - -- -- -- -- - - - - - ------------- .. 
• --------------- -- -------- -- -- -- ------ -- ---------------* .-------------- - -- - ----- - -- - ------ - -- - --------------'" .------------------ - -- - - -------- - - -- - ------------------. . ------------------- -- - -------------- - -- -------------------. "'---------------------- -- - - - - -- ----------------------. "$ •••• " ••• "' •••••••••••••••••••••••• " •••••• " ... " ................. *"" ••• 

I 1 
-.53't9E+01 -. i:650E+00 .620H+01 .IB28E+0 1 .115lE+OZ .140 1E+OZ .1t.51E+02 

Z X AM e (l • 

.1870E+02 .ZOUE+02 .2182E+02 .2525E.02 .2869E+OZ .3081E+02 .3337E+02 

I • • I • • • 
• 3556E+OZ .40Z4E.02 .4586E+02 .4899E+02 .5148E+02 .5398E+02 .S617E+02 

• .5710E+OZ 

ERRORS IN THE RECONSTRUCTED P'AGE 

XMIN • XMAX .. .24E+02 XSUIoI >: 

••••••••••••• " •••••••••••••••••••••••• " •••••• * •••••••••••••••••••• 
• --..... II.IIIIH.II •• It8'--

M9"''''H''atleltl!l''SIBIJ'!3aa''HM9M 
• 1 ••••••• 900!]9BB9II.se(Jallll •• ItII.'.11 + 

••• 1i19SI.9IQOI09ecJeell.1I0aIISI,'1t1l .. 811. 
M ••••••• ,I.,.OH."II.'G ...... HIM ••••• ' •• It.M 

""'8"'39BI!93fJOQ!JRBBOlllltllll"e •• ell.Oln"""H'"'" 
1I1I"11I1I1I1I1I.OlBllItlII1I8I1eIlPS-lllee.e81881S"I8111111 .. ". 

xEeeeeel08IUl8ee.f1eIOIICI"41111'f1@B8 •• 1!8eOI.~Oee!8.eee"x 
(I".aIB90IIIIUe9tteH.8II ••••• III ••• '.814wetlIl3MflfifitIJ66flIflil. 

","aBguaee(J8M18I}8a88 •• IJ8.a.tllltI(I&.fI'04l"I'lI!II!t~e'BIII'"" .. e 
1 •••• I.le.88.118 •• It~!lIl8[)8QlHIJ9 .... It!..,"'ftMlCJtleIlEelJlI~OIlM-(leee 

• - ... II.IIIII.EU.I.eIlI1811.1 ......... n."@ttlI81i111..a.tlllille(!tllI.~-
• '"'"8.1!3()B3QCIIJOII()(J8a()9I)"11"'II"'I"'fleIlIlflHf.Jeeeeeee"~Oflt • 
• 1I ..... III1.ltO.IBallllHl"IH •• !I" •• iIIt •••• fI.IIECI.II@ec'.ell'~Ha't • 
• 1II111t111.lItllIlI@06BI8.'e ...... ' ••• 'H' ... III •• tI.MeI!@tI.M.eeifflH1I • 
.M .. III.tlllllelft.8.11111I1I .. "It".II •••• I ........ IIII~ ...... IM88".II .... ~. 
• •• '.1I118111l101l0Ql!lI.IIIJItIl .......... • .... "flttfllltKlBH8ge' ... 'e ... 81. 
... 1It1118.1I.f1&eOalllC!B9B.ae ................. IteIlSl'o.a.aa.@ ...... II.· 
.1It1@811IlClIIOi,.IIIIIiI .. a'IIIIIlQei ..... I'tI.IIIII'.IIII11.H ••• ett8.1I."t,.e. 
••• @".IiIIlIfiIlIlIl ••••• 't& ................ H ...... III ... ' •• 'e' ••••• a •• • 
•• eee6@4!£iM88t111".aIJlClII.""Ift .... M ••• lle' ... '.J1IIICI.II ••• 6.1I ..... 
".I •••• d.II .. " ...... I ............... I ..... 6I"""II~HII"' •• e.o.· 
.MHtI.etlllll.811Q.aIJ!l9l1l ... II.H •••••• H ........... II ••••••• tlI8111 •• ,,/11. 
• lI.tetl .. "atl •• HIJ ........ H ....... HP88IHe"~.lIellllt!!lll ••• tllIlI .. . 
• ... I .... III1.a~Q8tMI&HHu ........... IIlII.el!ell""fI.I •• II' .. . 
• .llIeeelltl'.1I0.II"HtI ........... U .. HH.llet1 .. I3I .... 'l)lJll19llH • 
• - •• ilIi8.SII.H8.1l •• II •• H ................... '.III€l1II1III.'.lIf... • 

1I.1I.1.'1I'1I811111111111110fl ............. "'.'I.II'I ••••• a •••• ,9" 
1J~"BIlHH9OIffH ..... IIIH ............. I.'f!IHee'f!fiI"flif" 
.... , ........ 118M ... He ...... I ••• tlllI.tlftf"IIt1I1II1'9" ... O. 

A.IlII ........... u' ••• a ... ' .. ".III .... H.Ilf1eefl.itlfle.A 
......... Ha .... IMlII ..... "P",@'.It ... II ... II." .... ' 
.,iHII.fI.lle.lli1 ... fI •• II .. ., ••••• II ......... 'tlllia!l.= 

M •• el" ..... lIle.9B'.8 •• '.H •• f'.fllllllll.' ••• "1 
11I1I •• llflllll.8II.8f1 •• 8111 •• I1t.III1 •• ' ••••••• 
II &ee.IlI1fllII." ....... III1t1.Htltll.f ••• ) 

Qoge.lIfltlllif!8tlllfJllfllllI.IIIIP.'See 
--•••• '11 ... 111' ...... ,.--

...................... "' ••••••• * ••••• *." ••••• $ ......... ,i •• " •••• "t< .... . 

+ I , 
o .1776E+01 .4382E+Ol .55c6E.Ol .6395E+Ol .7"342E+Ol .8290E+01 

Z X AM. e €'I (t 

.9119E+OI .Ql1lE+01 .1030E+02 .1161E+02 .1291E+02 .1314E+02 .14t.8E+02 

• • • • • • • .1551E+02 .1729E+02 .1942E+02 .2061E+02 .2155E'+02 .2250E.02 .2333E+02 

~ S~ E':!"FE TTTTi u ,.>~ 0 p 

E T U 0 0 

SSS [EE T U oppo 

I E T OJ U 0 

SSS !:EEEE T UIJU 0 

INTEGER PA~"''''ETER L:;''lAY (IPAPI 

IPAR(IJ .. 
J 
o 

72 

llESCR t or JO~~ 

LPl!:AOl. OIME .... SIO~' OF THE I:tF":CNS"'PUCTIO"j AI:tPAY 
i<.ECONSTRU(T J~! A CI"-CULAD AIlPAY 
GEIJ"4ETRY FLAG 
o ARALL EL BE AM GE ,)~E TRY 
NU,'I9 EF, Of ol'OJ ECTJ ON ANGL ES 
MODE Fail, PF,OJECTJOIll ANHE INPUT (SE!: F~LLCI-II'lG LJ"lESI 
ANGLES GENEPATEO SETIojEEN ZEtlC ~ND 2.P{ 
STARTING AT lERO 
'WMBER CF RAYS f'1!; EACI-' PROJECTI'JN 
TRANS"'ISSI0N DATA 
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, 
'0 
11 

1)0 
1 

20JD 
l 
o 

12 

DI~ENSIO~~ OF THE FL06.TING P'JtNT USERS 8LA,\iK (O"'MNI 'ROCI( 
NUMBER ~F IO'U,,-OS FOR 4 FlJATIf'.;G POINT VAF!.:.3LE 
EXECUTE THE t:.!,('O.'4STRUC.TIu~ INJT JUST STORAGE SIZE TESTI 
PRI~T FLAGS (OPTIONS !ELECTEO A~E O~ THE FOllOloo'lNr; lINFSI 
PI:tJNT SETUP VALUES F~O"', IPAI< AND PAR ARDAYS 

12 
PF.I~~' fIL TEP FUNCTION FOR CONVOLUTION 6.~O FILTH. P.O\JTI~JES 
LJGICAL UNIT \!O. FOR ATTENUATJ1N I=Ar.TOD STC"-t.GE 

FLJATI"IG P(lINT PARAMETH ARRAY (PA!;,I 

PAk(!) 

1.000 
50.500 

o 

OESr:R.IPTION 

PIXEL wIDTH IN UNITS !Jf PP.OJECTll"'~~ SIN WIDTH 
LOCATION OF THE RJTATI'JN AXIS J~ T~E PR.OJECTI')N ARFIAY 

NA :-lOT APPL ICABLE (NOT FAN BEAM <;EQ'~ETQy) 

A TOTAL ·JF 68 C 11 THRU 841 Of THE laO USH PX')JECTION BtNS \JILL BE USED 

68 PROJECTION BINS WILL BE USEO OF I.;I·qO-l 0 HAVE 8EEN ZEROED I\Y THE OtlOGR.A"I 

MAXIIolUM SIZE CF P.LANK COMMON THUS FAP: 1603 FLOATING POINT WOkDS. 

EEEEE N N 0000 SSS EHEE TTTTT U U Pppp 
E Nt-.'" 0 0 SET U U 0 P 
EEE N N NOD SSS EEE T U U pppp 
E N "'IN 0 0 SET U U P 
EEEEE N N 0000 SSS EEEEE T UUU P 

tec ,)00(,1~' /II V V ooooe 
C Cl) CNIIINV VI) n 

·C n C N N tI V V a a 
C CO OfolNNVV'J 0 

cce Oocaa N N V 0000') 

PARAMETERS FIJII SU8F1I1UT HIE CONVO 

! E~R -

OESCRJPTIOU 

CALCULATE F.RP.QFlS 

BACKPR'JJECTtuN ANO PROJECTION/CO~IVOLUT!ON/fILTEP ROUTINES 
PERflJRM THE FOUCJWING fUNCTJONS 

A~G 

B" 
C"V 

FUNCTlml 
9ACKPROJeCT!O~ 
CONVOLUTION 

RAY WE IGIiTtNG 
INTERPOL.1T ION 

NfA 

A iTE NUA TJ ON 
"0 

'" 
THE VALUES FOR THE FILTER IN REAL S!>ACE (CONVf'LtlJ,I:0,611 

.. 637E+OO -.2lZE+OO -.42l-.E-Ol -.182E-Ol -.lOlE-Ol 
-.643E-02 -.£.45E-0" -.32tE-02 -.250E-02 - .197E-02 
-.160E-02 -.13ZE-02 -.11lE-02 -.943E-03 -.a13E-03 
-.708E-03 -.622E-03 -.551C::-03 -.4<:12E-03 -.441E-03 
-.398E-03 -.3f.lE-03 -.32H-03 -.301E-03 -.276E-03 
-. 2~DE-03 - .Z36E-03 -.21SE-03 -.20:3E-03 -.1 fl9E-03 
-.111E-03 -.lt6E-03 -.155e-03 -.146E-03 -.138E-03 
-.130E-03 -.123E-03 -.11oE-03 -.1l0E-03 -.10SE-03 
-.995E-04 -.C;41E-04 -.<:I02E-01t -.8f-lE-04 -.822E-04 
-.786E-04 -.15ZE-04 -.721E-04 -.691 E-,)4 -.H3E-04 
-.637E-04 -.612E-04 -.589E-04 -·.~67E-04 -.~46E-04 

-. 526E -04 -.508 E-04 - .4<;0 E-04 -.£.73E-04 -.451E-04 
-.442E-04 -.428E-04 -.414E-04 - • .ltOlE-O'; -.389E-04 
- .311E.-04 -.36SE-04 -.35=E-04 

pppp H H 6.AA N 

PHANTOM GENERATEO 

PPHHAANN~ 

PPPP HHI-IHH A ANN N 
... A"AAA N N~ 

H A ANN 

AR".AY SIZE 64 X 64 I"lTEGR.ATIOM FAcTOIl. '" 10 SCALtNG FACTOR 
NUMBER OF ELiPSES AND/OR RECTANGLES" 4 
THE PARAMETERS F'JR TI-'E ELLIPSES AND/OR RECTANGLES 'AoE 

X,V - CENTER 
A,S - LENGTH Of AXIS !"II( SIDE A ANC ~ 

PHI - A~GLE OFAXI S OR ~ IDE .\ 
DENS - INTENSITY 

THE PUErHHESIS INDICATES THE SCALED VALUE 
ITYPE X Y 

1 - ELLIPSE 0 • 
01,( 

- ELLI PSE 

- ELLIPSE 

- ELLIPSE 

o • 
Ol,t 

10.00 , 
10.001. ( 

-10.00 • 
C -IO.OOld 

o 
Oil 

-10.00 
-10.00) ( 

o 
011 
o 
011 

£.0.00 • 
40.001, I 
10.00 , 
10.001, ( 
14.00 , 
14.001, I 
14.00 , 
14.00), ( 

40.00 
40.001 
10.00 
10.001 
10.00 
10.001 
10.00 
10.001 

EEEEE N N 0000 PPPO H H AAA N 
E NN NO 0 
EEE N III ~ D D 
E N NNO 0 
EEEEE N !II 0000 

P 1-1 H A A NN "l 
pop!, HHHI-IH A ANN "'I 

I-' AUAA N !l(N 
H A ANN 

PH' 

1.51 

1.57 

1.000 

DE"lS 
:.01") 
~ .00 I 

27.00 
( Z".OOI 

-4.00 
( -4.001 

-£'.00 
( -4.001 
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X~II'II .. X~AX .32E+02 XSU'4 .. • 7S2t E+04 

•••••••••••••••••••••• - ............... * ••••••••••••••••••••••••••••• 

---....... +---
--------------X ....... X---------------------------......... -------------

-----------UUU ••• I------------
-----------f3 •••••••• S----------- _________ A ••••• A _________ _ 

.................................................................. 
• I 1 

o .2ItOCE+OL .5920e+ol .1520E+Ol .8640e+Ol .9920E+Ol .1120E+02 

Z X A ~ e I I 
_lZlZE+OZ .131ZE+02 .1392E+OZ .l~b8E+02 .1744E+02 .• L85eE+OZ • 1984E •. OZ 

I • • • • • • 
.209bE+OZ .• 2JJ6E+02 .Zb24E+02 .27S+E+02 .2912E+OI .3040E+02 .3152E+02 

MAXI~UM SIZE OF BL~NK tOM"1QN THUS FAR_ 160:5 fLOAT.INC POINT WO~OS. 

EEEEE r-. N DODO eec ~oooo N ~ V V 00000 
E NN NO 0 C CO ONNNV va a 
HE "4 N NOD C OC!"'N~vvoa 
E N NN 0 0 C CO ONNNVVO 0 
EEEEE N N 0000 CCC 00000 N N V OO::lO~ 

RECONSTRUCTION FOR PARAllEL SEAM GEOMETP.Y USING SHLO.CONVOlVER 
TRANSI1I SSION DATA 

X"IIN. -.23E"01 XI1AX .. .)2E"02 xsu~ • • 7525E.04 

............................................. * •••••••••••••••••••••• 
---------- . 

- - - --------- - --._ _ _______ .a~ .. _ .. ____ .. .. 

--......................................... ----..................................... ,,,., ........ ---
_ ........... _ .................. 111 ••• _ ......... _ - - -........ ---_ ................ :. ... -----...... "'- - -

. -., .. ~ .. ~----------............ ---------.... -
• - - ........ ----- ---+ •••••••• _-- ----_ .... -. -........ ---------............... ,;,,.--------.... -
.--- . -., ........ -----· .... Z ••••• IIZ·· .. ------······-

. -- .......... _= ... ,. ,.. • ..-..". •••• - ....... "' •• ---- ...... ·"'·· ........ ,._ ..... 1··· .. ·······---- ................. , ••••• n.OI······ .. ····--
--......... -+ .......... 8·+-··· .. • .... --

__ .......... + .... ,1'4 ...... 1011·· .. • .. • ...... __ 
- ...... - .... ···11 ...... +·-· .. • .. ·-___ E."' ....... - •••• - ......... ___ _ 

-- . · -. · 

· .. 
••• * ••••••• * •• * •••• * ••••••••• * ............................. * •••••••• 

• I 1 
-.Z30SE+Ol .ZBZ2'=+00 ~4077E+ol .5B02E+.Ol .7C09E+Ol .B389E.Ol .9769E+Ol 

Z X A M .8 I " 
.109BE+OZ .llB4E+02 .IZ70E+02 .1-'l60E+02 .1650E+02 ~1770E+02 .1908E+02 

• • • • • • • .20Z9E.02 .Z2BBE+OZ .Z59BE+02 .2771E+02 .2909E+02 .3047E+02 .3161E+02 

E~RORS IN THE FcECONSTRUCTEO IMAGE 

X~IN .. XMAX II • 67E-Ol XSUM .. .1953E·03 

.* ••••••••••• * •••••• *. * ••••••••••••••••••••••••••••••••••••••••••• 
• --............. H .... -- • 

....... UH ............. ...... 
ZZ .................... IH ......... ZZ 

H ......... O •••• H .................. . ......................................... 
11 ................................ 0.0 ...... 1 ................. n ....... ...-.n .......... H 

e •••••••• H ....... ..-............. lHlHn .... ' 
H ................ H ••• ..-................ _ .. .. 

............ " .............................. n ••• " ....................................................... 
• - ............... 0_ ............... 0 •• 0 ••••• 0 •• 01-
* .............. D ............................ "........... • 
• •••• __ ........ "U ••• H.O ..... u ............... . 
• •• H ..................................................... • 
.......................... uo ....................... u ........... . 
·H ................. u ................... __ .u .... ....... 
........ un ••••• H •• n .. __ H ............. ftI ........... . 
·.u .................................. o .......... HO ....... • 
•• n ...... H ........ UH ...... nH ........................... A •• 
••••••• n .. n ........... HIHHn.IHH .......... nn.n._n ••• 
......................... 0 ...... _ ............ .... ....................................................... " .. 
• ................ 0 ........................ -.0 .......... . 
• u •••• u .................. o ....... --... ... __ •• 
• .............. H ••• n ................................. _ • 
• -u ............... nlH .................... _ ......... * 

......................... _ ...... n ............ _ 
41 •• -. •• ........-............. 0 ............. .. 

H •••• H.H ......... O ................ HI .. O ... .. 
fI.A ................... n ..................... . ... _ ............................... -

1 ............... 0.0 ••••• 0 ••• n ..... 0 ..... l 
1 ................ nn ..... HH •• H .... .. 

............. tH .............. . 
zz ... _n ................... ZZ . .......................... . 

--................ - . • •• * ••••••••••••• "' ••••••••••••• * ................... "' .............. * 

• I 1 
o .499ltE-02 .1232E-Ol .lS65E-Ol .1798E-Ol .2064E-Ol ~Z331E-Ol 

Z X A Mel • 
• 256ltE-01 .2730E-Ol .2891E-ol .3263E-Ol .3629E-Ol .3862E-Ol .4129E-Ol 

I • • • • .. • 
.4362E-01 .U61E-Ol .Slt60E-Ol .5793E-Ol .t060E-Ol .6326E-ol .6S59E-Ol 

• .66S9E-Ol 

eee 00000 N N V V C10000 
e CO ONNNV va a 
C OONNNVVOO 
C CO ONNNVVO 0 

CCC onooo N N V 00000 

PARAMETERS FOR SUBROUT INE COliVO 

OESCPIPTION 

IERR - CALCULATE ERRORS 

BACKPROJECTJON ANO PROJECTJON/CONVOLuTtON/FILTE'!. ROUTINES 
PERFORM THE FOLLOwiNG FUNCT IONS 

ARG 
Be. 
'NV 

FUNCTI ON 
BAC KPROJEC TJ ON 
CONVOLUT JON 

PAY WE IGHTtNG 
INTERPOLATION 

NfA 

ATTENUATION 
'0 
NO 

THE VALUES FOR THE FILTER IN REAL SPACE ICO~VOLlIl,J.O, 611 
-.35"E-01 .785E+OO -.31SE+OO 0 

-.127E-Ol 0 -.650E-02 
o -.263E-02 a 

-.14lE-1l2 0 -.110E-02 
o -. 722E-03 0 

-.S09E-03 0 -.lt37E-03 
o -.331E-03 0 

-.260E-03 a -.233E-03 
o -.189E-03 0 

-.ls1E-OJ 0 -.144E-03 
o -.12ZE-03 0 

-.10~E-03 0 _.980E_04 
o -. 85~E-M . 0 

-.753E-04 0 -.709E-04 

o 
-.lB8E-02 

o 
-.602E-03 

o 
-.292E-03 

o 
-.172E-03 

o 
-ol13E-03 

o 
-·.802E-CIt 

pppp H H AAA N 
PpHHAANN 
pppp HHHHH A ANN N 
P H H AUU N NN 
P HHAANN 

PHANTOlol GENERATED 

o 
-.393E-02 

o 
-.882E-03 

o 
-. n8E-03 

o 
-.20';E-03 

o 
-.133E-03 

o 
-.91<W:-04 

o 

FAN SEAM 
NO 
NO 

ARRAY SIZE 64 x 61t INTEGRATION FACTOR. 10 SCALING FACT'JR .. 1.060 
NUlolBER OF ElIPSES ANO/O'!.· ~ECTANGLES" It 
THE PARAI1ETERS FOR THE ELLIPSES ANO/OR RECTANGLES 

X,Y -·CENTER 
A,B - LENGTH OF AXIS OR SIDE A ANO e 
PHI - ANGLE OF AXIS ':lR SIDE A 
DENS - tNT ENS tTy 

THE PARENTHESIS INDICATES THE SCALED VALUE 
ITYPE X Y 

1 - ELLt PSE a t o 40.00 , 

AU 

Ol,f 
o • 
01 " 

011 40.001.( 
- ElLJ PSE 

- ELLIPSE 

- ELLIPSE 

10.00 , 
10.001,1 

-10.00 , 
I -10.001, I 

-lO.~O 10.00, 
-lO.OOlt 10.001,1 

o l4.00, 
o II 14~!)01 t I 
o 14.00, 
01 ( 14.001,e 

B PH' DfNS 
40.00 5.00 
40.001 !:I.OOI 
10~00 27.00 
10.001 I 21~OOI 
10.00 1.57 -It. 00 
10.00' I -4.001 
10.00 1.57 -4.00 
10.rJOI I -It. 001 

• 



EEEEE N N 0000 
E NN NOD 
EEE N N NOD 
E III NNC 0 
EEEEE N N 0000 

PPPP 1"1 ..., AAA N ~ 

PP""HAANNN 
pppp I"IHHHH A ANN N 
P H AAAIA N NIII 

HAll N III 

XMIN • XMAX • .32E+02 XSUM ... .7!i26E+04 

.................................................................. . 

---+8111111+---
--------------XI_ ••• X--------------------------....... --------------------------......... ----------------------8 ...... 8--------------------A ...... A----------

.......•.......................................................... 
• 1 

o .HOOE+Ol .5920E"01 .152!lE+Ol .. 8b40E+Ol .f;9Z0E"OI • 1120E+02 

Z X AM 8 6' :t 
• 1232E"02 .1312E.02 • 1392E"02 .15b8E"02 .1 H4E-+02 .le5H"02 .19841""02 

• • • • • • • 

• 
.. 209bE'-02 .2336E.02 .2b24E"02 .2784E"02 .2912E'-02 .3040E+02 .3152E.-02 

• 3200E'-02 

MAXIMUM SIZE OF BLANK COJolMON THUS FAR.. 1605 FLOATING,pOINT wClROS. 

EEEEE N N 0000 
E NNND D 
EEE N N NOD 
E NNNDO 
EEEEE N N 0000 

cec 000(1,) N N V V rtCOClO 
C CC OtjNNV vo 0 
C OONNNVVOO 
ceo )NNNVVO Il 
cec oooon N III 1/ 00000 

RECONSTRUCTION FOR PAR.ALLEL BEAM GEOMETCly USING ULA CONVOLVEIt 
TRANSMISSION DATA 

XMIN. -.28£.-01 XMAX • .. 32£'-02 XSUM • .7521E'-04 

.................................................................. . --------------------- -- --- -- -- -- ---------------------. 
• ----------------- - -- --- -- --- -- -- -----------------* .------------ -- - -- -- -- -- -- -- -- ----------------. . ----------- -- --- -- - - ---- - - -- --- -- -------------. .---------- --- ------- -- - - - - -- ------ --- --------. . -------- -- -- - - - - - - - - --- --- ----------. 
.----- --- -- - ---..................... -- -- -- ---- ------. • _______________ •• c •••• + .... .-.- • .-.+II ... ~ ••• ____________ '_. 

.----- - -- - --...... .-• .-... .,.-..... .-.. .- ..... + ...... -- -- -- -- -----. 

.--- -- -- -- -- ...... .-••••• .-....... .-.+ ••••• + ...... -- -- -- -- ---. ._____ _ ____ --11+ ........ + • .-.......... .-.+ ............. -- _____ _ _____ • 

.---- -- -----......... .-................. +" ••• .-••• ---- -- ----. 
• ------ -- - •• .-........ .-...................... .-.+ •• ,,+ .......... - -- ------. 

" ..... ., __________ .- ... a ....... ., =.-__________ ... + .. ... 

-----., ..... -------...... .-.-....... --------..... -----.---- ---- ---····· .. ------···z ...... Z· .. ·------······--- ---- ----• 
• - ------------ .. • .. ••• ........ ···"' ... 0 ... "'·· .... ·········----------- - • 
•• -- - ------ -- ............. ···1 •••• 0 .... ' .. ··········-- ---- - --- • 
• --------- ---···· ........ •• .. ' ..... 0 •• ' .. ···.- .... •• .... --- ---------* 
.--- -------- --· .. ·.-........ -.--1 •••••••• ,-+-• .- •• .- .. • .. - -------- ---* 
.-------- ------ --.... + ...... ,"' ..... "')., .. + ... .-••• -- ------ -------- • 
• ---- - - --···+ .......... .,.-11 ...... + .............. - - - ----. .------- - -- -----................ .-............ ----- --- - --------. . ------ ----------- -----......... ., ........ ------- ----------- ------. 
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• , 1 
-.2619E+01 -.1807E*00 .3668E+01 .5~7E+Ol .607BE.-01 .8085E'-OL .9492E+01 

z X A Mel tI 
.1012E+02 .11LOE+02 • L248E.-02 .llt42E+02 .ll:35E'-02 .175f1E'-02 • P199F.02 

• • • • • • • .2022E'-02 .22BtE+02 .U02E"02 .2178E*02 .2S1<;E"02 .30f:OE+JZ .3183F:+02 

.3235E'-02 

ERRORS TN T'iE REC~NSTRUC. TED I"iAGE 

X"'AX .. .f!ltE-OL XSU .... : .2422E*03 

.................................................................. 
• --•• H ............... _-

......... H .................. . 
zz ............ H ••• H ..... H.-•• ZZ 

............................... H •• 
........................ 0 .......... ...... 

1 ........... 0 ..... --. .......... 0 ... _1 
............................. OHIIU ...... .. 

" .............................. 0 ............... . ...................................... " ..... "" . 
.................. " ....... H .................. .. .................... " ................................ . 

• - ... .-.... •• o ................................. u •••• - • .............. H...................................... . 
................... H ••••••• __ ....... n .............. . 

• ...... n ....... " ............. " ••• " ..................... . 
............... H .................... " ...... " ......... " ..... . 
•••••• n ........................... O ......... HII ........... . 
• ....... n •• " ............................ u •••••••••• 08 ... ... 
•••• HH ................................. n ••••••• " ... " ...... . 
•• URH ................................................... H ••• 
............................ H ..................... i •••••••••• 
• .... H •• n ............. __ ..... U ................. H ....... • 
• ................................... HH.O .............. IH ... ............................................................. 
• .... 0 •••••••••••••• " ........................ -. •••• __ •• · ....................... H .•.. " .............. H......... 'III 

- ................. u ....................... o ............ -
H ................................ " .................. u • • ..................... H" ............................ . 
........ H ... U ............ H .......... H ...... H • 

• " ••• H •• ___ .............. HHH ... H •••••• 
......... u ................................. . 

l .... H ......... n ................ O ........... l 
II ....................... H ............. . 

H._ ................. HH ...... " •• 
zz .......... HH ............ HU •• Zl 

••• ___ ........... H ..... . --._ ............... --
•••••••••••••••••••••••••••• r ....... 1r ......................................... .. 

, , 
o • 62:7-4E-02 .1~41E-01 .1966E-Ol .22~8E-01 .2593E-JL .2 Q 2 I1 E-')1 

Z X A Me. IJ 
.3220E-01 .3lt30E-Ol a3f·39E-01 .409QE-Ol .... 55QE-Ol ..... S52E-Ol .5LBbE-Ol 

• • • I • • • 
• 547<;E-Ol .bl06E-01 .6859E-Ol .727"'[-01 .lo12E-Ol .7CfUE-01 .B23'H-Ol 

• .8365E-Ol 

• 7 
e , 

10 
11 

12 

.1 

SSS EEEEE rTTTT u U pppp 
SET U U P P 

SSS EEE T U U PPPP 
SET U U P 

SSS EEEH T ~UU P 

INTEGER PAR.A"'ETER AII.R.AY IIPAII' 

IPAf'.([J OESnIPTIt)"-I 

bit LJNEAR OIMENSIml OF THE !lECCNSTPUCTTO~l 'A~"AV 
o R.EC(,MSTR.UCT 1.'11 A CIF-CULAR A0q,AY 
1 GEO"4ETR.V FLAG 

FAN E'EAM GEJ"IETAy ICU~VEO OE'!'ECTOA, 
72 ~U"'f\ER ,:OF PRnJECTI')>,j ANGLES 

5 MODE F(lR P~OJECTIO"l ANGLE INPUr (SEE Full(1WI>,jG LP~ES' 
ANGLES GENEIIATED 8ETWEFN ZER.C A"lO 2.PI 
SUI:Tlt,G AT ZERO 

100 ~U"'eEF- 1F Il..t.VS fOF- EACH PRC'JECTIC~ 
1 TRAN5"'ISSIO~' DATA 

ZOOO D!MENSloJN OF TI'lE FLOATING 0tJINT USFOS ~LAlIIK COMM:JN ~lOCI( 
1 NUM6EII OF ",nROS FUll. A HCATING r>OltlT VAPl.t.F.lE 
o EXECUTE TI'lE IIECOtjSTPU(iIGN (NOT JUST n(l~~GE SIZF TEST) 

12 OOINT FL4GS 'OPTI(1"l~ SELECTED bilE ON T'iF.: FCllJwlNf, L1~ESJ 
PR.I"lT SETUP VALUES FAOM 1PAO AND PAR. A;RAVS 
PPINT FILTFR, FU"tCTION FOR CONV1lUTtO'll ANO FTl TO. P('l',lTHES 
LOGICAL UNIT NO. F.1R. ATTE'NUATt(l'j FAC";"QP S:O<:tAGF 

Fl"lATING P(lINT IIAI1.A"'ETEP ARRAY (PARI 

PAR.( I J 

1.330 

50.500 
125.000 

DESCPIP1 JON 

PIXEL WIDTH I~ UNITS OF ~AOJECTIOij 61'11 WIO:'" AT CE"lTE!l. CF 
ROTA.TJ ON 
UJCATION ,)F TI'lE RC'lTATIOtl AXI~ IN TI'lE PF ..... JECTION ADC:AY 
DISTANCE" FROf<'! SOURCE 1('1 CENTEC: Of 1I0Ttr10,.. Fn~ HN r:lEA~ ''II 
UNITS OF PPOJECTIQ!.j Ill'll WIDr'" 4,T rENTFR C'F CI.'TATION 
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A TOTAL OF 90 t 6 THRU 95' OF THE 100 USER. PROJECTION BINS wILL BE USED 

90 PROJECT ION BINS WIll Be USED Of wHICH 0 HAVE SEEN ZERoeD BY THE PI:I.OGRAM 

MAXIMUM SIZE OF BLANK COMMON THUS FAR- 1605 FLOATING POINT WORDS. 

IERA. -

EEEEE N /II DODO SSS EEEEE TTTTT U U pppp 
E NN NO 0 5 E T U uP P 
eee /II N NOD SSS EEE T U U ?PPP 
E /II NNO 0 Sf T U UP 
eeeEe N N 0000 SSS E=Eee T UUU P 

eec 00000 N N II II 00000 
C CO ONNNV va (') 
C OONNNVVOO 
C co ONNNvva a 
eec 0000C' N N VOODOO 

PARAI4ETERS FOR SUBROUTINE CONIIO 

DESCRIPTION 

CALCULATE ERRORS 

BACKPROJECTION AfliO PROJECTICN/CONVOLUTION/FtlTER ROUTINES 
PERFORM THE FOLLOWING FUNCTIONS 

.R. 
BCK 
CNV 

FUNCTION 
BACKPROJ Eel ION 
CONVOLUTION 

RAY WEIGHTING 
HHERPOLATtON 

N.'A . 

ATTENUAT ION 
NO 

FAN BEAM 

THE VALUES fOR THE FILTER IN REAL SPACE 
• 785E+DO -.318E+OO 0 

-.127E-:Ol 0 -.650E-02 
o -.26 .. e--02 ·0 

-.142E-02 0 -.111E-02 
o -.12~E-03 0 

-.516E-03 0 -.443E-03 
o -.338E-03 0 

-.261E-03 _ 0 -.239E-03 
o ·-.196E-03 0 

-.lb4E-03 0 -.151E-03 
o -~129&-03 0 

-.112E-03 0 -.105E-03 
o -.921E-04 0 

-.825E-01t 0 -.781E-04 
. 0 -.10"E-04 . 0 

-.639E-04 0 -.tiOE-04 
o -.559E-0+· 0 

-.515E-0. 0 - .4~6E-04 

'A 

(eONVOllII,I=O, 891 
-.354E-01 o 

-.394£-02 
o 

-.889E-03 
o 

-.385E-03 
a 

-.216E-03 
a 

-.140£-03 
a 

-.98'E-04 
·0 

-.741E-04 
a 

-.584E-04 

a 
-.189E-02 

o 
-. 60~E-03 

o 
-.2t;~E-03 

o 
-.179E-03 

o 
-.120E-03 

o 
-.873£-04 

o 
- .670E-04 

a 
-.536E-Cit 

o 
. a 

-.477E-04 

THE wEIGHTS USED FOR THE FAN BEAM CONVOLUTION tWE]GHT(II,r.l, 901 
.931E+00 .940E+00 .C;43E+00 .945E+00 .948E+00 
.950£+00 .953E+00 .955E+00 .958E+00 .960E+00 
.962£+00 .964E+00 .966E+00 .968E+00 .970E+00 
.972E+00 .974E+00 .. 91l-E+00 .978£+00 .~79E+00 
.981E+00 .982£+00 .984E+00 .. 985HOO .987E+00 
.988E+00 .989E+00 .990E+00 .. 9 I;11E+00 .992E+00 
.993E+00 .994E+00 .995E+00 .C:c:l6E+00 .9c.t6E+00 
.997E+00 .998E+00 .998E+00 .99ClE+OO .999E+00 
.999E+00 .100H01 .100E+Ol .100E+Ol .100E+Ol 
.100E+Ol .100E+Ol .1DOhOl .. 100E+01 .999E+OO 
.9-;9E+00 .999E+00 .998E+00 .998E+00 .991£+00 
.996E+00 .996E+00 .995E+00 .994E+00 .993E+00 
.992E+00 .99lf+OO .990E+00 .989E+00 .988E+00 
.997E+00 .985E+00 .994E+00 .982E+00 .981e ... 00 
• 979E+00 .978E+00 .976E+00· .974E"'00 .972E+00 
• 970E+00 .968E+00 .966£+00 • 964E"'00 .962E+00 
.960e ... 00 .958E+00 .955E+00 .95lE+00 .950E+OO 
.946E+00 .945E+00 .943E+00 .940E"'00 .937E+00 

PHANTOM GENERATED 

pppp H H AU N 
PPHHAANN 
PPPP HHHHH A ANN N 
P H HAAAAAN NN 
P HHfroANN 

ARRAV SIZE 64 x 64 INTEGRATION FACTOR. 10 SCALING FACTOR" 
NUMBER OF ELIPSES AND/OR RECTANGLES'" 4 
THE PARAMETERS FOR THE ELLIPSES ANO/OR RECTANGLES ARE 

X, Y - CENTER . 
. A,8 - lENGTH OF AXIS OR SIDE A AND B 

PHI - ANGLE OF AXIS OR SIDE A 
DENS - INTENSITV 

THE PARENTHESIS INDICATES THE SCALED VALUE 
ITYPE X v 

1 - ELLIPSE 0 , 

- ELLIPSE 

- ElLIPSE 

- ElU PSE 

01, I 
o • 
01, I 

10.00 , 
7.521,1 

-10.00 • 
C -7.521,( 

EEEEE N N 0000 
E NN NO~ 

o 
OJ( 

-10.00 
-1.52lC 

a 
all 
o 
OJ( 

40.00 , 
30.08" ( 
10.00 , 
7.52', C 

14.00 , 
10.53' ,I 
14.00 , 
10.531, ( 

• 
40.00 
30.08' 
10.00 

7.521 
10.00 

7.52' 
10.00 
7.52' 

H AU N N 
I--'AANNN 

EEE N N NOD 

pppp 

P P 
PPPP 
P 

HHHHHA ANNN 
E N NN. a 0 
EEEEE N N ODOD P 

Ii AAAAA N NN 
H A ANN 

PHI 

1.~1 

1.57 

( 

, 
( 

YES 
YES 

.752 

DE"IS 
~.OO 
e.65:) 

21.00 
35.911 
-4.00 
-5.321 
-it. 00 
-5.321 

XMIN .. XMAX .. • 43E"02 XSll'4 .. .565eE.0 • 

................................................................... · . 

--1 .... '------------x_ ••• X------------------....... ----------------"' ••• n.M--------------x •••• X--------

................................................................... 
• ... 1 1 

o • 3192E"'01 .7874f+Ol .1000E+02 .1l49E+02 .1319E"'02 • 1490E+02 

Z X A· f'II 8 • a 
.1639E"'02 .1745E+02 .1851E .. 02 .2085E+02 .2320E+02 .24t:8E+02 .. 263Ii1E+02 

• • • • • • • .2788£+02 .3101E"'02 .3490e.02 .3103E+OZ .397lE+02 .401t3E+02 .4192£.02 

.42.50£+02· 

'1AXIMU,", SI ZE OF BLANI( ceMMON THUS FAR. It05 FLOATING POINT WJRDS. 

EEEEE N . N DODD eee 00000 N N V Y 00':)('0 
E NNNDI) C CO ONNNV va 0 
HE N N N 0 0 C OONNNVVOJ 
E N NNO I) C C') QNNNVVO a 
EEEEE N N 0000 cee oaODO N ~ VOODOO 

RECOOSTRUCTluN FO~ FAN SEAM GEOMETRY - CURVED DETECTOR USING lfIl(S CONVOlVEr.. 
TRANSMISSION DATA 

XMIhI" -.38E+Ol XMAX • • 43E.02 XSUM .. 

.................................................................. . ----------------------- - - - - - - -------------------. .------------....:...--- - - - ------ - - - -------------------. 

.--------------- -- - - - ---- -- - -- -- ---------------* .------------- -- - - - -- ....:...-- - -- -- - -- -~-------- ... · ----------- -- -- -- -- - -- - - -- - -- -- -- -- ----------. . -------- -- -- - --- - ---- ---- - ---- - -- -- --------. . ------- . - --- -- -- - --- -- --- - -- -- --- -- -------. . -------- -- - - - -- - - ------ - - - - -- - -- --------. . ------ -- -- - --- - - - -- ---- -- - - - - - - -- ------. . ------- - - - - - -- - - - - - - - - -- - - - - -- -------. 

... _----- --- - - -- - ---+ ............. "'="' ........ =+--- - -- -- - --- ------. 

.---- ----- -- - -----.. = ......... == .. " ....... ., ..... ----- - -- ---- -----• 
• - ~ -- -- -- -- -- ........ =.,_ .... += .......... - ... = ......... -- --- -- -- - - -. 
.---- -- -- -- --- -+ ....... + ........... +"' .......... + ..... - ... --- -- --- -- ----. 

---- -- - -- ...... == ........... + ... = ....... + .......... + .... -- - - -----* ____ _ _________ ... "' .. ,, _____ "' .. +"' .. c ....... _____ "' ..... ________ _ _ ___ • 

· ----------- --.... ------"'" ...... " .... -------...... -- --------- ... .___ ____ _ ______ .... == _______ .... a .. "' .. "" _______ .... C,,______ _ ___ ---. 
.-...;. ... +.-------= ........... ;..-_..:_--.. += .. -- • 

------· ..... ·-----.... z •••• z .. 1:1--·---= ... = .. -~-- - ----. 
... - ----------- ....... ··"·· .... "' .. n.H ..... = ...... ,, --------------. ----............................................ =----
.---- ------ -- ---·· .. • ....... ·e ..... ae ..... === .... -- -- ----- ----. 
.-- -- - ---------··= ..... +-M •• HM-++ .. •• .. --------- - -- --. 
.--- ---- -- - ----.......... = .................. = ..... ---- - -- ---- ---. 

__ ___ __ ____ __ __ __ _ ___ 1r 

.---- --- --- ---- -- ------ ----- ------ - ---- --- --- -----* .------- - -- - -- -- -- - -- -- - --- --- -------. 
• --------- -- -- --- - -- -- -------- -- -- ...: --- -- - -------* .-------------- - - - - - -- -- -_. -- - - - - - ---------""'----. .------------- - -- --- . --- -- - -- --- -- -- - ------------. .-------------- - -- - -..:..- - - -_. - - --- - -- - --------------. .--------------- - -- - - ----_._- - - -- - -----------------. .------------------- .-- - ------------- - - ----------------. . --------------------- -- - - - - -- -----------------------. 
••••••••••••••••••••••• :* ••••• *.* •••••••••• ,., ...................... 111 •••• 

• , 1 
-.31';OE"'01 -.2851E+OO .4855E+Ol .7191E"'01 .8a27E"'01 .1070E"'02 .1257E+02 

Z X AM 8 €I II 
.1420E+02 .1537E"02 .1654E"'02 • 1911E"'02 .21b8H02 .2331E"'02 .251ah02 

II ..' • • • • 
.2682E"'02 .3032E"'02 .3453E"'02 .3686E+02 .3873=+02 .4060E"'02 .422 .. E"'02 

." 



ERRORS IN THE RECONSTI:.UCTED I"4AGE 

X~IN - .13E+OO XSU"I - .3477E+03 

"' ••••••• ** ••• ** •• * •• * ••• * ••••••••••• * ••••••••••••••••••••••••••• "'. 
--...... _U.O ••• -

.............. Hnn ....... . 
A X ••••• U.HHH ..... HH ....... nXA 

H .................. UH •• H ..... .... 
....... H .... H .. U •• HHHHI .. ..... 

1 .......... HH ••• H.HH .................... 1 
•••••••••• H ................ " •• H .............. . 

6 ........................... H .......... 8 ••••••••• 
......... H ....... I •• II ...... H ................ OH. 

••• HI ................ "" ............................ . 
.... .-..... ................. H ........................ . 

'" -.................. "." ....... " ............ " ..... "...... '" · ............................. "" ....................... " .. . 
• H .......... n •• H ....... H •••••••• '" .......... H ••••• " ••••• 
• ••••••• H .................. H .......... H .................. . 
• ••••• HUI ........................................ H ...... ". 
• .. IUUHl ........... n .......................... IH .......... .. 
• •••••• a .......................................... " ....... H •• • 
• ......... HM ............. " ................................ . 
•• Hn .................. "'." .................... "" ......... .. 
• ....... H .............. " ............ "" ................. ... 
•• UO .......... III ••• " ................. I1 ....... H ......... O ... ................................ " .......................... .... 
• •••• H.M ••• U ......... " .......................... "" ....... . 
• U ..... H.HH .................................... HI ...... . 
• .n ... u ..... H .................. " ..................... . 

-........................ " ...... " .................... a-................................. " ..................... . 
••• H.n .......... "" ........................... " •••• 

H ••• H .......... H ........... HHH .... H.HH ••••• 
8 ••••• HU ............... O ............. H ........ . 
•• n .............. IO ......... " ....... ....__. 

1 •••• H ................................. OU.l ..... .-............. "' ............... .. 
.................. nH ........... . 

AX.H ....... H ••• U •• H .......... XA 
.... O ..... Hu.un"n .... --.................. -- . 

................................................... * ••••••••••••••••••••• 

I I 
o .9540E-02 .2353E-01 .2-;8-;E-01 .3434E-01 .3943E-01 .4.32E-01 

Z X A ,.. '3 • • 
.4897E-01 • .5215E-01 .5533£-01 .b232E-01 .6932E-01 .7377E-Ol .788bE-01 

I • • • • • • 
• 8331E-0 1 • Ci28SE-01 .1043E+00 .ll07E+00 .1157E+00 .1208E+00 .12.53 E+OO 

• .1272E+OO 

• 1 

• 9 
10 
II 

12 

SSS EEEEE TTTTT U U pppp 
S E TUUPP 

SSS EEE T U U PPPP 
SET U U P 

SSS EEEEE T UUU P 

INTEGER PARAJI4ETER ARRAY «IPAP 1 

IPAR( I I 

•• 0 
2 

12 
5 

100 
I 

2000 
I 
0 

12 

OESCR I PTION 

LINEAR OI"IENSION OF THE RECCNSTRUCTION ARRAy 
RECONSTRUCT IN A CIRCULAR AQPAY 
GE!)METR V FLAG 
FAN BEA ... GEOMETRY (FLAT OETECTORI 
NUM~EfI: OF PROJECTION ANGLES 
MODE "FOR PROJECTION AflGLE INPUT (5EE FOLLOWHlG LINE$I 
ANGLES GENE RAT EO BETWEEN ZERC"l )'NO 2.PI 
STARTING AT ZERO 
fIIUMBER OF RAYS FOR EACH PROJECTION 
TRANSMISS ION DATA 
DIMENSION OF THE FLOATING PCINT USERS BLANK COMM(1N BLOCK 
NU"ISER OF WORDS FOR A FLOUI"'G POINT VARl"ABLE 
EXECUTE THE PECONSTRUCTln~ fN:lT JUST STO=tAGE SIZE T:STI 
PRINT FLAGS COPTIONS SELECTED ARE ON THE FOLLOWING L I~IES 1 
PRIt.lT SETUP VALUES FROM IPAR AND PAR AQRAV$ 
PRINT FILTER FU~ICT10N FOR CONVOLUTION AND FILTER ROUTINES 
LOGICAL UNIT NO. FOR ATTENUATION FACTOft STORAGE 

FLOATING POINT PAR:AMETH ARRAY (PARI 

PAR{II 

1.330 

~0.500 
125.000 

DESCPIPTION 

DIXEL WIDTH IN UNITS OF PROJECTION BU! WIDTH AT CENTER OF 
ROTATION " 
LOCATICN OF THE RGTUIOfll ~XI S IN T~E PROJECTION AIl:UV 
DISTANCE FPOM SOURCE TC CENTER OF R'JTATION FOR. FAN I!EAM IN 
UNITS OF PROJECTIClN BIN WIDTH AT CENTER. OF R.OTATIml 

A TOTAL 'JF ~4 C 4 THPU 971 OF THE 100 USE'!; P!'OJECTlON ~INS WlLL BE USED 

94 PROJECT ION eIN~ WILi. BE USED OF WHICH 0 !-lAVE BEEN ZEROED BY THE PROt;RAI4 

MAXIMUM SIZE OF BLANK COMMON THUS FA"" 1605 FLOATING PilIt.lT WOP OS. 

EEEEE". N 0000 SSS EEEEE TTTTT U U PPPP 
e NN NO D SET U UP P 
EEE N N NOD SSS EEE T U U pppp 
F. N NNO 0 SET U U P 
EEEEE N N 0000 SSS HEEE T UUU P 

CCC 00000 N N V VOODOO 
C co QNNNV VO a 
C OONNNVVOO 
C co ONNNVVQ 0 
cec 00000 N N V 00000 

PAU"'ETERS FOR SUBROUTINE eONVO 

IERR -

OESCRIPTION 

CALCULATE ERRORS 

B4C KPROJ ECT I 0 .... AND P~OJ ECT I ON/CONVOLUT I ON/F Il TER ROUTt NES 
PERFOIl.M THE FOLLOWING fUNe HONS 

.. G 
BCK 
CNV 

FUNCTtO~ 
BACKPROJECTtON 
C!JNVOLUTION 

PAY WEIGHTING 
INTERPOLATION 

N/. 

ATTENUAT 10". 
NO 
NO 

THE VALUES FOR THE FILTER IN REAL SPACE (CONVOLIII ,I -0, 931 
-.354E-01 .7B5E+OO -.316E+00 0 

-.lZ7E-Ol 0 -.b!50E-02 
o -.Zb3E-02 0 

-.141E-02 0 -.110E-02 
o -.72ZE-03 0 

- .509E-03 0 - .437E-03 
o -.331E-03 0 

-.260E-03 0 -.233E-03 
o -.lB9E-03 0 

-.157E-0) 0 -.144E-03 
o -.122E-03 0 

-.lOSE-O) 0 -.o;BOE-04 
o -.B55E-04 0 

-.753E-04 0 -.709E-04 
o -.b31E-04 0 

-.5boE-04 0 -.531E-04 
o -.48SE-04 0 

-.441E-04 0 -.421E-04 
o -.384E-04 0 

o 
-.188E-02 

o 
-.t02E-03 

o 
-.292E-03 

o 
-.172E-03 

o 
-.113E-03 

o 
-.802E-0lt 

o 
-.591E-o. 

o 
-.ltb2E-04 

o 
-.3b8E-04 

o 
-.3931:'-02 

o 
-.882E-03 

o 
-.378E-03 

o 
-.209E-03 

o 
-.133e-03 

o 
-.914e-04 

o 
-.66'1E-04 

o 
-.510E-04 

o 
-.It02E-04 

119 

FAN BEA~ 
YES 
YES 

THE WE IGHTS USED FOR THE FAN SEAM CONVOLUTION (WEIGHTt II ,1-1, 91t1 
.937E+00 
.949E+00 
.960E+()0 
.970E+00 
.97BE+00· 
.98bE+00 
.991E+00 
.996E+00 
.999E+00 
.100E+Ol 
.100E+01 
.998E+OO 
.994E+OO 
.980;E+00 
.983E+00 
.915E+00 
.9bbE+OO 
.93bE+00 
.944E+00 

PHANTOM GENERATED 

.940E+00 

.0;I51E+00 

.962E+00 

.9nE+00 

.980E+00 

.987E+00 

.992E+00 

.996E+00 

.999E+00 

.100E+01 

.999E+00 

.997E+00 

.993E+00 

.988E+00 

.981E+00 

.973E+00 

.964E+00 

.954E+00 

.942E+00 

.942E+00 .944E+00 .947E+00 

.954E+00 .95bE+OO .958E+00 

.964E+00 .966E+00 .968E+00 

.973E+00 .975E+00 .977E+00 

.1?81E+00 .Ci83E+00 .984£+00 

.9SBE+00 .98'9E+OO .990F+OO 

.993E+00 .99.E+00 .995E+OO 

.991E+00 .998E+00 .'998E+00 

.999E+QO .100E+01 .100E+Ol 

.100E+01 .100E+01 .100E+Ol 

.999E+00 .999£+00 .998E+00 

.996E+OO .99bE+00 .995E+00 

.992£+00 .991E+00 .990E+00 

.987E+00 .986E+00 .984E+00 
.980E+00 .978E+00 .977E+00 
.971E+OQ .970E+00 .968E+00 
.962E+OO .960E+00 .958E+OO 
.951E+00 .9<\9E+OO .947E+OO 
.940E+OO .937E+00 

PPPP H H AAA N 
PPHHAANN 
PPPP HHHHH A ANN N 
P H HUAAAN NN 
P HHAANN 

ARRAV SIZE b4 X 64 INTEGRATION FACTDR. 10 SCALING FACTOR. 
NU"IaER 'JF ELIPSES ANO/O" RECTANGLES. It 
THE PARAMETERS FOR THE ELLIPSES AND/OR RECTANGLES AR.E 

X, V - CENTER 
A,a - LENGTH OF AXIS OR SIDE A AND a 
PHI - ANGLE OF AXIS OR SIDE A " 
DENS - INTENSITY 

THE PARENTHESIS INDICATES THE SCALED vALUE 
ITYPE X Y • • 40.00 1 - ELLIPse 0 , 

- ELU PSE 
01,1 
o • 
Ol,c 

- ELLIPSE 

- ELLI PSE 

10.00 , 
7.SZI, C 

-10.00 , 
( -7.521, ( 

EEEEE N N DODD 
E NN NOD 
EEE N 1'1 N D 0 
E N NNO 0 
EEEEE N N 0000 

o 
011 

-10.00 
-7.5211 

o 
01( 
o 
011 

40.00 , 
30.081'( 
10.00 , 
7.52" ( 

lit. 00 , 
10.531, I 
14.00 t 

10.531,( 

30.081 
10.00 
1.52) 

10.00 
7.521 

10.00 
1.521 

PPOD H '""' AAA N N 
P PH HA ANNN 
PPPP HHHHH A ANN ~I 

P H UAAA N NN 
P HA AN N 

PHI 

1.57 

1.57 

.752 

DENS 
5.00 
b.65 ) 

27.00 
( 35.911 

-4.00 
I -5.321 

-4.00 
( -5.321 
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XMAX .. • 43£+02 XSUI4 • .5b5bf+04 

.................................................................... 

--)H")------------ x ...... x------------------._ .... ------... --
------/1110 ... "'-----
--------XH'.X---'-----

................................................. ,., ................. . 
• J 1 

o .31~ZE.Ol .7874e+Ol .lOOOe+02 .114°E+02 .13l9E+02 .. U~OE+02 

Z X ·A '" 8 • • 
.lb39ft.02 • 1745E+02 .18'lE+OZ .2085E+02 .2320E+02 .Z"'tBE+02 .26391;+02 

Ii . • • • • • • 
.2788E+OZ .3107E+02 .3490E+oZ .. ]103E+OZ .3873E+02 .4M3E+Q2 .4192E+OZ 

• 
.4256E+02 

MAXIMUM SIZE !"'F HANK. COMMON THUS FAR_ 1605 FLOATING POINT WORDS. 

EEEEE N N 0000 
E Nt..! NOD 
EEE N N NOD 
E N NNO 0 
EEEEE N N 0000 

eec 00001"1 N N V 1/ ocaDO 
C CO ONNNV vt) a 
C OONNNVVOO 
CC"O~NNVVOll 
eec DOOOO N ~ V 'JOOOO 

RECONSTQ.UCTION FOQ. FAN BeAH GEOMETCI" - FLAT DETECTOR USING LAKS (.O~!VOLVER 
TRANSMISSION aUA 

XMIN· - ... OHDl XHAX .. .43E+02 XSU/III .. 

:~~~~~~~~~~~~:~~~~~~~.:~.~ .. ~ .. ~ .. :.::.:~~:~~::~~:::::::::::: 
.------------------- - - - ------ - - - ------------. 
. ------------- - - - -. -- --- - - -- - - ---------* .---------- - -- -- -- - -- --- - - -- - -- -- -----------. . --------- -- -- ------ ------------ ------ -- -- ---------. . ------- -- --- -- -- -- ---- ---- ---- - - - --- -- ------. . -------- -- -- -- -- -- - ------ - - -- -- -- -- -- --------. . ------ -- --- ----- - - ------------ - - -- --- -- ------. . ------- --- - - --- ------ ..; - - - ----- --- - - -- ---. . ------ --- ---- -- - ---........................ --- - -- ---- --- ------. . ----- ---- -- "- -----.............................. ----- - -- ----- -----. 
• - - ----- --- --- -- .............................. ==-- -- -- ----- - - • . --- ------ -- --- _ ................................... -.. -- -- ---- ---. ------ --- --...... "' ............................. -- --- ------
.----- -- ---------+ ...... -----"'''' ..... ,;,++ ... -----••• +------- -- ----. . ----------- --....... ------.......... ------.... -- ---------- . 
• ----------- ------+ ...... -----· .. z .... z .. ·----·· .. +----- --------• 
• - ------------- ................. MWn ••• "'........... -----c---------• 
• - ---- ............ ++ • ..-. ....... + ...... ---------- -- ---··· .. ·+· .. e .... ae.· ...... •• .. --- -- -~--- ____ • 
• -- ---- __________ ." ...... 1 "'M .... !iI .. I+ ........ --.;.------ ---- __ • • _________ -- _______ " ... + ......... +:1 .. + ..... ______________ - ___ • 

. --------- --- --- ------- ------ ------- -- -- ---------. . ---------- --- - ---- -- -- ----- - --- ----------. . --------- - - --- - -- -- ------ -- -- - --- -- - ---------. . -------------- - - - - - -- -- -- -- - - - - - -------------. . --------------- - ------- - -- -- -------- -- ---------------. 
• -------------- - -- - ------ - -- - ----- - -- - -------------* .----------------- - - - - ------- - - -- - -----------------. . ------------------- -- - ------------- - -- -----------------. . ---------------------- -- - - - - -- -----------------------. ••••••••••• "'''' ••••••••••••••••••••••••••••• * ••••••••••••••••••••••• 

• J 1 
-.4022E.OI -.SOOOf"OO .466SE+Ol .1013E"OI • 8651f+DI .IOS3E+02 .124IE+02 

Z X A Mel' 
.140bE"02 .IS23E"DZ .1~4oe+02 .18S'QE+02 .ZI51E+02 .23ZIE .. OZ .2509f+02 

• • • • • • • .ZtJ74E+OZ .3026E .. OZ .3448f+02 •. 3E:83E.02 .,3871E+D2 .40St;E"02 .4223E+02 

• .4294E+02 

ERRORS IN THE RECONSTRUCTED IMAGE 

XMIN .. )(~AX ., .14E"OO XSUM "' .3S75E+03 

. ................................................................ . · --....... _ ......... -- . ...................... "". 
AX ................ H ..... H ...... XA 

.U ...... RH ................ H.". 
I •••• n ............. " ................... .. 

1 •• H ••• HHH ......... n .. H ......... naHU.l 
..... H.H.HH ........... H ....... _____ • 

•••••• H •• O .......................... " ....... , 
H ..................... n .......................... . 

••••• U .... HO •• H." ....................... " ...... . 
••••••••••••• H ........... " ............................ . · .......................... H •••• "" ........... H." .... · .Hn ................... " ......................... HH..... . 

• •• 0 ........................ 11 ................ .-... .. 01 •••• 
• .H ...... HI ... H ••••• ____ ....... H •• HU ................ . 
• ••• UH.UU ............. H ......... HI ................... __ • 
·.HHH ..................................... " ............. H.· · 

.*1 

... J I 
o .I015E-01 .2504E-Ol .3180E-Ol .3b54E-Ol .419!5E-Ol .4737e-Ol 

Z X A M e (II • 
• SlIOE-Ot .5549E-OI .S8B7E-Ol .6631E-Ol .137tE-01 .7849E-Ol • 839lE-01 

• • • •• • • • 

• 
.886/tE-()l .9a80E-01 .11lDE ... OO .1117£"00 • 1232E"00 .• 1286e .. oo .1333e .. oo 

• 13S3e .. oo 

8B88 cee !'IOOOO "4 /II 

8 8 ceo 0 ~14 1414 
Be~s C 0 'J JIll ... H 
Baceo')"'" 
BesS cec onooo M ",. 

••••• THE LARGEST REQUIPED LENGTH OF SLANK COMMON THUS FAR IS 1605 ••••• 



3. Example 3 - Back-Projection of Filtered Projections 

The program XBKFIL uses the back-projection of filtered projections 
algorithm to reconstruct parallel-beam projection data utilizing the 

cutoff frequency FREQX set to 
FREQX = 0.52 and ORDERX = 388. 

fi lters HAM, HAN, PARZN, and RAMP with a 
and the filter SUTER with parameters 0.5 

The parameter ORDERX is used only for the filter BUTER and is therefore 
set to zero for the other examples. The RAMP filter and SUTER filter 
for this example have narrow real-space convolution windows and thus 
the reconstructed images have sharp contrast but increased background 
artifact as compared to the other filters that have wider windows and 
decreased amplitude in the side lobes for their respective convolution 
functions. These latter filters give less background artifact but 
also poorer resolution in the reconstructed image than available for 
the RAMP and BUTER fi 1 ters. 

The subroutine GETUM gives simulated projection data for a heart 
phantom. A rectangular object in the upper right is added in order 

the sharpness of the reconstructed image for the different to compare 
filters. 

PROGRAM XBKFIL IINPUT,OUTPUT,TAPE.2-OUTPUTJ 

EU"'PLE 3 

THE PROGRAM xeKFIl USES THE 8AC.K-PROJECTION CF THE 
FILTEREO PROJECTION ALGORITHM TO RECONSTRUCT PARALLEL SEA"! 
PROJECTION DATA FDA. VARIOUS TYPES OF FILTERS 

DIMENSION S(4096ItAGIl80) 
CO"''''ON/TYPE/L TYPE 
COMMON WORK (2000 J 

COMMQN/OUTCOM/LUNOUT,180132 

LUNOUT - OUTPUT FILE 
180132 - OUTPUT LINE LENGTH FLAG 

-0 EACH LINE WILL 8E WITHIN 80 CHARACTERS 
C OTHEH-wtSE 132 CHARACTERSI 

COMMON/PARM/I PARI 12), PARC3 J 

EQUIVALENCE CNOIMU ,IPARI lII,IICIA. ,IPARI 2)1.ctGEOM ,IOARI 3'1, 
1 (NANG ,1PARI AtJJ,IMOOANG,IPARI 511,tKOIMU ,IPARI 6'1, 
2 lIMIT ,IPARe 7'l,eNWORK ,IPARI 81',INFLOAT,IPARI 91), 
3 II STORE ,I PAP. nOli, I tPRINT, lPAR 1111 I, ILUNATN, IPAR11211, 
.. IPWID ,PARe UI,UXISu , PARI Z)I,(RFAN , PARI 311 

ExTERNAL BRF. HAN, HAM, PAIlIN ,eUTER,RAMP 

LUNOUT-Z 
180132-0 

THE INPUT PARAMETERS ARE 

NOI~U-6At 
ICIR-l 
IGEDM-O 
NANG-12 
",OOANG-5 
KOIfoIU-lOO 
IMIT-l 
NWORK-2000 
NfLOAT-l 
ISTORE-O 
I PRINT-13 
lUNATN-O 
PWIO-l. 
AXI SU-SO.5 
RFAN-O. 

CALL SETUP (JPAR,PAR,AGJ 

DO 20 L Type"l ,S 
GO TO IlQ,lZ,lAt,l6,181,LTYPE 

n.ODI 
E3.D02 
E3.003 
E3.004 
E3.005 
E3.006 
E3.007 
£3.008 
E3.0Q4; 
E).OlO 
E3."11 
E).OI2 
E3.013 
E3.014 
E3.015 
E3.0l6 
E3.011 
E3.018 
E3.01~ 
E3.020 
E3.021 
f3.022 
E3.023 
B.Ol'" 
E).025 
E3.026 
E3.027 
E3.028 
E3.021? 
E3.030 
E3.031 
E3.032 
E3.033 
E3.034 
D.035 
E3.036 
E3.037 
E3.03e 
E3.039 
El.040 . 
E3.0"'1 
E3.042 
EJ.043 
E3.044" 
E3.045 
E3.046 
E3.047 
E3.048 
E3.049 
E3.050 
E3.051 
E3.0!2 
B.OS3 
D. 054 
E3.055 
E3.0~6 

10 OROERX-O. 
FREOX-.5 
CALL 8KfIL fB,RAMP,BRF,IJROEPX,FP:EQX) 
WRllE IL~OUT,221 
GO TO 20 

12 OROER x_ O. 
FREQX-.5 
CALL 8KFIL fB,HAN,BRF,OROERX,FREQXI 
"'RITE IlUNClUT,ZAtI 
GO TO 20 

1At OROERX-O. 
FA.EQX_.5 
CALL BKFIL IB,HAM,BRF,ClP.OERX,FREQX) 
WRITE ILUNOUT ,Z6) 
GO TO 20 

16 QROERX-O. 
FREOX-.5 
CALL 8KFIl (B,PARIN,BRF,ORDERX,FREQXI 
WR.IlE ILUNOUT,2BI 
GO TO 20 

18 ORDERX"388. 
FREQX-.52 
CALL BKFIl (B,BUTER,SRF,ORDER)(,FREOXI 
WR.ITE (LUNIJUT,30' 

20 CALL ARRAY I B,NDIMUI 

22 FOA.foIAH LXI/37H RECONSTRUCTIOf\l USHiG THE RA"P FILTERI 
2 .. FOR"IAT UXII36H :UCONSTA.UCTION USING THE ~A'" F tL TEP' 
26 FIJR"tATt lxII36H RECONSTRUCTION USING THE HAJIII FILTEP) 
28 FQR"tAT(lXII38H RECONSTRUCTION USING T"'IE plI,lnN FILTERI 
30 FORMAT (lX1I62H RECONSTRUCTIC'N USING THE BUTER FILTER (OCl.DERX_38S, 

IFREOX~.52' I EN. 

SU8C1.0UTINE GETUfoI IM,DATA,ERP) 

EXAMPLE 3 

THE SUBROUTINE GETUM GIVES SIMULI"'ED PCl.OJECTlON OATA FOA. 
A CHEST PHANTOM CONSISTING OF A HE.&RT, LUNGS AND SU"ROUNOING 
TISSUE. 

DtMEHSIOIIf OATAllI,ERR.(lI 
DIMENSION B(40961 
OIMENSION AMAJ 151, AMIN(S It XII!: I, YlI!i I, PHIIS It Z( 51, ITyoE( 51 
COM"'ONITVPE/L TYPE 

121 

E3.0!:7 
E3.aS8 
E3.0~C; 

E3.060 
E3.061 
El.062 
E3.063 
E3.0t4 
B.06S 
E3.0H 
E3.061 
E3.06S 
E3.069 
f).070 
E3.071 
El.072 
B.On 
E3.074 
E3.07~ 
E).076 
E3.071 
E).078 
E).On 
E3.090 
E).OBI 
E).OB2 
£3. OB3 
E3.0e .. 
E3.0B! 
E3.0Bt
El.OB7 
El.OeB 
o.oe'9 
EJ.090 
El.O~l 
EJ.Ot;2 
E3 .O~) 
0.094 
E3 .09~ 
E3.096 

El.097 
E3 .o<;le 
E3.0C;;C; 
E).100 
EJ .101 
E).102 
E).103 
E3.104 
£3.105 
E3.l0t
E3.107 
E3.10e 



122 

• 5 

• 7 , 
• 

(:JM"40N IOUTCO"'lLu~OuT, lao 13 2 

LUNOUT - OUTPUT FILE 
J 80132 - OUTPUT I. JhlE LENGTH FLAG 

"0 EACH LINE IOILL 8E W!THIN 80 CHAIUCTERC; 
(OTHERWISE l3Z CHA~ACTEClS) 

C O~""ON/PAR."'I I PAR.I 121 ,PAR.i3 I 

E QU [VAL ENe E 
1 

INDI'1U ,JPM.I IIJ,IICIR ,IPARI 2J',CIGEOM ,IPA;;'I 3)), 
INA'IIG ,I PARI 4)1,IMaOA~G,IPAR.( 5)),II<.DIMU dPIoRI ~11t 

2 
3 

• 
II~tT ,JPAR.I 711,1~IWORK tlPA~1 8J1,(NFLOAT,tPA~1 91" 
(1 ST('RE, IPAR.IIO) I, ( 1 PR I NT, I PAR lUll t ILUNATN, IPAR( 12 I) t 
IDwlO ,PARI 1I1,IAXISU , PAR.I 2)1,cRFA~ ,PARI 3" 

DATA ITVPEIl,l,l,l,Z/ 
DATA AMAJ/40.,lO.,14.,14.,6.1 
DATA .6,"'1:'01/40.,10.,10.,10.,6.1 
DATA XI/O •• O.tlO •• -lO.,26,1 
DATA YI/Q.,-lO.,D.,O.,26./ 
DATA PHI/O •• O.,1.57079~33, 1.51079~33,O.1 
DATA Zl5.,27.,-4.,-4.,32./ 

IF POI.NE.iJ GO TO 10 
IF (LTYPE.GT.lI GO TO 10 

IF flMlT .. NE.OI PWIOTH"pWIO 
IF I IMIT .. EQ.O. PWIoTH8-pwtO 
CAL L pHAN 15,10, [Typ E, i, Xl, Y 1, A/oIA J, A.."I 1''' , PI-! I, a, NOIMU, PW IoTI-U 

CALL ARfiAY IS,NoINUI 

10 CALL PHANL 15,ITypE,Z,Xl,Yl,AMAJ,AMI"'l,PHI,oATA,,",1 

RETURN 

SSS EEEEE TTTTT U U PPPP 
SET U U I' P 

SSS EEE T U U 1'1'1'1' 
SET U U I' 

SSS EEEEE T UUU I' 

I~TEGER PARAMETER ARR.AY 11PARI 

tPAR.( I I 

•• 
1 
0 

72 
5 

100 
1 

2000 
1 

DESCRIPTION 

LINEAR: DIMENSION OF THE RECONSTRUCTION "RILlY 
RECONSTRUCT IN A ,SQUARE ARRAY 
GEO'4ETD.Y FLAG 
PARALLEL SEAM GEO"leny 
~:UMI3ER OF plt.OJECTION ANGLES 
,",OOE FOP PROJECTHlN ANGLE INPUT ISEE FOLLOwING ll"lESI 
ANGLES GENERATED 8ETwEEN ZER.O AND 2*.PI 
STAlt.TING AT ZERCl 
NU"'SER OF RAYS FDA: EACH PR('IJECTION 
TRANSMISSION DATA 
01 MENS 1 0"1 OF T HE FLOAT ING PO I"IT USER S ~LANK COMMON I!LOCK 
NUMSER OF WORDS FOR A FLOATING POINT VARIASLE 

£).100 

E3.1L0 
E3.111 
E3.112 
E3.113 
0.114 
BollS 
£3.116 
E3.117 
E3.1143 
E3.110; 
E3.120 
£3.121 
E3.122 
1:3.123 
0.124 
E3.125 
E3.126 
E3.127 
E3.128 
E3.120;: 
E3.130 
B.131 
E3.132 
E3.133 
E3.134 
E3.135 
E3.136 
E3.137 
E3.138 
E3.139 
E3.1'Kl 
E3.141 
E3.142 
f3.11t3 
E3.144 
f).14S 

10 
11 

0 
13 

EXECUTE THE RECONS~;WCTlON INOT JuST STORAGE SIZE TESTI 
p~T"T FLAGS t('PTIONS SELECTED APE ON THE FOLLOWING LINESI 
Pf<.INT REQUIRED flOATING POINT ~LANK C(,"'MON WHENEVER CHANGEO 
PRINT SETUP VALUES FQ.CM IPAR AND PM ARR:AYS 

12 

I 

PRI"IT FILTER FUNCTION FOIt. CONVOLUTIOf..l AND FILTER It.OIJTlNES 
LOGICAL LINn NO. FOR ATTE~~UATION FACTOI:! STORAGE 

FLuATlNG POINT PARAMETEI2 ARRAY I PAI:I) 

PAR( I I 

1.000 
50.S00 

o 

DESCR1P'!ION 

PIXEL WIDTH IN UNITS OF PROJECTlO"l BIN WIDTH 
LOCATION OF THE R.OTATtnN 4XIS !N THE PROJECTION AQ.P~Y 

~A "'OT APPLICABLE (NOT HN !;EAM GECMETRYI 

BLAN!(. COM~O~ A.EQUIREO 72 1L01 

SLAM< COM\40N REQUIRED ... 2201 

t;LANI( COMMON REQUIRED ". 330' 

BLANK COMMON PEQUI REO 416 6401 

SlAl'fCC'J"'''ION ~EQUIRED .. 4 ( 1040) 

A TOTAL OF 92 I 5 THRU 96) OF THE 100 USER. ClR.OJECTION SI!IIS wILL 8e USED 

92 PROJECTION BI"-IS WILL. BE USED OF WI-IICH~ 0 HG.VE SEEN ZEROED BY THE PRDGRA't 

MAXIMU'I SIZE OF SLAfIK COM"ION THUS FAR_ 544 FLOATING POINT w1)Il:DS. 

EEEEE N !II 0000 SSS EEEEE TTTTT U U pppp 
E NN NO 0 SET U uP P 
EEE N N NOD SSS HE T U U PPPP 
E N N~o 0 SET U U P 
EEEEE N N DODO SSS EEEH T UUU P 

SSSB I( I< FFFFF III L 
9 B I( K F I L 
88~S KKK FFF I L 
S 8 K K F I L 
8888 I( K F III lLLll 

PARAMETERS FOR SUBROUTINE SKFIL 

('RDERX - 0 
FREQX - .500 

DESCP.IPTION 

FILTE~ PARAMETEI2 USED ONLY BY THE FJL TER eUTEF. 
F~EOUENCY pA~A~lETER Fa" Tt-'E F!l TEO. 

SLANK COMMON REQUIRED 61. f 11501 

8LANK CO,",MON P:EQUJR.EO 1226 ( 23121 

8ACKpROJECT l:JN AND PROJECT ION/CONVOLUT 10NIF IL TER ROUTINES 
PERFORM THE FOLLOWING FUNCTIONS 

ARG 
Be. 
FIL 

FUNCTION 
SACKpROJECTtON 
F IL TER 

8LA~ COMMON REQUIRED 

SLANK COMMON REQUIRED 

RAY WE IGHT JNG 
UNIFORt-I SQUAR.E 

NfA 

1482 ( 2712) 

1610 I 31121 

UTENUATION 
NO 
NO 

FAN SEAM 
NO 
NfA 

THE VAluES FOR THE FREQUENCY SPACE FILTER IFllTItI,t-0.1281 WI:rH A FREQUENCY 
SPACING OF 1/256· .39lE-02 CYCLES PER PROJECTION BIN ARE 

o .391E-02 .781E-02· • 111E-01 .156E-01' 
.195E-Ol .234E-Ol .273E-Ol .313E-Ol .3·52E-Ol 
.391E-Ol .430E-Ol .469E-Ol .50ae-01 .. !41E-Ol 
.S86E-01 .625E-Ol .. 664E-01 .103E-Ol .742E-01 
.781E-Ol .820E-Ot .85I;E-Ol .SQSE-Ol .Q38E-Ol 
• 977E-Ol .102E+00 .105E+00 .109E+00 .113E+00 
• U 7E +00 .121 E+OO .125E+00 .129F.+OO .133E+00 
.137E+00 .141E+00 .145E+00 .148E+00 .152E+00 
.156E+00 .160E+00 .164E+00 .. 168E+00 .172E+00 
.176E+00 .180E+00 .184E+00 .188E+00 .191E+00 
.19'E+00 .199E+00 .203E+00· .207E+00 .211E+00 
.215E.00 .219E+OO .2 23E+00 .227E+00 .230E+00 
.234E+00 .238E+00 .242E+00 .246E+00 .Z50E+00 
.254E+00 .258E.00 .262E+00 .266E+00 .Z70E+00 
.273E+00· .277E+00 .281E+00 .28'E+00 ·.Z89E+00 
.Z93E+OO .297E+00 .301E+00 .305E+OO .309E+OO 
.313E+00 .316E+00 .3Z0E+00 .32U+00. .328E+00 
.332E+00 .336E+OO .340E+00 .344E+00 .. 348E+OO 
.352E+00 .355E+00 .359E+00 .363E+00 .367E+00 
.311E+00 .375E+00 .319E+00 .383E+00 .387E+00 
.391E+00 .395E+00 .398E+oO .402E+00 .40eE+OO 
.410E+00 • 414E+OO .418E+OO .422E+00 .426E.00 
.430E+00 .434£+00 .438e+00 ."IE+OO .445E+00 
.449E+00 .453E+00 .457E+00 .. 461E+00 .465E+OO 
.469E+00 .473E+OO .417E+00 .480E+00 .484E+00 
.488E+00 .492E+00 .496E+00 .500E+00 

pppp H H AAA N ~ 

I' P H H .A A NN f..I 
PPPP HHHHH A ANN N 
P H HAAUAN NN 
P HHAANN 

PHANT('I'4 GEN ERAT.EO 
ARRAY SIZE 64 X 64 INTEGRATION FACTOR - 10 SCALING FAtTOR • 1.000 
NUMSER OF ElIPSES ANDIOR RECTANGLES _ S 
THE PARAMETERS FOR THE ELLIPSES ANOIOR RECTANGLES ARE 

X,Y - CENTER 
A, B - LENGTH OF AX t S· OR SIDE A AND 8 
PMt - ANGLE OF AXIS OR SIDE A 
DENS - INTENSITY 

THE PAR.ENTHESIS INDICATES THE SCALED VALUE 
nYPE x Y A • 40.00 

XMIN • 

1 - elLIPSE 0 , 

- ELLIPSE 

- ELLIPSE 

- ELU PSE 

- RECTANGLE 

01,1 
o • 
01,1 

10.00 , 
I 10.001, ( 

-10.00 , 
( -10.00I,f 

26.00 , 
I 26.001, ( 

EEEEE N N DODD 
E NN N D 0 
EEE N N NOD 
E N NNO 0 
EEEEE N N 0000 

o 
0)( 

-10.00 
-10.001 ( 

o 
01( 

o 
0)( 

26.00 
26.00) ( 

40.00 , 
"'O.OOJ, ( 
10.00 , 
10.001, t 
a.oo, 
14.001,1 

.14.00 , 
14.00) ,I 

6.00 , 
6.001, I 

40.001 
10 .. 00 
10.001 
10 .. 00 
10.00) 
10.00 
10.001 

6.00 
6.001 

PPPP H H AAA N 
P PH HA ANNN 
PPPP !-IHHHH A ANN N 
P H H A.&AU N NH 
P HA AN N 

XMAX ,.. .32E+02 XSUM - .8678E+04 

PHI 0,",' 
5.00 
5.001 

27.00 
I 27.001 

-4.00 
( -It. 001 

1.~7· -4 .. 00 
( -4.001 

32.00 

1.57 

1 32.001 

***.** •• *.**** •• ** •••• **.** *.'" * ••••• ** * •••• ** •• ****. ** .**. *. * •• * •• . 

---+0 ••••• +---
-----------xAn •••• x-----------------------11 ...... 0-----------------------u ••••••• ----------------------8 ....... 9--------

----------A" •••• A--------

.. . 
• * ••••• ***** •• * •••• *** ••••••••• * ••• * ••• *** ••• ***** •• ***** ••••• ***. 



• I 1 
o .2ItOOE+Ol .S920f+Ol .75Z0E+Ql .8640e+Ol .9920f+Ol .L120E+02 

Z X AM ell' a 
.1Z32E+OZ .1312E+oZ .1392E+02 .1568E+02 .1144E+Ol .1856E+02 .1984E+02 

• • • • • • • .2096E+02 .2336E+02 .26Z4E+02 .2784E+02 .2912E+Ol .30+0E+02 .3152E+02 

• .3200E+02 

BLANK C:JMMON REQUIRED 1650 ( 3it·2' 

BLANK COMMON REQuiRED 1610 I 3112) 

BLANK COMMON P:EQUIREO 1354 ( 25121 

BLANK COMMJN REQUIRED 1226 I 23121 

MAXIMUM 51 ZE OF BLANK COMMON THUS FAR- 1650 FLOATING POINT WORDS. 

eEEEE N N 0000 
E NNNOO 
fEE N N NO~ 
E N NNO 0 
EEEEE N N DODO 

esss II( K FFFFF III 
8 B II( K F I 
BBBB KI(I( FFF J 
B B K I( F I 
B"BB K I( F II I 

L 
L 
L 
L 
LULL 

RECONSTRUCTION USING THE RAMP FILTER 

XMIN. -.'lHOI XMAX • • 33E+02 XSUM • 

.................................................................... 
··-·-··--·--------------·-··-·-----------·----...... e·--. ·-----------------------------------------------· •• n.·--• . ---- --- - ---------------------------------- ----..... -. 
• - ••• --••• - •• ---.--------. -.-. --------------.--·0 ...... --· 
.------- -- --- -------------------------------.--.... ---. .--- -------.. -.--.----------------------------. ------. 
• --.-------------------•• ++ ••• + •• ++ •• ------------------.--* 
.------------------•• + •• + i +++++) ++ ) ++++ .----------- -. 
• -----------.... --- --.+++), +1 +1·+ ... '+1+1++'+··--------- ---------• 
• ----------- -----·+11++ 1+' +,., ++++'+ 1+.+' .. + .. + .. -----------.---• 
• ---------------- .. +.+=++++' +, +) .. + .... , .. , .. ++, .. ,., ...... -------------• 
• ---------.----... '++1 I J .. +,., +'1 .... ++ .. ' .. ,++' +,.+ 1+ .. ---------------. 
·------------- .. 11 +, .. ++ .. , .. , +'+++++ .. , .. + .. + .. ,+++.).++.---- --------. 
• ------------.. , + •••• + J .... +,. ) •• ++ ... ++) .,+ .... ' ..... J .++ .--------... 
.------------... + .. , .... ----- .++ J +, ++' +' +++-----•• + I .++------------. .------------11:.',' •• ------01. ) .... ,'+ •• ,. _____ = ... , •• ___________ • 
• -----------+ I +++-------- •• , .... +++, •• --------.. , +++.------ --- .-. 
• -----------........ --------++ ...... , ....... ---------11. '+ ..... __ • _______ • 
• ------------+.+ .. +---------1 .... ' .+ ..... ,------+,.,+-- • -.-.-. 
• -----------., , , +·-------·1 ..... ++.++ 1.--------.+ 1 + ,.-- • ---- __ a 
.------------... + .. , +------- .. + .. +." , ..... _------.,+.+ .. ---. -- • -- • 
• -----------+' , ++ •• ---... I+Z ...... X .. ) .... ---.++1 +, •• --------• 
• -----------... +. , ......... ' ... ,...0 .......... + ,,, ... , ..... , .... -------------• 
• ------------.++.++) .. + )+ .. 1.0 ...... 1+ .. ' .... '+ .. , ..... -------------• 
• -------------••• + .. +) ,.,+ , .......... '1'·. 1+·'" ..... ---- --------• 
• ------------.... +'1 +1 •• ' .. e ....... ' .. , •• ) J++I .. ----- ----- --. 
.-----------------..... ' .. +I .. +1M ••••• "'1+.' J " ... , "'------- ---. --. 
.--------------...... , + ... ,. "'1 Z ++.1.· .. , ...... - ------- ------ --• 
• --------------------.+++++ ... '+ .. ,+', •• +, .. ------------ ------ - •• • _______________________ ... + ...... + .... + .. cc. _______ • ___ ._. ___ •• ___ • 

• ________________________________________________ • __ Of ____ • ___ • 
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• I I 
-.Sllt6E+01 -.ZZ6ZE+Ol .1967E.Ol .3990f+01 .5235E+Ol .6773E"Ol .9lllE+01 

I x A Mel S 
• 9657E+Ol .106ZE+OZ .llS9E+02 .1369E+OZ .lSB1E"02 .1715E+02 .lE!t9E+OZ 

• • • • • • • • Z 004E "OZ • ZZ9ZE"OZ • Z63 9E+02 .2930H02 .Z~BltE+02 • 313S E+02 .3Z73E"OZ 

• • 3330E.OZ 

BBSS K K FFFFF 111 L 
e S K K F I L 
SSBS KKK FFF I L 
B e K K F I L 
BBBS K K F III LLLLL 

PARAMETERS FOR SUBROUTINE BKFIL 

)ESCI<IPTION 

Oq.OHX - 0 
FREQX - .500 

FILTER PAFlA"4ETEQ USED ONLY f!Y THE FlLTFQ BUTEr; 
FREOUENCY PARAKETE~ FOR THE FILTER 

BACKPROJECT ION AND PROJ ECl ION/C"NVOLUTl ON/F I L TE~ P.ouTI NES 
PERFORM THE FOLLOWING FUNCTIONS 

ARG 
Be, 
FIL 

FUNCT ION 
BACK PROJECTION 
FILTER 

BLANK COMMON REQUIRED 

BLANK COMMON REQut~ED 

RAY WE IGHT l~G 
uNIFOPM SQUARE 

NtA 

148Z ( Z71Z' 

1610 { 31121 

ATTENUATION 
NO 
NO 

FAN 8fA"4 
NO 
NtA 

123 

THE "ALUES FOR THE FREQUENCY SPHE FII.TER IFtLTIII,I.O t 128J WITH A FAEOUE~CY 
SPACING :::IF l/Z56 Of .39lE-OZ CYCLES PER PROJECTION 6IN ARE 

o .391E-02 .7BlE-02 • 117E-Ol .IS6E-Ol 
.195E-OI .Z33E-01 .271E-Ol .309E-Ol .l41E-Ol 
.385E-Ol .4ZZE-01 .45<;E-Ol .495E-01 .SllE-Ol 
.566E-Ol .60lE-01 .636E-Ol .6t9E-01 .703E-Ol 
.73SE-01 .167E-Ol .19BE-Ol .B29E-Ol .859£'-01 
.. 887E-Ol .916E-01 .943E-Ol .. 970E-Ol .995E-01 
.102E"OO • 1 O4E .. 00 .107E.OO .109E+OO .11lE"OO 
.113E"OO .115E .. 00 .117E .. OO • 11BE.OO .lZOE"OO 
.12ZE"00 .123E .. OO .IZltE.OO .125E"00 .lZ6E+00 
.lZlE+OO .12BE"OO .IZC;E .. OO • BOE"OO .130E"OO 
.13IE+OO .. 13lE"OO .131E"00 .J.31E"OO .131E+OO 
.131E+OO .13IE"OO .130E.OO .130E+00 .. 129E"00 
.lZ9E +00 .lZ8E+OO .IZ1E.00 .126E"OO .lZ5E"OO 
.lZ4E "00 .IZ3E .. OO .lZlE+OO .1ZOE+OO .1lBE"OO 
.117E+OO • 115E .. OO .l13E+OO .111E.OO .109HOO 
.101E .. OO .105E.OO .103E+OO .10lE"OO .C;BaE-01 
.965E-Ol .9ltlE-01 .911E-01 .enE-ot .B67E-Ol 
.BltZE-Ol .B16E-0 1 .790E-Ol .1ME-Ol .737E-Ol 
.7IIE-OI .t84E-01 .657E-Ol .b30E-01 .. t03E-01 
.576E-01 .549E-01 .SUE-01 .496E-Ol .469E-Ol 
.443E-Ol .41eE-01 .. 392E-Ol .367£'-01 .34ZE-Ot 
.31BE-01 .Z95E-01 .271E-Ol .Z49E-01 .. Z27E-Ol 
.Z06E-Ol .lB6E-01 .167E-Ol .148E-01 .l30E-Ol 
.U3E-01 • 976E-OZ .8Z8E-OZ .691E-OZ .565E-OZ 
.4S0E-02 .34BE-OZ .Z5BE-OZ .181E-OZ .1l7E-02 
.66ZE-03 .296E-03 .741E-01t 0 

9LAI'I( COMMON REQuIRED le50 ( 3162' 

BLANK COMMON REQUIRED 1610 I 311Z) 

BLANK. CO,"""ON REQUIRED ( 251Z1 

BLAM( COMMO~ REQUIRED 12Z6 ( 231Z) 

MAXI"'UM SIZE OF BLANK COM"'ON THUS FAP" 1650 FLOATINr. POINT WORDS • 

EEEEE N N DODD BBBB K K FFFFF It I L 
E NNNOO B S K K F I L 
EEE N N NOD BBBB KKK FFF I L 
E N NNO 0 B B K K F I L 
eeeee N N DODO SBBS K K F ItI. LLLLL 

I'ECCWSTRUCTION USING THE HAN FJL TER 

XMIN. -.17E+a1 XMAX • .3ZE+02 XSU'" • .840ZE.04 

. .................................................................. . · .- -·"'&Hi'" • 
• -1 ..... '-· 

----................................ -
--......................................... --

---••• ---------... + J II' •• --------••• --
--·· .... -------· .. X ... MIIX ... ------····-~ 
--- .... II •• -----... fIII ...... Ie+ •• ----••••• -----., ••••• 11 .... z .......... Z .... - ........ ------coo ••••••• Z.UO •• I" Z ... - •• .,-•• -----II ......... ,etI ..... ..a, ... -•• -... --

---- ........ -) ~ ...... l·-.. .,··---
----...... - ••• + 1 Xl 1 + .... - .... ----

' ...... 1- • 
+ .... " ... --..... -- . 

' . 

· -. .. · . .................................................................... 
• I 1 

-. 1147E+O 1 .B163E"CO .4576E"OI .. 6Z84E.01 .14BOE+01 .8847E"Ol .10ZlE+OZ 

Z X A ~ @ • • 

.l1lt1E"02 .12Z6E+02 .l31ZE.02 .1500E"02 .168BE+02 .lB07E.OZ • 1944E+OZ 

• • • • • • • • 2064E+OZ .2320E+OZ .26ZBE"OZ .Z79QE"OZ .Z935E.02 .3Q72E+02 .31C;ZE+OZ 

• • 32"3E"OZ 

BBBB K K FFFFF I II 
BBK~KF I 
BBBS KKK FFF I 
Bel( K F I 
B8BB K K F II I 

L 
L 
L 
L 
LLLll 

PARAMETERS FOR SUBRQUTINE BKFIL 

DESCRIPTION 

OROERX - a FILTER PAPAMETER useD ONLY BY THE FILTER BUTEIl: 
FR EQx - .500 FREQUENCY PARA"'ETER FOR THE FILlED 
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'3AC KOCHJJ H T 10'11 AND pqOJ EC'" t (lN/CONVOl UT 1 ON/f I L TEf\ PJ)uTI NE C; 

PEQF;)PM THE FOllGJo'!I>4(; FUNCTIONS 

FLINCTIJ"I 
BACKPIlOJEC T IC'!>4 
FIL TE~ 

BLANK C":''''''OIll PEOU IRED 

PY wE IGHTJNG 
U"IIFOPfroI $CUAOE 

NfA 

1482 C 21121 

1610 3112' 

ATTENUATl~~ 

'<0 
NO 

FAN BEA'" 
NO 
NfA 

THe VALUES F,)Q p.0e HECUENCY SPACE FILTH (FIlHII,t .. o,lZ8J WITH A FI<.EOuEN(Y 
SPACING OF 1/25t: ... 3<;1E-02 (yel",ES PER pOOJECTlON "-1"1 ARE 

0 .)<;IE-02 .lelE-a2 .117E-01 .1!i6E,:",Ol 
.195E-Ol .233f-Ol .Z72E-Ol .310E-Ol .34 8F-Ol 
.38!:E-Ol • 4tZ3E-O 1 .4!:<;IE-Dl .tt<;t:E-ill • ~JZE-Ol 
.566f-Ol .to3E-Dt .b3BE-Ol .enE-Ot .70&E-Ol 
.7HE-O"1 .771E-Ol .603E-Ol .634E-01 .Pb"SE-O! 
.1l<;5E-Ol • S24E-Ol ."~ie-Ol .<;80E-Ol • 101E+OO 
.103E+JO .106E+OO .108E+OO .11 OE+OO .113E+OO 
.115E+')0 .117E+OO .11eE+OQ .121F+OO .123E+00 
.lZ4E+OO .l2~E+OO .lZ7E+OO .12<;E+OO .130E+OO 
.131E+uO .13ZE+OO .D3E.+OO .134E+OO .13~e+00 
.13e.E+OO .136f+00 .137E+OO • 137E+00 • 137E+OO 
.138E+OO .138E+OO .13!.1E+OO .13BE+OO • 137E+OO 
.137E+OO .lJ7E+OO .13tE+OO .13H+OO .13SE+OO 
• i34E +00 .133E+OO .13ZE+OO • l31E+00 .l30E+00 
.1Z<:-E+OO .128E+00 .IZ7E+00 • lZ~E+OO .IZ4E+00 
.1lZE +00 .121E+OO .11<?E+00 .11 7f+00 .116E+OO 
.114E+OO • 1lZE+OO .110E+OO . .108E+OO .106E+OO 
.1041:+00 .102E+00 .<;90;=-01 .97BE-Ol • 9~7E-Ol 
.935E-Ol .e14E-Ol" .892E-Ol .870E-Ol .849E-Ol 
.8i7E-OI • 60~E-Ol .764E-Ol .7t2E-01 • HiE-OI 
.1Z0E-01 .700E-Ol .619E-Ol .6!'<;E-Ol .640E-Ol 
.t21E-01 .60ZE-Ol .~[l41:-01 .5t7E-Ol .550E-Ol 
• ~B .. E-Ol .~ 18E-Ol .503E-Ol .4qC;E-OI .H6E-Ol 
.464E-Ol .4~ZE-Ol .!t4ZE-Ot .432E-Ol .4Z4E-Ot 
.416E-Ol .4l0E-01 .40~E-01 .40lE-fa .3<;SE-01 
.3nE-OI .3'76E-Ol .39BE-Ol .400E-Ol 

E-LAM. CO"lMON PEOUJREO ItSO 3162) 

eLANt( COM"tJN REQUJII.EO 1610 , 3112) 

P LA Nt( C O"""'.1N HQUI RED 1354 , 25121 

e LA NK C OM"IO~ ClEQUI~EO 1226 , 231Z1 

"'AXJ"1UM SI ZE OF BLANK CO"''''ON THUS FA.... 1650 FLOATt~(: POINT w(l;e.OS. 

EEEEE N ~ DODO 888e I( K FFFFF I It L 
E ~N NO 0 8 B K II' F I L 
EEE N ~l ~ I) 0 88~a I(KII' FFF I L 
E III NNO 0 8 P. K II' F I L 
EEEEE"" N ::>000 8Bes K I( F I II LlLLL 

RECCNSTp.uCTl.:!N USING THE HAM FI.LTER. 

)("'IIII" -.19E+ol X"'AX IE .32E+02 XSU'l .. 

..................................................................... 
-------- . 

-- - .. "' ... 11..... • 
-" ..... J- • 

J ...... )- • 
• ---- --- --- - - +HeeIi+ 

PARAMETERS FOR SU!3ROUTINE 8KFlL 

DESCRIPTION 

ORDER.X - 0 
FREQX - .500 

FILTER PARAMETER USED ONLY BY THE FILTER eUTER 
FREQUENCY PARAMETER Fr)R THE F IL TER 

aACKPR OJECT ION AND PROJEC T IDN/CONvOLUT ION/F I L TER ROUTI NES 
PERFORIot THE FOLLOWING FUNCTIONS 

ARG 
BeK 
FIL 

FUNCT ION 
8ACKPRDJECTION 
FIL TER 

BLANI( COM'40~ REQUlqeO 

PLANK COMMON REQUJClED 

RAY WE IGHT ING 
UNIFORM SQUARE 

NIA 

1482 { 21121 

1610 t 3112 • 

ATTENUATION 
NO 
NO 

FAN ~fA'" 
NO 
N/A 

THE VALUES FOR THE FREQuENCy spaCE FILTER (FILTCil,r.0,1281 WITH A FREQUENCY 
SPACING OF 1/256 • • 39IE-02 CYCLES PER PROJECTION SIN ARE 

o .3c;OE-02 .780E-02 .1l7E-01 .155E-Ol 
.194E-Ol .231E-Ol .26~E-Ol .306E-Ol • 342E-Ol 
.311E-Ol .1t12E-OI .446E-Ol .4BOE-01 .!12E-01 
• S43E-Ol .574E-Ol .603E-Ol .631E-Ol .659E-Ol 
.6eSE-01 • 7l0E-0 1 .733F.-Ol .756E-Ol .777E-Ol 
.797E-Ol .elSE-Ol .833E-Ol .84aE-01 .863E-Ol 
.676E-Ol .666E-Ol .69SE-Ol .90BE-Ol .915E-Ol 
.922E-Ol .921E-Ol .'nOE-Ol .932E-Ol .'Y33E-Ol 
.933E-Ol .931E-Ol .929E-Ol .924E-Ol .919E-Ol 
.913E-Ol .905 E-O 1 .896E-0 1 • B86E-lll • a 15E-Ol 
.863E-Ol .SSlE-Ol .837E-Ol .822E-Ol .S07E-Ot 
.791E-Ol .774E-Ol .7~7E-Ol .739E-Ol .721E-Ol 
.702E-Ot .t83E-01 .664E-Ol .645E-Ol .625E-Ol 
.605E-Ol .5B6E-Ol .567E-Ol .547E-Ol .528E-Ol 
.509E-Ol .490E-Ol .471E-Ol .452E-Ol .434E-Ol 
.416E-Ol .398E-Ol .381E-Ol .. 363E";01 .346E-Ol 
.330E-Ol .313E-Ol .297E-Ol .Z8ZE-Ol .. 267E-Ol 
.252E-Ol .237E-Ol .223E-Ol .210E-Ol • 197E-Ol 
.164E-01 .172E-Ol .160E-Ol .1Itc:lE-01 .138E-Ol 
.127E-Ol .1l7E-01 .10BE-Ol. .986E-OZ • 899E-02 
.818E-02 .741E-02 .668E-02 .600E-02 .536E-02 
.476E-02 .4Z0E-02 .369E-02" .322E-02 .Z79E-OZ 
.239E-02 .203E-02 .171E-02 .142E-02 • 117E-02 
.941E-03 .747E-03 .580E-03 .440E-03 .323E-0] 
.229E-03 .IS5E-03 .982E-04 .573E-~ .296E-04 
.126E-04 .376E-05 .473E-06 0 

8LA~ COMMON REQUIRED 1650 « 31621 

8L.ANK CO,","ON REQUIRED 1610 I 3112) 

8LANK COMMON fl:EQUIREO 1354 « 2512) 

aL.ANK COMM.:!N REQUIRED 12Z6 I 23121 

.... AXI"''''''' SIZE OF 8LANK CO"""O .. ' THUS FAR- 1650 FLOAT INC POINT WORDS. 

EEEEE N N 0000 
E NNNDO 
HE N N NOD 
E NNNOO 
EEEEE N N 0000 

sa8e K K FFFFF 
8 8 I( tc F 
B8BS KI(K FFF 
8 a K K F 
8888 K I( F 

RECONSTRUCTION USING THE PARZN FILTER 

xMI N. -.94E+00 XMAX .. .32E+02 XSU" -

III L 
I L 
I L 
I L 

tIt LLLLL 

.83t;7E+04 

-------.. --------- ......................... "' .......................................... . 

. . 

- ----.= ...................... ---- • 
___ ......................... IE___ -.AeenA.- • 

___ .. "' ............ 0 ••• "'''' ........ '''''' ... ___ -10 .... 1- • 
----- ...... ., ...... : ................... "'" ... ---- -1 ......... . 
--- ......... 0 ...... "'.· ............... ",,"'· ...... _ -+~- •. 

--."'= .. == ...... " ............................ "'.-- -.++++.- • 

-.:..--... -------- ................. ., .. --------....... --

---" .... ..:-------- - .... + 1 J 1 ) + ... - .... --------"'''' .. --
-- .... ".-------. +X 1HMI,,9x + .. --------...... --
--- D: "' •• ____ =" +101 ....... 1:1+ .. "'---0: .... '" • __ _ 
--- .. c ........... Z .......... Z ••• o" ........ __ _ 

---,.."o: .. ,,·o ..... z .... nn.z .... -· .... - .. ·---
--- ............. J8 •• 0 •••• 81·.,- .... ",,·----
----=."' .. = .... ) ". .... ~ 1· .. =·" .. - .... -

____ a ........ "'+ lZ Z 1 + ...... - ... ,.----

+ I l 

-. · -. -. 
· · . 

.' 

---·+1111+---
------------- JAiI ••• IiIA 1·-------------
----------.. le .... n •• e , ... ----..:------------.. x • .-..n.x.----------
--------•• x ........ x •• ---------

--------.. 18 ...... H~1 .. ------------11--.. 1 "' .. "IIM1---•• ----
-------·· .. 1 ZXXZ J+ .. ------.. 

-.l8S2E+Ol .e9¢5E+OO ,"47aE+Ol .61~7f+Ol .7401E+01 .8716E*01 .1015E+02 

X /J. M 8 • I 
.1.135E+02 .1221E+02 .1307E+0;': .14~H+02 .leB6E+02 .tBObE+02 .1'74)E+02 

If • • • • • • • 
.2064E+02 .2322E+02 .Z631E+02 .Z803E+02 .2<:-40E+C2 .307SE+02 .310;18E+02 

• .3250E+02 

8Bsa K K FFFFF I II L 
8 a II' I( F I l 
S~Ae ICII'K FFF I L. 
a 8 I( K F 1 L 
ea8~ K K F III LtLL L 

............................................... * ................... . 

+ I l 
-.9430E+OO • 1516E+Ol .51Z3E+Ol .6763E+01 .7C?I0E+Ol .0222E+Ol .1053E+02 

Z X A /II 8 8 " 
.1168E+OZ .1250E+02 .1332E+02 .1512E+02 .1f:t;3E+02 .IS06e+02 .1939E+02 

• • • • • • • .2053E+02 .22<;9E+02 .2594E+OZ .275SE+02 .2890E+02 .3021E+02 .3135E+02 

• .3185E+02 



8888 K K FFFFF III 
a a K t( F I 
saee t(KK FFF J 
B e K I( F I 
8BRB K K F I I I 

PARAMETERS FOR SUBROUTINE 8KFIL 

DESCRIPTION 

L 
L 
L 
L 
ULLL 

QRDERX - 39B.0 
FREQX - .5Z0 

FILTER PUAMerER uSED ONLY H THE FILTER BUUP 
FREQUENCY PARAMETER FO~ TJotE F Il TER 

BACKPROJfCT t ON AND PROJECTI ON/CONI/OLUT I ON/F I L TER ROUTI NES 
PERFORM THE F('ILlOWING FUNCTIONS 

40G 
BOK 
FIL 

FUNCTION 
BACKPROJECTJON 
FIL TEP 

BlAI«. COMMON REQUIRED 

BLANK COMMON REQUIRED 

RAY WEIGHTING 
UNIFORM SQUARE .,. 

10118Z C Z11Z' 

Ibl0 I 31121 

ATTENUATION 
NO 
NO 

FAN 8EAM 
NO 
N/. 

THE VALUES FOR THE fREOUENCY SPACE FILTER IFIlTlI1,J.0,129, WlTH A HEQUE"IC:V 
SPACING Of 1I25b •• 391E-02 CYCLES PER PROJECTION BIN ARE 

o .3(HE-OZ· .781E-02 .ll7E-OI .156E-Ol 
• 195E-Ol .234E-01 .213E-Ol .313E-Ol .352£-01 
• 3'HE-Ol .430E-Ol .oII69E-01 .50eE-01 .541E-Ol 
• 586E-Ol .bZ5E-01 .664E-Ol .. 703E-Ol .142E-Ol 
• 781E-Ol .820E-Ol .. 859E-Ol .898£-01 .938E-Ol 
• 977E-Ol .10zE+00 .105HOO .109E+00 .113E+00 
• 117£+00 • 12LE+00 .125E+00 .129E+00 .133E+00 
• 131E+00 .141E+00 .10115E+00 .148E+00 .152E+00 
.15bE+OO • 160E+OO .. 164E+OO .166E+00 • 172E+00 
• 176E+00 • 180E+00 .1B'H+00 .188E+00 .191E+00 
• 195E+00 .199E+00 .203E+00 .207E+00 .211E+00 
• 215e+00 .219E+00 .223E+00 .227E+00 .230E+00 
• 231t€+00 .239E+00 .242E+00 .246E+00 .250E+00 
• 254€+oO .258£+00 .Z62E+00 .266E+00 .270f+00 
• 273E+00 .277£+00 .2Bl£+00 .285E+00 .289£+00 
.293£+00 .291E+00 .30LE+OO .305£+00 .309E+00 
• 313E+00 .316hOO .320E+OO .324E+00 .328E+00 
• 332E+00 .336£+00 • HOE+OO .344E+00 .348£+00 
.352£+00 .355E+00 .359£+00 .363E+00 .. 367E+00 
.371E+00 .375E+00 .379E+00 .383£+00 .387£+00 
• 391E+00 .395E+00 .398E+00 .1t02E+00 .40H+00 
• 410E+00 .·UU+OO .4teE+00 .oII22E+OO .426E+00 
• 4)OE+00 .434e+OO .438£+00 .441E+00 .445E+OO 
• 1t49E+00 .453E+00 .457E+00 .46LE+00 .4&5E+00 
.oII69ft-DO .473E+00 .417E+OO .480f+00 .6.84E+OO 
.488E+OO .492E+00 .49tE+00 .500E+00 

EEEEE N ~ 0000 
E NNNOO 
EEE N N ~"' 0 
E N NND 0 
EEEEE N N 0000 

BB'!B K FFFFF 11 I 
8 B I( F I 
BeeI'! ItKK FFF I 
S 8 I( I( f t 
SBBB I( I( F tI J 

L 
L 
L 
L 
LI.. ... lL 

RECONSTPUCTIJN USI"lG THE BunO. FtlTEP IOROE;:!X-38B, Ffl.EI1x".52I 

XMAX • .33E+02 XSU"l .. .F40lE+Ooll 

....................•............................................. 

... - .. - •• - -- .. - --------------. -- .. - -. --------------. - --- - --+ •••• II. --. .--------------------------------------------------...•... --. 
• ---- ---- --- -------------------------------- ----nIHI·--· .--.... --.... -•• ---.---------.--.--.----------------.. --•••••• 1---. .------- -:-- --- --------------------------------------- .. --.... ---. 
*--- ---------... -.--.--------------------------------- ---------• • __ • _____________________ a. ++.) ++,. ++ •• ____________________ • ___ • 

• ----------------_____ .,. +', + , +++++ , ++ J ++++ r _________________ • 

.-----------... --- --11 +++' I + J +,. ++. ) + , + '++ I + ... --------- _________ • 
• ----------- -----+ J , ++ 1 +1 +,. , ++++ .... , +J + I +++++-----------___ 11 ___ • 

• --------------++- +. ++++ I + J + I ++++ J + I +++' + J + ,.,++----------------. 
.---------. ----- ... , ++ I , , ++, .. J +) , +++++) + )+"') +,. + 1 +_------_________ • 
.. --------------. I J +' ++++ I +1 + 1 ++++++ 1 +++++ ,.+++' +++.---- ---------. 
.-------------+ J +++. ++ '+++1" , ++++++++':It I +++ '+++ 1 +++_--___________ • 
.------------+.+ ... 1+·----+++' + , ... +) + 1+++-----. ++' ++ _____________ * 
.------------.. +1 , J •• ---___ 1111' +++) ,+++ , .. --------.++ J _+------------• 
.------------+ J +++-------.+ I ++++++' +---------- J + ... ++---___ --_._ • 
.----------._+++--------+.++., ++++-------- .. ." +++---.. ----- --• 
.-----------++++---------'++'+++++ ,-------+1_) +-- .. --11-11-• • _________ 11" , •• ______ .,++++++ ... +). _________ +1+ ,. _________ • 

.------------ .. +++)+--------+++++' 11++++-----_·,+++.---. -_ • --• 
• -------------.) ) +++-----.+ I +lH •••• X+' +-.----++' + 1 .... ------------• 
.------------- .. +++ I ++++++1 + +10! ........ N++' + .. + 1 +++ ,.+ .. ---________ • 
.-------------. +++++ I ++) ++ 1 .... n .... l ++' ++ '++ 1_. ___________ • 
.-----------++++++) , ... ,+ IIO •• OIH,' 1-+)+.+,.+.---- ------- • 
.---------------·++1 ,.)+. ).I ......... ) •• J )++' +------- ------ --• 
.----------------. +.+ I ++ '++1 H ••• H.'" 1++ " ) 1-+' .------- -----. --• 
.-------------:-----.+.+I+.+'.+'lZ+++l+·+I+.++- ----- ------ --• 
.----------------------+++++++.,++)+' J ••• J+--------- ---- - •• 

.---------------------------------.- ------ .----- --. *------------------------------------------.- .-------• 

.-------------------------------------------------.----. --. .------------------------------------------.----.---. .-------------------------------------------.---":'-----.---. .................................................................. 
I 1 
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-.514(1E+Ol -.2262E+01 .. 1967£+01 .3890E+Ol .5235E+Ol .6773E+01 .8311E+Ol 

8LANK COMMON REQUIRED 1650 ( 3162' 
l X A lot 4:1 II • 

• 96S7E+Ol .1062E+02 .LH8E+02 .. 136c;1E+02 .HS1E+02 .1715F+02 .1869E+02 
8L.ANK COMIilON REQUIRED 1610 C 3U21 

• • • • • • • • 
8LAI« COMMON REQUIRED 1354 ( 2512. .2004E+02 .2292E+02 .2638F+OZ .2830£+02 .2984£.02 .313ef.02 • 3273 E+O:? 

I!LANIC. COMMON REQUIRED 1226 ( 23121 

MAXIMUM SIZE Of BLANK cm'MON THUS FAP.. 1650 flOATING pOP'.jT WORDS. 

4. Example 4 - Filter of the Back-Projection 

The program XFILBK uses the filter of the back-projection algorithm 
projecti on to reconstruct simulated 

fan-beam geometry with 

data for parallel-beam geometry, 
and fan-beam geometry with curved detector, 

These three geometries fl at detector. are reconstructed using the 
filter subroutine HAN which is declared as an external in statement 
E4.029. This method of reconstruction 
the blank common array WORK than 

(Example 2) or the 

requires 
is required 

back-projecti on 

a larger allocation for 
for either the convolution 
of filtered projections algorithm 

algorithm (Example 3). 

The output results show good agreement between XMAX of the 
However, the sum of 

phantom does not compare 
reconstructed images and the original phantom. 
the total intensities XSUM of the original 
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well with XSUM of the reconstructed images. The user should keep 

in mind that the algorithm reconstructs an array 
array that is returned to the 1 arge 

FILBK. 
as the image 

is four times 
user by the subroutine 
that as 

This is necess ar y in order to minimize the error due to the 
overlapping the convolution result convolution result of one period 

of the succeeding 
The XSUM for this 

period when implementing the discrete Fourier transform. 
reconstructed array is 

zeros the dc 
1 arger 

component of 
XSUM for the 

the Fourier transform 
zero since the filter 
of the back-projection. 

However, the 
does not equal 
array; but even 

zero since 
reconstructed 
it represents 

so it only approximates 

PROGRAM XfIlBK IINPUT,OUn:UT.TAPE2"'OUTPUTJ 

EXAMPLE 4 

THE PRCGi(AM xFtL8K USES THE FILTFR ('IF THE BACK-PRQJECTIJN 
ALGJRITHM TO RECONSTRUCT PROJEC"(If)N O,6TA FDA: PAPALLEL 8EA"', 
FAN BEA"! - CURVED DETECTOR, A"'D FAN BEAM - FL.&T DETECTOr. 
GEOMETRIES. 

DIMENSION BI .. 0901,AG11801 
CO"'MIJN WORK(16500) 

C OHMO;~I OUTCOM/LUNOUT, 180132 

LUNOUT - !JUnUT F;.ILE 
180132 - OUTPUT LINE LEI<.IGTH FLAG 

=0 EACH LH!E \oIILL !!E WITHIN 'W C~ARACTERS 
(,JTHERWISE 132 (HAPA(TERS) 

COI~MO:-.l1 PARI"/I PAR! 121 ,PAP (3 J 

EQUIVALENCE (NOI"IU ,IPAP( lIJoIJt:lf.' ,IPAR( 21',tIGEO"l ,IP.6R( 3JJ, 
1 (NANG dPAR! 4JJ,(I'I!)DA~r,.lPAf,'( !:II,IKOIMU ,1PARI oil, 
2 ttMIT ,IPM/.( 71',INWOr..K ,tPAQ.1 A"tlNFLDAT,JPARf <;iJl, 
3 I t STORE, IPA\). (l01), I I p~ I NT" PAl:! I1UI ,ILUNATN, IPAR lIZ II, 
4 IPWIO ,PA:;:( UI,(AXISU I PARI Z",IIHAN I PAR! 311 

EXTEF.NAL !!F.F,BI'FF2,HAN 

LUN'JUT= 2 
180132 a O 

THE I~IPUT PM,AMETERS ARE 

.... Ol~U ... 04 
ICIR"l 
IGEu""O 
NANG .. 72 
IoIOOANG-"S 
KOl"'IU" 129 
I"'!IT"'l 
NWO~K"'18500 

,~FLOAT=l 
I STJP,E"'O 
IPRlrH=13 
LUNATI~=O 

PWIO"l. 
AXISU"'30.5 
RFAN=O. 

CALL SETUP Il P AR,"AR,AGI 

~ECONSTRUCTlu'" OF THE TRANSVEPSE SECTION FOR PARALLEL BeA~ 

GEC~ETRY 

OROERi\.:.O. 
FREQX"'.~ 

W~l TE 12,U) 
CALL .4R!<.AY f5,fIIDIf04UJ 

P~ I NTouT THI=. VAL UE 5 Fill;. THE RECOtliST RUC TEO TP A~SVERS E S ECTI"lN 

'~~AT=NOtMU**2 
KK 1=1 
KUcNDI MU/lS+1 
OJ 12 1(:I,KU 
"'RITE (2,Z2) 
K(Z"'15*1<. 
IF IKK2.GT.ND!"'UI KK2:NOPtU 
00 -10 J"l,NDl"lU 
I SU81"'NMAT-J*NDI "1U+KK 1 
1 S!JB2:N"IAT-J ..... 01 !-IU+K,I( 2 

10 wl'ITE 12,24-' IfHlI,I:tsu'H,tSUB2J 
KII..1"'I<.K2+1 

12 _CJ'I"!"I·"UE 

IGEOM"l 
1 PRINT"'5 
PwID"I.3~ 
RFAIII:212~. 

E4.001 
H.CDl 
E4.003 
F.4.00lt 
f4.005 
E4.006 
E4.007 
H.oea 
Eft.OOC; 
E4.010 

'E4.011 
. E4.012 

f4.013 
fIt.Ollt 
E4.01~ 
E4.016 
E4.017 
EIt.OIB 
E4.019 
E4.1l20 
E4.021 
E4.022 
H.OB 
E4.Q24 
E4.0Z~ 
E4.026 
f4.027 
E4.028 
f4.oze; 
E4.030 
flt.031 
E4.032 
E4.0:33 
E4.034-
E"'.035 
€4.036 
f4.037 
EIt.038 
Eft.03Q 
E4.01t0 
E4.041 
E4.042 
E4.043 
E4.0lt .. 
E4.045 
E4.046 
E4.047 
fIr.OItB 
E4.049 
E4.0S0 
E4.0S1 
H.OSZ 
f4.0S3 
E4.0~4 
H.055 
EIt.056 
E4.057 
E4.058 
e ... O!:9 
Eft.060 
E4.0b1. 
E4.Dez 
E4.063 
EIt.064 
E4.065 
EIt.Obe 
E4.067 
E4.068 
E4. 06~ 
E4.070 
E4.071 
E4.072 
E4.073 
f4.074 
E4.015 
EIt.076 
F4.077 
€'r.an 
Eft.07 e 
E4. 080 
E4.0Pt 
E4.0"l2 
E4.083 
E4.0B4 
E4.0B5 
elt.C6b 
E4.0!'l7 

array returned to the user 
only a fourth of the 
XSUM of the oiiginal 

larger 
phantom. 

RECONSTR;UCTtON OF THE TRANSVER.SE SECTION FOR FAN SEAM GEOMETRY 
WITH CURVED OETECTOR 

'lROERX"O. 
FitEQX-.5 

CALL FILSK (S,HAN,BRFF2,ORDERX,FREQX) 

WRITE (2,2B) 
CALL ARRAY IB,NDI'1UJ 

PRINTOUT THE VALUES FOR THE RECONSTRUCTED TltANSVERSE SECTION 

I(Kl*l 
Kv .. ~OIMU/lS+1 
00 16 K"l,Kl' 
WRITE 12,221 
KK2" 15$1( 
IF (KKZ.GT.NOJHU' KK2"NDIHU 
00 14 J"l ,NOI "'IV 
ISUBl"'N"'AT-J*NDl."'V+KK 1 
ISUBZ-NMAT-J"NOI MU+KI<2 

14 WRITE 12,2-41 IBIJI,t-tsUBitISUB21 
KIC1:KK2+1 

16 CONTINUE 

CALL SETuP UPAR,PAR,AG' 

RECONSTRUCT ION OF THE n.ANSVERSE SEC TI ON FaR FAN BEAM GEOMETRY 
wITH FLAT DETECTOR 

ORDERX"O. 
FREQx".5 

·CALL FILBK tB,HAN,8RFF2,QRDECl.X, FREQXI 

WRITE 12,301 
CALL A~RAY 18,NOI"'UI 

PRINTOUT THE VALUES FOR THE RECONSTRU(TEO TRANSVERSE SECTION 

I<.Kl= 1 
KU-NO("'U/15+1 
OJ 20 K*I,KU 
WRITE (2.221 
KK2c 15*1( 
IF IKK2.GT.NOl""IU) KK2""~OIMU 
DO IB J=I,NOIMU 
1 SUBl"NMAT-J*NOI MU+KKI 
I SUB2 -NI1AT-J*ND IMU+KK 2 

18 WRITE (2,241 ISIII.I:ISUBltlSUB21 
KKlcKKl+l 

20 CONTINUE 

22 FORMATI1X/IIIIII; 
24 FOR"'ATllX, lSF5.11 
26 FaR~ATIIX/142H ~ECONSTR.UCTI(lN FOR PA~ALLfL BEAM GEOMETPY' 
Z8 FClR.MATlIXIIS8H RECONSTR.UCTION FOR FA~ BEAM GEOMET'l:Y WITH C.URvEO DE 

lTECTOR) 
~O FORMATIIXI/5f:H R;ECONSTRUCTJON FOR FAN Bn .... GEOMETRY WITH FLAT DETE 

lCTOR) 
END 

SUBR;QUTiNE GETUM (M,OATA,ERR) 

EXAMPL E It 

THE-SUBRDUTINE GETUM GIVES SI~ULATED PROJECTION DATA FOR 
1\ CHEST PHANT')M CONSIST ING OF A HEAA:T, LUNGS ANO SURRCUNDINfi 
TI SSUE. 

DIMENSION QATAllI,ERIUli 
DIMENSION B140Q6) 
01 ME "lSI ON AMAJ C41, A"t IN141, X 1141, Yll41 ,PHI 141 ,l( 41, I TYPE( 4) 
CQMMON/ourcO"t/LUNOUT, 1 80132 

LUNOUT • OUTPUT FILE 
180132 - OUTPuT LINE LENGTH HAr. 

=0 EACH LINE WILL SE wITHIN 80 CHARACTE~S 
IOTHERWISE 132 CHARACTERSJ 

CO'1MON/PAI:!."I1t PM 1121, PAR 13 I 

E4.088 
H.089 
EIt.090 
£4.091 
E4.092 
E4.093· 
E4.094 
H.095 
£4.096 
EIt.oen. 
EIt.098 
EIt.0<;9 
Eft.IOO 
E4.101 
E4.102 
E4.101 
EIt.l04 
EIt.lOS 
E4.106 
EIt.I07 
E4.108 
EIt.109 
E4.110 
Eft.l11 
EIt.1l2 
n.1l3 
EIt.114 
E4.1l5 
E4.116 
EIt.l17 
EIt.1l8 
EIt.l1e; 
E4.120 
EIt.121 
EIt.12Z 
Eit .1Z1 
E4t.l24 
EIt.lZ5 
E4.126 
EIt.121 
E4.128 
EIt.129 
EIt.110 
H.131 
E4.132 
EIt.133 
EIt.l1. 
EIt.US 
E'1t.136 
EIt.I3? 
EIt.138 
EIt.139 
E4.140 
EIt.141 
E4.11t2 
E4.Hl 
EIt.1 6 ft 
Elf. US 
E4.H6 
EIt.lIt7 
H.lIte 
E4.1ltC; 
EIt.1S0 
fit.15t 
H.1~2 
H.IS] 

EIt.lS. 
E"4.1!:5 
H.ISt> 
E4.157 
E4.15P. 
E4.1S9 
EIt.1bO 
f4.I61 
H.162 
E4.163 
E4.164 
Eit. U~5 
E4.1f.b 
E4.167 
E4.l68 
E4.109 
E4.110 
E4.171 
E4.172 



• 7 
8 

• 10 
II 

12 

EQUiVALENCE (NOIMU ,IP"Rt lI',IICIR ,IPARI 2)1,(lGEOJlt ,IPAIU :Sll, 
1 (NANG ,IPAR( ")ltfMOOANG,IPAR( !511t(I<OIMU tlPAA.1 611, 
2 (llllltT tIPAIU 7J1,CNWORI( ,1PAR( 811,CNFLOATtlPARC 91" 
3 (lSTORE, I PAR tl 0 1 I, I lORINT, I PAR ( 1111 ,(l UNUN, J PAR ( 12 J I , 
0\ (1'\1110 ,PARI lI"UXJSU , PARI 211,(RFAN ,PAR( 311 

DATA ITYPE/ltl,l,lI 
DATA AI4AJ/4D • .10. ,14. ,14.1 
DATA AMIN/o\O., 10., 10., 10.1 
QATA Xl/0.,O.,10.,-10.1 
DATA '11/0 .. -10.,0.,0./ 
DATA PHI/O.,0.,1.57079633,1.57079633/ 
DATA 1I!5.,27.,-4.,-0\./ 

IF IM.NE.l} GO TO 10\ 

IF IIMIT.NE.OI PWIDTH-pWtO 
IF «IMIT .EQ.OI pWtOTH-p",IO 
CALL PH AN 14.10, ITYP E, I, Xl ,Y 1, AMAJ, AMIN, PHI, 8 ,NoIMU,P"'1 OTH, 

CAU AA.PAY (B,NOIMUJ 

PRINTOUT OF THE VALUES FOR THE PHANT!:!" 

NMAT-NOIMU**2 
1(1(1-1 
KU-NDI MU/15+1 
00 12 l(-l,KU 
WRITE 12,161 
KKl-15*K 
IF IKK2.GT .NOIMUI KK2-NDIJitU 
00 10 J-l,NOIMU 
I SuB 1-NMAT-J*NDI MU+KKI 
ISUB2-NMAT-J*NO IMU+Kk 2 

10 "'RoITE (2,181 r8(1I,1-ISUB1,ISUB21 
I<K1-1(1(2+1 

12 CONT INUE 

14 CALL PHANL (4,ITYPE,Z,X1,Yl,AMAJ,AMIN,PHI,OATA,M, 

RETURN 

16 FOA,MATClXIlIlIlf) 
18 FORMUCtx,lSF5.lI 

END 

SSS EEEEE TTTT'T U U pppp 
S E TUupp 

SSS HE T U U PPPP 
SET U U P 

SSS EEEEE T UUU P 

INTEGER PARAMETER ARRAY UPARJ 

IPAR(J • 

•• I 
o 

7Z 

• 
12' 

I 

DESCRIPTION 

LINEAR DIMENSION Of THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A SOUARE ARIUY 
GEOMETR Y FLAG 
PARALLEL BEAM GEOflilETRY 
NUMBER OF PROJECTION ANGLES 
IIIIOOE FOR PROJECTION ANGLE INPUT (SEE FOLLOwING LINES • 
ANGLES GENERATED BETWEEN ZERO AND 2-PI 
STARTING AT ZERO 
NUMBER OF RAYS FOR EACH PROJECTION 
TRANSMISSION DATA 
DIMENSION OF THE FLOATING POINT USERS BLANK COMMON BLOCK 
NUMBER OF I4OROS fOR A FLOATING POINT VAlUABLE 

H.173 
E4.170\ 
E4.175 
E.,..176 
E4.177 
Eo\.178 
E4.179 
fit. 180 
E4.18l 
Eo\.182 
E4.183 
E4.184 
H.185 
E4.186 
£4.187 
£4.188 
Eo\.189 
Eo\.190 
E4.191 
H.192 
E".193 
E".19" 
H.19!5 
E4.196 
H.197 
H.19B 
Eo\.199 
E4.200 
Eo\.201 
E4.102 
H.203 
H.20. 
H.20!5 
Eo\.206 
E4.20' 
E4.20a 
E4.209 
fIt.ll0 
H.211 
E4.212 
£0\.213 
£0\.214 
Eit.2!! 
H.116 
E4.217 
E".218 
H.219 
Eo\.220 

18500 
I 
o 

13 
EXECUTE THE RECONSTRUCTION INOT JUST STOQ.AGE SIZE TEST) 
PRINT flAGS (OPTIONS SELECTED ARE ON THE FOUowlNG LINES) 
PRINT REQUIRED FLOATING POINT BLANK COMMON WHENEVER CHANGED 
PRINT SETUP VALUES FJtOM IPAR AND PAR: ARRAYS 
PRINT FILTER. FUNCTION FOR CONV'lLuTiON AND FILTER RI)JTlNES 
LOGICAL UNIT NO. FOR ATTENUATION FACTOR STORAGE 

FLOATING POINT PARAMETER ARRAY (PARI 

PAR( I J 

1.000 
50.500 

o NA 

DESCRIPTION 

PIXEL wIDTH IN UNITS OF PROJECTION BIN WIDTH 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 
NOT APPLICABLE (NOT FAN BEAM GEOMETRY) 

BLANK COMMON REQUIRED 72 110) 

BLAM( COI4MON REQUIRED I .. 2201 

BLANK COMMON REQUIRED 21. 3301 

BLANK CO,..MON REQUIRED 7321 

. BLANK COMMON REQUIRED .02 I 11321 

A TOTAL OF 92 ( 5 THRU 96' OF THE 129 USER PPOJECTION BINS WIll. BE USED 

92 PROJECTION BINS "'Ill. BE USED (IF WHICH a HAVE BEEN lEROED BY THE PROGRAM 

MAXIMUM SIZE OF BLANK COMMON THUS FARa 602 FlOATI NG POINT WORDS. 

EEEEE N N 0000 SSS EEEEE TTTTT U U pppp 

E NNNOO SET U U P P 
EEE N N NOD SSS fEE T U U PPPP 
E N NNO 0 SE T U uP 
EEEEE N N 0000 SSS EEEEE T UUU P 

FfFFF III l B88B K 
F I L B B K K 
FfF I l 88BB KkK 
F I L B B I( I( 

F III LUll. BBBB I( 

PARAMETERS FOR SUBROUTINE F JLB/I( 

DESCRI PTI ON 

ORDERX - 0 
fREQX - .500 

FIl TER PARAMETER USED ONLY 8'1 THE FILTER BUTER 
FREQUENCY PARAMETER FOR THE FILTER 

BLANK COMMON REQUIRED ." ( 12421 

BUNK COM,",ON REQUIRED ( 20\G4. 

BACkpROJECTION AND PROJECTION/CONVOLUTION/FILTER ROUTINES 
PERFORM THE FOLLOWING FUNCTIONS 
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••• BCK 
FIL 

FUNCTla.. 
8ACKpROJECTlON 
F IL TER 

RAY WE IGHTING 
UNIFORM SQUARE 

NfA 

ATTENUATION 
NO 
ND 

FAN BEA'" 
ND 
N/A 

FILTERED 8ACK-PROJECTION RECONSTRUCTIONS MUST BE EXECUTED IN AN 
ARRAY wITH DIMENSIONS AT LEAST TWICE AS LARGE AS THE FINAL IMAGE. 
THUS, THE EFFECTIVE SIZE OF THE RECONSTRUCTION ARRAY "'Ill. NOW 
BE INCREASED. 

BLANK CO"'MON REQUIRED 1412 I 260401 

A TOTAL DF 129 1 1 THRU 1291 OF THE 129 USER PROJECTION BINS WILL BE USED 

182 PROJECTIDN BINS ",ILl BE USED OF WHICH !53 .. AVE BEEN ZEROED BY THE PROGRAM 

BLAM( COMMON REQUIREO 17196 ( 4Z6CMI 

8l.ANK CO"140N REQUIRED 17978 1 .3072. 

THE VAlUES FOR THE FREQUENCY SPACE FILTER CFIlT(J,JI,lao,J , J-O, 641 "'I1H A 
FREQUENCY SpACUtG OF I/llS - .781E-02 CYCLES PER PIXEL ARE 

J. 0 0 
J- 1 .781E-02 
J- 2 .156E-Ol 
J- 3 .233E-Ol 
Ja 0\ .309E-ol 

J. • 

J. • 

J. 7 

J. 8 

J. • 

Ja 15 

J- 18 

J .. 23 

J- 25 

.38'E-Ol 

.536E-Ol 

.~59E-Ol 

.588E-Ol 

.531E-Ol 

.643E-Ol 

.601E-ol 

.698£-01 

.669E-Ol 

.754E-Ol 

.735E-Ol 

.809E-Ol 

.9J1E-ol 

.798E-Ol 

.863E-Ol 

.101E+00 

.859E-Ol 

.916E-Ol 

.105£+00 
.916E-Ol 
.9UE-Ol 
.108E+00 
• 970E-Ol 
.101E+00 
.112E+00 
.102E+00 
.106E+00 
.115E+00 
.125E+00 
.107E+00 
.110E+00 
.118E+OO 
.126E+00 
.111E+OO 
.114E+oO 
.111E+00 
• 128E+OO 
.115E+OO 
.117E+00 
.123E+00 
.129£+00 
.118E+00 
.120E+00 
.125E+00 
.130E+00 
.122E+00 
.123E+00 
.117E+00 
.131E+00 
.131E+00 
.124E+00 
.126E+00 
.129E+00 
• 131E+00 
.130E+00 
.126E+OO 
.12BE+00 
.130E+00 
.131E+OO 
.129£+00 
.128E+00 
.129E+00 
.131E+OO 
.131E+00 
.128E+00 
.130E+00 
.130E+00 
.131E+00 
.131E+00 
.127E+00 
.131E+OO 
.131E+00 
.131E+00 
.130E+00 
.125E+00 
.115E+00 

• 110E-Ol 
.174E-Ol 
.246E-Ol 
.319E-Ol 

.392E-Ol 

.465£-01 

.635E-Ol 

.536E-Ol 
.684£-01 
.606E-Ol 
.735E-Ol 
.671£-01 
.78TE-Ol 
.738E-Ol 
.838E-Ol 

.801E-Ol 
• BB9E-Ol 
.105E+00 
.861E-Ol 
.939E-Ol 
.108E+00 
.918E-Ol 
.986E-Ol 
• l11E+OO 
• 971E-Ol 
.103E+00 
.114-£+00 
.102E+00 
.107E+OO 
• 117E+00 

.107£+00 

.111 E+OO 

.120E+00 

.128E+00 

.111E+OO 
• l1!5E+OO 
.122E+00 
.129E+00 
.115E+00 
• 118E+00 
.124£+00 
• 130E+00 
• 119E+00 
.121E+00 
.126E+00 
• 130E+00 
.122E+00 
.124E+00 
• 128E+00 
.131E+00 

.12o\E+00 

.126E+00 

.129E+00 

.131E+00 

.129£.00 

.126E+00 

.128E+00 

.130£+00 

.131E+00 

.128E+00 

.128£+00 

.129E+00 
• 131E+00 
.131E+00 
.127E+00 
• 130E+00 
.130E+00 
• 13lE+OO 
.130E+00 
.125E+00 
• 131E+OO 
.131E+00 
• 131E+00 
.129E+00 
• 123E+00 

.220£-01 

.179E-01 

.345E-Ol 

.U3E-Ol 

.-481E-Ol 

."lE-Ol 
• 729E-Ol 
.618E-Ol 
.775E-Ol 
.684E-Ol 
.823E-Ol 
• n8E-01 
• 871E-Ol 

.809E-Ol 

.918E-Ol 

.868E-Ol 

.964E-Ol 

.111£+00 

.924£-01 

.101£+00 
• 114E+00 
.971£-01 
.105E+00 
.117£+00 
.103E+oO 
.109£+00 
.119E+oO 

.107£+00 

.113E+OO 

.122E+00 

.111E+OO 

.116E+00 

.114E+OO 
• 130E+00 
.115E+00 
.119£+00 
• 126E+00 
• 130E+00 
• 119E+00 
• 122E+OO 
.117E+00 
.131E+00 
.122E+00 
.125E+00 
.129£+00 
.131£+00 

.120\£+00 

.117£+00 
• 130E+00 
.13lE+00 

.127E+OO 

.118E.00 

.131E+00 

.131E+00 

.127E+OO 

.128E+00 

.130E+00 

.131E+00 
• 130E+00 
.115E+00 
• 130E+OO 
.131E+OO 
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.11:)E+OO .115E+00 • 114E+00 .114E+OO .113E+00 .430E-Ol .1o.25E-01 .418E-Ol .411E-Ol .402E-Ol 
.. llZE +00 .111E+OO .10C;f;+00 .109E+00 .107E+00 .393E-Ol .382E-Ol .371E-Ol .35c,e-Ol .346E-Ol 
.105E+00 .• 103E+00 .101E+00 .C;0;"1;-01 .<;73E-Ol .333E-Ol .318E-Ol .30lE-01 .l88E-01 .Z72E-Ol 
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.90I3E-Ol .883E-Ol .6!8E-Ol • 831E-Ol .B02E-Ol .3BOE-Ol .374E-Ol .368E-Ol .301E-Ol .353E-Ol 

.77JE-Ol .7 .. 2E-Ol .. 711E-Ol .678E-Ol .645E-Ol .344E-Ol .334E-Ol .323E-Ol .31lE-OI .300e-Ol 
• ::10E-OI .!:1'~!;-01 .540E-Gt • 50:;E-Ol .. 469·E-Ol . .287E-Ol .214E-Ol .UOE-Ol .245e-ol .231E-Ol 
.~32E-Ol .3'17E-Ol .ZI5E-01 .lOOE-OI .184E-Ol • 16C,E-Ol .1!!3E-Ol 

J. " .109E+00 .109E+OO .109E.00 .. 10C;E+00 .10'1E+OC .137E-Ol .IZlE-OI .107E'"-01 .Ci21E-02 .780E-02 
.108E+00 .107E+00 .. 101E+00 .106f+00 .10H.00 .647E-02 .5ZZE-02 .400E-02 .302E-OZ .Z11E-02 
.10~E+OJ .103E+00 .101E+00 .1 JOE+OO .98!E-Ol .lHE-02 .728E-03 .292E-03 .47SE-04 0 
• C;t8E-OI .Ci30E-01 .'630E-Ol .HOE-Ol ~RB8E-Ol 0 0 0 0 0 
.8c-tE-01 • E'.lo.OE-OI .811tE-01 .787E-Ol .7!:EE-Ol 0 0 0 0 0 
.72gE-Ol .. t 99E-ol .HeE-OI .63;E-Ol .602J;-01 0 0 
.:;;;;'91:-01 • !3!~-01 .500E-Ol .~~!iE-OI .430E-J1 J • ;2 .342E-Ol .34Z=-01 .3"0E-Ol .338E;"01 .33'E-Ol 
.39cf-Ol .3tlE-01 • 327E-Ol .BlE-OI .326E-Ol .320E-Ol .313E-Ol .305E-Ol 

J. " .103f+00 .1 O~E+OO .105E+00 .103E+00 .104E+00 .2'97E-Ol .288E-Ol .278£-01 .2t7E-01 .25H-QI 
.104E·.,0 .103E+00 .103e+00 .102e+oo .·I.,·IE+OO .H4E-a1 .Z31E-Ol .lI8E-01 .205e-Ol .191E-Ol 
.997E-OI .085E-01 .'972E-Ol • 9~7E-01 .941E-Ol .178E-Ol .163E-Ol .149E-Ol .l35f-Ol .121E-Ol 
.;Z4E-OI ./iOH-OI .se6E-CI .BE-:::E-Ol .e"3E-01 .t07E-01 .9341oE-02 .802E-02 .~75£-Q2 .555E-02 
.81'1E-Ol .195E-Ol .7t9E-01 .142E-Ol .714E-Ol •• 43E-Ol .340E-02 • 248E":02 .169E-OZ· .102£-02 
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.323E-Ol .2'61E-01 .2tOE-OI .Z2~E-Ol .200E-Ol .275E-02 • 19!E-02 .127E-02 .720E-03 .315E-03 
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.580E-Ol .357£-01 .533E-Ol .308E-Ol .~A3E-Ol .:;73E-02 .493E-Ol .415E-02 .340E-OZ .270E-02 
.457E-Ol .430~-01 .40~E-Ol .~H'7-01 .34"E-Ol .206E-02 .148E-02 ,"SOE-03 .!'bC;E-03 .zeoE-03 
.3211:-01 .Z<;4£-01 .U7E-Ol .240F-Ol .214E-Ol .c62E-0," 0 0 0 0 
.18sE-01 .1~.jE-01 .1'tOf-vl .11 7E-Ol .960E-02 0 0 0 0 0 
.704E-02 .5PtE-02 ""27~-(ll .;>-::'01':-'12 0 0 0 0 

0 0 0 0 
0 0 0 0 
0 



J. 57 .130E-01 • 130E-01 .12QE-01 .127E-01 • 12'E"'01 
.123E-01 • 119E-01 .11bE-Ol .1l1E-01 • 107E-01 
.102E-01 .960E-02 .901E-02 .838E-02 .773E-02 
.706E-02 • 638E-02 .'t'9E-02 .500E-02 .432E-02 
• 366E-02 • )02E-02 .2""2E-02 .186E-02 .13'E-02 
• 90'E-03 .5)7E-0) .256E-03 • nOE-O"" .662E-06 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 

J. 58 . • ';76E-02 .973E-02 .965E-02 .952E-02 .9]ltE-02 
.911E-02 .883E-02 .B50E-02 .8UE-02 .773E-02 
.729E-02 .682E-02 .632E-02 .'79E-02 .'26E-02 
• ""10E-02 .415E-02 .360E-Ol .30!iE-02 .252E-02 
.202E-02 .155E-02 .1l3E-02 .151E-03 .441E-03 
.210E-03 .516E-()\. • 165E-06 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 

J. 59 .691E-02 .688E-02 .682E-02 .671E-02 .655f-02 
.636E-02 .613E-02 .586E-02 .5~:SE-02 .522E-02 
• ",,85E-0:: .441E-02 .""06E-02 .304E-02 .322E-02 
.219E-02 .216E-02 .195f-02 .155E-02 .118E-02 
.8""9E-03 .556E-03 .315E-03 .l3tE-03 .280E-04 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

J. bO .... 50E-02 .4",,9E-02 .443E-02 .434E-02 .422E-02 
•• 06E-02 .388E-02 .3t6E-02 .342F.-02 .31f.E-02 
.288E-02 .258E-02 .221E-02 .196E-02 .165E-02 
.1:35E-02 .106E-02 .161E-03 .54ltE-03 .335E-03 
• 169E-03 .556E-0lt .265E-05 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 

J. tl .256E-02 .257E-02 .252E-02 .2""6E-02 .236E-02 
.225E-02 .211E-02 .19'E-02 .178f-02 .159E-02 
.139f-02 • 118E-02 .960E-03 .180E-03 .seSE-O) 
.ltl3E-03 .260E-03 .136E-03 .""18£-04 .360E-0! 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 

J. 62 .1l1E-02 • 11H-02 • 113E-02 .1~8E-02 .102E-02 
.946E-03 .857E-03 .751E-03 .6",,9E-03 .531E-03 
.""25E-03 .315E-03 .214E-03 .127E-03 .576E-04 
.13""E-04 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 

J. 63 .296E-03 .292E-03 .218E-03 .2~6E-03 .226E-03 
• 191E-0) • 152E-03 • 112E-03 • 7:3 0E-04 .389E-04 
• 134E-0"" • ell2E-06 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 

J. .. 0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 
0 0 0 
0 0 0 

pppp H H U. N , , H H A A NO N 
PPPP HHHHH A ANN ... , H H AAAAA N NN , H • A N N 

PHANTO'" GENERATED 
ARRAy SHE 64 X •• INTEGRATION FACTOR. 10 SCALING FACTOR 
NU"'BER OF ELIPSES ANOIOR RECTANGLES· 4 
THE PARAMETERS FOR THE ELlIPSES AND/Oi'. RECTANGLES u,e 

X.V - CENTER ... - LENGTH aF AXIS OR SIDE A ANO ~ 

'HI - ANGLE OF AXI S OR S tOE A 
DE NS - I NTENS tTy 

THE PARENTHESIS INDICATES THE SCALED VALUE 
tTYPE X V A • 'HI 

1 - ElI..IPSE o • 0 40.00 , 40.00 
01,1 OJ( ""0.001,1 400.001 

- ElLl PSE 0 . -10.00 10.00 , 10.00 
01,1 -10.0011 10.00),1 10.001 

- ELLIPSE 10.00 0 14.00 , 10.00 L.57 
10.001 It OJ( 1"".00), , 10.001 

- ELLIPSE -10.00 0 14.00 t 10.00 1.51 
t -10.001 " OJ( 1"".001, ( 10.00) 

EEEEE N N 0000 pppp H H ... N 
E NN N 0 0 , , H H • A ~.~ 

EEE N N N 0 0 PPPP HHHHH A ANN N 
E N NN 0 0 , H AAUA N NN 
EEEEE N N 0000 , H A • N N 

1.000 

DENS 
S.OO 
5.001 

21.00 
1 27.001 

-4.00 
t -4.001 

-4.00 
t -hOOI 

XMIN • )(MAX • .3ZE+02 )(SU~ • .1526E+O"" 
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o .2""00E+Ol • 5920E"01 ~7520E+01 .61:40E+Ol .9920E .. Ol .1l20F+02 

Z )( A " B • • 
• 1232E .. OZ .1312E+02 • 1392E+02 .1568£'+02 .1744E+OZ .. 1856E+02 • tQ84E+02 

• • • • • • • • .2096E+02 .2336E+02 .O::b2ltE+02 .27B""E+02 .2C;12E+02 .3040e+02 .3152E.02 

• .3200E+02 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

·0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

·0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0' 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 
0 0 
0 0 

0 
0 
0 
0 
0 

0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 .5 
0 0 2.' 
0 0 .6 ... 
0 0 2.7 5.0 
0 .1 4.5 !:.O 
0 1.1 5.0 5.0 
0 2.' 5.0 5.0 
0 3.' 5.0 5.0 
0 4.2 S .0 ! .0 
0 4.7 5.0 5 .. 0 
0 5.0 ~.O 5.0 
0 !.o !! .0 !.O 
0 4.7 ! .0 5.0 
0 4.2 5.0 5.0 
0 3 •• 5.0 5.0 
0 2.' 5.0 !'i.0 
0 1.1 5.0 5.0 
0 .I 4.5 5.0 
0 0 2.7 5.0 
0 0 .< 4.' 
0 0 2.< 
0 0 .5 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 .0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 





BLANK CO,",,'mN REQUIRED 18010 I ~3132J 

6LANK CO"'''40N REQUIRED, 17978 I 430121 

BLANK COMMON REQUI~ED 1590\ I 30721 

BLANK COMMON REQUIRED 1412 { 26041 

THE FINAL RECONSTRUCTION IS RETUFINED WITH DIMENSION NDIMU. 
~DtMU Wlll NOW fiE RETUPNEQ TO ITS O~IGINAL VALUE. 

BLANK COMMON RECUIRED 1284 I 24041 

A TOTAL OF 92 ( 5 THFlU 961 OF THE 129 USER PROJECTION SINS \-IILl IlE USED 

<;2 PROJECTION f\lNS WILL 8E USED OF WHICH 0 HAVE BEEN ZEROED BY THE PROGRA .. 

fltAXIMUM SIZE OF BLANK COMMON THUS FAFI'" 18010 FlOATING POINT WORDS. 

EEEEE N N 0000 
E NN NO a 
EEE N N N j) 0 

FFFFF It t 
F ! 
FFF I 

SBSS K 
B S K !( 

BSSS K!(K 
E N NND 0 F ! L 8 8 K K 
EEEEE N N DODD F II t lLI.lL flSSS !( K 

RECO~STRUCTION FOR PARAI.lEL BEAM GEOMETRY 

XHIN.. -.12E+Ol X .. AX .. .32£+02 XSUM • .618IE+04 

........................................................................ . . 

---•• , J "".---
----+xn.n.X+---

----------- +". ....... "'----------_ .. ---------·Z ........ Z·-----------
---------.. Z .......... z·--------

-------- +e ..... na'? ... --- -------------•. -., H"'"'''' J .-.... ------
____ a __ •• + IZZ1 .... ---.----

. . ...................................................................... 
• , 1 

-.1190E+OI .128IE+OI .4905E+OI .6553E+Ol .7706E ... Ol .9024E+Ol .1034E+02 

Z X A H R 8 It g. 
.1l50E+02 • 1232E+02 • 13IltE+02 .10\95E+02 .1671E+02 .1792E+02 .1924E+02 

• • • • • • • .2039E.a2 .2286E+02 .2583E+02 • 2148f+02 .2819E+02 .3011E+02 .3126E+02 

-.0 -.2 -.4 -.3 -.5 -.8 -.5 .1 
-.4 -.3 -.3 -.0 -.1 -.6 -.J! -.3 
-.b - .. 
-.3 -.5 

-.5 -.2 
-.7 -.6 

.1 -.2 
-.0 .0 

-. e -.1 
-.5 -.9 

-.1 -.1 -.5 -.8 -.3 .2 -.1 -.8 
-.2 .0 

.0 
-.4 

-.2 -.8 -.7 -.1 .2 -.3 
-.4 .1 -.3 

.l .2 
-.9 -.7 -.0 .2 

-.7 -.4 _.c, -.5 .3 
-.8 
-.1 

.2 
-.4 

-., 
-.8 
- .2 

-.4 .2 
-.8 -.z 
-.8 -.8 

.1 -.6 

.3 .0 
-.2 .3 

-.9 -.2 
-.7 -.8 
-.1 -.7 

.1 
-.2 

-.3 -.~ -.<1 -.2 .1 -.3 
-.2 -.0 -., .2 -.2 -.8 -.E 

-.8 -.8 -.2. .2 -.2 -."! -.6 -.3 
-.2 

.3 
- .1 

-.8 
-.2 

-.8 -.2 
-.8 -.8 

.2 .-.1 
-.3 .0 

-.5 -.5 
-.2 -.4 

.2 
-.3 

-.2 -.6 -.7 -.3 -.2 -.2 
-.8 .1 -.1 

-.4 -.2 
-.5 -.5 -.3 -.3 

-.7 -.8 -.3 -.4 -.3 -.2 
-.1 -.!' -.6 -.5 -.4 -.5 -.5 -.2 
-.( -.( - • .3 -.4 -.3 -.5 -.7 -.f. 
-.4 -.3 -.2 ·-.3 -.2 -.2 -.5 -.9 
-.4 -.4 -.3 -.4 - .. 4 -.3 -.\ -.4 
-.2 -.3 
-.2 -.2 

-.3 -.2 
-.3 -.2 

_.10. -.5 
-.1 -.2 

-.2 -.0 
-.4 -.3 

-.4 -.3 -.3 -.4 -.3 -.2 -.3 -.4 
-.5 -.4 -.2 -.3 -.4 -.4 -.3 -.3 
-.5 -.b -.5 -.z -.1 -.3 -.3 -.3 
-.3 -.5 -.7 -.t -.4 -.3 -.2 -.2 
-.3 -.2 -.3 -.5 -.b -.4 -.3 
-.4 -.4 -.3 -.3 -.3 -.4 -.4 -.It 
-.2 -.3 -.4 -.4 -.3 -.3 -.4 -.5 
-.2 -.1 -.1 -.2 -.3 -.3 -.4 -.5 
-.5 -.3 -.3 -.2 -.2 -.2 -.2 -.2 
-.2 -.3 -.3 -.4 -.2 -.2 -.2 -.2 
-.3 -.2 -.3 -.3 -.3 -.3 -.4 -.3 
-.7 -.7 -.1 -.6 -.5 -.5 -.4 -.3 
-.2 -.3 -.4 -.5 -.5 -.5 -.4 -.4 
-.2 -.2 -.1 -.2 -.3 - .. 4 -. ~ -.5 
-.4 -.3 -.3 -.2 -.2 -.1. -.2 -.3 
-.( -.2 -.3 -.4 -.4 -.3 -.2 -.2 
-.4 -.4 -.~ -.4 -.It -.3 -.2 -.2 
-.4 -.4 -.3 -.z -.2 -.3 -.4 -.4 
-.1 -.1 -.3 -.3 -.3 -.4 -.5 -.5 
-.5 -.< -.6 -.6 -.S -.4 -.3 -.3 
-.5 -.3 -.2 -.z -.2 -.2 -.2 -.3 
-.2 -.1 - .. 1 -.2 -.2 -.3 -.4 -.3 
-.5 -.5 -.5 -.~ -.6 -.5 -.4 -.3 
-.3 -.3 -.) -.4 -.It -.2 -.1 -.2 
- .3 -.4 -.3 -.2 -.1 -. L -.2 -.4 
-.5 -.4 -.2 -.1 -.2 -.4 -.5 -.5 
-.1 -.0 -.1 -.4 -.5 -.6 -.4 -.2 
-.2 -.4 -.7 -.1 -.6 -.5 -.2 -.2 -.. -.b -.5 -.3 -.2 -.2 -.2 -.3 
-.4 -.3 -.2. -.2 -.2 -.1 -.2 -.4 
-.3 -.3 -.It -.3 -.2 -.1 -.4 -.5 
-.3 -.3 -.2 -.1 -.2 -.5 -.8 - .. 6 
-.3 -.3 -.2 -.~ -.8 -.8 -.6 -.3 
-.5 -.5 -.t -.7 -.5 -.2 -.2 -.2 
-.4 -.5 -.3 -.4 -.1 -.1 -.4 -.4 
-.3 -.4 -.3 -.3 -.4 -.5 -.4 -.2 
-.7 -.5 -.4 -.4 -.4 -.3 -.1 -.2 
-.b -.2 -.3 -.) -.1 -.2 -.4 -.4 

.1 -.0 -.4 -.3 -.3 -.6 -.5 -.1 

-.7 .1 -.1 -.7 -.e 
-.9 -.2 .1 -.!: -.7 
-.9 -.0 .1 -.2 -.1 
-.6 -.8 -.1 .0 -.6 
-.1 -.8 -.4 -.0 -.4-

.2 -.5 -.6 -.2 -.2 

.1 -.2 .-.6 -.3 -.2 
-.2 -.1 -.4 -.4 -.3 
-.3 -.1 -.2 -.3 -.4 
-.5 -.3 -.2 - • .2 -.4 
-.5 -.<it -.It -.2 -.3 
-.S -.4 -.5 -.3 -.1 
-.5 -.3 -.4 -.5 -.2 
-.5 -.4 -.3 -.5 -.4 
- ... -.6 -.3 -.4 -.3 
-.2 .-.5 -.4 .1 .7 
-.2 -.4 -.1 1.2 2.5 
-.3 .1 1.0 2.6 3.9 
-.0 1.2 2.6 3.8 •• 5 

.8 2.6 3.8 4.2 1t.6 
1.9 3.7 4.5 4.4 4.5 
3.1 4.2 4.1 4.6 4.1t 
4.0 4.4 4.5 4.t: 4.5 
't.o 4.7 4.5 1t.6 4.7 
1t.7 4.9 4.1 4.5 4.3 
4.6 4.8 4.7 4.2 3.2-
4.6 4.6 4.4 3.4 2.1 
4.7 4.1t 3.6 2.3 I.Z 
4.7 4.3 2.10 1.4 .7 
4.6 4.2 2.6 1.'1 .6 
4.5 ).8 2.2 1.2 .8 
4.5 3.4 1.8 1.0 1.0 
4.4 3.3 l.b .7 .7 
4.6 3.1 1.9 .7 .5 
4.9 4.2 2.5 .9 .5 
4.7 4.3 3.0 1.5 .7 
4.5 4.5 3.7 2.3 1.2 
4.7 4.7 4.4 3.5 2.2 

·4.8 4.7 't.t! 4.3 ).6 
4.() 4.7 4.6 4.6 4.5 
4.3 It.!: 4.6 4.7 4.8 
3.7 4.3 4.5 4.6 4.1 
3.2 4.2 ~.5 4.4 4.4 
2.2 3.8 4.5 It.! 4.4 

.S 2.5 4.0 4.6 .6..8 
-.0 1.2 2.9 4.1 4.5 
-.3 .2 1.3 2.6 3.1 
-.4 -.4 -.1 .<; 2.4 
-.3 -.4 -.3 .1 .9 
-.4 -.2 -.1 -.1 -.0 
-.3 -.1 -.1 -.3 -.4 
-.1 -.1 -.3 -.5 -.6 
-.3 -.4 -.6 -.6 -.5 
-.4 -.5 -.5 -.4 -.3 
-.4 -.4 -.3 -.3 -.2 
-.4 -.4 -.3 -.2 -.2 
-.5 -.3 -.2 -.2 -.2 
-.) -.1 -.2 -.4 -.3 
-.2 -.2 -.4 -.4 -.2 
-.3 -.4 -.4 -.3 -.1 
-.It -.It -.3 -.2 -.1 
-.it -.3 -.2 -.2 -.2 
-.3 -.2 -.2 -.) -.3 
-.2 -.2 -.3 -.) -.4 

.1 -.\ -.9 
-.1 .1 -.1 
-.3 .1 -.4 
-.6 -.0 -.2 
-.6 -.2 -.1 
-.4 -.3 -.2 
-.3 -.3 ".3 
-.2 -.2 -.4 
-.3 -.2 -.4 
-.It -.1 -.3 
-.5 -.2 -.2 
-.4 -.3 -.2 
-.3 -.4 -.1 
-.1 .0 .1 

.5 1.0\ 2.5 
2.0 3.2 "'.0 
3.5 4. '3 4.7 
4.3 4.5 4.0;: 
4.6 4.e 4.8 
4.8 4.7 4.7 
4.8 4.8 4.7 
1t.6 4.7 4.7 
1t.6 4.7 4.7 
4.7 4.6 4.t 
4.0 3.8 3.8 
2.2 2.0 2.2 
1.0 .6 .8 
.8 • 5 .~ 
.0 .7 .7 
.5 .5 .6 
.7 .4 .4 
.9 .7 .5 
.8 .9 .8 
.6 ,,7 .c. 
.6 .7 .5 
.6 .1 .7 
.6 .6 .8 

1.2 • a 1.0 
2.b 2.0 2.0 
4.1 3.7 3.7 
4.8 1t.7 4.6 
4.8 4.S 4.7 
4.5 4.1 4.7 
4.4 4.5 4.5 
4.7 4.7 4.7 
4.8 5.0 5.0 
4.5 4.8 4.8 
3.6 4.1 4.6 
1.9 2.9 4.2 
.3 1.3 2.7 

-.3 .1 .8 
-.5 -.2 -.1 
-.3 -.1 -.2 
-.2 -.1 -.3 
-.1 -.2 -.5 
-.1 -.3 -.6 
-.3 -.4 -.4 
-.2 -.4 -.4 
-.1 -.3 -.4 
-.2. -.4 -.5 
-.4 -.5 -.6 
-.4 -.6 -.5 
-.5 -.6 -.4 
-.6 -.!; -.3 

-.0 -.5 
.1 -.2 

-.0 .1 
-.4 .3 
-.9 -.1 
-.9 -.6 
-.6 -1.0 

.0 -.8 

.2 -.3 
-.1 -.0 
-.6 -.1 
-.6 -.) 
-.3 -.3 
-.3 -.3 
-.4 -.4 
-.4 -.5 
-.2 -.4 
-.2 -.1 
-.3 -.1 
-.2 -.2 
-.1 -.1 
-.6 -.2 
-.8 -.8 
-.3 -.7 
-.1 -.2 
-.3 -.2 
-.3 -.2 
-.2 -.2 
-.3 -.3 
-.3 -.4 
-.4 -.3 
-.~ -.3 
-.5 -.4 
-.3 -.It 
-.2 -.3 
-.2 -.2 
-.2 -.2 
-.4 -.3 
-.5 -.5 
-.4 -.4 
-.3 -.4 
-.3 -.3 
-.3 -.3 
-.3 -.2 
-.2 -.1 
-.3 -.2 
-.3 - .. 2 
-.2 -.2 
-.3 -.4 
-.6 -.6 
-.s -.3 
-.1 -.1 
-.2 -.3 
-.3 -.It 
-.5 -.5 
-.6 -.6 
-.'" -.It 
-.2 -.2 
-.3 -.3 
-.3 -.3 
-.2 -.3 
-./t -.'" 
-.4 -.2 
-.2 -./t 

-.4 .3 
-.6 .2 
-.7 .0 
-.6 -.2 
-.5 -.3 
-.4 -.3 
-.3 -.3 
-.4 -.3 
-.5 -.2 
-.5 -.1 
-.5 -.2 
-.5 - .. 2 

.0 .6 
1.t 2.5 
3.5 4.2 
4.'; 
4.8 
4.' 
4.6 
4.7 
4.6 
4 •• 
4.7 
4.7 
4.1 
2.7 
1.3 

~. 7 
4.8 
4.7 
4.7 
4.7 4., 
':'.7 
4.7 
4.7 
4.5 
J.6 ,.2 
1.2 

.8 

.8 

.9 

.7 

.7 

.8 
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-.8 -.7 .1 .0 -.e 
-.8 -.S -.1 .3 -.5 
-.5 -1 .1 -.~ .3 -.\ 
-.0 -1.0 -1.0 -.0 .3 

.3 -.5 -1.2 -.6 .3 
.2 .1 -.9 -1.0 -.1 

-.3 .3 -.3 -1.0 -.5 
-.~ -.1 .1 -.7 -.8 
-.Q -.5 .1 -.3 -.!\ 
-.5 -.6 -.1 -.1 -.5 
-.3 -.4 -.1 -.3 
-.2 -.5 -.5 -.3 - .. 4 
-.2 -.4 -.4 -.2 -.4 
-.2 -.4 -.5 -.2 -.2 
-.1 -.2 -.5 ".5 -.1 
-.3 -.0 -.2 -.6 -.3 
-.~ -.3 .0 -.3 -.s 
-.5 -.7 -.] - .. 0 -.4 
-.1 -.~ -.f- -.2 -.3 
-.2 -.3 -.5 -.5 -.2 
-.2 -.2 -.] -.3 .l.. 
-.1 -.1 -.2 .1 1.4 
-.3 -.1 .0 .8 2.5 
-.7 -.4 .2 1.7 3.~ 
-.6 -./; .4 2.4 4.0 
-.4 -." .8 3.0 4.3 
-.2 .0 l.~ 3.6 4.5 
-.1 .6 2.3 ].0; 4.6 
-.2 .8 2.8 4.2 4.5 
-.; 3.1 ... 5 4.6 
-.2 3.1 4.5 4.7 
-.1 1.0 3.1 4.) 4.7 
-.2 1.2 3.4 4.4 4.6 
-.3 1.0 3.2 4.5 l...6 
-.3 .7 Z.CO 4.5 4.9 
-.2 .7 2.7 4.2 4.7 
-.2 .~ 2.3 4.0 4.4 
-.3 .2 1.S 3.9 4.7 
-.It -.2 1.2 3.3 4.~ 

-.5 -.4 .~ 2.3 3.9 
-.4 -.4 -.1 I.Z 3.2 
-.3 -.4 -.4 .5 2.3 
-.4 -.3 -.3 .2 1.5 
-.2 -.2 -.2 -.1 .6 
-.2 -.J -.? -.3 -.1 
-.2 -.3 -.3 -.2 -.3 
-.1 -.3 _.l.. -.It -.4 
-.4 -.5 -.f. -.5 -.4 
-.5 -.5 -.3 -.2 -.2 
-.4 -.3 -.2 -.2 -.3 
- .. 2 -.2 -.3 -.4 _.r:: 
-.2 -.~ -.4 -.It -.3 
-.5 -.5 -.3 -.3 -.3 
-.4 -.4 -.3 -.3 -.4 
-.5 -.! -.5 -.4 -.3 
-.5 -.4 -.3 -.2 -.3 
-.3 -.2 -.2 -.3 -.4 
-.2 -.3 -.3 -.4 -.5 
-.3 -.3 -.4 -.5 -.4 
-.3 -.4 -.4 -.4 -.3 
-.3 -.4 -.It -.'" -.3 
-.3 -.~ -.5 -.3 ·-.It 
-.4 -.6 -.4 -.3 -.3 
-.6 -.5 -.3 -.2 -.J 

-.5 -1.2 
-.3 -1.2 
-.2 -1.0 
-.2 -.8 
-.1 -.7 
-.2 -.5 
-.3 -.5 
-.4 -.4 
-.3 -.4 
-.3 -.4 
-.3 -.5 
-.1 -.1 
1.1 1.5 
3.1 3.5 
4.4 4.3 
4.6 4.5 
4.7 4.5 
4.6 4.6 
l...f- 4.7 
4.7 4.7 
4.8 4.1 
l...8 4.7 
4.6 4.e 
4.~ 4.6 
l...f: 4.5 
to.3 4.5 
3.4 4.Z 
2.4 3.7 
l.t 3.0 
1.1 2.4 
.9 2.0 
.8 1.9 
.9 1.9 

1.2 2.3 

-.1 .3 -.7 
-.3 .3 -.5 
-.! .3 -.4 
-.!' .2 -.3 
-.e -.0 -.2 
-.e -.2 -.2 
-.~ -.3 -.3 
-.3 -.4 -.4 
-.2 -.~ -.~ 
-.1 -.f. -.5 
-.1 -..... -.5 

.7 

.6 ., 

.7 

.b 

.7 ., 

.3 

.8 
1.4 
2.6 
4.0 
4.6 
4.< 
4.7 
4 •• 
4.~ 

4.' 
5.1 
5.0 
4.8 
3.' 
1.3 
-.1 
-.' 

.5 1.1 2.6 
1.3 3.0 
2.4 3.r; 
3.4 4.5 
4.1 5.3 
4.6 7.3 
5.0 9.Q 
5.3 11.5 
5.3 11.2 
5.0 ~.4 
4.6 t.O; 
4.!:' 5.2 
4.5 4.8 
1t.3 4.8 
4.2 4.6 
4.0 4.4 
2.q 3.6 
1.0 1.8 
-.3 .2 

.5 
1.1 
2.1 
3.4 
4.4 
4 •• 
4.6 
4.8 

4.' 
4.7 
4.9 
5.0 
4.7 
4.b 
3.8 
2.0 
.2 

-.5 

.f .6 .5 
2.! 2.7 2.t 
4.2 4.3 4.1 
4.7 4.7 It. 5 
4.7 4.8 4.6 
4. '7 4.8 4.7 
4. '7 4.8 4.7 
4.7 4.6 4.1 
4.7 4.6 4.6 
4.8 4>.7 4.8 
4.a 4.8 4.S 
4.8 4.8 4.8 
4.7 4.8 4.8 
4.7 4.R 4.7 
4.7 4.8 4.7 
4.7 4.8 4.7 
4.6 4.8 4.c 
4."" 4.8 "".5 
4.1 4.7 l...E 
J.e; 4.6 4.6 
3.e 4.5 4.5 
3.e 4.5 4.! 
"".0 4.5 4.5 
4.1 4.~ 4.7 
4.1 4. = 4. c;; 
4.~ 5.4 7.4 
e.o 9.0 1!.t 
9.S 17.9 25.3 

15.5 2!.3 30.!: 
20.4 29.1 31. j 
23.0 30."" 31.7 
23.0 30.t 31.8 
,0.4 29.3 31.7 
15.4 2!.2 30.4 
to.o 17.'? 2!.2 
6.5 10.1 15.7 
5.2 5.4 7.3 
5.0 4.4 4.4 
4.<; 4.7 4.3 
4.4 4-.::; 4.1 
2.t 3.0 2.6 

.7 .6 
-.5 -.5 -.3 -.1 -.1 -.2 -.2 
-.7 -.5 -.2 -.z. -.3 -.3 -.1 
-.5 -.3 -.3 -.5 -.4 -.1 .1 
-.2 -.3 -.6 -.6 -.3 .0 -.0 
-.2 -.4 -.7 -.!: -.1 .1 -.0 
- .5 -.5 -.~ -.3 -.1 -. O. -.1 -.. -.4 -.3 -.3 -.2 -.1 -.3 
-.6 -.3 -.2 -.4 -.2 -.1 -.4 
-.~ -.2 -.2 -.4 -.2 -.2 -;4 
-.3 -.1 -.3 -.~ -.2 -.3 -. ~ 
-.2 -.2 -.4 -.! -.2 -.4 -.5 
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-.8 .J .0 -.S -.7 .l -.1 -1.2 
-.8 -.0 -.0 -.8 -.~ .3 -.~ -l.t: 
- .. 8 -.1 -.1 -.6 -.4 .3 -.5 -1.0 
-.a -.2 -.'{' -.S -.3 .2 -.5 -.R 

-.;' -.3 -.t :-.2 -.iJ -.to -0" 
- •• -.J -.3 -.4 -.2 -.2 -.Il -.~ 

-.~ -.4 -.10 -.) - .. 3 -.!' -.5 
-.1 -.3 -.~ -.1 "-.o. -.4 -.3 
-.0 -.3 -.5 -.0 -.5 - • .!'. -'.2 -.4 

.1 -.:: - • .3 .1 -.5 -.6 -.1 -.4 
.1 -.2 -.2 .1 -.5 -.It -.1 -.! 

I.l 1.' 1.1 I.l .5 .f .~ -.1 
3.2 3.:3 3.J 3.2 l.t 2.7 2.5 1.; 
It.5 't.S 't.~. 4.5 4.1 4.3 4.2 3.~ 
4.t.- 4.e 4.0 4.t 4.5 4.7 4.7 4.3 
4.5 4.6 4.0 '0.5 40.6 't.A 4.7 4.~ 
4.4 4.0 4.6 "'.4 4.7 4.8 4.7 4.~ 
4.3 4.~ 4.6 4.5 4.7 4.!' 4.7 4.6 
4.t. 4.!:. 4.6 4.~ 4.7 4.c 4.7 4.7 
4.7 4.5 4.5 4.7 4.8 't.t. 4.7 4.7 
1t.7 4.4 4 .. 4 4.7 4.8 4."7 4.8 4.7 
4.i 1t.5 4.S 4.1 4.8 4.8 It.!' 1t.7 
4.7 4.5 4.5 4.7 4.8 't.E! 4.8 4.f 
4.0 4.5 4.5 4.6 4.8 4.8 4.7 4.6 
It.!» 4.3 '+05 4.6 4.7 ... 8 4.7 4.~ 
ft.7 4.6 4.6 4.7 ... 7 4.8 ... 7 4.~ 
4.7 4.0 "toe 4.,7 4.7 4.a 1t.7 4.2 
4.6 4.8 4.8 4.6 ... t 4.e 4.6 3.7. 
4.6 4.'7 4.<; 4.e 4.5 4.8 4.4 3.0 
4.6 4.8 4.8 4''''J 4.t 4.7 4.1 2.4 
4.0 4.8· 4.8 4.~ 4.to 4.b 3.CI 2.0 
4.7 4.S 4.9 4 .. 7 4.5 4.5 l.A I.S 
4.7 4.7 4.7 4.7 4.! 4.5 3.8 1.9 
4.7 4.7 4.7 4.7 It.!' 4.5 4.0 2.3 
4.8 4.7 4.7 't.e 4.7 4.5 4.1 2.t 
5.1 5.2 5.2 5.1 4. 0 ' 4.'.: ' .. I 3.0 
S.7 11.1 H.l <;.7 7.4 5 • .6. 4.5 3.t; 

ZO.5 23.2 23.220.:; 1:.( 9.9 t.O .6..~ 
29.3 30.7 30.7 29.3 2!'.3 17.9 9.8 ~.3 
H.b H.f. H.b 31.t 30.~ 25.3 15.5 7.3 
::11.0 31.6 31.6 31.tI 31.7 29.1 ZO.4 <I,Q 
H.7 31.7 31.7 31.7 31.7 30.4 23.0 11.5 
H.7 31.7 31.7 31.7 31.8 30.!; 23.0 H.2 
31.731.:. 31.D 31.7 31.729.320.4 9.4 
.H.7 H.b jl.l: 31.730.425.2 15.4 f.S 
ZC;.2 30.4 30.4 29.2 25.2 17 ... 10.0 ~.2 
2),7 23.1 l3.1 20.7 15.7 10.1 b.5 4.8 
10.0 11.0 11.D 10.0 7.3.5.4 5.2 4.A 
~.l ~.4 3.4 5.1 4 • ., "r.4 5.0 4.to 
4.6 4.7 4.7 4.e 4.3 1t,7 4.9 4.1t 
... 2 4.6 4.6 4.2 4.1 4.! 4.4 3.e 
2.7 3.5 3.! 2.7 2.6 3.0 2.e 1.8 

.7 1.3 1.3 .7 .f. .9 .7 .2 
-.2 -.2 -.2 -.2 -.2 -.2 -.1 -.1 
-.2 -.6 -.6 -.2 -.1 -.3 -.3 -.2 
-.2 -.7 -.7 -.2 .1 -.1 -.4 -.!i 
-.3 -.7 -.7 -.3 -.0 .0 -.3 -.6 
-.4 -.8 -.8 -.4 -.0 .1 -.1 -.~ 
-.4 -.7 -.7 -.4 -.1 -.0 -.1 -.3 
-.~ -.! -.5 -.~ -.3 ":'.1 -.2 -.3 
-.b -.3 -.3 -.t -.4 -.1 -.2 -.4 
-.It -.2 -.2 -.4 -.4 -.2 -.2 -.'" 
-.3 -.3 -.3 -.3 -.5 -.3 -.2 -.~ 
-.2 -.3 -.3 -.i. -.5 _-.4 -.2 -.5 

-.7 -.1 
-.5 ~ 1 
-.z .1 

.0 -.1 
-.0 -.It 
-.2 -.0 
-.3 -.0 

-.4 -.4 
-.) -.2 
-.2 -.2 
-.2 -.4 
-.) -.: 
-.5 -;4 
-.j -.3 
-."t -. '3 

.1 -.4 
1.2 -.1 
Z.D 1.0 
3.8 2.b 
"r.2 3.6 
4.4 4.5 
4.:1 4.7 
4.6 4.5 
4.~ 4.5 
... 5 4.7 
... 2 4.7 
3.4 4.4 
2.3 3. ~ 
1.4 2..9 
1.1 2.b 
1.2 2.2 
I.J 1.8 

.7 I.!> 

.7 1.9 

.'i l.;; 
1.5 3.0 
2.j 3.7 

. 3.! 4.4 
4.3 4.6 
4.!> 4.f. 
... 7 4.b 
4.~ 4.3 
4.4 It.:; 
1t • .3 4.5 
4.0 4.0 
4.1 2.e; 
2.6 1.3 

.CO -.1 
.1 -.3 

-.1 -.1 
-.3 -.1 
-.5 -.) 

-.t 
-." -.~ 
-.J -.3 
-.2 -." 
-.4 -.2 

-.2 
-." -.4 
-.3 -.4 
-.4 -.3 
-.2 -.2 
-.3 -.2 

.1 
-.2 
-.. -., 
-.9 
-.5 

-.J 
-.4 
- .. -., 
-.4 

.1 
1.2 
2.' 
J.7 
4.2 
4.4 
4.7 ... .. , 
<t.e 
•• 4 
4.J 
•• 2 
3.' 
3.4 
3.) 

'.7 
'+.2 
4.3 
4.' 
4.7 
4.7 
4.7 

4.3 
4.2 3., ,., 
1.2 
.2 

-.4 
-.4 
-.2 
-.1 
-.1 
-.4 
- .5 
-.4 
-.4 
- .3 
-.1 -., 
-.4 
- .3 
-.2 

.!.7 -.. 
-.~ 
-.6 
-.1 

.2 

.1 
-.2 
- .S -., 
-.5 

- .S 

-.2. 
-.2 
-.3 
-.0 ., 
I. Q 

3.1 
4.0 
10. ~ 
4.7 
4.t 
4.' 
4.7 
4.7 
4.~ 
40.5 
4.! 
4.4 
4.t 
4.' 
4.7 
4.S 
•• 7 

4.' 
4.t: 
4.3 
3.7 
3.2 
2.2 

.' 
-.0 
-.3 
-.4 
-. ;t 
-.4 
-.3 
-01 
-.J 
- .4 
- .4 
-.4 
-.S 
-.) 
-.2 
-.3 
-.4 
- .. 
-.3 

-.8 .0 .1 -.7 
-.~ .3 -.1 -.C; 
-.1 .3 -.!t -1.1 
.! -.0 -1.0 -1.0 
.3 -.6 -1.2 -.5 

-.1 -1.0 _.0 .1 
-.~ -1.0 -.3 .3 
-.6 -.7 .1 -.1 
-.8 -.3 .1 -.~ 
-.! -.1 -.1 -.6 
-.3, -.1 -.It -.6 

-.3 -.5 -.5 
-.4 -.2 -.4 -.4 
-.2 -.2 -.~ -.Ct 
-.1 -.5 -.!: -.2 
-.3 -.6 -.2 -.0 
-.5 -.3 .J -.3 
-.4 -.0 -.;, -.7 
-'.3 -.2 -.b -.6 
-.2 -.5 -.5 -.3 
.4 -.) -.3 -.2 

1.4 .1 -.2 -.1 
2.~ .e. .D -.1 
3.~ 1.7 .2 - .... 
... 0 2.4 .4 -.e 
4.3 3.0 .~ -.4 
4.: 3.6 1. = .0 
4.to 3.9 2.3 .6 
4.~ 4.2 2.1! .8 
4.t 4. ~ 3.1 • f!' 
4.7 4.: 3.1 .9 
4.7 4.3 3.1 1.0 
... ~ ... Ct 3.4 1.2 
Ct.6 4.3 3.2 1.0 
... <; 4.5 2.S .7 
4.7 4.2 2.7 .7 
4.Ct 4.0 2.) .5 
4.7 3.e 1.Q .2 
4.5 3.3 1.2 -.2 
).e 2.3 .! 
3.2 1.2 -.1 -.oCt 
2.3 .S -.4 _.4 
l.~ .2 -.3 -.j 

.f. -.1 -.2 -.2 
-.1 -·.3 -.3 -.3 
-.3 -.2 -.3 -.3 
-.4 -.4 - •• -.3 
-.4 -.:. -.b -.! 
-.2 -.2 -.3 -.: 
-.3 -.2 -.l -.3 
-.! -.3 -.2 

- .. -.4 
-.3 -.J 
-.J -.3 - .. 
-.4 -.S -.5 
-.2 -.3 -.4 
-.3 -. Z - .2 

-.: -.4 -.3 - .J 
-.4 -.5 -.J 
-.3 -.4 -." -.4 
-.3 - .4 -.4 -.4 
- .. -. ~ -. ~ -. ~ 
-.3 -.1 -.4 -.6 

-. ~. 
-.J 
-.2 

.J -.4 -.S 

.2 -.6 :".1 

.0 -.7 -.4 
-.2 -.2 -.6 -.2 
-.1 -.3 -.5 -.1 -., -.~ -.4 -.2 
-.3 -.3 -.3 -.; 

-." -.3 -.4 -.4 
-.3 -.2 -.~ -.4 
-.3 .-.1 -.!' -.3 
-.3 -.2 -.~ -.2 
-.1 -.2 -.~ -.2 
1.1 .6 .0 -.1 
3.1 2.5 1.6 .7 
4.40 1o.2 3.; 2.~ 

4.~ Ct.7 '.!; 4.0 
4.7 4 • .<1 4.8 4.7 
4.6 _ 4.7 4.e 4.e; 
4.t 1t.7 4.8 4.8 
4.7 It.7 4.7 4.7 
4.13 ".e 4.t- 4.7 
ft.!=! .... 7 4.6 4.7 
4.b ... 7 4.7 4.7 
4.t ... 7 ft.7 4.e 
4.f. ,..5 4.1 3.e 
4.3 3.t 2.7 2.2 
3.4 2.2 1.3 .S 
2.1t 1.2 .7 • ~ 
l.t .8 .f .7 
1.1 .8 .11 .t 

.9 .7 • .6. 

.6 .7 .6 .5 
• ., .7 .7 .6 

1.2 .8 .t.. .6 
1.1 .: .3 .5 
1.3 .5 .S .7 
2.4 1.1 .8 .8 
3.4 2.1 1... 1.0 
4.1 3.4 2.6 2.0 
4.t. 4.1!o 4.0 3.7 
~.O 4.6 4.6 4.6 
5.3 4.6 It.e 4.7 
~.J ... 8 4.7 4.7 
5.0 4.8 4.1:. 4.: 
It.f. 4.1 4.5 4.7 
1t.5 It. Ii 4.9 !I.O 
4.5 5.0 5.1 "r.8 
4.3 4.'" 5.0 4.6 
4.2 4",6 ",.8 4.2 
4.0 3.8 J.b 2.7 
2.e; 2.0 1.3 .f! 
1.0 .2 -.1 -.1 
-.3 -.~ -.4 -.2 
-.3 -.~ -.~ -.3 
-.2 -.5 -.1 -.5 
-.3 -.3 -.j: -.6 
-.6 -.3 -.2 -.I!o 
-.7 -.4 -.2 -.4 
-.!t -.~ --.5 -.It 
-.3 -.4 -." -.5 
-.2 -.3 -.6 -.f; 

-.2 -.2 -.!!' -.5 
-.3 -.1 -.3 -.4 
-.4 -.2 -.2 -.3 

-.9 -.!: -.0 .1 
-.8 -.2 .1 -.3 

'" .1 -.0 -.1 
-.0 .) .-." -.<;1 

.3 -.1, -.Ii -./J 

.2 -.f; -.... -.3 
-.3 -1.0 -.6 .2 
-.8 -.P .0 .3 
-.9 -.3' .2 -.2 
-.: -.0 -.1 -.f!' 
-.3 -.1 -.6 -.1' 
-.2 -.3 -.6 -.3 
-.2 -.3 -.3 -.0 
-.2 -.3 -.3 -.3 
-.1 -.4 -.4 -.!: 
-.3 -.: -.4 -.4 
-.6 -.4 -.2 -.2 
-.!Ii -.1 -.2 -.) 
-.1 -.1 -.3 -.l 
-.2 -.2 -.2 -.2 
-.<::; -.J. -.1 -.t 
-.1 -.2 -.f: -.Ii 
-.3 --.JJ -.8 -.4 
-.7 -.7 -.3 -.0 
-.f; -.1 -.1 - .. 3 
-.4 - .. .c. -.3 .... 4 
-.2 -.2 -.3 -.3 
-.1 -.2 -.2 -.3 
- • .(: -.3 -.3 - .. 2 
-.3 -.4 -.1 -.3 
-.2 -.3 -.4 -.4 
-.1 -.3 -.4 -.~ 
-.2 -.4 -.j -.!i 
-.3 -.4 
-.3 -.3 
-.2 -.2 
-.2 -.2 
-.3 -.3 -. ~ 
-.! -.4 
-.4 
-.3 ".3 
-.4 -.3 
-.2 -.2 
-.2 -.1 
-.2 -.2 
-.1 -.2 
_.4 -.2 
-. ~ -.4 
",.4 "'.t 
-.2 -.3 
-.2 -.1 
-.~ -.3 
'- ... 
-.5 -.:; 
-.:. -.; 
-.3 -.'t 
-.2 -.2 
-.3 -.3 
-.:' -.3 
-.3 -.3 
-.3 -.4 
-.4 -.2 

-.3 -.2 
-.2 -.2 
-.2 -.3 
-.2 -.3 
-.4 
-.!: -.5 
- ... -.) 

-.3 -.2 
-.3 -.2 
-.3 -.4 
-03 -.! 
-.2 -.J 
-.~ -.3 
-.3 -.~ 
-.2 -.3 
-.3 -.2 
- .. 

-.! 
-.1 -.2 
-.l -.2 
-.J -.3 
-.!' -.4 -., -.: 
-.4 -.6 
-.2 -03 
-.3 -.2 
-.3 -.4 
-.2 -.2 

-.2 
-.4 

-.j -.£ -.;; -. \ -.; -.t: -.1 

-.1 
.1 
.1 

-.0 

.1 -.6 
-.1 -.7 
-.3 -.7 
-.t -.t 

-.2 -.0 -.4 
-.3 -.4 -.2 
-.3 -.3 -.2 
-.2 -.2 -.3 
-.2 -.J -.4 
-.1 -.4 -.4 
-.L -.5 -.3 
-.3 -.4 -.J. 
-.4 -.3 -.2 

.0 
1.' 
J.2 
4.3 
4.: 
4.' 
4.7 
4.S 
4.7 
4.7 

-.1 -.4 

'.' 3.' 
2.0 

., 

.5 -.3 
2.0 .7 
3.5 2. ~ 
4.3 3.'9 
It.6 .4. ~ 
1..8 4.6 
4.e 4. '; 
Io.t. 4.4 
4.6 4.S 
1t.7 4.7 
4.0 "t.3 
2 • .i: 3.2 
1.0 2.1 

• ~ 1.2 
• 7 .t .7 . ., 

.7 
.. , .4 

.7 ., 

.7 

.7 
.7 
.t .. 

.C; 1.CI ., .. 

.6 .. .. 
1.2 
2 •• 
4.1 "., 
4.8 

'.5 
It ... 
4.7 
4.' 
~.! 

.7 

.S 

.7 
1.2 
2.2 
3.' 
... 5 
4.6 
4.7 
4.4 
4.4 
4. , 
4.~ 
3.7 

2.0 
3.7 
4.7 
4. , 
4.7 
4.: 
4.7 
~ .c. 
4.P 
4.1 
2.' 
1.3 

3.t 2.1! 
1.9 .~ 

.1 
-.2 

.3 -. Q 
-.3 - •• 
-.~ -.e 

-.1 -.3 -.~ 
-.1 -.2 -.3 
-.2 -.1 -.2 
-.3 -.1 -.2 
-.4 -.) -.2 -.. -.2 -.3 
-.3 -.1 "';.2 
-.4 -.2 -.1 
'-.!. -.4 -.1 -.. -.4 -.2 -.. -.!'- ,-. ~ 

-.6 -.'" 

-.!' -.8 
-.e -.eo 
-.e -.2 
-.! .0 
-.1 .2 

.2 -.1 
-.0 -.7 
-.~ -.S 
-.1; -.6 
-.7 .0 
-.1 .3 

• 1 -.2 
-.2 -.8 
-.f -.7 
-.5 -.1 
-.2 .0 
-.2 -.3 
-.3 -.~ 
-.3 -.It 
-.! -.5 
-.7 -.: 
-.! -.2 

'-.1 -.3 
-.c. -.3 
-.4 -.2 
-.3 -.l 
-.::'1 - •• 
-.3 -.J 
-.2 :- .. 3 -.. 
-."t -.4 
-.4 -.3 
-.4 -.3 
-.2 -.2 
-.2 -.2 
-.It -.3 
_.4 -.5 
-./t -.5 
-.5 -.4 
-.2 -.2 
-.2 -.3 
-.2 -.~ 

-." -.3 
-.: -.1It 
-.3 -.4 
-.2 -.1 
-.4 -.3 
-.4 -.!' 
-.1 -.2 
- • .i: -.1 
-.!' -.4 
-.~ -.0 
-.~ -. ~ 
-.2' -.2 
-.2 -.1 
-.£. -.1 
-.8 -.~ 
- .. t -.e 
-.2 -.2 
-.4 -.1 
-.4 -.! 
-.1 -.3 
-.4 -.2 

-.!-
-.1 

.1 
-.0 
-.3 
-.7 -., 
-.' 

.1 

.3 
:- .. 2 -.. -., 
-.2 
.2 

-.3 
-.7 
-.5 
-.3 
-.4 
-.~ 
-.2 
-.4 
-.4 
-.1 
-.3 
-.4 
-.1 
-.4 -.. 
-.3 
-.3 
-.3 
-.2 
-.2 
-.3 
-.!: 
-.~ 
-.3 
-.2 
- .. 
-.4 
-.2 
-~?-
-.: 
-.2 
-.2 
-.t 
-.. 
-.1 

-.~ 
-.t 
-.£ 

-.' 
-.2 -., 
·.f 
-.: 
-.1 
-.4 

-.'" 
-.1 
-. ~ 

-.3 -.It -.2 
-.0 -. ~ -.3 
-.2 -.S -.6 
-.6 -.7 -.5 
-.6 -.'; -.1 
-.8 -.2 .0 
-.1 .1 .0 

.Z .1 -.4 

.t. -.It -.9 
-.2 -.8 -.8 
-.8 -.8 -.z 
-.9 -.3 .1 
-.2 .2 -.2 

• 2 -.2 -.s 
-.2 -.Ii -.s 
-.8 -.8 -.2 
-.0 -.2 .2 
- oJ. .1 -.3 

,-.2 -.4 -.S 
-.3 -.f -.S 
-.4 -.3 -.1 
-.J -.2 -.3 

-.3 -.4t 
-.l -.3 -.3 
-.2 -.) -.z 
-.4 -.3 -.3 
-.3 -.2 -." 
-.2 -.S -.f. 

-.7 -.S 
-.5 -.3 -.2 
-.3 -.3 -."t 
-.4t -.4 -.3 
-.2 -.1 -.1 
-.2 -.3 -.3 
-.4 -.3 -.3 
-.J -.-.3 -.2 
-.6 -.7 -.7 
- .. 5 -.4 -.3 
-.2 -.1 -.z 
-.2 -.3 -.3 
-.4 -.3 -.2 
-.4 -.4 -.4 
-.Z -.3 -.It 
-.) -.3 -.J. 
-.6 -.6 -.6 
-.2 -.2 -.3 
-.2 -.1 -.1 
-.5 -.s -.s 
-.4 -.3 -.3 
-.2 -.3 -.4 
-.1 -.2 -.4 
-.4 -.1 -.0 
-.7 :-.7 -.4 
-.3 -.5 -.6 
-.2 -.2 -.3 
-.3 -.4 -.3 
-.1 -.2 -.3 
-.S -.2 -.3 
-.7 -.6 -.3 
-.4 -.~ -.5 
-.3 -.3 -.4 
-.4 -.4 -.5 
-.3 -.3 -.2 
-.3 -.4 -.0 

-.0 
-.4 
- .. 
-.3 
-.1 
-.2 
-.4 
-.7 -., 
-.1 

.2 
-.4 -., -.. 
-.2 

.3 
-.1 -. , 
-.7 
-.1 
-.1 
-.4 
-.4 
-.2 
-.2 
-.4 
-.S 
-.S 
-.3 
-.3 
-.. 
-.2 
-.2 
-.3 
-.2 
-.3 
-.7 
-.2 
-.2 
-.4 
-.1 
-.4 
-.4 
-.1 -.. -., 
-.2 
-.!i 
-.3 
-.3 -., 
-.1 
-.2 -.. -., 
-.3 
- .. 
-.3 -., 
-.4 
-.3 
-.7 -.. 
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OESCPIPTION 

LINfAA OI""ENSIO" Jf THE 1I;E((lNSTIO.t.CTION ARRAY 
1Ec.JNSir..UCT It~ ~ SQUARE ARR.AY 
~EO"'ETRY FLAG 
FAN teA'" GEJMETriY CCUilVEO OETECTO!U 
NUfII"l;:R. OF pPOJE(Tl:J~ ANGLES 
A400E F')~ PR1JECTION a,'tGLE INPUT I SEE FOLLcwt-.G LINES) 
ANGLF.S GE~ERATEO 8E7WEEN ZEo(1 A~O z*PI 
SHA:Tlf'04G AT zeFH' 
:-.lUMBH ')F I;.6,Y5 FO~ EACH PP:f.lJECTJr~ 

TI;.,l~~""I SSIO"4 OATA 
OIMH'SIO~ OF THE FLOATHIG POINT UHf\S BLANK CO"''''ON 8LOCK' 
~U""'HI\ OF w,')P.OS FllR A FLOATING POINT VAIlUBLE 
D.ECUTE TI"IE r:lE(()NSTll:UCTIO~ (NfiT JUST STOQAGE SllE TEST) 
Pr..lN1 FLAGS (1PTJONS SELECTEO AH ON THE FaLlawl~ LINES) 
PR)NT ·HQUICl:EO FLOATING o(11NT qLANK cnMMQr<I WHENEVE" CHANGED 
P!'(It-lT SETuP VALuES fll.CiM IPAO 1\"40 oAII; A'l.RAVS 
LOGICAL UNIT ,..0. FOR ATTE'I1UA"'I'1'11 FI-CTC"lR ST'1!'(AGE 

HeATING POINT PA!\AMETH. AA:06'( {PAF J 

PAi:,.C I I 

I.HO 

50.JOO 
125.000 

OEscnPTION 

PIXEL wIOTH Io,! ulllns OF PPOJECTJCN Btf,! WIOTH AT CENTEII; OF 
KL'TAT 1",1~ 
L':l(UION OF THE POTATICN AXIS IN THE PROJECTION ARRAY 
;)ISTA~CE FPO'" SCUR.CE TO CE~TEo DF FOTATION F(I~ FAN"eEA'" IN 
U.'II!"!s (IF- Ppr,JECTlrtN SIN 1011011--4 AT CENTE~ 1F "-OlAnUN 



BLANK CO"'MON flEQUIRED 12 1101 

BLANK COMMON REQUtREO I ... 2201 

BLAM( COM"ON REQUIREO 216 3301 

BLANK CO"'MON REQUIRED 732} 

BLANK CO",,,,ON REQUIRED 602 1132) 

A TOTAL OF 114 ( t THRU 1141 OF THE 1Zq uSER PP('!JECTlON SI~S WIlL BE USED 

1Z8 PROJECTION BINS WILL BE USED DF WHICH 14 HAVE BEEN ZER.OEO I3Y THE PF!OGP.AM 

MAXlfIIIUM sIZe OF BLANK COMMON THUS FAr.. 18010 nOATING POINT WQII:OS. 

EEEEE N N OlOO SSS EEEEE TTTTT U U pppp 
E NN 'II 0 0 SET U LJ " P 
EEE 'II 'II 'II 0 0 SSS EEE T U l' PPPP 
E 'II NND 0 5 E T U Ll P 
EEEEE N 'II DODD SSS EEEEE T UUU P 

FFFFF III 
F 

I3~BB K 
ij e K K 

FFF 
F 
F 

I SBSS KKK 
I L B ij K K 

It I LUll. eeBP K K 

PAa.A!4ETERS FOR sueROUTINE FtLBK 

DESCRIPTION 

OROERX - 0 FILTER PARAMETER USED ONl.V BY THE FILTER eUTER 
FREQUENCY PARAMEteR FOR THE FIUEP. FREQX - .SOO 

BACKPROJECT ION ANO PROJECT lON/CONVOLUT I ONIF I L TEF. Rwn NES 
PERFORM THE FOLLOWING FUNCT IONS 

ARG 
BCK 
FIL 

FUNCT ION 
BACKPROJECTION 
FIL TER 

flAY WEIGHTING 
UNIFORM SQUARE 

NIA 

ATTENUATION 
NO 
NO 

FAN 8EA'" 
V':S 
NIA 

FtLTERED BACk-PROJECTION 'HCONSTRUCltONS ,",uST BE EXECUTED IN AN 
ARRAY WITH DIMENSIONS AT LUST TWICE AS LAPGE AS THE FINAL IIIIIAGE. 
THUS. THE EFFECTIVE SIlE OF THE RECONSTRUCTION ARRAY WILL NOW 
BE INCREASED. 

FOR FAN BEAM RECONSTRUCTIONS THE FAN SOURCE "UST BE OUTSIDe THlS LAPGE AII:RAV. 

BLANK COM"ON REQUIRED 130 ( 13321 

A TOTAl OF 129 ( 1 THRU 1291 OF THE 121:; USER PROJECTION 8INS WIll BE USED 

328 PROJECTION BINS WILL BE USED OF WHICH 19~ HAVE eEEN ZEROED BY THE Pt\OGRAM 

8LAM( COMIIIION REQUIRED 17114 

BLANK COMMON REQUIRED 

PPPP ,H H AU N N 
P PH ... A ANNN 
PPPP HHHHH A ANN '4 
P H HAU""'N NN 

H H A A N 

PHANTOM GENERATED 
ARIlAY SIZe 64)( 64 INTEGRATION FACTOP. 10 SCALING FACTOR. .752 
NUMBER OF ELIPSES ANDIOR RECTANGLES. It 
THE PARAMETERS FOR THE ELLIPSES ANDIOR RECTANGLES UE 

x. y - CENTER 
A,B - LENGTH OF AXIS OR SIDE A AND B 
PHI - ANGLE OF AXIS OR SIDE A 
DENS - INTENSITV 

THE PARENTHES IS INDICATES THE SCALED VALUE 
tTYPE X V A 

1 - ELLIPSE 0 t 0 40.00 t 
01,( 01( 30.081,( 

- ELLIPSE 0, -10.00 10.00. 
01,( -7.5ZI( 7.521.1 

- EllI PSE 10.00 , 0 14.00, 
7.5ZI,1 all 10.5310( 

- ELLIPSE -10.00 , 0 14.00, 
« -7.521,( 011 10.531,1 

B 
40.00 
30.081 
10.00 

7.52) 
10.00 

7.521 
10.00 
7.521 

EEEEE N N 0000 PPPP H H UA N N 
E NN NO 0 P PH HA ANNN 
EEE N N NOD PPPP HHHHH A ANN N 
E N NNO 0 P H H AUAA N NN 
EEEEE N N DODD P HHAANN 

PH' lENS 
5.00 
6.lISI 

Z7.00 
e 35.q11 

1.57 -04.00 
e -~.32 I 

1.57 -4.00 
e -5.321 

X·"IIN • XMoIIX • .43E+(.IZ XSU~ • 

......................................................................... . 

--1 .... ,--
----------x •••••• x-------------------...... ------------------M_n .... ---------------x .... x-------

. ....................................................... " ........... . 
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o .319ZE+01 .1874E+Ol .1000E+02 .lt4'ih02 .131fiE+02 • 14c;,OE+02 

Z X A 1'\ e , • 
• lb3QE+02 .1745E+02 • 1851E'+OZ .Z08~E+02 .Z320F.-+OZ .Z466F.+D-' .263o;E+OZ 

• • • • • • • .Z788E+OZ .3107E+OZ .3490E+02 .3703E+02 .3873E+02 .04043£+02 .41'iZE+QZ 

0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 c 
0 0 0 0 0 0 0 0 0 0 a a 
a a 0 0 0 0 0 0 0 0 a a 0 
0 a 0 0 0 a 0 a 0 0 0 0 0 
a 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
a 0 a 0 0 0 0 0 0 0 0 0 0 
a 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 a 0 
0 0 0 0 a 0 a 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 a 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 a 0 0 a 
0 a 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 a 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 a 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
a a 0 0 0 0 0 0 0 0 0 0 c 0 
0 0 0 0 0 0 0 o· 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 

·0 0 0 0 0 0 o. 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 ·0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 a 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 a 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
a 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
a 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
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0 0 0 
0 0 0 0 0 
0 0 0 0 0 

u 0 0 0 0 0 
0 c .0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 
0 '0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 'J 0 0 
u 0 0 0 0 0 0 J 0 0 
0 0 0 0 0 0 0 0 0 0 

0 0 0 a 0 0 0 0 0 0 0 0 0 
u 0 0 0 0 0 0 0 0 0 0 0 0 

v 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 o· 0 .3 2.3 4.1 5.5 0 0 0 0 0 0 

. 0 0 0 0 0 0 0 .b 3.7 b.3 6.7 6.7 •• 7 0 O. 0 0 0 0 
0 0 0 0 0 0 2.7 0.3 ,.7 '.7 •• 7 6.7 6.7 0 0 0 0 0 0 0 
0 0 0 0 .2 4.3 6.7 6.7 '.7 •• 7 '.7 '.7 6.7 0 0 0 0 0 0 0 
0 0 0 .2 "".8 6.7 6.7 6.7 0." •• 7 t.7 6.7 '.7 0 0 0 0 0 0 0 0 0 
0 0 0 4.3 6.7 •• 7 6.7 6.1 •• 7 t.7 •• 7 t.7 6.7 0 0 0 0 0 0 0 0 0 
0 0 2.7 6.7 6.7 0".7 •• 7 6.7 6. 7 6.7 0.7 b.7 ~.7 0 0 0 0 0 0 0 0 0 
0 0 .< b.3 6.7 6.7 '.7 6.7 c.7 6.7 b.7 b.7 6.7 ,.7 .. 0 0 0 0 0 0 0 0 0 
0 0 3.7 •• 7 6.7 ~ ·7 b.7 b.7 b.7 b.7 b.7 <.7 •• 7 6.7 3.7 0 0 0 0 0 0 0 0 0 
0 .3 '.3 '.7 •• 7 '.7 b.7 ,., 5.3 '.2 b.7 '.7 0.7 b.7 '.3 .3 0 0 0 0 0 0 
0 2.3 '.7 •• 7 6.7 e.7 "4.4 1.4 1.3 1.5 4.' b.7 6.7 •• 7 6.7 2.3 0 0 0 0 0 0 
0 4.1 0.7 6.7 0.7 4.9 1.3 1.3 1.3 1.3 1.3 5.2 '.7 t. i 6.7 '.1 0 0 0 0 0 0 0 
0 :;.5 '.7 •• 7 6.7 2.3 1.3 1.3 1.3 1.3 1.3 2.6 6.7 6.7 6.7 5.5 0 0 0 0 0 0 0 
0 b.4 •• 7 •• 7 6.0 1.3 1.3· 1.3 1.3 1.3 1.3 1.3 6.2 '.7 6.7 6.4 0 0 0 0 0 0 0 0 
0 6.7 607 •• 7 '.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 5.6 •• 7 0.7 6.7 0 0 0 0 0 0 0 0 
0 •• 7 '.7 ~. 7 5.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 5.6 6.7 •• 7 6.7 0 0 0 0 0 0 0 0 
0 '.4 '.7 ,.7 6.0 1.3 1.3 1.3 1.3 1.3 1.3 1.3 6.2 6.7 6.7 6.4 0 0 0 0 0 0 0 0 

S.5 e.7 ,.7 6.7 2.3 1.3 1.3 1.3 1.3 1.3 2.E. t;,.7 '.7 6.7 5.5 0 0 0 '0 0 0 0 0 0 0 
4.1 •• 7 c.7 6.7 4.9 1.3 1.3 1.3 1.3 1.3 5.£ 6.7 '.7 '.7 4.1 0 0 0 0 0 0 0 0 0 0 
2.3 6.7 •• 7 t.7 •• 7 '.4 1.4 1.3 I.S 4. 1• '.7 ~. 7 H. '3 •• 7 2.3 0 0 0 0 0 0 0 0 0 0 0 0 

.3 b.3 ~ .• 7 6.7 b.7 •• 7 '.2 5.3 6.2 6.7 '.7 !J.l 41.5 b.3 .3 0 0 0 0 0 0 0 0 0 0 0 
0 3.7 •• 7 6.7 '.7 •• 7 6.7 '.7 •• 7 •• 7 l:..7 28.6 42.6 3.7 0 0 0 0 0 0 0 0 0 0 0 0 
0 .b c.3 6.7 '.7 e." t·.7 ,.7 6.7 6.7 6.7 33.6 4Z.c. .6 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 2.7 6.7 b. 7 6.7 '.7 ,.7 6.7 6.7 6. 7 28.~ 4i:.6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 4.3 6.'" 6.7 ,.7 •• 7 •• 7 6.7 6.'7 13. ~ -U.S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 .2 4.8 b.7 <.7 6.7 6.7 6.7 6.7 , .7 lf~. 5 0 0 0 0 0 0 0 0 0 0 o . 0 0 o. 
0 0 0 0 .2 4.3 '.7 e.7 '.7 b.7 '.7 '.7 b.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 o . 0 0 0 2. 7 6.3 6.7 6.";' i;.7 .. 7 '.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 .b 3. "! •• 3 t.7 •• 7 6.7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 .3 2.3 ... 1 5 • .'5 0 0 o· 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 '0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 ·0 0 0 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 ·0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 "0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

·0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 o. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

("" 
"<. 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 o· 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6.' 6.7 6.7 6.' 5.5 '.1 2.3 .3 0 0 0 0 0 0 0 0 0 0 
e.7 6.7 '.7 6.7 '.7 b.7 6.7 '.3 3.7 .6 0 0 0 0 0 0 0 0 
6.7 6.7 t.7 6.7 6.7 '.7 •• 7 6.7 b.7 ~.3 2.7 0 0 0 0 0 0 0 0 
6.7 6.7 6.7 6.7 '.7 6.7 •• 7 ,.7 b.7 '.7 6.7 '.3 .2 0 0 0 0 0 
0.7 6.7 6.1" 6.7 <.7 6.7 '.7 6.7 5.7 5.7 t.7 6.7 4 •• .2 0 0 0 0 
,.7 6.7 b~ 7 b .7 '.7 6.7 •• 7 6.7 6.7 t.7 t.7 6.7 6.7 4.3 0 0 0 0 
6.7 6.7 b.7 ,.7 6.7 6.7 b.7 ,.7 6.7 0.7 t.7 t.7 6.7 •• 7 ;'.7 0 0 0 
6.7 •• 7 6.7 6.7 t.7 6.7 ,.7 6.7 b.7 :'.7 6.7 6.7 6.7 6.7 6.3 0 0 0 
•• 7 6.7 6.7 6.7 •• 7 6.7 6.7 •• 7 t.7 •• 7 b.7 '.7 t.7 6.7 •• 7 0 0 0 
6.7 6.7 0.7 6.7 b.7 0.7 ,.7 •• 7 6.2 3.3 b.2 b.7 '.7 b.7 1.,.7 0 0 0 
, .7 6.7 6.7 b.7 ,.7 6.7 6.7 ... I.' 1.3 1.' '.4 6.7 •• 7 t..: 0 0 0 
6.7 b.7 6.7 •• 7 ,.7 6.7 5.2 1.3 1.3 1.3 1.3 1.3 4.9 6.7 fo.7 0 0 0 
•• 7 6.7 6.7 6.7 6.7 b.7 2.6 1.3 1.3 1.3 1.3 1.3 2.3 •• 7 '.7 0 0 0 
6.7 •• 7 b.7 '.7 b.7 6.2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 6.0 6.7 0 0 0 
b.7 6.7 b.7 b.7 '.7 :.6 1.3 1.3 1.3 1.3 1.3 1.3 1.3 5.3 6.7 0 0 0 
b .7 b.7 b.7 '.7 ,.7 5.6 1.3 1.3 1.3 1.3 1.3 1.3 l.:! 5.~ ~.7 0 0 0 
,.7 •• 7 t.7 '.7 '.7 •• 2 1.3 1.3 1.3 1.3 1.3 1.3 1.3 t.o e." 0 0 0 
'.7 •• 7 •• 7 b.7 6.7 b.7 2.b 1.3 1.3 1.3 1.3 1.3 2.3 6.1 6.7 0 0 0 
7 •• 13.1 13.1 7.4 b.7 b.7 '.2 1.3 1.3 1.3 1.3 1.3 4.' b.7 t-.7 0 0 0 

,39.0 42.6 42.b 39.0 H.3 b.1 '.7 ... l.!, 1.3 1 •• ... fe.7 f.7" 6.: 0 0 0 
... 2.6 42.6 'tz.e 42.~ Itl.! 13.1 b.7 6.7 6.2 '.3 '.2 6.7 •• 7 •• 1 •• 7 0 0 0 
... ,z.6 42.6 42.0 42.6 42.e ze.t. •• 1 b.7 b.7 '.7 b.7 •• 7 b.7 6.7 6.;' 0 0 0 
+2.6 42.6 42.6 42.6 42.b 33.6 •• 7 6.7 '.7 6.7 '.7 6.7 '.7 6.7 b.3 0 0 0 0 
42.6 42.6 Jt2.6 42.6 42.6 28.9 b.7 6.7 6 •. 7 b.7 b.7 6.7 •• 7 b.7 2.7 0 0 0 0 
42.6 42.6 42.6 1t2.6 41. e 13.~ •• 1 '.7 '.7 6.1 '.7 •• 7 b.1 '.3 0 0 0 0 0 
39.3 :.2 ~6 42.6 39.3 IS.! b.7 '.7 b.7 6.7 6.7 •• 7 6.7 4.1) .'2 0 0 0 0 0 
7.7 15.6 B.b 1.7 •• 7 b.7 b.7 6.1 '.7 b.7 6.7 4.3 • <:: 0 0 0 0 0 0 
b.1 '.1 •• 7 6.1 . •• 7 '.7 •• 7 b.1 b.1 ~.3 2.7 0 0 0 0 0 0 0 
'.7 6.1 •• 1 t. : t.; b.1 6.7 6.3 3.1 .. 0 0 0 0 0 0 0 0 
•• 4 •• 7 b.7 e.4 5.5 4.1 2.3 .3 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 ·0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 c 0 o· 0 0 
0 0 0 0 0 0 0 0 0 0 0 
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-.3 -.2 -.2 -.) -.5 
-.2 -.2 -.2 -.2 -.5 
-.2 -.2 -.2 -.2 -.4 
-.L -.3 -.3 -.2 -.4 
- .. 2 -.2 -.2 -.2 -.4 
-.2 -.2 -.2 -.2 -.4 
-.2 -.2 -.2 -.2 -.it 
-.2 -.2 -.• 2 -.2 -.4" 
-.Z -.2 -.2 -.2 -.4 
-.2 -.i -.2 -.2 -.3 
-.1 -.2 -.2 -.1 -.3 
-.1 -.2 -.2 ':.1 - • .j 
-.2 -.2: -.2 -.2 -.3 
-.2 -.2 -.2 .-.2 -~3 

-.2 -.2 -.2 -.2 -.3 
-.1 ".0 .0 -.1 -.3 
1.5 1.7 1.7 1.S l.l 

-.1 
-.1 
-.1 
-.1 
-.1 
-.1 
-.1 
-.2 
-.2 
-.2 
'-.3 
-.3 
-.3 -., -., 
-.3 ., 

.1 

.0 
-.0 
-.0 
-.1 
-.1 
-.2 
-.2 
-.2 
-.3 
-.3 
-.3 
-.3 
-.3 
-.3 
-.3 

.3 

-.7 -.5 .2 
-.7 -.4j. .2 
-.7 -.4 .2 
-.7 -.3 .1 
-.7 -., .0 
-.7 -.1 '-.1 
-.e -.1 -.2 
-.!' -.'2 -.3 
-.4 - .. 2 -.3 
-.4 -.2 -.3 
-.4 - .. 2 -.3 
-.3 -.2 -.3 
-.3 -.2 -.4 
-.3 -.2 -.3 
-.3 -.2 -.3 
-.3 - .. 2 -.2 
-.0 -.2 -.2 

-., -.8 
-.4j. - •• 

-.5 - .. 5 
-.e -.4 

-.6 -.' 
-.6 -.1 
-.5 -.1 
-.4 -.1 
-.3 -.1 
-.3 -.1 
-.3 -.1 
-.2 -.1 
-.2 -.1 
-.2 -.2 
-.2 - .. 3 
-.2 -.2 
-.2 -.2 

t,..5 4.8 4.8 4.5 4.0 3.4 2.~ 
6.2 6.3 b.J 6.2 t.O 5.e 5.1 
t..1t 6.4 6.4 ~.4 to4 e.3 6.2 
6.4 6.5 6.5 e.4 t.4 6.3 6.3 
6.4 c>.4 ~.4 6.4 6.4 6.4 
b.4 6.4 b.lt e.4 6.4 6 .. 4 6.4 
6"olt 6.5 6.5 6.4 6.4 6.5 6.3 
6.4 6.5 0.5 6.4 6.5 6.5 6.2 
b.4 "6.5 6.5 6.4 6.6 6.5 t.z 
6.S 6.4 0.4 L5 6.6 6.S 60.0 
6.5 6.3 6.3 6.5 b.t: t..) 5."3 
6.3 6.4 b.4 6.5 6.5 5.8 4.2 
6.5 6.5 6.5 6.= 6.3 5.2 Jo1 
6.;' 6.5 6.5 C.S t.3 4.7 2.4 
6.5 1!>.4 6.4 6.5 6.3 4.4 2.0 
6.5 6.5 b.5 6.5 6.2 4.4 201 
6.4 b.4 b.lt 6.4 e.2 4.1 '2.4 
1.3 8.0 8.0 7.3 t;.5 5.0 3.0 

1"'.8 18.0 18.0 14.8 10.2 6.5 4.2 
29.1 33.733.7 2<;.1 20.2 10.<; 5.9 
30;.541.8 41.8 39.5 31.5 18.2 8.5 
't2." 42.4 42.4 42.4 37.8 24.0 11.2 
42.6 42.~ ftZ.3 42.b 3<;.5 U.9 12.1t 
1t2.3 42.'4 1t2.4 42.3 31.6 24.7 1l.3 
3<;.041.6 41.6 30;.e 31.1 18.5 8.<; 
20;.<; 31t.2 34.Z 29.9 ZO.8 "H.3 7.1 
lS.S 19.1 19.1 15.8 10.6 6.9 6.4 
7.6 8.4 8.4 7.6 b.b b.O b.3 

1.7 .8, .1 
4.5 3.3 I.e; 
6.2 5.6 4.4 
t.~ b.4 C.O 
6.~ 6.4 .0:..4 
6.4 6.4 E:.4 
6.4 b.4 t.4 
f..4 6.5 6.4 
t.:3 t. 2 ~.1 
~.! 5.0 4.7 
3.e; 2 .. 8 2.4 
2.3 1.4 I., 
1.5 1..1 1.1 
1.2 1.1 101 
1.2 1.2 1.2 
1.3 1.2 1.1. 
1.2 1.0 1.0 
1.4 1.1 1.1 
2.E: 1.7 1.3 
4.2 2.0; 2.4 
5.6 ".8 4.5 
6.4 tol 601 
e~6 6.5 c.~ 
6.5 E:.3 60.3 
6.5 6." 0.4 
6.7 to.6 6. ~ 
6.7 6. ~ 6.1 
6:2 ~. 7 <,.~ 
4.~ 3.3 2.0 
1.8 .7 .1 

-.2 -.3 
.7 -.1 

2.8 1.2 
5.1 3.4 
6.2 ~.4 
to.4 6.2 
6.4 f..4 
t.4 e.4 t., 6.3 
5. 0 ~.6 

2.P "t.0 
1.5 2.4 
1 .. 1 1. ~ 
1.1 1.4 
1.2 1.3 
l.l 1.0 
1.0 1.1 
1.1 1.5 
1.4 2.4 
2.8 4.1 
~.O 5.1 
'6.2 6.3 
6.4 6.3 
6.3 6.4 
6.5 6.3 
6.) ~.4 

5.0 3.4 
,.8 1.2 
.7 -.0 6.1 b.1 b.l 6.1 5.9 5.3 5.2 

4.5 4.7 4.7 4.5 3.9 3.2 Z.7 
1.5 1. a 1.6 1.5 1.0 .b • ~ .1 -.3 -.3 

-.1 -.3 :'.3 

-., -.4 
-.1 -.3 

.0 .0 .0 .0 -.3 
-.1 -.2 -.2 -.1 -.3 -.. 
-.1 -.Z -.2 -.1 -.Z -. S 
-.' -.1 -.1 -.2 -.3 -.3 
-.3 -.0 -.0 -.3 -.~ -.4 
-.2 -.1 -.1 -.' -.4 -.4 
-.' -.1 -.1 -.' -.4 -.!' 
-.' -.1 -.1 -.' -.4 -.S 
-.3 -.' -.2 -.3 -.3 -.4 
-.3 -.Z -.2 -.:) -.3 -.4 
-.3 -.' -.2 -.3 -.3 -.3 
-.J -.' -.' -.3 -.3 -.2 
-.+ -.2 -.2 -.4 -.3 -.2 
-.3 -.' -., -.3 -.3 -., 
-.J -.3 -.3 -.3 -.J -.2 
-.3 -.3 -.3 -.3 -.4 -.2 

-.6 -.1 
-.4 .1 
-.' .1 
-.0 -.0 

.1 -.3 
-.0 -.5 
-.l -.4 
-.4 -.2 
-.3 -.1 
-.1 -.1 
-.1 -.If 
-.3 -.5 
-.!: -.4 
-.4 -.1 
-.2 -.1 
-.1 -.' 
-.Z -.4 
-.2 -.4 
-.3 -.) 
-.) -.2 
-.2 -.2 
-.e. -.3 
-.1 -. j 

.6 :-.2 
1..<; .3 
3 •• 
It.'; 1.6 
5.2 2.!" 
';.7 3.5 
b.l 4.1 
b.l 4.4 
6.1 4.~ /:l., 4.7 
6.3 4.4 
6.1 4.1 
5.8 ).b 
5.'t 2.8 
lr. ~ 1.6 
3.0 .6 
1.7 .1 

.8 -.' 
'-1 -.' 

-.2 -.1 
-.2 -.' 
-.2 -.) 
-.2 -.l 
-.l. -.2 
-.2 -.) 
-.3 -.3 
-.2 -.2 
-.3 -.2 
-.3 -.2 
-.3 - .. ) 
-.3 -.3 
-.' -.3 
-.2 -.3 
-.1 -.2 
- .. 1 -.2 
-.1 -.1 
-.2 -.1 
-.3 -.2 
-.4 -.3 
-.3 -.4 
- .. 2 ·-.If 

.1 -.' -.7 -.4 
-.1 -.~ -.5 -.1 
-.3 -.6 -.2 .0 
-.5 -.4 -.1 -.1 
- .. 3 -.1 -.0 -.3 
-.3 .0 -.2 -.5 
-.1 -.1 -.S -.4 
- .. 0 -.4 -.4. -.1 
-.2 -.!' -.2 -.1 
-.3 - .. 3 -.0 -.3 
-.5 -.1 -.' -.5 
-.2 -.0 -.4 -.4 

.0 -.3 -.5 -.2 
-.1 -.5 - .. 3 -.1 
-.4 - .. 4 -.1 -.2 
-.5 -:3 -.2 -.3 
-.4 -.Z -.2 -.2 
-.) -.1 -.2 -.2 
-.1 -.' -.) -.3 
-.2 -.3 -.) '-.2 
-.3 -.3 -.2 -.1 
-.3 --., -.1 -.1 
-.Z -.1 -.1 -.3 
-.1 -.1 -.3 -.5 
-.1. -.J -.5 -.4 
-.3 -.~ -.4 -.2 
-.2 -.4- -.2 -.1 
.3 -.2 -.1 -.1 
.0; -.1, -.1 -.2 

1.£ -.2 -.3 -.3 
1.3 -.3 -.3 -.3 
1.6 -.1 -.) -.4 
1.7 -.0 -.2 -.3 
1.4 -.2 -.2 ';".2 
1.2 -.1 -.l. -.2 
1.0 -.0 -.1 -.Z 

.5 -.3 -.3 -.3 
-.1 -.4 -.4 -.3 
-.2 -.' -.2 -.2 
-.' -.2 -.' -.2 
-.3 -.3 -.3 -.' 
-.2 -.3 -.3 -.4 
-.1 -.1 -.2 -.2 
-.2 -.2 -.1 -.1 
-.4 -.4 -.3 -.2 
-.3 -.3 -.3 -.3 
-.1 -.2 -.2 -.) 
-.3 -.2 -.~ -.2 
-.4 -.3 -.2 -.2 
-.3 -.3 -.3 -.3 
-., -.3 -.4 
-.1 -.2 -.3 -.3 
-.' -.2 -.1 -.2 
- .. 3 -.2 -.2 -.2 
-.) -.3 -.3 -.3 
-.3 -.3 -.2 -.2 
-.3 -.4 -.) -., 
-.2 -.3 -.4 - .. 3 
-.2 -.2 -.3 -.4 
-.2 -.2 -.2 -.4 
-.1 -.,' -.2 -.3 
-.1 -.2 -.3 -.1 
-.) -.1 -.3 -.2 
- .. 5 -.1 -.2 -.;; 

-.2 -.1 -.1 
-.3 - .. 1 -.2 -.4 -.' -.1 
-.4 -.2 -.1 -.3 -.3 -.' 
-.3 -.3 -.' -.' -.3 -.2 
-.2 -.2 -.3 - .. 3 -.3 -.2 
-.2 -.1 -.3 -.3 -.3 -.3 
--2 -.0 -.2 -.4 - .. 4 -.) 
-.3 -.0 -.1 -.3 -.4 -.4 
-.3 -.1 -.1 -.1 -.3 -.4 
-.3 -.2 -., -.1 -.1 - .... 
-.3 -.) -.2 - .. 1 -.1 -.2 
-.3 -.3 -.2 - .. 2 -.2 -.1 
-.3 -.J - .. ' -.2 -.2 -.1 
-.3 -.3 -.2 -.3 -.2 -.1 
-.2 -.3 -., -.3 -.3 -.2 
-.1 -.3 -.3 -.3 -.3 -.3 

~1 .1 -.5,-.tt -.5 
.1 -.3 -.7 -.t -.1 

-.1 -.6 - .. 6 ';".2 .1 
-.4 -.E: -.j .. 0 -.0 
-.It -.4 -.2 -.0 -.2 
- ..... -.2 -.1 -.1 -.4 
-.2 -.2 -.2 -.3 -.5 
-.' -.4 - .. 3 -.4 -.4 
-.4 -.4 -.2 -.3 -.3 
-.5 -.1 - .. ' _.4' -.' 
-.3 -.1 -.4 -.4 -.0 
-.1 -.3 -.4 -.1 .0 
-.1 -.4 -.2 .1 -.3 
-.4 -.3 .0 -.2 -.5 
-.4 -.1 -.1 -.4 -.3 
-.1 -.0 -.3 -.3 -.1 
-.1 -.3 -.4 -.2 - .. 3 
-.3 -.3 -.' -.2 -.4 
-.3' -., -.2 -.4 -.3 
-.1 -.1 -.j, - .... -.2 
-.1 -.3 -.4 -.1 -.2 
-.3 _.10. -.3 -.' -.J 
-.4 -.3 -.2 -.3 -.4 
-.4 -., -.3 -.3 -.' 
-.2 -.2 -.2 -.2 -.2 
-.2 -., -.2 -.1 -.1 
-.2 -.1 -.1 -.1 -.1 
-.1 -.1 -., -.3 -.4 
-.2 -.2 -.4 -.5 -.4 
-.4 -.4 -.4 -.'t -.3 
-.3 -.4 -.3 -~, -.2 
-.3 '-.3 -.' -., -.2 
-.' -.2 :"'.1 -.' -.2 
-.1 -.1 -., -.2 -.3 
-.2 -.2 -.3 -.3 -:-.3 
-.' -.3 -.3 -.3 -.3 
-.3 -.3 -.3 -.' -., 
-.2 -.2 -.2 -.2 -.2 
-.2 -.2 -.1 -.1 -.2 
-.3 -., -.2 -.£ -., 
-., -.' -.2 -.3 -.3 
-.4 -.3 -.3 -.3 -., 
-.3 - .. 4 -.4 -.10. -.3 
-.1 -.2 ,:",.2 -.3 -.3 
-.2 -.' -.2 -.2 -.' 
-.2 -.2 -.2 -.2 -.2 
-.) -.3 -.2 -.2 -., 
-.2 -.3 -.3 ... 2 -.l. 
-.2 -.2 -.3 -.3 -.2 
-.2 -.2 -.3 -.3 -.3 
-.3 -.2 -.2 -.2 -.) 
-.4 -.4 -.' -.2 -.' 
-.3 -.4 -.4 -.3 -.' 
-.1 -.2 -.4 -.4 -.4 
-.' -.1 -.2 -.3 -.3 
-.3 -.2 -.2 -.' - .. 1 
-.' -.3 -.2 -.3 -.3 
-.2 -.2 -.2 -.2 -.3 
-.) -.2 -.3 -.2 -.1 
-.3 -.2 -.3 -.4 -.3 
-.4 -.3 1 -.1 -.' -.5 
- .. 3 -',6,: -.3 .0 -.3 

.0 -."t -.6 -.2 - .. 1 
-.1 -.0 -.~ -.!" -.2 

.1 

.2 
-.0 
-.4 
-.. 
-.S 
-.4 
-.1 
-.1 
-:1 
-.1 
-.3 
-.4 
-.2 
-.1 
-.4 
-.S 
-.3 
-.1 
-.2 
-.3 
-.4 
-.3 
-.2 
-.2 
-.1 
-':2 
-.S 
-.4 
-.2 
-.2 
-.2 
-.2 
-.3 
-.3 
-.3 
-.2 
-.2 
-.2 
-;2 
-.3 
-.2 
-.) 

-.4 
-.3 
-.1 
-.2 

-." 
-.2 
-.~ 
-.4 
-.3 
-.1 
-.3 
-.: 
-.2 
-.2 
-.4 
-.2 
-.0 
-.3 
-.~ 

-.4::: .2 -.4 
-.0 .0 - .. 6. 

.1 -.1 -.6 

.1 -.3 -.f 

.1 -.S -.~ 
-.0 -.5 -.2 
-.2 -.4 -.1 
-.3 -.3 -.1 
-.3 -.2 -.3 
-.2 -.3 -.3 
-.2 -.3 - .. 2 
-.3 -.3 -.0 
-.4 -.1 -.1 
-.3 -.1 -.3 
-.' -.' -.4 
-.' -.3 -.4 
-.2 -.3 -.2 
-.3 -.3 -.2 
-.2 -.2 -.2 

.. 2 -.2 -.3 
i.5 .1 - .. 3 
3.6 I..S .1 
~.4 3.5 I., t.' 5.1 ,.ft 
t.4 5.C; 4.4 
6.3 b.3 Lo 
b.2 b.5 6.2 
5.!" b.3 to4 
4.2 5.8 0.4 
3.2 3.3 6.4 
2.7 "'.8 f.l 
2.2. 4., ~.6 

l.t; 4.1 5.e; 
,.3 4.6 6.2 
3.1 5.3 0.4 
4.3 5.9 604 
!". ~ 6.3 t.!: 
6.2 6.5 6.2 
e.3 6.2 5.3 
b.3 5.8 4.2 
t.2 ~., 3.0 
5.5 3.6 1.4 
3.t I.!: .1 
I.! .2 -.2 
.2 - .. 2 -.' 

-.2 -.2 -.3 
-.3 -.l. -.4::: 
-.4 -.3 - .. ' 
-.3 -.4 -.) 
-.2 -.3 -.3 
-.1 -.2 -.3 
- .. 1 -.' -.; 
-.1 -.1 -., 
-.2 -.1 -.2 
-.2 - .. 1 -.2 
-.3 -.1 ,-.1 
-.4 -.2 -.1 
-.~ -.3 -.1 
-.4 -.5 -.2 
-.~ -.~ -.4 
- .... -.4 -.4 
-.' - .. 3 -.~ 
-.1 -.2 -.4 
-.1 -.2' -.3 

., -.3 -.t; 
-.1 -.7 -.8 
-.5 -.Il -.3 
-.7 -.5 .2 
-.~ -.1 .2 
-.3 .0 -.1 
-.0 -.0 -.4 
-.0 -.' -:~ 
-.2 -.4 -.4 
-.3 -.3 - .. 1 
-.3 -.2 -.1 
-."" -., -.3 
-.2 -., -.! 
-.1 -.5 -.1; 
-.4 -.6 -.2 
-.t. -.' .1 
-.3 .1 -.1 

.0 -.1 -.4 
-.' -.4 -.4 
-.4 -.3 -.2 
-.3 -.3 -.3 
-.3 -.3 -.3 
-., -.' -.1 
-., -.2 -.2 
-.2 -.' -.' 
-.1 -.'" -.3 
-.4 -.5 -.5 
-.!: -."" -.' 
-.3 -.' -.' 
-.2 -.) -.3 
-.1 -.1 -.2 
-.2 -.2 -.3 
-.3 -.3 -.3 
-.~ -.2 -.2 
-.3 - .. 3 -.3 
-.3 -.3 -.) 
-.' -.2 -.2 
-.2 -.2 -.2 
-.2 -.2 -.2 
-.' -.2 -.' 
-.3 -.3 -.3 
-., -.3 -.3 
-.3 -.2 -.2 
-."" _.4 -.3 
-.3 -.4 -.~ 
-.1 -.2 -.2 
-.1 -.1 -.1 
-.;: -.2 -.' 
-.2 -.' -.' 
-.2 -.2 -.3 
-.3 -.2 -.1 
-.4 -.4 -., 
-.2. -.5 -.E:: 
-.1 -.0 -.3 
-.4' -.2 -.0 
-.4 -.5 -.4 
-.1 - .. 2 -.4 
-.3 -.2 -.1 
_.10. -.4 -.2 
-.2 -.4 -.4 
-.0 - .. 2 - .. 3 
-.2 -.2 -.3 
-.3 -.' -.3 
-.3 -.2 -.' 

-.6 .2 .3 -.~ 
-.1 .3 -.2 -.1:1 

.3 .1 -.7 -.8 

., -.4 -.8 -.3 
-.3 -.8 -.5 .2 
-.6 -.5 .1 .3 
-.5 -.1 .2 -.2 
-.3 .1 -.1 -.7 
-.1 -.0 -.5 -.B 

.'0 -.3 -.8 -.5 
-.3 -.8 -.1 -.2 
-.7 -.7 -.1 .3 
-.6 -.1 .3 .1 
-.2 .2 -.0 -.6 

.1 -.1 -.5 -.6 
-.1 -.5 -.5 -.2 
-.5 -.5 -.2 .0 
-.It -.1 -.0 -.3 
-.2 -.' - .... , -.6 
-.2 -.4 -.5 -.2 
-.4 -.3 -.0 .1 
-.2 -.0 -.1 -.4 
-.1 -.2 -.4 -.4 
-.3 -.3 -.2 -.0 
-.' -.2 -.2 -.3 
-.3 -.4 -,.5 -.5 
-.5 -.4 -.3 -.1 
-.1 -.1 -.1 -.2 
-.2 -.3 -.lr -.4 
-.3 -.2 -.2 -.1 
-.2 -.2 -.2 -.3 
-.4 -.5 - .. 5 -.5 
-.3 "-.' -.1 -.1 
-.2 -.2 -.3 -.) 
-.3 -.3 -.4 -.3 
-.2 -.1 -.1 -.0 
-.3 -.3 -.3 -.4 
-.2 -.2 -.2 -.' 
-.1 -.1 -.1 -.0 
-;3 -.4 -.5 -.5 
-.' -.2 -.1 -.1 
-.3 -.2 -.2 -.2 
-.3 -.4 -.4 -.6 
-.2 -.1 -.0 .1 
-.5 - .. 5 -.4 -.3 
-.3 -.4 -.5 -.7 
-.1 -.1 -.0 -.1 
-.3 -.4 -.3 -.' 
-.1 -.1 -.2 -.3 
-.3 -.2 -.1 -.0 
-.3 -.4 -.4 -.4 
-.1 -.0 -.1 -.4 
-.5 -.' .0 .1 
-.5 -.7 -.6 -.2 
-.0 -.) -.6 -.6 
-.2 -.0 -.2 -.4 

-.3 -.1 -.' 
-.3 -.3 -.2 -., 
-.2 -.3 -.2 -.1 
-.3 -.4 -.3 -.' 
'-.2 -.3 -.5 -.4 
-.2 -.2 -.4 - .. 4 
-.3 -.2 - .. 3 -.4 
- • .3 -.3 -.3 -.3 

sss EEEH TTlTT U U 1'1'1'1' 
SET U II I' P 

SSS HE T U U pppp 
5 E T U U P 

SSS EEEEE 'JUU P 

I"ITEGER PlIRA~ETER ARRAY I IP41U 

• 1 

• • 
10 
11 

12 

IPARlll 

b4 
1 
2 

72 
S 

129 
1 

18500 
1 
o 
S 

DE SC~I.J PTtON 

LINEA" DIMENSION OF THE RECONSTqUCTJON HR.AY 
RECIJ~STRUCT 1'4 A SQUARE ARRAY 
GEOMETRY FL AG 
FA~ 6E.4M GEOMETMY (FLAT DETEC"'')Fl:1 
NU~8EK OF PROJECTION ,&.NGLES 
"lODE FO" PROJECTION liNGLE INPUT (SEE FOLLO\oiING LIN!:;SI 
ANGLES GE~E!:lATEO BETWEEN ZERO AND ,-PI 
STAPliNG AT ZERO 
NUMaER OF !:lAYS FOR EACH PROJECTION 
Tf"ANSI1ISSION DATA 
DIMENSION OF THE FlOUING POINT USEIIS !LANk (1)"''''01'1 PlOCK 
;~UM8ER OF WORO~ FOR A Fl('lATtNG POU~T VA~1ABLE 
EXECUTE THE RECONSTR'UCTION CI'II01 JUST STnR.AGE SHE TEST) 
PP.INT flAGS IOPTlllNS SELECTEO ARE ON T\.IE fOll'J"'II'IIf'; LINES I 
PRINT REQuI~EO flOATING PDINT BLA~k CC/ll140N WHENEVER. CHANGED 
PPI .. T SETUP VALUES FRO'" IPAP AND PAR: APRAY$ 
LOGICAL UNIT NO. FDA ATTEI'IIUATION FlCTOfi. STORAGE 

flOATING PGINT PAR.A"'ETER ARII4Y COAPI 

PAR.( 11 

1.330 

SO.5uo 
125.;)00 

DESCP IPT ION 

PIXEL WIDTH m UNITS OF OROJECTION ~IN .,'"TI-I liT CENTEP Of 
R.OTATION 
LOCATION OF THe O.onnON AXIS IN T"'1E POOJECTIDN ARRAY 
DlS"''''NCE FR.O"1 $OU~CE TO Ce"lTe~ OF IH)TATtrlN FO~ FlN BE"'" IN 
UNITS OF PROJECTION BIN WIDTH lIT (ENTEet lF R('lTATION 

BLANK CO"'''':1N ClEQUIfl.EO 12 1101 

8LANK COM"ION REQUIRED 144 2201 

BLANK COM"IO-'l REOlfI;;'ED 2lb 3301 

BI,.ANK COM"ION REOUIII.EO 474 73,1 

!!LAM COM'ION REOUltED .02 ( 11321 

II T~TAL OF 120 ( I. THOU 1,01 OF THE 1,e; USE:\ DO'JJECTtON !;INS WILL BE USED 

140 PlI.uJECT ION BINS Idll BE USED OF WHICH 20 HAVE flEEN lEl'CEO 8Y THE PCiOGR""" 

"'UI"IUM SIZE OF BLANK (OM"'ON T~US FAR .. 18010 FLOATING P.:IINT WOI'OS. 

' .. , 



EEEEE N N DODO SSS ~EEEF. TTTTT U U pppp , 
"" • 0 0 S , T U P 

EE' N N N 0 0 SSS EE' l! PPF'!:' , N NN 0 0 S E U U P 
EEEEE N ~ 0000 SSS EEEEE uuu p 

FFFFF III L BesB , , 
F I L , , , , 
FFF I L BBBB '" F I L , B , , 
F III LLlLl BBBB , , 

PUA"'ETE~S FOR SU6F;I]UTINE FIlBIt' 

OESe~IPTJON 

OW.DERX - 0 
FREQX - .500 

FILTER PARAMETH USED ONLY BY THE FILTEP flUTEI' 
FREOUENCY PARA/IIETE~ FaR THE FILTE~ 

Bole I(,Pll.OJEC T ION A~O pl\OJEe TJ ON/CDNV"LUTJ ON/F I l TE~ il.OUTT~ES 
PERFORM THE FOLLOWING FUNCT leNS 

ARG 
BC' 
FtL 

FU~CT ION 
BACKPI(OJECTJ !:IN 
FILTER 

RAY WEIGHTING 
uNIFCPM SOUAPE 

NtA 

ATTENUATION 
NO 
NO 

P 

FAN BEA.~ 
VES 
N/A 

FILTERED BACt(.-PROJECT ION REcor~STRuCTIO~S MUST 8E EXECUTEO !N AN 
ARRAY wITH OIME"'SIONS AT LEAST TWICE AS LAr..GE AS THE Flr-'AL IMAGE. 
THUS, THE EFFECTIVE SIZe OF THE RECONST"UCTlON ARP,&,y wILL NOW 
BE INCREASED. 

FOR FAN BEAM RECDNST.ll.UCTJONS THE FAN SOURCE MUST BE OuTSIDE T'"4IS LA~GE .Aq~AY. 

BLANK COMMON P.EQUIREO 730 13321 

A TOTAL OF 12q ( 1 THRU 12ql OF THE lZC; USER PRllJECTlON E!INS WILL BE USED 

B'ib PROJECTION BINS Will BE USED OF WHICH 7t.7 HAVE PFE .. IER.OEO BY THE PROGRAM 

BLANK CO",,,,ON REOUIRED 

BLANK CO"''''ON REQUIREO 

PHANTOM GENERATED 

11114 ( 413321 

18010 ( 431321 

PPPP H H AAA N N 
PPHHAANN"l 
PPPP HHHHH A ANN N 
P H AAAAA N NN 
p Hol..,,,,, N 

ARRAY SIZE t:4 x 64 JNTEGP.ATION FACTO~. 10 SCAll"lG Ft.CTQ" 
NUMBEI!: OF ELJPSES AN~/OR REenNGLES. 4 
THE PARAMETERS FOR THE' ELL IPSES ANO/O~ .RECTANGLES 

X,Y - CENTER 
ARE 

A.B - LE~GTH OF AXIS OR SIDE A At~O e 
PHI - ANGLE OF AXIS O~ SIDE A 
DENS - INTENSJ TY 

THE PAREriTHESIS INDICATES THE SCALED VALUE 
ITYPE X Y 

1 - ELLIPSE 0 • 

- ELLIPSE 

- ELLI PSE 

- ELLIPSE 

0',( 
o • 
0),( 

10.00 , 
7.52' .1 

-10.00 , 
( -7.521, ( 

o 
OIC 

-10.00 
-7.~2H 

o 
OlC 
o 
011 

A 
'to.OO , 
30.081,( 
10.00 , 
7.521, , 

14.00 , 
10.531 f I 
14.00 , 
10.531. ( 

,. 
40.0Ll 
30.081 
10.00 
7.~21 

10.00 
7.52 • 

10.00 
"".521 

EEEEE N N DODD PPPP H H AU N 
E NN NO 0 P PH Hol ANNtl 
EEE N N NOD pppp I-IHHHH A ANN N 
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, 0 0 0 0 
.J 0 0 0 0 0 
0 0 0 0 0 0 
v 0 0 0 .0 0 0 0 
0 0 0 0 0 0 0 0 
v 0 0 0 0 0 .0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 '0 0 0 0 0 
0 0 0 o· 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 , 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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0 0 0 0 0 0 0 0 0 .3 2.3 4.1 ~ .5 0 0 0 0 0 
0 0 0 0 0 0 0 ., '.7 '"' 6.7 '.7 '.7 0 0 0 0 0 
0 0 0 0 0 0 2.7 e.' 6.1. '.7 '.7 '.7 t.7 0 0 0 0 0 
0 0 0 0 .2 4.' '.7 '.7 '.7 '.7 ,.7 '.7 4.7 0 0 0 0 O. 
0 0 0 .2 4.6 t .7 •• 7 6.7 6.7 •• 7 b.7 6.7 6.7 0 . 0 0 0 0 

0 0 4.3 t.7 b.7 b.7 6.7 6.7 b.7 '.7 '.7 '.7 0 0 0 0 0 
0 2.7 '.7 '.7 t.7 6.7 b.7 b.7 b.7 '.7 ,.7 ,.7 0 0 0 0 0 0 
0 .. 6.3 ,.7 6.7 '.7 •• 7 b.7 t.7 b.7 b.7 b.7 •• 7 .. 0 0 '0 0 0 
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5.5 6.7 •• 7 b.7 2.3 1.' 1.3 1.' 1.' 1.' 2 •• b.7 ..7 b.7 5.5" 0 0 0 0 0 ... 0.7 e.7 b.O 1.' 1.' 1. , 1.' 1.' 1.' 1.' b.2 b.7 b.7 b.' 0 0 0 0 0 
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4.1 b.7 •• 7 b.7 4.<; 1.' 1.' 1.' 1.' 1.' 5".2 b.7 '.7 b.7 •• 1 0 0 0 0 0 0 
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5. Example S - Iterative Conjugate Gradient 

The program XCONGR uses the iterative conjugate gradient algorithm 
to reconstruct parallel-beam projection data for a pie phantom. The 
parameters for. the subroutine CONGR are set in statements ES.OS2 through 
ES.05S. Where IRLX = 1 indicates that the iterative relaxation method 
is used and ISTP = IS indicates the iterative procedure will stop after 
15 steps. The other parameters IERR and IZER are set to zero, indicating 
that the iterative reconstruction procedure does not use errors for 
weighting and that the initial solution is equal to zero. 

The subroutine GETUM generates a pie phantom in the array B (statement 
ES.095) before the first angle (M = 1) and for each angle the array B 
is projected using the subroutine PJECT. The values of the projection 
array are simulated line integrals obtained using the projection 
subroutine PLL. For these data the conjugate gradient algoritl'lll gives 
a reconstruction with discernible background artifact but good resolution. 
A comparison of this algorithm (CONGR) to the iterative gradient algorithm 
GRADY (Example 6) reveals that the latter gives less apparent background 
artifact but less resolution for 15 iterations. 
conjugate gradient method has a chi-square equal 

After 15 iterations the 
to 447, whereas the 

gradient method has a chi-square six times greater. 

PROGItA" xeQNGR (INPUT ,OUTPUT, rAPEl-OUTPUT I 

EXAMPLE 5 

THE P'tOGRAM xeaNGR USES THE ITEII:ATIYE CONJUGATE GRADIENT 
Al.GORIT""'" TO RECONSTRlCT PAULLEL SEAiM P'U'JECT]ON DATA. 

DIMENSION 8(4096' ,AGt 1801 
COMMON WORK 115000 I 

COMMON/ouTCOM/LUNOUT, I e0132 

LUNDUT - OUTPUT FUE 
180132 - OUTPUT LINE LEt4GTH FLAG 

.0 EACH UNE WILL BE WITHIN eo CHA~.ACTERS 
(OTHERWISE 132 CHARACTERS' 

COMMON/PAIlM/1 PAR (12) ,PARI 3 , 

EQUIVALENCE tNorMU ,lPAR( lJl,tJCJR ,IPARI ZlltUGEOlit ,tPAR( 31', 
1 (NANG dPAR( ItJl,IMODAt4G,IPARI !511,tKOUru ,IPARI 6)J, 
Z (lMIT ,IPARI 71)'INwORK ,IPAR( 811,INFLOAT,IPAR.f 91', 
3 (I STORE ,tPAR 11 OJ I, (I PRINT, I PAR: 11111, CLUHATN, IPARf 121), 
It IPwIO ,PARI 1I1,tAXISU t PAI\( 2H,IR.FAN ,PAIlI 311 

EXTEIlNAL 8RF, PRF 

LUNOUT-Z 
18013Z-0 

THE INPUT PARAMETERS ARE 

NOI"'U=64 
lCU·O 
IGEOM_O 
NANG-72 
MDoANG-4 
KOtMU-100 
{MIT'"l 
NWORK-15000 
NFLOAT-l 
ISTORE-O 
IPRINT-7 
LUNATN-O 
PWJD-l. 
AXISU·50.5 
RFANaO. 

CALL SETUP IIPAR,PAR,AG) 

E!.OOI 
E5.002 
E5.0D3 
E5.00~ 
E5.00~ 
E5.006 
ES.007 
E5.00B 
E5.009 
E5.0LO 
E5.011 
E5.012 
ES.013 
ES.014 
e5.015 
E5.016 
ES.017 
E5.01B 
ES.019 
ES.020 
E5.0Zl 
ES.OZ2 
E5.023 
E5.QZ' 
E5.025 
ES.026 
E5.027 
E5.0Z8 
E5.02~ 
E5.030 
E5.031 
E5.032 
E~ .. 033 
ES.Ollt 
E5.035 
E5.036 
E5.037 
ES.038 
ES.039 
ES.OItO 
E5.0.l 
E5.042 
E5.01t3 
E5.0" 
E5.045 
E5.04~ 
E5.047 
ES.0It8 
E5.049 
ES .050 
E5.051 

ISTP-15 
lRLx-l 
IERR.-O 
IZER-O 

CALL CONGR tB,PRF,BRF,ISTP.IRLX,tERR,llERI 

CALL ARRAY fB,NOIMUI 

PRINTOUT THE VALUES FOR THE RECONS'TPUCTeD TH"ISVERSE SECTtnN 

NMAT·NOIMu."2 
KKl-1 
KU-NOI"'U/15·1 
DO 12 K-l,KU 
WIlITE 12,141 
KKZ-15"K 
IF IKK2.GT .NoIMUt KK2-NOIHU 
00 10 J-l,NoIMU 
I SUB1-NMAT -J .1\10 IMU+KK 1 
I SUBZ-N~T-J"NOI MU.KK2 

10 WRITE IZ,161 IBIII,I-tSUB1,ISUBZI 
KKI-KKZ*l 

12 CONTINUE 

.14 FOAAATIlXIIIIIIII 
16 FORMAT I lx, ISF5.1) 

END 
SUBROUTINE GETUM (M,oATA,ERPI 

EXAMPLE 5 

THE SUBP.DUTINE GETUH GIvES SIMULATED PIIDJECTION OAT"" FOR 
A PIE PHANTOM. 

DIMENSION B(40961,DATA(lfrERRUI 
DATA N,R, Xl ,Yl ,I, J NTFR,NSLt PI ,I START 164,30.,0.,0.,1.,10,10,1/ 
EXTERNAL PLL 

IF (M.NE.1) GO TO 10 

CALL PIE IB,N,R,Xl,yt,Z,INTFR,NSLIPI,tsTARTl 

CALL ARRAY (B,N) 

10 CALL PJECT IB,DATA,M,PLLl 

RETURN 

END 

141 

E5.052 
E5.053 
E5.054 
E3.05~ 
E5.056 
E5.057 
£5.058 
E5.059 
E5.060 
E;'.061 
E5.06Z 
E5.063 
E5.064 
E5.06~ 
E5.066 
E5.067 
E~ .0eB 
£5.061; 
E5.070 
E5.0n 
F.5.0n 
E5.073 
E5.074 
E' .07~ 
£5.016 
E5.077 
E5.078 
E5.0n 
E5.0flO 
E5.081 
E5.08Z 
E5.083 
0.084 
E5.085 
E5.086 
£5.087 
ES.088 
E!.08C; 
E5.090 
£5.091 
E5 .O~2 
ES.093 
E5.091t 
E5.09~ 
E5.0'96 
E5.097 
E5.098 
E5.-o99 
E5.100 
E5.101 
E5.102 
E5.10; 
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555 EEEEE TTTTT U 
SET 

u pppp 
U. • 
U pppp SSS EEE T 

S E U U' 
SSS EEEEE UUU po 

INfEGEP PARAMETER ARRAY IIPAR) 

IPAiutJ 

6. 
o 
o 

DESCRIPTION 

LINEAR DIMENSION OF ·THE RECONSTRUCTION ARRAY 
RECONSTRUCT I~ ~ CIRCULAR ARRAY 
GE C~ETRY FLAG 
PARALLEL BEAM GEOMETRY 
NUMBER OF PROJ Eel ION ANGLES 1Z 

• MODE FOR PPJJECTlON ANGLE INPUT (SEE FOLLOWING LINES) 

100 
1 

ANGLES GENERATED BETWEEN ZERO AND PI 
STARTING AT ZERO 
NUMBER OF RAYS FOR. EACH PROJECTION 
TRANSMISSIOPoi DATA 

8 

• .10 

15000 
1 
o 
7 

DIMENSION OF THE FLOATING PCINT USERS BLANK COMMON SlOCK 
NuMBER OF .wORDS FOR A FLOATING PCll"IT VARJA,8LE 

11 
eXECUTE THE RECONSTRUCTION (NOT JUST STOIU.GE SIZE TEST) 
PRINT FLAGS (OPTIONS SELECTED ARE ON THE FOL.LOWING LINES) 
PRINT REQUIRED FLOATING POINT BLANI<. COMMt'N WHENEVER. CHANGED 
PP. I NT PROJECT I ON OAT A AND UNCERT AINTI ES 

12 
PRINT SETUP VALUES FROM IPAR AND PAR AGRAYS , 
LOGICAL UNIT NO. FOR ATTENUATION FACTOR STOP.AGE 

FLOATING POINT PARAMETER ARRAY (PARI 

PARI 1 J OESCRIPTION 

PIXEL WIDTH IN UNITS OF PROJECTION BIN WIDTH 1 .. 000 
50.500 

o 
LOCATION OF THE ROTATIO~ AXIS tN THE P!lOJECTION ARItAV 

NA NOT APPLICABLE tNOT FAN SEAM GEOfoIETRYI 

SLAN<. COMMON REQUIRED 72 110' 

BLANK COMMON REQUIRED 1 ... 2201 

BLANK .COMMON REQUIRED 216 3301 

BUNK COMMON REQUUEO 416 640' 

BLAr« COM"'ON REQUIRED 5 •• ( 1040' 

A TOTAL OF 68' 17 THRU 841 OF THE 100 USER PROJECTION BINS WILL BE USED 

68 PROJECTION BINS WILl. 8E USED OF WHICH ('I HAVE "eEN ZEROED B'I' THE.PROGRAM 

MAXIMUM SIZe· OF ·8l.ANK COMMON THUS FAP. 544 FLOATING POINT WORDS. 

EEEEe N N DODD SSS EEEEE TTTTT U U PPPP 
E NN N.D 0 SET U UP Fa 
eEe N N NOD SSS EEE T U U pppp 
E N N!II 0 0 SET U U P 
EEEEE N N 0000 SSS EEEEE T UUU P 

ccc aocao N N GGG RRRR 
C co ONNNG GR 
coO N N N G RRRR 
e co ONNNGGGRfl 

CCC 00000 N N GGGG·R R 

ISTP -
lRLX -
IERR -
IlER -

PARAMETERS FOR SUBROUTINE CONGR 

DESCRIPTION 

15 NUM8ER Of ITERATION STEPS 
1 ITERAftvE RELAXATION METHOD 
O· 00 Nor use ERROR ARR.AY 
o 1!'lITIAL SOLuTTON IS ZERO 

8LANK COMMON REQUIRED 616 11501 

BUNK COMMON REQUIRED 1775 ( 3357J 

·BACKPROJECTION AND PROJECTION/CON'JOLUTION/FILTH ROUTINES 
PERFORM THE FOI.LOWING FUNCTIONS 

'RG FUNCTION r<AY WE IGHTING ATTENUATION 
BeK 8ACKPROJECTION UNIFORM SQUARE NO 
.RJ PROJECT ION uNIFOR~ SOUAPE Ne 

BlAt« COM1'40N PEQUIREO 1911 I 3!5t11 

SlAr« COMMON RE~UIRED 5139 I 120231 

BLANK CO"'''ION REQUIRE{! 83f-7 I 202571 

BLANK COMMON REQUIRED. 11595 I 26!5131 

BLANK COMMON REQUIRED 1462.3 I "3it7it71 

FAN BE"'" 
NO 
NO 

pppp 

• • pppp 

• • 

II I EEEEE 
I E 
IEEE 
I E 

I II EEEEE 

PIE PHANTOM GENERATED 
ARRAY SHE 64X 64 
CIRCLE RADIUS 30.00 AT ( 0, 0' 
INT FACTOR 10 
SECTOR WIDTH .. 31. 

EEEEE N N 0000 
E NN NO 0 
fEE N N NOD 
E N NN 0 0 
EEEEE N N DODD 

PPPP 

• • pppp 

• • 

III EEEEE 
I E 
1 EEE 
I E 

t I I EEEEE 

XMIN • o. XMAX • .10E+01 XSUM • .1413E+04 

............................................ -................... . · . . Ift..... . 
-11'U- ••••••••• 
-.- .. H ... • .un...... ........ til I........ .n •••• · -.... . -0...... ..... -.... n. -....... ....... Z .... _.l 

MI ..... 1 ...... MIl ...... .. "'9 x..... ..... . ....... ~ • __ •. ''''X •• e -._ .. IZ zn........ .. -.... n.. -.-..+ 
-I ___ Z ".M _A 1 ...... ..-
.... UI .. ~- ..... M"'~ -IAZ 

-I............... 14MB HZ ''''1 -z_ 
--)8_"'-'1 1 __ " .-.... +~nI 

.x ..... Z-· •• ,I· •• e- -IA .............. . 
• , ) __ ~ ...... -A ............. ...- .• 

• .n ..... __ iw __ •• An ___ .;~=::~~·· ........ · .. W" ... 
• .nn .............. -.e- M ••• +e'''M-; 
..... .-. ......... ·'0- - __ Z • ...-MftIMee1-
• e __ .... eel ....... a. X ........ A·-
• - .... HA- '.~ ,14" •• 11 -.-__ nnll+ •• 

MM'- -"....... ... -In'" -... _Ie-·. 
·-e .... 1 eeM.... ............. • 

............. -.... ' ___ 1 Z"_ ..... __ e ... • I .. ....a 
.......... M -... ....... • ... 

.-....... ...... "' ... IIM -XM "' ..... nz ...... ....... 
-........ ._ A_I 
I~ +._ ... __ 

MI H...... 1 _____ ,- -....... +-'1-
-..... 1- • . .................................................................. 

+ , 1 
o .7500E-:Ol .1650f+00 .2350E+QO .~700E+OO • 3100E+00 .3!S00E+OO 

Z X A Mel e 
.3850E+00 .4100E+00 .4350E+00 .490QE+00 .'.50E+00 .'800E+00 .6200E+OO 

• • • • • • • .6550E+00 .7300E+00 .8200E+00 .8700E+00 ·.9100E+00 .9500E+00 .9850E+00 

• • 1000E+01 

PPPP 

• • 
PPPP 

• • 

J EEEEE eee 
. J E e C 

J EEE C 
J J E C C 

JJJ EEEEE cee 

TTTTT 
T 
T 
T 
T 

BUN< CO"'MON REQUIRED 148ql ( 35053' 

PROJECTION DATA FOR ANGLE NO. o RADIANS o DEGREES 
0 0 0 0 ."1E+01 

.. 9~3E+Ol .120E+02 .141E+02 .15BE+02 .. 173E+02 

.187e+02 .196E+02 .210E+02 .219E+02 .• 228E+02 

.236E+02 .2"e+02 .250E+02 .257E+02 .262E+02 

.268E+02 .272E+02 .277E-+02 .261E+02 .284H02 
• 287E+02 .290E+02 .. 2S2E+OZ .295E+02 . .2~6E+02 

.298E+02 .299E+02 .29QE+02 .. 329E+02 .299E+02 

.2.99E+02 .298E+02 .297E+02 .296E+02 .294E+02 

.292E+02 .Z90E+02 .287E+0Z. .2B~E+02 .280E+02 
.. 276E+02 .272E+02 ~267E+02 .262E+02 .256E+02 
.250E+02 .2"3E+02 .23~E+02 .227E+02 .218E+02 
.208E+02 .197e+02 .185E+02 .172E.02 .157E+02 
.. 139E+02 .118E+02 .912E+01 .465E.01 0 

0 0 0 

PROJECTION DATA FOR A~GLE NO. .0lt4 RADIANS 2.500 DEGREES 
0 0 0 0 .542£+01 

.972E·Ol .138E+02 .158E+02 • 172E+02 • 170E+02 

.164E+02 .172E+02 .184£+02 .195E+02 .20,E+02 

.219E+02 .247E.02 .27!5E+02 .283E+02 .293f+02 
.300£+02 .305E+02 .308E+02 .310E+02 .28.E+02 
.246E+02 .231E+02 .229E+02 .231E+02 .. 2"4E+02 
.2.73E+02 .296E+02 .317E+02 .495E·02 .ft85E+02 
.299E+02 .2S6E+02 .271E+02 .24lE+02 .231E+02 
.229E+02 .231E·02 .249E':02 .2BQe.02 .311E+02 
.308E+02 .304E.02 .. 300E+02 .293E+02 .28ZE+02 
.273E+02 .244E+02 .216E+02 .20itE+02 .194E+02 
.183E+02 .171E+02 .. 164E+02 .171E+02 .171E+02 
.151E+02 .135E.02 .. 93~E·01 .465E+01 0 

0 0 0 

,. 
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PROJECTION DATA FOR ANGLE NO. .087 RADIANS 5.000 DEGREES PROJECTION OATA FOR ANGLE NO. 11 .436 QA(\IANS 25 .. 000 OEC,ItEES 
0 0 0 0 .451E+Ol 0 0 0 .. 759E+OO .. 7~6E+Ol 

.693E+Ol .lltSh02 .166E+OZ .180e.02 .117E+02 .895f+Ol .852f+Ol .103E+02 .13H+02 • 116E+02 

.110E+02 .163E+02 .. 171E+02 .18tE+02 .. 205E+02 .209E+02 .239E+02 .257E+02 .264E+02 .. 251E+02 

.233E+02 .. 262Ef-OZ .290E+02 .311E+02 .308E+02 .241E+02 .. 229E+02 .212E+02 .lQ9F.+02 .193E+02 

.305E+02 .309E+02 .310E+02 .219E+02 .. Z4ltE+02 .20'H+02 .215E+02 .253E+02 .279E+02 .. 321E·02 

.218E+02 .200f+02 .21.,.E+02 .223E+02 .219E+02 .352E+02 .. 383E+02 .412E+02 .430e+02 .408E+02 
.. 236£+02 .272E+02 .-"-17E+02 .. 546E+02 .54lE+OZ .358E·02 .270E+02 .151E+02 .584E+Ol .Haf+Ol 
.404E +02 .258E+02 .234E+02 .220E+02 .224E+02 .1bJE+02 .273E+02 .362E+02 .409E*02 .431E"02 
.213E+02 .200E+02 .220E+02 .247E+02 .282E*02 .409E*02 .385E*02 .349E*02 .31<;E*02 .27!!E+02 
.311E*02 .308E+02 .305E+02 .309E*02 .310E+02 .252E+02 .214E+02 .202£+02 .194E*02 .198E*02 
.287E+02 .259E*02 .231E+02 .203E*02 .185E+02 .21SE+02 .229E*02 .241E+02 .252E+02 .263E*02 
.170E+02 .164E+02 .170E+02 .178E*02 .179E+02 .255E+02 .238£*02 .207E*02 .173E+02 .133£*02 
.164E+02 .141E+02 .838E*01 .403E+Ol 0 .102E*02 .856E*01 .90lE*01 .728E*01 .5<;7E*00 

0 0 0 0 0 0 

PROJECTION DATA FOR ANGLE NO. .131 RAOlANS 7.500 DEGREES PROJECTION DATA FOR ANGLE NO. 12 ..480 RAD! ANS 27.500 DEGREES 
0 0 0 0 .233E+Ol 0 0 0 .729E*00 .764E+Ol 

.951E+01 .162E+02 .161E+02 .176E+02 • 170E+02 .910E*01 .810E+Ol .941E*01 • 139E+02 • 176E*02 
.163E*02 .157E+02 .155E+02 .170E+02 .20ItE*02 .208E+02 .239E*02 .265E*02 .263E+02 .255E+02 
.238E*02 .266E+02 .285E+02 .310E+02 .332E*02 .239E+02 .227E*02 .217E*02 .. 193E+02 • 189E+02 
.339E+02 .332E+02 .318E+02 .273E+02 .233E+02 .187E*02 .220E+02 .253E+02 .287E+02 .320E+02 
.222E+02 .191E+02 .161E+02 .146£*02 .18<;E+02 .355E+02 .386E+02 .413E+02 .448E+02 .435E+02 
.24eaE+02 .338E+02 .453E+02 .555E+02 .550E+02 .343E+02 .254£+02 .146E+02 .549E*01 .587e*01 
.442E+02 .329E+02 .239E+02 .184E+02 .143£+02 .151E+02 .256E+02 .348E*02 .438E+02 .447E+02 
.163E+02 .200E+02 .222E+02 .23~E+02 .278E+02 .411E +02 .386E+02 .352E+02 .. 318E*02 .287E+02 
.321E+02 .332E+02 .]40E+02 .331E+02 .308E+02 .250E+02 .220E+02 .185E+02 .188E+02 .195E+02 
.284E+02 .264E+02 .235E+02 .200E+02 .167E+02 .218E+02 .226E+02 .239E+02 .257E.02 .262E*02 
.155E+02 .157E+02 • 16'tE+02 .171E+02 .179E+02 .265E*02 .240E+02 .205E+02 .174E*02 .137E*02 
.180E+02 .159E+02 .860E+Ol .206E+Ol 0 .932E+Ol .876E*01 .910E+01 .736E*01 .566E*00 

0 0 0 0 0 0 

PROJECTION DATA FOR ANGLE NO. .175 RADIANS 10.000 DEGREES PROJECT ION OATA FOR ANGLE NO. II .524 'l.AOU"IS 30.000 DEGitEE S 
0 0 0 0 .177E+Ol 0 0 0 .117E*00 .723E+Ol 

.104E+02 .145E+02 .179f+02 .178E*02 .173E+02 .922E+Ol .922E+Ol .107E+02 • 134E+02 .174E+02 

.168E+02 .160E+02 .159E+02 .180E+02 .201E+02 .206E+02 .238E+02 .249E+02 .257E+02 .256E+02 

.224E+02 .255E+02 .285E+02 .317E+02 .347E*02 .24lE*02 .229E+02 .217E+02 .20lE*02 .199E+02 

.343E+02 .328E+02 .298E+02 .273E*02 .254E*02 .213E+02 .222E+02 .248E+02 .283E*02 • 313E+02 

.222E+02 .190E+02 .169E+02 .142e*02 .166E+02 .348E+02 .385E+02 .405E*02 .406e*02 .387E+02 
.255E+02 .347E+02 .454E+02 .555£+02 .550f+02 .361E+02 .288E+02 .170E+02 .638E*01 .672E+Ol 
.+43E+02 .341E+02 .H8E+02 .. 159E+02 .140E+02 .175E*02 .290E+02 .364f+02 .387E*02 .408E+02 
.171E+02 .191E+02 .227E+02 .256E+02 .274E+02 .405E+02 .383E+02 .345e+02 .312E+02 .283E*02 
.301E+02 .330H02 .345E+02 .346E+02 .313f+02 .246E +02 .223E+02 .212E+02 .197E*02 .203E+02 
.263E+02 .253E+02 .222E+02 .199E+02 .178E+02 .2lbE*02 .229E+02 .241E+02 .25!E+02 .258E*02 
.156E+02 .161E+02 .168£+02 .173£+02 .178£+02 .250E+02 .237E+02 .206E+02 • 173E+02 • 133E+02 
.. 178E+02 .143E+02 .959E+Ol .149£+01 0 .107E+02 .922E+Ol .920E+01 .695E*01 .619f+00 

0 0 0 0 0 0 

PROJECTION DATA FOR ANGLE NO. • 218 RADIANS 12.500 OEGREES PRDJECTlDN OATA FOR ANGL.E NO • 1_ .567 R.ADIANS 32.500 DEGREES 
0 0 0 .128E+00 .264E+Ol 0 0 0 .605E+OO .642E+Ol 

.10IE+02 .146E+02 .174E+02 .. 177E+02 .171E+02, .934E+Ol .979E+Ol .122E*02 .138E+02 .169E+02 

.161E+02 .160E+02 .173E+Q2 .180E+02 .202E+02 .209E*02 .224E+02 .232E+02 .241E+02 .Z47E+02 

.231E+02 .263E+02 .287E+02 .310E+02 .317f+02 .H6E+02 .231E+02 .219E+02 .221E+02 .223E+02 

.325E+02 .316E+02 .306E+02 .284E+02 .249E+02 .238E+02 .24U+02 .249E+02 .274£+02 .300E*02 

.213E+02 .196E+02 • 173E+02 .197E+02 .211E+02 .342E*02 .368E+02 .360E+02 .358E*02 .345E+02 

.2.6E+02 .303E+02 .422E+02 .5UE+02 .536E+02 .335E*02 .325E+02 .251E+02 .952f+Ol .<;93E+01 

.412f+02 .298f+02 .242E+02 .208E+02 .196E+02 .256E*02 .324E+02 .337E+02 .346E+02 .357E+02 

.169E+02 .201E+02 .23.£+02 .2!lE+02 .268£+02 .363E*02 .366E+02 .339E+02 .. 300E+02 .274E+02 

.307E+02 .317E+02 .325E+02 .315E+02 .310E+02 .24"£+02 .2,"E+02 .237E+02 .223E+02 .222E*02 

.286E+02 .260E+02 .229E+02 .200£+02 • 179E+02 .218E+02 .231E+02 .246E+02 .246E+02 .242E+02 
• 172E+02 • 159E+02 • 163E+02 .171E+02 .117E+02 .232E*02 .222E"02 .207E+02 .168E"02 .139E+02 
.174E+02 • 14iE+02 .956E+01 .237E+Ol .824E-Ol .121E+02 .971E+01 .934E+ol .617E+Ol .5~3E+00 

0 0 0 0 0 0 

PROJECTION DATA FOR ANGLE NO. .262 RADIANS 15.000 DEGREES PROJECTION DATA FOR ANGLE NO. 15 .611 RAOUNS 35.000 DEGREES 
0 0 0 .309E+00 .379E+Ol 0 0 0 .446E+00 .533E+Ol 

.942E +01 .137E+02 .152E+02 .177E+02 • 175E+02 .943E+Ol • 114E+02 • 13f.E+02 • 154E+02 • 167E+02 
• 171E+02 • 176E+02 • 184E*02 .191E+02 .212E+02 .196E*02 .205E+02 .217E+02 .225E+02 .230E+02 
.230E*02 .250E+02 .279E+02 .291E+02 .301E+02 .245E+02 .237E+02 .240E+02 .248E+02 .251£+02 
.281E+02 .298E+02 .302E+02 .296E+02 .262E+02 .259E+02 .264E+02 .267E+02 .275E+02 .287E+02 
.23+E+02 .23LE"02 .228E+02 .244E+02 .255E+02 .309E+02 .316E+02 .312E+02 .310E+02 .312E+02 
.269E+o2 .283E+02 .32.E+02 .501E+02 .49lf+02 .309E*02 .305E+02 .305E+02 .226E*02 .230E+02 
.316E+02 .284E+02 .265E+02 .255E+02 .243E+02 .30SE+02 .303E+02 .. 310E+02 .312E+02 .309E+02 
.229E+02 .230E+02 .234E+02 .261E+02 .296£+02 .314E+02 .315E"02 .307£+02 .26'S'E+02 .273E+02 
.302E+02 .297E+02 .289E+02 .302E+02 .290E+02 .268E+02 .2604E+02 .257E+02 .252E*02 • 247E*02 
.277E+02 .247E+02 .230E+02 .210E+02 .195E+02 .240E*02 .237E+02 .243E+02 .231E+02 .224E+02 
.183E+02 • 176E+02 .171E+02 .175E*02 • 175E+02 .216E*02 .205E*02 .193E+02 • 167E+02 .153E+02 
.150E+02 .134E+02 .919E+Ol .3't9E+Ol .209E+00 .135E+02 .114E+02 .935E+Ol .516E*01 .423E+00 

0 0 0 0 0 0 

PROJECTION DATA FOR ANGLE NO. .305 RADIANS 11.500 DEGREES PROJECTION DATA FOR ANGLE NO. lb .6S4 RADIANS 37.500 DEGREES 
0 0 0 .501E+00 .0\91E+Ol 0 0 0 .311E*00 .422E+01 

.895E+01 .125E+02 .142E+02 .155E+02 .113E+02 .9_7E+01 .128E+02 .147E+02 .168E+02 • 173E+02 

.181E+02 .196E+02 .209E+02 .214E+02 .221E+02 .174E*02 .189E+02 .200E+02 .208E+02 .218E+02 
.233E+02 .251E+02 .249E+02 .265E+02 .270E+02 .226E*02 .252E+02 .269£+02 .272E+02 .277E+02 
.279E+02 .265E+02 .281E+02 .284E+02 .288E+02 .283E+02 .285E+02 .2t?1E+02 .292E+02 .216E+02 
.273E+02 .280E+02 .288E+02 .264E+02 .288E+02 .255E+02 • 2~7E+02 .266E+02 .210E*02 .277E+02 
.294E+02 .30H+02 .2~2E+02 .3.5E+02 .340£+02 .. 279E+02 .285E+02 .29C;E+02 .420E+02 .415E+02 
.293E+02 .305E+02 .292E+02 .289E+02 .283E+02 .299E+02 .. 265E+02 .279E+02 .277E+02 .269E+02 
.290E+02 .277E+02 .274E+02 .287E*02 .284£+02 .267E+02 .255E+02 .25"'E*02 .280E+02 .291E+02 
.278E+02 .268E+02 .260E+02 .269E+02 .264E+02 .291E+02 .285E+02 .281E+02 .279E+02 .212E+02 
.248E +02 .251E+02 .231E+02 .221E+02 .215£+02 .270E+02 .252E+02 .224E*02 .21C;E+02 .20H+02 
.208E+02 .195E+02 .181E+02 .171E+02 .156E+02 .. 200E+02 .189E+02 .172E+02 .174£+02 • 167E+02 
.1'tOE+02 .123£+02 .884E+Ol .461E+01 .356E+00 .141E+02 .129E+OZ .927E*01 .410E*01 .305E+00 

0 0 0 0 0 0 

PROJECTION OATA FOR ANGLE NO. • 34~ R.AOlANS 20.000 DEGREES PROJECTION DATA FOR ANGLE NO • 17 .M6 IIADtANS 40.000 DEGREE S 
0 0 0 .HOE*OO .601E+Ol 0 0 0 .205E+00 .344E+Ol 

.875E+01 .110E+02 .133E+02 • 145E+02 • 168E+02 .964E+Ol .143E+02 .161E+02 • 177E+02 • .174E"02 

.200E+02 .212E+02 .221E+02 .236E+02 .2.3E+02 .165E*02 .170E+02 .180E+02 .1(HE*02 .206E*02 

.244E+02 .229E+02 .233E+02 .231E+02 .246E+02 .227E+02 .256E+02 .Z6H+02 .299E*02 .304E*02 

.252E+02 .257E+02 .253E+02 .269E+02 .291E*02 .304E*OZ .310E+02 .308E*02 .287E*02 .262E*02 

.332£+02 .331E+02 .336£+02 .326E*02 .323E+02 .233E+02 .208E+02 .214E+02 .224E+02 .242E+02 

.3.17E+02 .322E+02 .296E+02 .151E+02 .163E+02 .257E+02 .273E+-02 .373E*02 .519E*02 .517E+02 

.300E+02 .32lf+02 .315£+02 .324E+02 .327E+02 .310E*02 .213E+02 .257E+02 .242E+02 .224E*02 

.337E+02 .331E+02 .332E:+02 .295E+02 .266E"02 .215E*02 .207E+02 .233E*02 .264E+02 .281E*02 

.. 253E+02 .259E+02 .252E+02 .245E+02 .230E*02 .310E*02 .310E+02 .302E*02 .305£*02 .299£+02 

.233£+02 .229£+02 .245E+02 .243E+02 .234E+02 .• 285E+02 .256E+02 .226E+02 .204E+02 .191E*02 

.220E+02 .212E+02 .197E+02 .168E+02 .143E+02 .182E+02 .169E+02 .165E*02 .174E+02 .176E*02 

.131E*02 .108E+02 .871E+Ol .572E+Ol • 444E+ 00 .163E*02 .143E*02 .946E+01 .335E+Ol .205E*00 
0 0 0 0 0 0 

PROJECTlON OATA FOR ANGLE NO. 10 .393 RAD!ANS 22.500 DEGREES PROJECTIJN OATA FO~ ANGLE NO. lB .7't2 RADI ANS 42.500 DEGREES 
0 0 0 .137E+00 .t89E+01 0 0 0 .873E-Ol .259E*01 

.880E +01 .9HE+01 .117E+02 .142E*02 • 112E+02 .954E+01 .150E+02 .17H*02 .179E*02 .173E*C2 

.205E+02 .226E+02 .242E+02 .247E+02 .. 2~5E+02 .167E*02 .159E+02 .162E*02 .115E*02 .202E+02 

.HSE+02 .231E+02 .213E+02 .212E+02 .216E*02 .233E*02 .UOE+02 .28~E+02 .311£*02 .329E*02 

.227E+02 .234E+02 .241E+02 .275E+02 .312E+02 .330e+02 .326E+02 .307E+02 .275E+02 .2~4E*02 

.347E+02 .373E*02 .385E+02 .373E+02 .359E+02 .225E*02 .199E+02 .178E*02 .170E+02 .195E+02 

.344E+02 .328E+02 .. 204E+02 .. 773E*01 .6"3tE+Ol .. 230E*02 .318E+02 .434E*02 .540E+02 .540f+02 

.212E+02 .330E+02 .343£+02 .360E+02 .375E+02 .432E·02 .316£+02 .229E+02 .195E+02 .171E+02 

.384E+02 .375E+02 .3+4£+02 .310E*02 .271E+02 .176E+02 .1'99E*02 .225E*02 .255E+02 .275E+02 

.241E+02 .233E+02 .226E*02 .214£+02 .212E*02 .308E*02· .326E*02 .329E+02 .329£+02 .311E+02 

.212E+02 .233E+02 .246E*02 .2!\!tE*02 .246E+02 .285E+02 .259£+02 .232E*02 .201E+02 • 174E+02 

.241E+02 .227E+02 .205E+02 .171£+02 • 139E+02 .163E*02 .157E+02 .167E+02 .173E*02 .177E+02 
.115E+02 .914E+Ol .683E+01 .663E+Ol .562E+00 .178E*02 .149E+02 .<;45E+01 .257E*01· .867E-Ol 

0 0 0 0 0 0 
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PROJECTlO~ DATA FOR ANGLE NO .. 1< .785 RADIANS 
0 0 0 0 

.958E+Ol .150E+02 .183E+02 .. 114E+02 

.lb8E+02 • 155f+02 .153E+02 .110E+02 

.234e+02 .261E+02 .28~E"02 .309E+02 

.348E+02 .330e+02 .303E+02 .. 273E+02 
.220E+02 .197E+OZ .175E+02 .142E+02 
.248E+02 .346E+02 .44eh02 .. 51t6e+02 
.446E+02 .346E+02 .248E+02 .1~7E+d2 
• 175e.02 .1<;1HOZ .220E+02 .252E+02 
.303E +02 .330f+02 .348E+02 .340e.02 
.Z8H+02 .UIE+02 .234f+02 .. 203E+02 
.152E+02 .155E+02 .168E+02 • 173E+02 
.183E+02 .150E+02 .958E+Ol .241E+Ol 

0 0 0 

PROJECTION DUA FOR ANGLE NO. 20 .. 829 RADIANS 
0 0 0 .. 861E-Ol 

.. 945f+Ol .149E+02 .118E+OZ .177e+oz 

.161e+oz .158e+oz .H~E+02 .1 n~E+02 
.Z3ZE+OZ .ZS9E+OZ .285E+OZ .31lE+OZ 
.329E+02 .3ZBE+02 .30BE+02 .215E+02 
.22~E+02 .198E+02 .116E+02 • IllE+02 
.229E+02 .31Se+OZ .432E+02 .540E+02 
.43/tE+02 .318E+C'2 .22'SE+02 • 195E+02 
.171E+OZ .l99E+02 .22H+02 .254E+02 
.301E+02 .328E+02 .330E+02 .329E+02 
.285E+02 .259E+02 • 233E"'02 .202E+02 
.l64E+02 a59E+02 .161E+02 .113E+02 
.116E+02 .150E+02 .954E+Ol .259E"'01 

0 0 0 

PROJECTION OATA FOR ANGLE NO. 2l .873 RAOIANS 
0 0 0 .205E+OO 

.94BE"'01 .143E+02 .163E+02 .176E"'02 

.165E+02 .111E+02 .IB3E+02 • 192E+02 

.2.2.6E+02 .256E+OZ .28!)E+02 .2~ge+02 

.302E+02 .309E+02 ;309E+02 .287E+02 

.232E+02 ".207 E+02 .21SE+02 .223E+02 

.251E+02 .21ZE+02 .310e+02 .516E+02 
~373E"'02 .273E+02 .251E+02 .242E+02 
• 2 lifE'" 02 .208E+02 .233E"'02 .2f:ZE"'02 
.308E"'02 .310E-+02 .304E ... OZ .303E+02 
.285E+02 .Z56E+02 .221E+02 .206E+02 
• 181E"'02 • 11lE+02 .16~E+02 • 111tE+02 
.161E+02 .143E+02 .964E+Ol .344E"'01 

0 0 0 

PROJECTION DATA FOR A~GLE NO. 22 .916 RADIANS 
0 0 0 .305E+00 

.921E+Ol .IZ9E+OZ .H7E+02 .167E+02 
· i 74E+02 .191E+02 .201 E+OZ .208E+OZ 
.225E+02 .252E+OZ .26<;:E+02 .272E+02 
.281E+02 .28it€+02 .29lE"'02 .Z91E+02 
.254E+02 .255E+0"" .267E"'02 .268E"'02 
.279E+02 .284E+02 .291jE+02 .415E+02 
.2li9E+02 .285£+02 .Z79E+OZ ."277E+02 
.266E"'02 .Z56E"'02 • 2!4E+02 .271E"'02 
.291E+OZ .284E+02 .283E+02 .276E+02 
.Z69E+OZ .232E+02 .226£+02 .Z20E+OZ 
.201E+02 .190E+02 .174£+02 .113£+02 
.141E+02 • 128E+02. .947E+Ol .422E+Ol 

0 0 0 

PI\OJECTtON DATA FOR ANGLE NO. 23 • Q60 RADI ANS 
o 

.935£+01 

.19SE+02 

.Z44E+02 

.257E+02 

.306E+02 

.309E+02 

.305E+02 
.• 312E"'02 

.267E+02 
.239E"'02 
.21S£+02 
.136E+OZ 

o 

o 
• 114E+02 
.206E+02 
.238E+02 
.263E+02 
.314E+02 
.303£+02 
.3OttE+OZ 
.316E+02 
.263E"'02 
.237E+02 ' 
.Z06E"'02 
.114E+02 

o 

o .423E+00 
.135E+OZ .153E+02 
.217E+OZ .225E"02 
.240E"'02 .. 246E+02 
.268E+02 .213E"'02 
.313E-+02.308E+02 
.305E"'02 • 230E+02 
.3~E+02 .311E+02 
.308E+02 .286E"'02 
.2Sc;E+OZ .250E+02 
.246E+02 .231E"'02 
.191E"'02 • 161E+02 
.t;43E+Ol .533E+Ol 

o 

PROJECTION DATA FOR:. ANGLE NO. 24 1.004 RADIANS 
o 0 o .553E+00 

.934£+01 .QllE+01 .lZ1E+02 .140E+02 

.208E+02 .224E+02 .233E+OZ .244E+02 
• Z,. 7E +02 .233 E"'02 .Z20E+02 .222£"'02 
.23bE+02 .2.4E+OZ .2"8£+OZ .273E"'02 
.339E+02 .365E+02 .362E+02 .356E+02 
.33bE+02 .3Z4E"'02 .Z55E+02 • S8bE"'01 
• 2.50E+02 • 32 ~E+02 .33SE+02 .3't-1tE+02 
.360E"'02 • 367E+OZ .. 342E+OZ .2'Oi9E+02 
• Z48E +02 .244E+02 .Z38E+02 .223E+02 
.219E-+02 .233E+02 .241E+OZ .24SE+02 
.233E+02 .225E+OZ .210e"'02 .111E+02 
.122E+02 .919E+Ol .034E+Ol .642E+Ol 

o 0 o 
PROJECTION DATA FCR ANGLE NO. 25 1.041 ~AOIAN~ 

o 0 o .H9E+00 
.920E+Ol .922E+Ol .107E+02 • 134E-+02 
.201E+02 .238E+02 .25LE+02 .25QE+02 
.Z43E+OZ • 230E"'02 .217E"'02 .204E+02 
.2UE+OZ .2Z2E+02 .245E+OZ .282E+02 
.344E+02 .382E+OZ .404E+02 .407E+02 
.363E+02 .Z89E+02 .175E+OZ .664E"'01 
.169E+02 .281E+OZ .361E+02 .386E"'02 
.404E+OZ .364E+02 .341E ... OZ .31ZE"'02 
.2'+1E+02 .2Z1E+02 .212E*02 • 198E+OZ 
.218E+02 .230E"'02 .242E+0~ .251E+02 
.Z50E+02 .239E+02 .209E+02 .115E"'02 
.107E+02 .9ZZE+Ol .922E*Ol .123E+Ol 

o 0 o 

PROJECTION OATA FOR ANG LE NO. Z 6 1.091 RADIAN!' 
o 

.910E+Ol 

.206E"'02 

.240E+02 

.185E+OZ 

.351E+02 

.347E"'OZ 

.145E+02 

.41ZE+02 
• Z5ZE+02 
.Z18E+02 
.Z66E+02 
.945E ... Ol 

o 

o 
• 81bE"'01 
.241E+02 
.229E+02 
.219E+02 
.385E+02 
.255E+02 
• 2~3E+OZ 
.38SE+02 
.219E+02 
.228E+02 
.2ltOE+OZ 
• 810E+Ol 

o 

o .586E+00 
.943E+Ol .138E+02 
.266E"'02 .263E"'02 
.219E+02 • 196E+02 
.24SE+02 .286f+OZ 
.410E+02 .4~f.E+02 
.150E+02 .516E+Ol 
.342E+02 .434E+02 
.354E+02 .319E-+02 
.1 aE: 1;+02 .190f+02 
.240E+02 .256E+OZ 
.210E+02 .177E"'OZ 
.910E+Ol .164E+1)1 

o 

45.000 DEGREES 
.2UE.Ol 
.113E+02 
.203E+02 
.340E+02 
.. 252E+02 
.151E+02 
.546E+02 
.1't2E+02 
.273E+02 
.. 309f+02 
.170f+02 
• 174E.02 

0 

47.500 DEGREES 
.257E+Ol 
• 113e+oz 
• ZOlE+02 
.32.9E+02 
.25~E+02 
.l95E+02 
.540E+02 
.. 110E+02 
.215E+02 
.31lE+02 
.115E+02 
.119E"'02 
• B13E-01 

50.000 DEGREES 
.335E+01 
.174E+02 
.205E+02 
• 305E+02 
.264E+02 
".242E+02 
.~19E+02 
.224E+02 
.281E+02 
• Z98E+OZ 
.192E+02 
.117E+02 
.Z05E+OO 

52.500 DEGREES 
.410E+Ol 
.174E+02 
.220E ... 02 
.218E+02 

.• 280E+02 
.217E+02 
.419E+02 
• 270E"'02 
.292E+02 
.212E"'02 
.20C;:E+02 
• 168E+02 
.3LlE+OO 

55.000 OEGREES 
.516E+Ol 
.168E+02 
.Z33E+02 
• Z5ZE+02 
.Z88E+02 
.312E+OZ 
.226E+02 
.310E+02 
.Z75E+02 
.Z4?E"'02 
.Z27E+02 
.154E+02 
.446E+00 

5?!S00 DEGREES 
.617E+Ol 
.169E+02 
.24B£+02 
.223E+02 
.299E+02 
.345E+02 
.S45E+Ol 
.357E+02 
.274£+02 
.221E+02 
.242E+02 
.138E+02 
.f05E+OO 

60.000 OEGREES 
.695E+01 
.174£+02 
.256E+02 
.191E+02 
.311E+02 
.387E"'02 
.630E+Ol 
.401E"'OZ 
.282E+02 
.201E+02 
.258£+02 
.13SE+02 
.111£+00 

e2.500 DEGREES 
.736E+Ol 
• 115E ... 02 
.2S8E+02 
.1~OE"'02 
.311E+02 
.431E+02 
.538E+Ol 
.447E+02 
• Z86E+02 
.195E+02 
.Z64E+02 
.140£+02 
.129Et-00 

PROJECTION DATA FOR ANGLE NO. 21 1.134 RADIANS 
o 0 o .597e+00 

.901E+01 .859E+Ol .103E+02 • 134E+Q2 

.208E+02 .240E+02 .256£+02 .265£+02 

.20\2E+02 .230£+02 .Z17E+02 .199E"'02 

.Z03E+02 .2L5E+02 .250E+02 .271E+02 

.341E+OZ .383E+02 .408E+OZ .430E+OZ 

.361E+OZ • 272e"'02 • L61E+02 .616E+Ol 
.155E+02 .269E+02 .357E+02 .401E+02 
.411E+02 .382E+OZ .3S1E+02 .319E+02 
.252E+02 .214E"'OZ .205E+02 • tc~4E+02 
.213E+02 .230E+02 .242E+02 .Z52E+OZ 
.258E+02 .240E+02 .209Et-02 .111E+02 
ol04E+OZ .853E"'01 .895E+Ol .756E+Ol 

o 0 o 

PROJECTION OATA fOR ANGlE NO. 28 1.118 RADIANS 
o 0 o .562E+OO 

.883E+01 .925E+Ol .116E+02 • 140E ... 02 

.206E+02 .Z28E+02 .242E+02 .248E+02 

.247E ... 02 • 234E"'02 .213E+02 .213E+02 

.229E+02 .234f+02 .Z42E+02 • Z69E+02 

.343E+02 .313E"'02 .383E"'02 .313E+02 
• 34ZE+02 .328E"'02 .21lE+02 .820E+01 
.203E+02 .326E+02 .34ZE+02 .358E+OZ 
.383E+02 .372E+OZ .346E+02 .310E+02 
.240E+OZ .235E+02 .228E+OZ • 211E+02 
.Z14E+02 .232E+OZ .246E"'02 • 256£+02 
.243E+02 .Z29E+02 .207E+02 .173E+02 
.1l8E+02 .920E"'01 .881E+Ol .689E+Ol 

o 0 o 

PR.OJECTION DATA FOR ANGLE "10. 29 1.22Z RAOY ANS 
o .0 o .0\44E+00 

.B12E+Ol .109E+02 .132E+02 .144E+02 
• 199E+02 .213E*02 .2Z1E+02' .Z35E*02 
.246E+02 .230E+02 .234E+02 .231E"'02 
.253E+02 .260E+OZ .250\E+02 • Z67E+02 
.330E+OZ .l29E"'02 .335E+02 .325E"'02 
.313E+02 .319E+02 .29SE+02 .161E+02 
.295E+02 .320E+02 .315E"'02 • 321E+02 
.3HE+02 .329E"'02 .331E+02 .295E*02 
.254E+02 .258E"'02 .253E+02 .247£+02 
• 230\E +02 .230E+02 .245E+02 .244E+02 
.Z22E"'02 .Z13E+02 .201E"'02 • '169E+02 
.134E+02 .1l1E+02 .S16E+Ol .601£+01 

o 0 o 

PROJECTION DATA FOR ANGLE NO. 30 
·00 

1.265 RADIANS 
o .356E+OO 

.894E+Ol .120\E+02 .1'41E+02 .151E+02 

.182E+02 .196E+02 .209£+02 .2L6E+02 
• Z32E +02 • 252E+ 02 .249E+02 .265E+02 
• 281E +02 .269E+02 .279E+02 .285E+02 
.274E+02 .275E+02 .288£+02 .281E"'02 
.289E+02 .302E+02 .290E+02 .338E+02 
.290E+02 .302£+02 .292E+02 .286E+02 
.286E+02 .21"7E+02 .21LE+02 .298E+02 
.282E+02 .Z66E+02 .2 BOE+02 .21lE+0.2 
.2S0E+02 .25Z£+02 .234E+02 .222E+02 
.210E+02 .191E+OZ • 183E"'02 .1141:+02 
.143E+02 • 12H+02 .899E+Ol .49LE"'Ol 

o 0 o 

PROJECTION DATA FOR" ANGLE NO. 3L 1.309 PAOIAN$ 
o 0 o .209E+00 

.930E+Ol .135E+Q2 .151E+02 .116E+02 

.172E+02 • 11"7E+02 .184E+02 .196E+02 

.231E+02 .248E+OZ .218E+02 .291£+02 

.290E+02 .298E+02 .303E+02 .291E+02 

.Z35E+02 .230£+Ol .226E"'02 .Z40E+02 

.262E+02 .281E+02 .'13E+OZ .488E+02 

.321E+02 .280E+02 .266f+02 • 252E+02 

.ZZ5E+02 .Z28E+02 .234£+02 .Z63E+02 

.303E+02 .300E+02 .28SE+02 .302E+02 

.280E+02 .251E+OZ .231E+02 .2UE"'02 

.185E+02 .171E+OZ .172E+OZ • 116E+02 

.153E+02 .138E"'02 .953E+Ol .380E+Ol 
o o 

PROJEC TJ ON OA TA FOR ANGLE NO. 32 1.353 RADlANS 
o 0 o .S2U-01 

.966E+Ol .142E+02 .116£+OZ .178E+02 

.164f+02 .160E+02 .,13E+02 • 180E+02 

.230E+02 .261E+02 .2S7E+02 .31lE+02 
• 326E ... 02 .318E+02 .308E+02 .289E"'02 
.235E+02 .202E+02 .170E+02 .192E+02 
.238E+02 • 294E"'02 .'+08E+02 .S32E+02 
.418E+02 .300E+02 .243e+02 .Z01E+02 

.• 169E+02 .197E+02 .23~E+02 .250E+02 
.307E+02 .311E+02 .326E+02 .318E+02 
.288E+02 .264E+02 .232E+02 .203E+02 
• 114E+OZ .16lE+OZ .If:''-E+02 .112E+02 
.175E+02 • 147E+02 .102E+02 .Z65E+Ol 

o 0 o 

PROJECTION DATA FOR ANGLE NO. 33 1.39E: RADlANS 
o 0 o 0 

.969E+Ol • 144E+02 .179E ... OZ .179E+02 

.l69E+02 .162E+02 .159E"'02 .179E+02 

.223E+02 .254E+02 .284£+02 .314E"OZ 

.346E+02 .331E+02 • 3 02E+02 • Z1:;E+02 

.228E+02 .19ZE+02 .17Z£+02 .141E+02 

.2It3E+02 .337E+02 .'+38E+02 .50\6E+02 

.449E"'02 .342E+OZ .250E+02 .162E+02 

.170E+02 .191E+02 .223E"'02 .255£"'02 

.Z99E+OZ .329£+02 .344E"'02 .348E"'02 

.281E"'02 .Z56E+02 • 2 25E+D2 .202E+OZ 

.160E+02 .161E"'02 • UH+02 .174E+02 

.IS0E+02 • 146E+OZ .105E+02 .1S1E+01 
o 0 o 

PROJECTION DATA FOR ANGLE NO. 34 1.440 RADIANS 
o 0 o 0 

.B10E+Ol • 160E"'02 .181£+02 .180E+02 

.165£+02 .158E+02 .15i:E+02 .168E+02 

.236E+02 .265E"'02 .285E+02 .309E+0;. 

.341E+02 .334f+02 .322E"'02 .279£+02 

.223E+02 .201E"'02 .164E+OZ .144E+02 

.237E"'OZ .322E+02 .lt35E+02 • 544E+02 

.446E+02 .331E+02 .239E+02 .187E"'02 

.16ZE+02 • 198E"'02 • 2 23E"'02 • 234E+02 

.319E+0? • 333E+02 .340E+02 .333E+02 

.286£+02 .267E+02 .23f)E+02 .20SE+02 

.156E+02 .158E+02 .164E+02 .. 111E+02 

.182E+02 • 163E+OZ .961E+Ol .244E+Ol 
o 0 o 

65.000 OEGREES 
.728E+01 
.174E+02 
.253£+OZ 
.195£+OZ 
.318E+02 
.408£+OZ 
.51LE"'01 
.429E+02 
.278E+02 
.200E+02 
.265E+02 
• 131E+02 
.159E+00 

67.500 DEGREES 
.663E+01 
.172E+OZ 
.256E"'OZ 
.215E"'OZ 
• 309£+02 
.358E+02 
.757E+Ol 
.31lE+02 
.213E+OZ 
.2l3E+02 
.248E+02 
.143E+02 
.731E+00 

70.000 DEGREES 
.512E+Ol 
.169E+02 

"'.244E+02 
.246E+02 
.2~3E+OZ 
.322E+OZ 
• 149E+02 
.324E+02 
.268E+02 
.232£+02 
.231E+02 
• 146E+02 
.610E+00 

12.500 DEGREES 
• 4-61 E+O1 
.172E+02 
.2Z2E+02 
.210E+02 
.28SE+02 
.281E+02 
.343E+02 
.282E+02 
.285E+02 
• 266£+OZ 
.215E+02 
• 151E+02 
.!S01E+00 

15.000 OEGREES 
.349E+Ol 
.1761:"'02 
.211E+02 
.303E+02 
.268E+02 
.252E+02 
.49SE+02 
.24lE+02 
.291E+02 
.293E+02 
.198E+02 
• 178E"'02 
.309E+00 

17.500 OEGftEES 
.237E+01 
.112E+02 
.Z01E+02 
.316E+"02 
.253E+02 
.204E"'02 
• 538E+02 
.1~4E+OZ 
.285E+02 
.311E+02 
• 181E ... 02 
• 178E+02 
• 128E"'00 

SO.OOO DEGREES 
.159E+Ol 
.174E+02 
.200E+02 
.347E+02 
.251E+02 
• 156f+02 
.550f+02 
• 139E+02 
.214E+02 
.318E"'02 
.lBIE+02 
.179E+02 
• 110E-02 

82.500 OEGREES 
.218E"'01 
• 112E"'02 
.20lE"'02 
.332E+02 
.236E+02 
.18'E+OZ 
.548E+02 
.141E+02 
.Z74E+02 
.311E+02 
.171E+02 
.119E+02 
.101E-01 



PROJECT ION DATA FOR ANGLE NO. 35 1.48. RADIANS 
o 0 o 0 

.. 848E+0J. .142E+02 .165E+02 .180e+02 

.J.71E+02 .165E+02 .171E+02 .186e+OZ 

.232E+02 .260E+02 .288E+02 .311E+OZ 
.306E+02 .309E+02 .31ZE+02 .283E+02 
.221E+02 .20te+02 .214E+OZ .Z25E+02 
.. 235E+02 .258E+02 .394E+02 .530E+02 
.1t01E +02 .262E+02 .236E+02 .220E+02 
.215E+02 .201E+02 .21'ilE+OZ .Z45£+02 
.3J.IE+02 .. 310E+02 .306E+02 .309E+02 
.29U+02 .263E+02 .234E+02 .206E+02 
.172E+02 .164E+02 .111E+02 .178E+02 
.167E+02 .146E+02 .903E+Ol .468E+01 

o 0 o 

PROJECTION DATA FOR ANGLE NO. 36 1.527 RAOIANS 
o 0 o 0 

.945E+Ol .136E+02 .158E+02 • 112E+ 02 
.165E+02 .172E+02 .184E+02 .195E+OZ 
.217E+02 .245E+02 • 214E+ 02, .283 E+ 02 
.301E+02 .305E+02 .309£;+OZ .31ZE+02 
.250E+02 .232E+02 .230E+02 .23ZE+OZ 
.272E+02 .297E+02 .300E+OZ .467E+OZ 
.300E+02 .297E+02 .274E+OZ .245E+02 
.230E+02 .232E+02 .247E+02 .285E+02 
.309E+02 .306E+02 .301E+02 .294E+02 
.276E+02 .248E+OZ .ZZOE+OZ .206£+02 
.185E+02 .173E+02 .16~E+OZ .111E+02 
.159E+02 .139E+02 "982E+Ol .552E+OL 

o 0 o 

PROJECTJ'JN DATA FOR ANGLE NO. 37 1.511 AADUNS 
o 0 o 0 

.922E+01 • 119E+02 .140E+02 .158E+OZ 

.186E+02 .198E+02 .209E+02 .2L9E+OZ 
• 236E +02 .241t£+02 .251E+02 .257E+OZ 
.268E+02 .213E+02 .277E+02 .281E+02 
.288E+02 .291E+02 .293E+02 .295E+02 
.298E+02 .299E+02 .300E+02 .300E+02 
.300E+02 .300E+02 • Z 99E+OZ .297£+02 
.293E+02 .2'illE+02 .Z88E+OZ .285E+OZ 
.278E+02 .273E+02 .269E+02 • Z63E+02 
• 251E +02 .245E+02 .Z37E+02 .229E+02 
.211E+02 .199E+02 .188E+OZ .17+E+02 
.142E +0 2 .121E+02 .953£+01 .551E+01 

o 0 o 
PROJECT ION DATA FOR ANGLE NO. 38 1.614 RADIANS 

o 0 o 0 
.921E+01 .109E+02 • 119E+02 .14LE+02 
.206E+02 .22ItE+02 .Z34E+02 .243E+OZ 
• 255E +02 .242E+02 .227E+02 .Z31E+02 
.235E+02 .2-41E+02 .Z46f+02 .Z51E+02 
.. 326£+02 .349E+02 .357H02 .359E+02 
.. 326E+02 .303E+02 .300E+02 • 116E+02 
.282E+02 .301E+02 .323£+OZ .351E+02 
.357E+02 .351E+02 .330E+OZ .285E+OZ 
.246E+02 .241E+02 .Z36E+02 .Z3ZE+02 
.227E+02 .Z41E+02 .Z54E+02 .252E+02 
.235E+02 .225E+02 .Z09E+OZ • 176E+02 
.lZLE+02 0110E+OZ .952E+OL .552E+01 

o 0 o 
PROJECTION DATA FOR ANGLE NO. 39 L .658 RADIANS 

o 0 o .L91E-Ol 
.904E+01 .909E+01 .1l3E+02 .138E+02 
.201E+02 .229E+02 .ZIIo5E+02 .251E+OZ 
.240E+OZ .227E+02 .2L3E+02 .203E+02 
• Z30E+02 .237E+02 .Z43E+02 .279E+02 
.356£+02 .380E+OZ .373E+02 .366E+02 
• 360E+OZ .318E+OZ .196E+02 .597E+Ol 
• 180E +02 • 3HE+ 02 .359E+02 .372E+02 
.371E+OZ .38ZE+02 .360E+02 .329£+ 02 
.H5E+02 .238E+02 .231E+02 .218E+02 
.2LIE+02 .2Z5E+OZ .Z39E+02 .251E+02 
.245E+02 .231E+OZ .205E+02 .180H02 
.115E+OZ .924E+Ol .901E+01 .7-42E+Ol 

o 0 o 

PROJECTION DATA FOR ANGle NO. 40 1.702 RAOIANS 
o 0 o .330E+OO 

.909E+01 .893E+01 .933E+01 .128E+02 

.214E+OZ .Z45E+02 .261E+02 .Z66E+02 

.ZHE+02 .ZZlE+OZ .217E+OZ • Z07H02 

.200E+02 .Z15E+02 .233E+02 .281E+02 

.350E+02 .380E+02 •• ZOf+02 .445E+02 

.359E+OZ .Z69E+OZ .158E+02 .511E+01 

.146E+OZ .Z59E+02 .346E+02 .403E+02 

.4Z6E +OZ .384£+02 .354E+OZ .335E+OZ 

.Z38E+02 .216E+02 .200E+OZ .1 'il6E+02 

.Z15E+02 .220E+02 .233E+OZ .250E+02 

.26ZE+OZ .Z47E+02 .Z18E+02 • 177E+02 

.957£+01 .897E+Ol .906E+01 .8Z4E+01 
o 0 o 

PROJECTIO~ DATA FOR ANGLE NO. 4-1 1.745 RADIANS 
o 0 o .460E+00 

.915E+Ol .886E+01 .103E+OZ .140E+02 
• 202E +02 .238f+02 .Z6.E+02 .Z59E+02 
.Z46E+02 .Z34E+02 .220e+OZ .203£+02 
.19ZE+02 .ZlU+02 .Z51E+OZ .285E+02 
.348E+02 .388E+OZ .1t14E+02 .449E+OZ 
.351E+OZ .260E+OZ • 158E+02 .522E+01 
.146E+OZ .249E+OZ .339E+02 .. 1t28E+02 
.417£+02 .39ZE+02 .352E+02 .3L4E+02 
.255E +02 .217E+02, .194f+OZ .182E+02 
.ZJ.9E+02 .Z33E+02 .Z4U+02 .250E+02 
.265E+02 .241E+OZ .207E+OZ • 167E+OZ 
.107E+02 .890E+Ol .912E+OL • 8~£+01 

o 0 o 

PROJECTION DATA FOR ANGLE NO. 42 1.789 I:lAOIANS 
o 0 o .1t2ItE+00 

.91ItE+01 .906E+01 .109E+02 • 13ZE+02 
• Z10E+02 .234E+02 .Z45£+02 .260E+02 
.Z.lE+02 .226E+02 .Z17E+OZ .Z07E+02 
.210E+OZ .2Z6E+02 .244£+02 • Z73E+02 
.3.0E+02 .379£+02 •• 11E+02 .394E+OZ 
.'354E+OZ .30U+02 .191E+02 .65U+Ol 
.176E+02 .293E+02 .351E+OZ .384E+02 
.413E+02 .385E+OZ .343E+OZ .320e+02 
.246E+02 .ZZ8£+02 .211E+02 .213E+OZ 
.216E+02 .225E+02 .239E+OZ • Z53£+02 
.247E+02 .236£+OZ .Z14E+02 • 179E+02 
.112E+02 .911E+01 .9Z0e+Ol .749E+OL 

o 0 o 

85.000 DEGREES 
.413E+Ol 
.17QE+02 
.204E+02 
.310E+02 
.248E+OZ 
.221f+02 
.535E+02 
.2Z4E+02 
.280E+02 
.312E+02 
• 187E+02 
.181E+OZ 
.100E-Ol 

87.~00 DEGREES 
.475E+OL 
.172E+02 
.205e+02 
.294E+02 
.290e+OZ 
.242E+02 
.473E+02 
.23ZE+02 
.311E+02 
.. 284E+OZ 
.196E+OZ 
.173E+OZ 
.100E-Ol 

90.000 DEGREES 
.475E+Ol 
.173E+02 
.ZZ8E+OZ 
.263E+02 
.285E+-02 
• Z97E+02 
.270E+02 
.Z96E+OZ 
.28ZE+02 
.258E+02 
.220E+OZ 
.159E+02 
.100E-OL 

9Z.500 DEGREES 
.475E+01 
.173E+OZ 
.251E+02 
.233E+OZ 
• Z81£+02 
.352E+02 
.103E+02 
.359E+OZ 
.Z5ZE+OZ 
.231E+OZ 
.ZIt4E+OZ 
• L43E+02 
.100E-01 

95.000 DEGREES 
.649E+01 
• 177E+02 
.251E+OZ 
.216E+02 
.324E+02 
.37.E+02 
.5Z4E+01 
.367E+02 
.285E+OZ 
.203£+02 
.250E+OZ 
.14ze+02 
.106E+00 

97.500 DEGREES 
.747E+Ol 
• 172E+OZ 
.251E+02 
.196E+02 
.332E+OZ 
.409E+OZ 
.431E+01 
.444E+OZ 
.. Z87E+02 
.Z05E+OZ 
.Z65E+02 
• 133E+02 
.567E+00 

100.000 DEGREES 
.762E+OL 
.163E+02 
.251E+02 
.. 182E+02 
.312E+02 
.433E+02 
.. 440E+01 
.449E+02 
.Z89E+02 
.201E+02 
.Z58E+02 
.143E+02 
.734£+00 

102.500 DEGREES 
.t72E+01 
• 114E+02 
.254E+02 
.Zl1E+02 
.316£+02 
.386£+02 
.557E+01 
.39-4E+02 
.Z76E+02 
.205E+OZ 
.Z61E+02 
.136E+02 
.678E+00 

PROJECTION DATA FOR ANGLE NO. 43 1.833 RADIAN!:> 
o 0 o .329E+00 

.'318E+Ol .105E+02 .1Z4E+Ol .11t3E+02 

.ZOlE+02 .224E+OZ "Z30e+02 .239E+02 

.244E +n .237e+OZ .222e+02 .224E+02 

.247Ef02 .2't6E+02 .250E+02 .ZnE+02 

.34ZE+02 .35ZE+02 .359E+02 • 347E+OZ 

.329E+02 .313E+02 .28~E+02 .112E+02 

.270E+02 .313E+02 .328E+02 • .337E+02 

.359E+02 .35lE+02 .343E+02 .307e+02 

.252E+02 .245E+02 .Z48e+02 .226E+,OZ 

.221E+OZ .235E+02 .244E+02 .24<;E+02 

.231E+02 .2Z5E+OZ .205E ... OZ .168E+OZ 

.lZ7E+02 .107E+02 .93SE+Ol .63lE+Ol 
o 0 o 

PROJECTION DATA FOR ANGLE NO. 44 1.816 RADIAN S 
o 0 o .227e+Oo 

.929E+Ol .1l7E+02 0138E+02 .157E+02 
0192E+02 .1'il9E+02 .Zl1E+02 • Z2U+02 
.243E+02 .235E+02 .21t8E+02 .24ge+02 
.Z58E+OZ .277E+OZ .273E+02 • 277e+02 
.302E+02 .304e+02 .297E+OZ .305E+OZ 
.303E+02 .292E+OZ .301E+02 .2e.3E+02 
• 306E +02 .293e+02 .302E+02 .304E+02 
.297E+OZ .)03E+02 .303E+OZ .Z82E+02 
.Z73E+OZ .278E+02 .258e+02 .Z!ge+02 
.250e+02 .235e+oz .244E+OZ .236e+02 
.213E+02 .200E+02 • 193E +02 .117E+02 
.141E+OZ .119E+02 .977E+Ol .524E+01 

o 0 o 

PROJECTION DATA FIJR ANGLE NO. 4~ 1.'720 RAOI ANS 
o 0 o .117E+OO 

.9Z4E+01 .130e+oz .150e+02 .168E+OZ 
01 74e+OZ .185E+02 .19~E+02 .206E+OZ 
.Z25E+02 .Z58E+OZ .267E+OZ .28lE+OZ 
• 286E +OZ .286E+02 .2'9C;E+oZ .295E+02 
.245E+02 .250E+OZ .247E+OZ .263E+02 
.279E+02 .Z16E+02 .300E+02 .43ZE+02 
.306E+OZ .Z78E+02 .280E+02 .270E+OZ 
.248E+OZ .Z52E+02 .21t3E+02 .212E+OZ 
.300E +OZ .286E+02 .287E+02 .ZelE+02 
.Z69E+OZ .262E+OZ .228E+02 .211E+02 
ol'il6E+02 .186E+02 .175E+02 • L 78E+02 
.15ZE+02 .134E+OZ .991E+01 .425E+OL 

o 0 o 

PROJECTIO~ DATA FOR ANGLE NO. 46 1.963 RADIANS 
o 0 o .393E-Ol 

.916E+OL .145E+02 .16H.OZ .177E+OZ 

.170E+02 • L66E+02 .17'iE+OZ .18 8E+ Oz 

.ZZ3E+02 .254E+02 .Z90E+02 .29'9E+02 
• 310E+02 .:312E+02 .312E.02 • Z90E+OZ 
.Z33£+02 .208E+02 .199E+02 .213E+02 
.Z5ZE+02 .266E+02 .381E+02 .513E+OZ 
.)99E+OZ .274E+OZ .25~E+02 .Z34E+02 
.199E+02 .206E+OZ .229E+02 .258E+OZ 
.310E+02 .311E+OZ .310E+02 .30'ilE+OZ 
.Z93E+OZ .258£+02 .227E+02 .204E+OZ 
.180E+OZ .168E+02 .170E+OZ • 171E+02 
.168E+02 .150E+02 .997E+01 .34LE+Ol 

o 0 o 

PROJECTION OATA FOR ANGLE NO. 47 Z.007 RAOI ANS 
o 

.911E ... Ol 

.164E+02 

.Z32E+OZ 

.333E+OZ 

.2Z8E+02 

.Z3ZE+02 

."6E+02 

.172E+02 

.298E+02 
.Z89E+02 
.161E+02 
.180E+02 

o 

o 
.150E+02 
.161E+OZ 
.255E+02 
.333E+02 
• L97E+OZ 
.319E+02 
.333E+02 
.194E+OZ 
.331E+02 
.258E+02 
0161E+02 
.156E+02 

o 

o .533E-OZ 
.177E+OZ .183E+OZ 
.159E+OZ • 175E+02 
.Z85E+OZ .315E+OZ 
.301E+OZ .285E+02 
.176E+OZ .158F+02 
.431E+02 .~32E+02 
.Z43E+OZ .187E+02 
.22ItE+OZ .Z48E+02 
.332E+02 .330E+02 
.23bE+02 .20"E+OZ 
.L63E+02 .171E+02 
.987E+01 .299E+Ol 

o 

PROJECTION DATA FOR ANGLE fifO. itS, 2.051 RADIANS 
o 0 

.903E+Ol 

.166E+OZ 

.Z29E+OZ 

.348E+02 

.2Z6E+02 

.21t5E+02 

.458E+02 
• 171E+02 
.300E+OZ 
.Z8ZE+02 
.155E+02 
.L87E+02 

o 

.141E+02 
• 156E+02 
.Z60E+OZ 
.3)0e+02 
.J.'il5E+02 
.336E+02 
.349E+02 
.1<;2E+OZ 
.325E+02 
.2b4E+02 
.155E+02 
.154E+02 

o 

o .567E-03 
.184E+02 .180E+02 
.155E+OZ .171E+02 
.Z79E+OZ .319E+02 
.304E+02 '.276E+02 
.175E+02 .145E+OZ 
.443E+02 .536E+02 
.Z59E+02 .16ZE+OZ 
.Z23E+02 .21tc;lE+02 
.. 347E+02 .338E+02 
.233E+02 .205E+02 
.165E+OZ .172E+02 
.983E+01 • 291E+ 01 

o 

PROJECTION DATA FOR ANGLE NO. 49 Z .094 Il.AOtANS 
o 

.892E+01 
0166E+OZ 
.Z31E+OZ 
.32ZE+02 
.231E+02 
.232E+02 
.434E+OZ 
.180E+02 
.307E+OZ 
.Z87E+02 
.168E+02 
.175E+OZ 

o 

o 
.143E+02 
.15'7E+02 
.ZHE+02 
.3Z3E+02 
.ZOOE+02 
.301E+02 
.316E+02 
.195E+02 
.322E+02 
.Z58E+02 
.159E+02 
• 148E+OZ 

o 

o .21t0E-01 
.172e+02 .18lE+02 
.166E+02 .18ZE+OZ 
.285E+02 .308E+02 
.311E+02 .Z7'ilE+02 
.180E+02 .180E+OZ 
.1t18E+02 .5Z8e+02 
.237E+OZ .210E+02 
.2Z9E+02 .253E+02 
.323E+02 .3Z'9E+OZ 
.Z3ItE+02 .ZOOE+02 
.166£+02 .172E+02 
.975E+01 .315E+01 

o 

PROJECT ION DATA FOR ANGLE NO. 50 2.138 'tADlAflfS 
o 0 o .510f-01 

.886E+Ol • 139E+02 .15H+OZ .176E+02 

.167E+02 .174E+OZ .186E+02 .195E+02 
• 2Z2E +02 .255E+OZ .Z7<;E+02 .293E+02 
.300E +OZ .3 00E+02 .)06E+02 .289E+02 
.236E+OZ .2LItE+02 .2Zlf+02 .Z3ZE+OZ 
.Z59E+02 .272E+02 .336E+02 .495E+02 
.354E+OZ .275E+02 .260E+02 .2!50E+02 
.Z22E+02 .ZL4E+02 .234E+OZ .265E+02 
.306E+02 .Z99E+02 .300E+02 .301E+02 
.282E+02 .258E+02 .ZZ6E+02 .211E+OZ 
.188E+02 .175e+oZ .167E+02 • 177E+02 
.159E+OZ .141 E+OZ .97ze+Ol .391E+OL 

o 0 o 

105.000 DEG~EES 
.563E·Ol 
.165E+02 
.248E+OZ 
.225E+OZ 
.303E+02 
.338E+02 
.<;41E+Ol 
.345E+02 
.Z61E+02 
.Z2ItE+02 
.240E+02 
• 146E+02 
.~1'7E+00 

107.500 DEGREES 
.461E+Ol 
• L14E+02 
.Z35E+02 
.258E+02 
.28ZE+02 
.304E+02 
.Z52E+02 
.305E+OZ 
.278E+02 
.21t9E+02 
.ZZ2E+OZ 
.159E+02 
.442E+00 

110.000 DEGREES 
.364E+01 
.178e+02 
.211E+02 
.. 281E+OZ 
.Z76E+02 
.268E+OZ 
.-456E+02 
.263E+OZ 
.293E+02 
.282E+02 
.208E+02 
.170E+02 
.271e+00 

112.500 DEGREES 
.276e+01 
.11ZE.02 
.201f+02 
.30QE+02 
.261E+02 
.232E+OZ 
.!21E+02 
.21tE+OZ 
.Z87E+02 
.301E+02 
.190E+02 
• L76E+02 
.126£+00 

115.000 DEGREES 
.223£+01 
.17ZE+OZ 
.lQ9E+02 
.328e+02 
.Z5ZE+OZ 
.183E+02 
.':43E+02 
• ~_loe+02 
.281e+oz 
.311E+oZ 
.177E+02 
.182E+02 
.265E-01 

111.500 DEGREe s 
.208E+01 
.L 73E+02 
• ZOOE+02 
.335E+02 
.253E+02 
,154E+02 
.547E+02 
.142E+02 
.212E+02 
.3Z2E+02 
• 175"+OZ 
.179E+02 
.144E-Ol 

120.000 DEGREES 
.237E+01 
• 173E+02 
.197E+02 
.3Z9E+OZ 
.258E+02 
.206E+02 
.540E+OZ 
.182E+02 
.Z77E+OZ 
.311E+02 
.164E+02 
.18LE+02 
.8S8E-01 

1Z2.500 OEGReES 
.318E+Ol 
.178E+02 
.Z10E+OZ 
.300E+02 
.Z69E+02 
.248e+02 
.S13E+02 
• Z33E+02 
.286E+02 
.2QZE+02 
• 196E+OZ 
.177E+02 
• 173E+00 

145 
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PROJECTION DATA FOR ANGlE NO. ~ 1 2.182 RADIANS 
a 

• aBEi'Ol 
.178E+OZ 
.229E+02 
.27bE+02 
.Z67E+OZ 
.2B4E+02 
.293E ... OZ 
.272E+OZ 
.ZSbE+DZ 
.262E+02 
.Z03E+OZ 
.146E+02 

a 

a 
.12SE+02 
• 19ZEi-02 
.247E+02 
.282E+02 
.266f+02 
.Z'i3E+02 
.293E+02 
.266E+02 
.282E+02 
.250E+02 
.194E+02 
.128E+02 

a 

o .1!51E+OO 
.144E+Q2 .• 161E+QZ 
.Z02E+02 .212E+OZ 
.261E+02 .266E+OZ 
.284E+QZ .289E+02 
.270E+02 .279E+OZ 
.293E+02 .361E+02 
.28~E+02 .283E+OZ-
.267£+02 .Z80E+OZ 
.27BE+02 .275E+OZ 
.230E+02 .225E+02 
.17'5E+02 .IS1E+02 
.940E+01 .502E+01 

a 

PROJECT ION DATA. FOR. ANGLE NO. 52 Z.225 RADIANS 
a 

.saZhOl 

.198E+OZ 

.24bE+02 

.Z53E+02 

.3.I.'9E+02 

.317E+02 

.299E+02 
• 317e ... oz 
.264E+02 
.231E+OZ 
.. 2lf~E+02 
.lHE+02 

a 

a 
.107E+02 
.207E+OZ 
.237E+OZ 
.260e+oz 
.328E+02 
.31lE+02 
.308E+002 
.. 327E+02 
.261E+OZ 
.235E+02 
.209E+02 
.110e+02 

a 

o .244E+OO 
• L.32E.02 • 14t:E+OZ 
.218E+02 .230E+02 
.230E+02 .243E+02 
.26;-E+OZ .271E+02 
.319E+02 .320E+02 
.302E+02 .198E+02 
.318E+02 .317E+02 
.321E+OZ .Z94E+OZ 
.Z54E+02 .248E+02 
.246E+02 .237E+02 
.201E+02 .173E+02 
.903E+O.l. .o21E+Ol 

a 
PROJECTION DATA FOR ANGLE NO. 53 2.269 RADIANS 

a a o .265E+00 
.914E+01 .952E+01 .118E+02 .137E+02 
.205E+02 .225E+02 .Z37E+OZ .247E+OZ 
.246E+02 .23ze+02 .218E+02 .214E+02 
• 23.1.E +02 .235 E+OZ .Z45E+OZ .271E+02 
• HOE+02 .371E+02 .373E+02 .3HE+02 
• 340E +02 .326E+02 .217E+02 .919E+Ol 
.218E+02 .320E.02 .339E+02 .351E+02 
.311E+02 .313E+02 • 34~E+02 .309E+02 
.Z47E+02 .236E+02 .Z33E+02 .221e+02 
.216E+02 .230E+OZ .2It-U+02 .250E+02 
.238E+02 .2Z·7E+02 .210E+02 • 173E+02 
.121E+02 • 977E+Ol .913E+Ol .727E+Ol 

a a a 
PROJECTION DUA FOR At4GLE NO. 54 2.ll3 RAOJANS 

a a o .205E+00 
.899E+Ol .889E+01 .102E+02 • 135E+02 
.203E+02 .236E+02 .254E+02 .263E+02 
.241E+02 .229E+02 .21tE+02 .204E+02 
.Z06E+OZ .217E+OZ .21t-3E+02 .286E+02 
.350E+02 .318E+02 .406E+02 .422E+02 
.371E+02 .288E+02 .172E+02 .671E+Ol 
.158E+02 .271E+02 .363E+02 .397E+02 
.410E+02 .383E+02 .353E+02 .315E+02 
.2HE+OZ ·.220E+02 .201E+02 .195E+OZ 
.Z15E+02 .2Z1E+02 .240E+OZ .253E+02 
• 255E+02. .240E+02 .Z07E+02 .175E+02 
.106E+02 .8~E+Ol .895E+01 .771 E+01 

a 0 a 

PROJECT ION DATA FOR ANGLE NO. 55 2.356 RADIANS 
a 

.893E+Ol 

.20ZE+OZ 

.239E+OZ 

.186E+OZ 

.351E+02 

.356E+02 

.l42E+OZ 

.410E+02 

.Z55E+02 

.Zl4£+02 

.Z66E+02 

.990E+01 
a 

a 
.891E+Ol 
.239E+02 
.2271:+02 
.212E+02 
.383E+OZ 
.259E+02 
.24'H+OZ 
.388E+02 
.217E+02 
.Z251:+02 
.243E+02 
.888E+01 

a 

o .172E+00 
.950E+01 .1.0E+02 
.263E+02 .268E+02 
.21!E+OZ .201t-H02 
.251E+02 .284E+02 
.-\OtE+02 .~48E+02 
.154E+02 .612E+Ol 
.31t-1E+02 .432E+02 
.355E+02 .320E+02 
• 190E+02 .186E+02 
.Z38E+02 .253E+02 
.206E+02 .175E+02 
.889E+01 .779E+01 

a 

PROJECTION DATA FOR ANGLE NO. 56 2.400 RAOlANS 
a a o .205E+00 

.899E+01 .889E+01 .102E+02 • 135E+ 02 

.201E+OZ .236E+OZ .25ZE+02 .262E+02 

.241E+02 .ZZ9E+02 .217E+02 .204E+02 

.206E+OZ .217E+02 .243E+02 .Z8~E+02 

.~50E+02 .378E+02 .406E+02 .422E+02 

.371E+02 .288E+02 .172E+02 .678E+Ol 

.158E+02 • 272E+02 .363E+02 .3Ci1E+02 

.-410E+02 .383E+02 .3531:+02 .315E+02 

.247E+02 .220E+OZ .208E+02 .195E+02 

.215E+02 .227E+OZ .240E+02 .2!")E+02 

.2HE+OZ .23':)f+02 .207E+02 .175e+02 

.106E+02 .894E+01 .895E+01 .111E+Ol 
a a a 

PROJECTION DATA FOR ANGLE NO. 57 2.443 RADIANS 
a a o . .265E+00 

.914E+Ol .952E+01 .118E+02 .131£+02 

.205E+02 .224E+02 .236E+02 .. 246E+02 

.24eE+OZ .232E+02 .218E+02 .21U+02 

.232E+02 .235E+02 .2lt5E+02 .272E+02 

.341E+02 .371£+02 .373E+02 .361E+02 

.340E+02 .326E+02 .237E+02 .92lE+Ol 

.218£+02 .321E+02 .34OE+02 .351E+02 
.372E+02 .. 3 74E+ 02 .34!E+02 .309E+02 
.247E+02 ~23b£+02 .233E+02 .222E+02 
.216E+02 .230E+02 .Z4'th02 .Z50H02 
.231E+02 • 226E+02 .209E+02 .173E+02 
.121E+02 .977E+Ol .913E+Ol .721E+Ol 

a a a 

PROJECTI'JN OATA FOR ANGLE NO. 58 2.487 R.ADIANS 
a a o .244E+00 

.882E +01 .101E+02 .132E+02 • 146E+ 02 
.197E+02 .206£+02 .217E+02 .229E+02 
• 245E +OZ .23 7E+02 .231E+02 .243E+02 
.254E+o2 .260E+02 .263E+02 .271E+02 
.319E+02 .3Z8E+02 .320E+OZ .320E+02 
.317E"'02 .312E+02 .302E+OZ .198E+02 
.299E+02 .308E.02 .318E+02 .318E+02 
.318E+01' .327E+02 .322E+02 .Z94E+02 
.264E +02 .26lE+02 .25.E+02 .248E+02 
.232E+02 .236E+02 .246E+02 .236E+02 
.218E+02 .208E+02 .200E+02 .173E+02 
.134E+02 .110E+02 .903E+Ol .621E+Ol 

a a a 

125.000 OEGREI:S 
.430E+Ol 
.179E+02 
.224E+02 
• 274H02 
.282E+02 
.283E+02 
.385E+02 
.280E+02 
.289E+02 
.261E+02 
.213E+02 
.163E+02 
.360E+00 

121.500 OEGRfES 
.541E+Ol 
.170E+02 
.236E"'02 
• 246E+02 
.289E+02 
.316E+02 
.110E+02 
.320E+OZ 
.271E+02 
.243E+02 
.231E+02 
.148E+02 
.550E+00 

130.000 OEGREES 
.634E+Ol 
.168E+02 
.2!IE+02 
.221E+02 
.3041:+02 
.353E+02 
.154E+Ol 
.363E+02 
.276E+02 
.215E+02 
.248E+02 
.,,140e.02· 
.656E+00 

132.500 DEGREES 
.610E+Ol 
• 170E ... OZ 
.255E+02 
• 194E+02 
.310E+02 
.400E+02 
.552E+Ol 
.417e+02 
.291E+02 
.203E+02 
.263E+02 
.1-\OE+02 
.629E+OO 

135.000 DEGREES 
.683£+01 
.1 "tOE+02 
.255E+02 
.188£+02 
.316E+02 
.439E+02 
.503E+01 
.451E.02 
.290E+02 
.202E+02 
.266f+02 
• 146E+02 
.600E+00 

137.500 DEGR.EE S 
.610E+Ol 
.170E+02 
.256E+D2 
.194E+OZ 
.310E+OZ 
.400E+02 
.553E+Ol 
.418E+02 
.291E+02 
.203E+02 
.263E+02 
.1-\OE+02 
.629E+00 

140.000 DEGREES 
.(;34£+01 
• 168E+02 
.249E+OZ 
.221E+02 
.305h02 
.353E+02 
.756E+01 
.363E+02 
.276E+02 
.215E+02 
.241E+02 
.140E+02 
.656E+00 

142.500 DEGREES 
.547f+Ol 
.170E+02 
.234E+OZ 
.Z47E+02 
.290E+02 
.317E+02 
.170E+02 
.320E+02 
.212£+02 
.243E+02 
.230E+02 
.148E+02 
.550E+00 

PROJECTION DATA FOR ANGLE NO. 59 Z .531 RADIANS 
a a o .151E+00 

.873E+Ol .125E+02 .144E+02 .161E+02 

.176E+02 .191E+02 .201E+02 .21lE+02 

.228E+02 .246E+02 .262E+02 .267E+02 

.217E+02 .Z83£+02 .285f+02 .289E+02 

.268E+02 .267E+02 .211e+02 .279E+02 

.284E+02 .294E+02 .293E+02 .362E+02 

.294E+02 .293E+02 .Z87E+02 .283E+02 

.273E+02 .267E+02 .268E+02 .281E+02 

.286E +02 .283E+OZ .278E+02 • 275E+02 

.262E+02 .2501:+02 .229E+OZ • 224E"'02 
• 202E +02 .1 q3E+ OZ .178E+02 • 179E+02 
.146E+02 .128f+OZ .940E+Ol .502E+Ol 

a a a . 

PROJECTIO~ DATA FOR· ANGLE NO. 60 2.514 RADIANS 
o. a o .510E-Ol 

.886E +01 .139E+OZ .156E+02 • 176E+02 

.165E+02 .172E+02 .185E.02 • 194E+02 

.Z21E+02 .254E+02 .278E+02 • Z93E+02 

.300E+02 .. 300E+02 .307E+02 .290E+02 

.239E+02 .215E+02 .Z22E+02 .Z3ZE+02 

.260E+02 .212E+02 .336E+02 .495E+02 

.355E+OZ .275E+02 .Z60E+02 .2~OE+02 

.223E+02 .21.E+02 .234£+02 .266E+OZ 

.307E+02 .300E+02 .301E+02 .302E+02 

.282E+oZ .257E+02 .225E+OZ .210E+02 

.186E+02 .114E+02 .1 6~E+02 • 176E+02 

.159E+02 .141E+02 
a a 

.912E+Ol .391E+~1 
a 

PROJECTION DATA FOR ANGLE NO. 61 2.618 RAOIANS 
a a o .240E-Ol 

.892E+Ol • 143E.02 .112E+02 .180e+02 

.165E+02 • 158E+02: .165E+02 .180E+OZ 
• Z2~E+02 .253E+OZ .283E+02 .307E+02 
.323E+02 .324E+02 .312E+02 .280£+02 
.232E+02 .200E+02 .18iE+OZ .181E+02 
.232E"'02 .302E+OZ .419E+02 .529E+OZ 
.435E+02 .317E+02 .237E+02 .211E+02 
.18IE+02 .196E+02 .2 30E + 02 • 254E+ 02 
.308E+02 .323E+02 .324E+02 .330E+02 
.286E+02 .257E+02 .233E+02 .199E+02 
.167E+02 .151E+02 .165E+02 • 171E+02 
.174£+02 .148E+02 .975E+Ol .315E+Ol 

a a a 

PR.OJECTION DATA FOR ANGLE NO. 62 2.662 RADIANS 
a a o • 561E-03 

.903E+01 .147E+02 • 181t-E+02 • 178E+02 
• 165E +OZ .154E+02 • 151t-E+02 • 170E+02 
.228E+02 .259E+02 .278E+02 .317E.02 
.348E+02 .33lE+02 .305E+D2 • Z77E+02 
.227E+OZ • 196E+02 .116E+02 • 146E+02 
.246E+02 .331E+02 .444E+OZ .!37E+02 
.459E+02 .350E+02 .260E+02 • 163E+02 
.172e+02 .193E+02 .2 Z4E+02 .250E+02 
.301E+02 .326E+02 .348E+02 .337E+02 
.281E+02 .Z63E+02 .232E+02' .20+E+02 
• 154E"'02 .153E+02 .164E+02· • l11E+02 
.)86E+OZ .1 '4E+02 .983E+Ol • 291E+ 01 

a a a 

PROJECTION DATA FOR ANGl.E NO. 63 2.705 RADIAN! 
a a 

.911E+01 .150E+02 

.162E+02 .160£+02 

.231E+OZ .254E+02 

.332E+02 .3331:+02 

.230E+02 .198E.02 

.233E+OZ .320E+02 

.448E+02 .335E+OZ 
• 113E+02 .196E+OZ 
.Z99E+02 .332E+02 
.288E+02 .257E+02 
.160E+02 .159E+02 
.116E+02 .156E+02 

a a 

o .533E-02 
.176E+02 • 182E+ OZ 
.158f+02 .173E+02 
.Z84E+02 .314E+02 
.302E+02 • Z86E+02 
.118E+02 • 159E+02 
.433E+02 .533E+02 
.244E+02 .188f+02 
.225E+02 .250E+02 
.3)2E+02 .329E+02 
.235E+02 .203E+02 
.162E+02.170E+02 
.987E+01 .299E+Ol 

a 

PROJECTION DATA FOR ANGLE NO. ~4 2.749 RADIANS 
a a o .393E-Ol 

.918E+Ol • 141t-E+02 .164£+02 .1-75E+02 

.169E+OZ .165E+02 .178E+OZ .187E+02 
• 222E +02 .252E+02 .Z89E+02 .298E+02 
.309E+02 .311E+02 .311E+02 .292E+02 
.234E+02 .209E+02 .200E+02 .215E+02 
.254E+02 .267E+02 .382f+02 .515E+02 
.401E+OZ .276E+02 .256E+02 .235E+02 
.200E+02 .207£+OZ .230E+02 .260E+02 
.311E+02 .310£+02 .309E+02 .308E+02 
.292E+02 .251E+02 .225E+02 .203E+02 
.179E+02 .167E+02 .169E+02 • 110E+02 
.167E+OZ .149E+02 .9Q6E+Ol .341E+Ol 

a a a 
PROJECTION OATA FOR ANGLE NO. 65 2.793 RAOIANS . 

a a o .117E+00 
.924E+Ol .129E+OZ .149E+02 • 167E+02 
.1 73E +02 .184E+OZ .194E+02 .205E+02 
.224E+02 .257E+02 .Z66E+02 .280E+02 
.285E+02 .285E+02 .298E+02 .294E+02 
• Z4 7E +02 .252E+02 .21t-9E+OZ .26·4E+02 
.28IE+02 .278E+02 .302E+02 .434E+02 
.308E+02 .280E+02 .282E+02 .272E+02 
• Z50E+02 .254E+OZ .245£+02 .2HE+02 
.299E+02 .285E+02 .286f+02 .280E+02 
.Z68E+02 .261E+02 .221E+02 .210E+02 
• 195E +02 .185£+02 .174E+02 .1 77E+02 
.151E+02 .133E+OZ .989E+01 .lt25E+Ol 

a a . a 

PROJECTION DATA FOR A~GlE NO. 66 Z.836 RADIANS 
a a o .227e ... 00 

.925E+01 • 11·5E+02 • 137E+OZ .156E+02 

.191E+02 .191E+02 .210E+02 .220E+02 

.242E+02 .234E+02 .247E"'02 • 248E+02 

.257e+02 .276E+OZ .272E+02 .27tE"'02 

.303E+02 .306E+02 • Z99E+02 .307E+02 

.305E+02 .294E+02 .309E+02 .265E+02 

.309E+02 .296E"'02 .304E+02 .306€f'02 

.300H02 .306E+02 .306f+02· .2 82E+ 02 

.272E+02 .216£+02 .257E+02. .258E+02 

.249E+02 .234f+OZ .243E+02 .235E+02 

.212E+02 .199E+02 .192E+02 • 116E+02 

.140E+02 .118E+02 .966E+01 .523E+01 
a a a 

Ilt5.000 DEGREES 
.430E+Ol 
.178E+02 
.222E+02 
.275E+02 
.282E+02 
.284E+OZ 
.385E+02 
.281E+02 
.289E"'02 
.261E+02 
.212E+02 
.163E+02 
.360e+00 

147.500 DEGREES 
.318E+01 
• 117E+02 
.Z08E"'02 
.301E+02 
.270E+02 
.249E+02 
.514E+02 
• 234E+02 
• Z86E+02 
.293E+OZ 
.195E+02 
.171E+02 
.173£+00 

150.000 DEGREES 
.231E+Ol 
• 112E+02 
.196E+02 
.329E+02 
.259E+02 
.207E+02 
.541E+OZ 
.18Jf+OZ 
.Zl1E+02 
.310E+02 
• 183E+02 
.180E+02 
.858E-Ol 

152.500 DEGREES 
.208E+Ol 
• 172E+02 
.199E+OZ 
.334E+02 
.254E+02 
• 155E+02 
.548E+02 
• 141E+02 
.273£+02 
.321E+02 
• 174E+02 
.118E+02 
• 141t-E-01 

155.000 DEGReeS 
.223E+Ol 
.111E+02 
~ 198E+02 
• 321Ef'02 
.2'3E+02 
• 185E+02 
.544£+02 
• 161Ef'02 
.Z82E+02 
.316E+02 
• 176E+02 
.18lE+02 
.265E-Ol 

"1.500 DEGREES 
.276E+01 
.111£+02 
.200E+.02 
.308E+02 
.263E+OZ 
.234E+02 
.529E+02 
.217E+02 
.288E+02 
.300E+02 
.18~E+02 
.11~E+02 
.126E+00 

160.000 DEGREES 
.364E+Ol 
.117E+02 

.• 210E+OZ 
.280E+02 
.277E+02 
.210E+02 
.4~8E+02 

.265E+02 

.294E+02 

.281E+02 
• Z07E+02 
.1~9E+02 

.271E+00 

162.500 DEGREES 
.It-BE+Ol 
.173E+02 
.234E+02 
.257E+02 
.281E+02 
.306E+02 
.254E+02 
.307E+02 
.217E+02 
.248E+02 
.221E+02 
.158E+02 
.442E+00 

.... , 



PROJEC·TlON QATA FOR ANGL.E NO. 61 2.880 RADlANS 
o 0 o .329E.00 

.908E.Ol .104E.02 .123E.02 .1"2E.02 

.200E.02 .Z23E.02 .229E.02 .238e.02 
• 24-3E .02 .236E.02 .221E.02 .Z23E+02 
.20'06£.02 .245E.OZ .24-t;E.02 .262E+02 
.34-1£.02 .352E+02 .362£+02 .350ft.OZ 
.332E.02 .316E.02 .288E.02 .115E.02 
.213E+01 .316E.02 .331E.02 .J"Oe:.02 
.361E.02 .354E.02 • 343E.02 .306E.02 
.250e.02 .244E.02 .Z47E.02 .225E+02 
.220E.')2 .234E.02 .242E.02 .248E+02 
.230e.02 .22U.02 .204E+OZ .167E.02 
.126E.02 .106ft-02 .92t;E.Ol .630E.Ol 

o 0 o 

PROJeCT ION DATA FOR ANGLE NO. 68 Z.9Z3 RADIANS 
o 0 o .424E+00 

.<:'O,,"E.Ol .896E+Ol .108E+02 .131E+02 

.209E.02 .233E+02 .Z44E.02 .259E+OZ 

.Z:HE.02 .225E.02 .216E.OZ .206E+02 

.209E.02 .ZZ5E+OZ .243E.02 • Z7ZE+02 

.33Qe+02 .318E.OZ .41i:E+02 .3t;7E+02 

.358E+OZ .306E+OZ .194E+02 .6t;OE+Ol 
• 119£'-OZ .Z9bE+02 .355 E.02 • 388E +02 
.417E.02 .384E.02 .342E.02 .31QE"'02 
.245E.02 .227E+02 • 210E+02 • 212E. 02 
• 215E+OZ .224E+Ol .238E+02 .252E.02 
.2,,"6E+02 .235E+OZ • ZI2E+02 .178E.02 
.111E+OZ .907E+01 .Cl09E.Ol .71t8E+Ol 

o 0 o 

PROJECTION DATA FOR ANGLE NO. 69 2.967 P.ADUNS 
o 

.905E+Ol 
.. 201e·02 
.2o'o5E+02 
.191E+02 
.H7E+02 
.. 156E·02 
.151E+02 
• 4-16E+02 
• 254E·02 
.218E+02 
• 264-E+02 
• 106E+02 

o 

o 
.816E+Ol 
.2.37E.02 
• 233ft-02 
.213E.02 
.381E+02 
.265E+02 
.253E.02 
.391E+02 
.216E+02 
.232E.02 
• 24-0E+02 
.619E.Ol 

o 

o .460E+OO 
.. 102E+02 .139E+02 
.263Et-02 .258E.02 
• 21~E.02 .202E+02 
• Z50E+02 .284E+02 
• 413E.02 .448E+02 
.163E.02 .569E.Ol 
.343E.02 .433E+02 
.351E+02 .313e.02 
.193E.02 .181E.02 
• 243E+02 .249E+02 
• 206E+02 .166E+02 
.Q02E.Ol .83,,"E+01 

o 

PROJECTION DATA FOR ANGLE NO. 10 3.011 PAOlANS 
o 0 o .330E.00 

• 699E.Ol .883E.Ol .923E.Ol .127E.02 
• 213E+02 .244E+02 .260E+02 • 265E .OZ 
• 233E+02 .220Ef"02 .216E.02 .206E.01 
• 199E.02 .214E+02 .232E.02 .280E.02 
• 349E.02 .319E+02 .419E.02 .~E.02 
• 361E+02 .276E+02 • 164E+OZ .!77E.Ol 
• 153E+02 .266E+02 .353E.02 .40~E+02 
• 4-25E+02 .383E+02 .353E+02 .334E.02 
• 231E.02 .Z15£+OZ .199E+02 .195E+02 
• 214E.02 .119E.02 .. 232E+02 .249E+02 
.Z61E+02 .246E.02 .217E.02 .17H.02 
.941E.Ol .887E.Ol .896E.Ol .614E.Ol 

o 0 o 
PROJECT ION DATA Fa"" ANGLE NO. 71 3.054 RADIANS 

o 0 o .1eHE-01 
.894-E.Ol .899E.Ol • 112E.02 .137E+02 
.200E.02 .228e.02 • 244E.02 .250E"02 
• 239E.02 .226E.02 .212E.02 .202E+02 
.22ge.02 .236E.02 • Z4ze.02 .278E+02 
.355E.02 .319E.02 .372E+02 .3t.5F+OZ 
• 359E.02 .339E.02 .Z06E+02 • "?'OIE.Ol 
.190E.02 .335E.02 .359E+02 .371E+02 
.310E.02 .38lE.OZ .359E+02 .328E+02 
.2,,"04E.02 .236e.02 .230E.02 .. 217E.02 
.210e+02 .ZZU.02 .238e.oz • Z50E+02 
• 2"ItE. 02 .230e.02 .204e.02 • 179E.02 
.1104£+02 .913E+Ol .891E.Ol .732E+Ol 

o 0 o 

8lAN!( COMMON REQUUED 14823 I 347471 

165.000 DEGREES 
.563E·01 
.164e·02 
.246E+02 
.2Z4E+02 
.302E+02 
.341E+02 
.<;69E.Ol 
.348E+02 
.266E.02 
.ZZ3E+02 
.239E.02 
.1"51;.02 
.~79E·00 

167.500 DEGREES 
.672E+Ol 
.. 113E+OZ 
.253E.02 
.210f+02 
.315E+02 
.390E+02 
.593E.Ol 
.398E.02 
.275E"'02 
• 204E.OZ 
.2eOE·02 
.135E·OZ 
.678E+00 

110.000 DEGREES 
.760E+Ol 
• 162E.02 
.250E+02 
.181E.02 
• 311E+02 
.436E+02 
.487E.Ol 
.452E.02 
.288E+02 
.200E.02 
.257E+02 
.1,,"2E·OZ 
.7HE·00 

172.500 DEGREES 
.717E+Ol 
.. 171E.OZ 
• 250E+02 
.lCJ!!'€+02 
.331£+02 
.40RF+02 
.498e.Ol 
.443E.02 
.286E+02 
.204E+02 
.2604E.02 
.132E.02 
.5!:6E·00 

175.000 DEr.A.EES 
.1:3"'E+Ol 
.176e.02 
.250F+02 
.21!SE.02 
.323E+02 
• 373E+02 
.629E+01 
.366E.02 
.284E.02 
.202E+02 
.149E+OZ 
.141E.02 
.957E-Ol 

l'1AXl-'UM SIZE OF 8lANI( COMMON THUS FAR.. 148q FLOATl~G POINT 'IIOf-DS. 

EeeEE N /Ii 0000 
E N~ NO~ 
EEE /Ii N t~ 0 0 
e N NNO 0 
EEEEE N N DODD 
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p 
p 
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J EEE C 
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JJJ EEEEE CCC 

TTT"TT 
T 
T 
T 
T 

PROJECTION DATA FOR ANGLE NO. 72 3.098 PAD!ANS 177.500 OEG~eES 
.1t65E+Ol 
.172E·02 
.250E·02 
.232e·oz 
.280E+02 
.351E.02 
.125E+02 
.358E.02 
.251E·OZ 
.230E+02 
.243E.02 

o 0 o 0 
.911E.Ol .108e.02 .lteE.02 .UOE.02 
.205e.02 .223E+02 .233E.02 .242E.02 
.25.e.02 .241E.02 .226E+02 .Z30E.02 
.234E.02 .240e.02 .245£.02 .250E+02 
.325E+02 .348E+02 .356E+02 .358E+02 
.325£+02 .302E+OZ .299E+02 .133E+OZ 
.299E.02 .300e.02 .322E.02 .350E+02 
.356E.02 .350E+02 .. 32~E.02 .284-E+02 
.2It5E+02 .240E.02 .23~E+02 .231E+02 
.226E+02 .240e.02 .Z~3E+02 .Z!IE+02 
.234f+02 .224E+02 .206E+02 .175F..02 
.120E+02 .109E.02 .942E+Ol .542E+Ol 

o 0 o 

FOR CONGR ANa GRADY FCN IS THE VALUE OF THE CHI-SOliAPE 
FOR ENTPY Fe .... IS EVALUATED BY THE SUBROUTINE OULFC 
ITER 0 FCN .Z74E.07 
ITER 1 FCN .1"'0E+06 
ITER 2 FCN .150E.05 
ITER 3 FCN .83c;E.04 
ITER 4 FCN .400E.01t 
ITER 5 FeN .. 252E.04 
ITER 6 FCN .155E.04 
HER 7 FCN .934E.03 
ITER 8 FCN .797E+03 
ITEP. 9 FCN .650E+03 
ITER 10 FCN .563E.03 
ITER 11 FCN .520E.03 
ITER 12 FC,.. .481E.03 
lTH 13 FeN .473E.03 
ITER 14 Fe~ .0459E.03 
ITER 15 FCN .447E+03 

• 142E+02 
o 

147 

SLANK COM"'O ... REQUI~EO 14661 I 31t!371 

9 lA '-'K C C!~!'IJN REQUIRED 114!:9 I 2630JJ 

SlAN!< CO ... ..,O~ ItEQUIRED 8231 I 200471 

BLANK co ... ,nN REQU!ItEO 5003 I 11613) 

SLANK CO ...... ON REQutltEO 1775 I 33571 

MAXIMUM SIZE r,F eLAN"; CO"''''ON THUS fb.P" l4801 FLl1b.TI~G POINT woPOS. 

EEEEE N , DODO cee oC:oo~ N " GGG O.PIIII 

E NN N 0 0 C C 0 NN N G G R R 
EEE N N N 0 0 C 0 N N N G RPRII 
E N NN 0 0 C C 0 N m-l G GG R , 
EEEEE N N DODO ccc 00000 N N GGGG , R 

XMIN .. -.35E·00 XMAX • o1ltE.Ol .1413E+04 

•••••••••••••••••••••••••••••••••••••• ** •••••••••••••••••••••••••• 
• ., .... ""' ... ,,= ........ = ............. .,, ........... +.+- ......... .,"''''., • ., ............... . 
• ., .. .,,,., ..... ,.,, .. ., .......... +"-1 z .... • .. • ... - ........ ee .... -- ............... "'.,,, •••• 
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0 .1 -.1 .9 1.0 .1 .3 .0 .0 -.1 -.1 -.0 .0 .1 -.0 1.1 .1 • 2 -.1 .. ., 1.0 .S '.3 -.1 .2 -.L· .0 ., .R 

" .0 -01 .1 .1 .0 -.1 -.1 -.1 -.1 .0 ,-.0 -.1 -.1 -.0 1.2 .8 .1 -.2 .1 1.0 1.0 1.1 .. .0 -.1 .1 -.0 .0 .3 
0 0 .0 .0 -,.2 -.1 .0 .1 .0 .0 _I -.0 .1 .0 .0 1.1 .9 .1 -.1 .1 .1 1.0 1.1 1.2 .. .0 -.0 .0 -.0 -01 
0 0 -.0 .1 .2 .1 .1 .0 -01 -.0 -.0 .0 -.0 -.1 -.1 1.0 .8 .0 -.0 -.0 .3 1.0 1.0 1.0 1.0 .. .1. -.0 -.0 .0 
0 0 0 -.0 .0 -.1 -.1 -.0 -.0 -.0 -.0 -.0 -.1 .0 .' 1.1 .S .0 -.1 .0 -.1 1.0 1.1 .S 1.0 .1 .1 -.0 .0 .2 
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0 0 0 -.0 .1 .1 .0 .0 .1 -.0 -.0 .2 .7 1.0 1.1 1.0 .8 01 -.1 .1 -.1 .4 1.0 1.1 .9 1.0 1.0 ., .0 -.0 
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0 0 0 0 0 -.0 .0 -.1 .1 ., .9 1.2 1.0 .9 1.0 1.1 .9 .0 -.1 .0 -01 -.0 .8 1.0 ., 1.0 1.0 1.2 .7 .1 
0 0 0 0 '0 .1 -.1 .2 .S 1.0 1.1 1.0 1.0 1.0 1.1 1.0 .9 .0 -.0 .1 -.0 -.0 .. 1.1 1.0 1.0 1.0 1.0 1.1 .5 
0 0 0 0 0 0 .0 -.1 .S 1.1 1.0 1.0 1.0 (.0 1.0 1.0 .9 -.0 -.0 -.0 -.1 -.0 .2 1.0 1.0 1.0 1.1 1.0 1.1 1.0 
0 0 0 0 0 0 0 .1 -.0 .9 .9 1.0 ., 1.0 1.0 1.1 .9 -.1 -.0 .0 .0 .1 -.0 ,.7 .9 1.0 1.1 .. 1.0 1.1 
0 0 0 0 0 0 0 -.0 -.1 .1 1.0 1.1 1.0 1.0 1.0 1.0 ;, -.0 -.0 .0 -.1 .1' -.0 .S .9 1.0 1.0 1.1 1.0 .9 
0 0 0 0 0 0 0 0 .0 -.0 -.0 1.0 .9 1.0 1.1 1.0 .9 -.0 -.0 .0 -.1 .1 -.1 .1 1.0 1.1 1.0 1.0 1.0 1.0 
0 0 0 0 0 0 0 0 0, -.0 -.0 .1 .9 1.1 1.0 1.1 .9 -.0 -.0 .1 ';'.1 .1 -".1 -.0 .7 1.1 1.1 1.0 1.0 1.0 
0 0 0 0 0 0 0 0 0 0 .0 -.1 -.0 .S .S 101 .9 .0 .0 .0 -.1 .1 -.0 -.0, .. 1.0 1.0 1.0 1.1' 1.1 
0 0 0 0 0 0 0 0 0 0 0 -.0 .1 -.1 .2 .9 .9 .1 .0 .0 -.1 .1 .0 .0 .1 1.0 1.1 .. 1.0 1.0 
0 0 0 0 0 0 0 0 0, 0 0 0 0 .0 -.1 1.0 ,.9 .0 -.0 .0 -.1 .1 - .0 -.:0 .0 .8 1.1 1.0 ., 1.0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 .1 101 .S .0 ~.1 -.0 -.1 -.0 .0 -.1 -.0 .. 1.0 1.1 1.0 1.1 
0 0 0 0 0 0 0 0 0 0 0 0 0, 0 0 1.0 ., .1 -.0 .1 -.0 -.0 .1 -.0 -.0 .1 1.0 1.1 .. .3 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.1 .8 .1 -.1 -.0 .0 -.0 -.0 -.0 .0 .0 .5 .2 -01 -.0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.2 '.S .1 -.1 .0 -.1 .0 -.0 .0 .0 -.1 .0 -.1 .0 0 
0 0 0 0 0 0 0' 0 0' 0 0 0 0 0 0 -.0 -.1 .0 -.0 .0 -.0 .0 -.0 .1 -.0 .0 .0 0 0 0 
0 0 0 0 0 b 0 0 0 0 0 0 0 0 0 -.0 -.0 .1 .0 -.0 .0 -.1 -.0 0 0 0 0 0 0 0 • '. 

0 0 0 0 0 0 0 0 0 0 0 -.1 -.0 .0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 .0 -.0 -.0 .1 -.0 .1 -.0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 .0 -.1 .0 -.1 .0 .0 -.0 .0 -.1 .0 0 0 0 0 0 0 0 0 0 0 G 0 0 0 0 
0 0 .0 .1 -.0 -.1 .2 .3 .0 .0 -.0 -.0 -.0 .0 -.0 -.1 -.0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 -.0 -01 -.1 • 2 .. 101 ., -.0 -.0 .0 .1 -.0 -.0 .0 .0 .1 .0 0 0 0 0 0 0 0 0 0 0 0 0 

-.0 -.1 .2 .S 1.1 ., 1.2 1.0 .3 -.1 -.1 .0 -.0 -.0 .0 -.0 .1 -.0 -.0 .1 0 0 0 0 0 0 0 0 0 0 
.2 .S .9 .9 1.0 .9 1.0 1.0 .7 .0 -.0 -.0 .0 -.1 .0 .0 .0 -.1 .0 -01 .0 0 0 0 0 0 0 0 0 0 

1.0 1.1 101 101 1.0 1.0 .9 1.1" .9 .0 -.0 .0 .1 -.1 .0 :-.0 .0 -.1 -.1 01 -.1 .1 .0 0 0 0 0 0 0 0 ., 1.0 .9 1.0 1.1 1.1 i.a 1.0 1.0 .3 -.0 .0 .1 -.1 .0 .1 .0 .0 .2 • 8 .. -.1 -.1. .1 0 0 0 0 0 0 
.5 1.0 1.0 .9 1.0 1.0 1.0 1.1 101 .5 -.0 -.0 .1 -.1 .1 -.0 -.0 -.1 .5 1.0 1.1 .7 .1 -.0 -.0 0 0 0 0 0 
.1 .1 1.1 1.0 1.0 1.0 1.0 .9 101 ., .0 -.1 .1 -.1 .0 -.0 -.0 .5 .9 101 1.0 .9 .8 -.1 -.0 .1 0 0 0 0 

-.1 .2 .8 ·1.0 1.0 1.0 1.0 1.0 1.0 .9 .4 -.0 .1 -.1 .0 -.0 .3 .S 1.2 1.0 1.0 1.0 1.0 .S .1 -.1 .0 0 0 0 
-.0 -.2 .4 .9 101 1.0 .9 1.1 1 ~O .9 .. -.0 .1 -.0 .0 .2 .1 1.2 1.0 1.0 1.0 ., 1.0 .9 .7 -.1 .1 0 0 0 

.1 • 0 .0 .. 1.0 101 .9 1.1 1.0 1.0 .9 .1 -.0 -.1 . -.0 .6 1.0 1.0 .9 1.0 1.0 1.0 1.0 1.0 101 .6 -.1 .0 0 0 
-.0 -.0 -.0 .2 .. 1.1 1.0 1.0 1.0 1.0 101 .3 -.0 -.0 .0 .9 1.1 .9 1.0 1.1 1.0 1.0 1.0 1.1 1.0 .' .1 -.1 .1 0 

.0 -.0 .0 -.1 • 2 .. 1.1 1.0 1.0 ., 1.0 .6 .0 -.1 .1 1.1 1.0 1.0 1.0 1.0 .9 1.0 1.2 ., .5 .2 -.1 .0 -.0 0 
-.0 .0 .0 -.1 -.1 .5 .. 1.1 1.0 .9 1.0 .8 .1 -.2 .1 1.0 1.0 1.0 1.0 .< 1.0 1.1 .8 .5 -.1 .0 -.1 -.1 -.0 .0 

.0 .0 -.1 01 -.0 .0 .1 1.0 1.0 ., 1.1 1.0 .3 -.1 .1 1.0 1.1 1.0 1.0 1.1 1.0 .7 .3 -.0 -.0 .0 .0 .0 .1 .1 
-.1 -.0 .0 -.1 -.1 -.1 .1 ., 1.0 1.0 ., 1.1 .6 -.0 .1 1.0 1.0 1.0 1.1 .9 .6 .2 -.0 -.0 -.0 .1 -.0 .0 -.0 .0 

.1 -.0 -.0 -.1 .2 .0 -.1 .3 .8 1.0 .8 1.1 .. -.1 .0 1.0 1.0 1.1 • 9 .. .0 -.1 -.0 -.0 .0 -.0 -.0 -.1 -.1 -.0 

.1 03 .0 -.1 .0 -.0 -.0 .0 .5 .9 1.0 1.0 1.0 .1 -.1 1.1 1.0 .1 .2 -.1 -.1 -.0 .0 - .0 -.0 -.1 .0 .0 .1 .2 
. 1.2 .9 .5 .0 -.0 -.0 .0 -.0 .0 .1 1.2 1.1 1.0 .5 .1 .. .5 -.0 -.2 .0 .1 .0 -.0 ,.1 .0 .0 .1 .0 -.1 -.1 
1.0 1.2 1.0 .1 .1 .1 -.0 .1 -.1 .1 .1 1.0 1.0 .9 .0 .2 -.0 -.1 .0 -.0 -.1 -.1 -.0 .0 -.1 -.1 -.1 -.1 .0 .1 
1.0 1.0 1.0 1.0 .7 .3 .0 -.1 .2 -.1 .. .9 1.0 .9 .2 -.0 -.1 .0 -.0 -.0 .1 .0 -.0 -.1 -.1 .0 .0 .2 .6 ., ., ., .9 1.0 1.0 .9 .6 .0 -.1 -01 .0 .6 ., 1.1 .. :...1 .1 .0 .0 01 .1 .0 .1 .1 • 3 .. 1.0 1.0 1.0 1.1 
1.0 1.0 1.1 . , .8 1.0 1.2 .. .3 .0 -.1 . .1 .. 1.2 .9 .1 -.1 -.1 .0 .0 .0 .3 .5 ., 1.0 1.0 1.0 1.1 1.0 1.0 

.S .9 1.0 101 1.1 1.0 1.1 1.1 .S .. • 1 -.1 .3 1.0 1.1 -.1 -.1 .1 .4 .6 .9 1.1 1.0 1.0 1.1 1.1 1.0 1.0 1.0 .9 

.0 • 2 .. .8 1.0 1.0 1.0 1.0 1.0 .9 .4 .2 -.4 .3 1.1 • 2 .. .9 1.0 1.0 1.0 .9 .9 1.0 .9 .9 .9 1.0 1.0 1.1 
- .1 -.2 -.1 -.0 -.1 .3 .1 1.0 .9 1.1 1.2 .. .1 -.1 .6 1.1 1.2 101 1.1 1.0 1.0 1.0 1.1 1.2 i.1 1.1 1.1 1.0 1.0 1.1 

.0 .1 .1 .1 .0 -.0 .1 .1 .. .7 1.0 1.2 1.1 .. .6 .9 .S 1.0 . , .. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
-01 -.1 -.1 -.2 -.1 -.0 -.1 . -.2 -.1 -.1 -.1 .2 .6 '.6 .4 1.1 1.0 1.1 1.1 1.0 1.0 1.1 1.0 1.0 1.1 1.1 .9 1.0 1.1 1.0 

.0 -.0 .1 .0 .0 .0 .1 .1 .2 .0 -.0 .1 .1 .2 .6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .9 1.0 
1.0 1.0 .9 1.0 .9 ., 1.0 ., .S 1.0 1.0 .9 ., 1.0 .5 .1 .2 .1 .1 .1 .1 .0 .1 .1 .1 .1 .2 .2 .2 .2 
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1.0 1.0 • 1 .. .2 -.0 -.0 -.0 -.1 .1' ., .. I.' .1 -.1 .6 .3 .1 -.0 -.0 -.0 .1 .1 .1 .1 .1 .1 .0 -.0 -.0 .. .1 -.1 -.1 -.0 -.0 -.2 .1 .2 .5 .9 1.1 .S -.0 -.2 1.1 1.0 .S .6 .3 .1 -.0 -.0 -.1 -.0 .0 .0 -.0 .0 .1 

.0 -.1 -.1 .1 .1 -.0 -.1 .3 .1 1.0 1.1 .9 .5 -.2 .1 1.0 1.1 1.0 1.0 1.1 .. .6 .4 .0 -.0 -.0 -.0 -.0 -.1 .0 

.1 .0 .1 -.0 -.1 .0 .. ., 1.0 1.1 1.0 .5 .1 -.0 .. 1.0 ., ., ., 1.0 1.0 .9 ., ., .5 .3 .0 .0 -.1 -.0 

.0 .0 -.1 -.0 .3 .5 .. 1.1 ., 1.0 .7 .2 -.1 .1 .1 1.0 1.0 1.0 1,.0 1.0 1.0 1.0 1.0 1.1 1.1 1.0 .9 .1 .3 -.0 
- .0 -.1 -.0 .2 .S .9 1.0 ., 1.1 .9 .3 .1 -.0 .1 .9 .9 1.0 1.1 1.0 1.0 1.1 1.1 1.0 .9 1.1 1.0 1.1 1.0 1.0 .9 
-.2 .0, .5 ., 1.0 1.0 1.0 1.0 ., .. -.1 -.2 -.0 .. • 9 .1 .1 .9 1.1 1.0 .9 .9 1.0 1.0 1.0 1.0 .9 1.0 1.2 1.1 

.2 .6 1.0 101 1.0 1.0 1.0 ., .5 .1 -.0 -.0 -.0 .9 1.0 -.1 .0 .S .9 1.1 101 1.0 1.0 1.0 1.0 1.1 1.0 .9 ., .. 

.9 1.1 1.0 1.0 .. 1.0 1.0 .S .3 -.1 .1 -.0 .2 1.0 1.0 -01 -.0 -.1 .2 .6 1.0 1.1 1.0 1.0 1.0 1.1 1.0 1.0 1.1 .2 
1.1 1.0 1.0 1.0 1.0 1.1 .9 .2 -.0 -.0 .1 -.1 .4 1.0 ., -.1 .1 -.0 -.1 .2 .4 .9 1.0 1.0 ., 1.0 1.1 ., .S -.1 
1.0 1.0 1.1 1.0 1.0 1.0 ., -.0 -.1 .1 -.1 -.1 .7 1.2 .S .0 -.1 .0 .0 -.0 .0 .. .S 101 1.0 ., 1.1 .9 .2 -.1 
1.0 1.0 1.0 1.0 1.1 .6 .0 -.1 .0 .0 -.1 .1 1.0 101 1.0 - ~O .0 .0 -.0 -.0 .0 -.2 .2 .7 1.0 1.0 1.0 .S -.1 -.0 
1.0 1.0 1.0 1.1 .9 .2 -.2 -.0 • 0 .1 .0 .. 1.0 1.1 .' -.1 .0 -.0 .0 -.0 .1 -.0 -.1 .1 .5 .9 1.0 .2 -.0 0 
1.0 .9 1.1 .. .4 -.1 .0 -.0 -.0 .0 .0 .6 1.0 1.0 ., .Z .0 -.0 -.0 -.1 -.0 -.0 .1 -.1 -.0 .3 .3 .0 -.1 0 

.9 1.0 1.0 .6 .0 -.1 .0 -.1 .1 .1 .0 .9 1.0 1.0 1.0 .2 .0 .1 .1 .0 .1 -.0 -.1 .0 -.1 -.0 -.0 .0 0 0 
1.0 1.2 .1 .2 -.1 -.0 .1 -.1 .0 .0 .3 l.i ., 1.0 .9 .S .2 -.1 -.0 -.0 -.0 .0 .0 .0 .0 .1 -.1 0 0 0 
1.2 .8 .2 -.0 -.0 .0 -.0 -.0 -.0 .1 .. 1.0 .9 1.1 1.0 1.0 .1 .1 -.1 .1 -.1 .0 -.0 -.1 .0 -.0 .1 0 ' 0 0 
.9 .. -.0 .0 -.0 -.0 .1 .0 -.1 .1 ., 1.0 1.0 1.2 .' 1.0 1.1 .5 .0 -.1 .0 .0 -.1 .1 -.1 -.0 0 0 0 0 
.5 -:-.0 -.0 -.0 .0 -.0 .0 -.1 -.1 .. 1.0 1.1 1.1 .' 1.0 1.0 1.0 .. -.0 -.1 .0 -.0 -.1 .0 0 0 0 0 0 
.1 .0 .1 .1 -.0 -.1 .0 - .1 .0 .6 1.0 101 ., 101 1.0 1.0 .9 1.1 .S .1 -.0 .1 -.0 -.0 0 0 0' 0 0 0 

- .1 -.1 .0 -.0 -.0 .0 .1 -.1 .1 1.0 1.0 ., .9 1.1 1.0 1.1 1.1 1.0 1.0 .2 -.1 -.1 .1 0 0 0 0 0 0 0 
.0 -.0 .0 .0 -.1 .1 .0 -.1 .3 1.0 1.1 1.0 1.0 1.1 ., ., 1.0 .S .2 .1 .0 0 0 0 0 0 0 0 0 0 

-.0 -.0 .1 -.0 -.1 .1 -.1 .0 .1 1.0 1.0 1.0 1.0 1.0 1.0 .9 .3 -.1 -.0 -.1 0 0 0 0 0 0 0 0 0 0 
0 .0 .1 -.0 .0 .2 -.2 .1 1.0 1.0 1.0 .. 101 1.1 1.0 -01 -.2 .0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 -.0 -.1 -.0 .1 .0 .1 .9 1.1 1.0 1.0 1.0 101 1.0 .1 .0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 .0 .0 -.1 -.1 .0 .3 .6 .7 .9 1.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 .0 .1 .0 -.1 .0 -.1 -.1 -.1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 .1 .0 .0 -.0 0 0 0 0 0 0 0 0 0 0 0 0 0 



0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

-.0 0 0 0 
-.1 0 0 0 
-.1 0 0 0 

.1 -.0 0 0 
.0 .0 0 0 
.0 -.1 .0 0 
.1 -.1 .1 0 

1.0 -.0 .0 0 
1.0 .2 -.1 0 
1.0 ., .0 .1 
1.0 .6 -.1 .0 
1.1 .. -.0 -.0 
1.0 .9 -.1 -.0 
1.1 Io! -.0 -.0 

• 9 .. -.1 -.0 
.2 .2 .1 .1 

-.1 ·-.1 -.0 -.0 
-.0 .0 .0 .0 

.0 -.1 -.0 -.0 
-.0 '.0 .1 -.0 
-.0 -.0 -.0 -.1 
-.0 .0 o! 0 

.0 .0 -.0 0 

.0 -.1 -.0 0 

.3 .0 .0 0 
.2 -.1 0 0 

-.1 .0 0 0 
-.0 0 0 0 

.1 0 0 0 

.0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0, 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

6. Example 6 - Iterative Gradient 

The program XGRADY uses the iterative gradient method with relaxation 
to reconstruct parallel-beam projection data. The simulated data are the 
same as in Example 5 where the 

15 iterations 
conjugate gradient method of reconstruction 
the gradient method has a chi-square was used. 

equal 
After 

to 2730, whereas 
small er., 

the conjugate gradient method has a chi-square 
six times 

c 
c 
c 
c 
c 
c 

PROGRAM XGRADY IINPUT,OUTPUT,TAPEZ-OUTPUTI 

EXAMPLE e 

THE PROGRAM XGRAOY USES THE ITERATIVE GRADIENT ALGORITHM 
fa RECONSTRUCT PARALLEL BEAM PRCJECTlCN O,6TA. 

DIMENSION 81~096J,AG(leOI 
CO"1HON WORK(l20001 

CQMMON/OUTCOM/LUNOUT, I BOL32 

LUNOUT - OUTPUT FILE 
180132 - OUTPUT LINE LENGTH HAG 

-a EACH lINE WILL BE wITHIN eo CHARACTERS 
(OTHERWISE 132 CHARACTERS, 

COMMON/PARM/I PAA.1121 ,PAR (31 

EQUIVALENCE INDIMU ,IPARI lIJ,IICIR "PARI 2JI,CIGEOM tlPAR( 31" 
1 (NANG ,IPARI ItIItCMODANG,IPAA.C 511,(I(0IMU ,tPARe 6)1, 
2 U"'lT ,IPARI 7Ih(NWORK ,tPAQ( 8IJ,(NFlOAT,tPARI 911, 
3 U STORE, IPARIIOII,« IPRINT t I PAP-UlIl, tLUNATN, I PAR HZ 1 J, 
'+ (PwtO ,PARI .11 J,IAXtSu , PAR( 2J),CRFAN .' PARt 3)1 

ExTERNAL 8RF,PRF 

lUNOUT-2 
la0132-0 

E6.001 
E6.00l 
fb.003 
E6.001t 
E6.005 
E6.006 
E6.007 
e6.00B 
E6.009 
E6.010 
E6.011 
E6.0lZ 
E6.013 
E6.014-
E6.015 
E6.016 
E6.017 
E6.018 
E6.019 
E6.020 
E6.021 
E6.022 
E6.023 
E6.0lft 
E6.02~ 
E6.026 
E6.027 
E6.028 
E6.029· 
E6.030 

THE INPUT PARAMETERS ARE 

NOJMU-64 
ICJR-O 
IGE0"4-0 
NANG-n 
MDCANG-4 
KOIMU-100 
HUT-l 
NWDRK-12000 
NFlOU-1 
tSTORE-O 
IPRINT-5 
lUNATN-O 
pwtO-l. 
AXISU-50.5 
RFAN-O. 

CAll SETUP (I PAR, PAR, AGJ 

J STo-1S 
tRlX"l 
tERR-O 
tZER-O 

CALL GRACY CS,PRF,SRF,ISTP,IPLX,lERR,IZERI 

CAll ARRAV (S,NDIMU) 
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E6.031 
E6.032 
E6.033 
E6. 034 
E6.03!! 
E6.03t
E6.037 
E6.038 
E6.03Q 
E6.04Q 
E6.041 
Eb.042 
E6.043 
E6.01t4 
€b.045 
E6.046 
E6.047 
E6.048 
E6.049 
E6.0S0 
Eo.OSt 
E6.052 
E6.053 
E6.054 
E6.0!,~ 

E6.056 
E6.057 
E6.058 
E6.05° 
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C 

PRINTouT THF VALUES FOR THE RECONSTQ.UCTED TP.ANSVERSE HCTION 

NMAT .. NO I MU.*Z 
K1(1=1 
KU a NOI MU/IS"l 
DO 12 K"'l,KU 
""RITE (2d4) 
1(1(2"'15*1( 
IF IKK2.GT.NOlMUI KKZcNDIMU 
DO 10 J-l,NDtMU 
I SUB 1 "'NMA, T-J*NO I MU+I(I( 1 
I SUBZ "'NMAT-J*NO I MU+KK 2 

10 WRITE 12,161 1f!.IIJ.l=ISUBlwlSUBZ' 
Kk 1=1(1(2+1 

12 CONTINUE 

14 FORMAT( IXII/IIIII 
16 FORMAT IlX ,15F5 .11 

END 
SUBROUTINE GETUM 0'4. DATA ,EF..R I 

EXAMPLE 6 

THE SUBROUTINE GETUM GIVES SIMULATED PROJECTION DATA FOR 
A PI E PHANTO"l. 

DIMENSION BI40961,DATAI11,EFl.RCli 

COMMON/OUTCQM/L lJIIour, 1 B0132 

C LUNOUT - OUTPUT FILE 
(. 180132 - OUTPUT LINE LENGTH FLAG 
C "'0 EACH LINE Will se"wITHIN aD CHA~ACTERS 
c (OTHER~tSE 132 CHARACTERS) 
C 

• 7 
8 
9 

COMMONI PARMI t PAR (121 t PAR I3"J 

EQUIVALENCE (NDIMU ,tPAR( lIltlICIR tlPAIU Z)),ftGEOM ,JPARI 311, 
1 (NANG rIPAP.( 41)f(~OOANGtIPARI 51l,IKol"4U ,lPARI 611, 
2 (lMIT tlPAPI 111,(NW[1RK ,IPAP.( BI),CNFLOAT,tPARI 9U, 
3 11 STORE, IPARI1 0) I, 11PR INT, 1 PARI1!)), I LUNATN, IPARI1211, 
"- (PWID ,PARI lll,IAXISU , PARI 211,tPFAN , PARI 3" 

DATA R t X1,Y l,Z, INTFi\ ,NSLlPI, I START 130. ,0., 0.,1.,10,10,1/ 
EXTERNAL PLL 

IF 'M.NE.lI GO TO 10 

CALI. PIE CB,NOI"IU,R,X1,Yl,I,INTFR,NSLIPI,ISTARTI 

CALL ARRAY IB,NOIMUI 

10 CALL PJECT IB,DATA,M,PLLI 

RETURN 

END 

SSS EEHE T1111 U U PPPP 
SET U UP P 

SSS EEE T U u PPPP 
SE T U uP 

SSS EEHE T UUU P 

INTEGER PARAMETER ARRAY IIPARI 

IPAR(l1 

•• 
0 
0 

72 

• 
100 

1 
12000 

1 

OESCRIPftON 

LINEAR DIMENSION OF THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A C tRCULAR ARRAY 
GEOMETRY FL6.G 
PARALLEL BEAM GEOMETRY 
NUMBER OF PROJECTION ANGLES 
"400E FOR PROJECTION ANGLE INPUT ISH FOLLOWING LINESI 
ANGLES GENERATED BETWEEN ZER('I AND PI 
STARTING AT ZERO 
NUMBER OF RAYS FOP EACH PROJECTJO"l 
TRANSMISSION DATA 
DIMENSION OF THE FLOATING POINT USERS SLANI( CO "'MaN BLOCK 
NUMBER OF WORDS FOR A flOATING POINT VARIABLE 

E6.060 
E6.061 
E6.062 
E6.063 
E6.061t 
E6.065 
E6.0e6 
EO. on 
E6.06B 
E6.069 
E6.0'70 
E6.071 
EO.on 
E6.073 
E6.074 
E6.075 
E6.076 
E6.077 
E6.078 
E6.079 
H.080 
E6.0Bl 
E6.082 
E6.083 
E6.0BIt 
E6.085 
E6.0B6 
E6.087 
E6.0B8 
E6.089 
E6.090 
E6.091 
E6.092 
E6.093 
E6.094 
E6.095 
€b. 096 
E6.097 
E6.098 
E6.099 
E6.100 
E6.101 
E6.102 
E6.103 
E6.104 
E6.105 
E6.10b 
E6.107 
E~.l 08 
E.!..109 
E6.110 
E6.ill 
E6.112 
E6.113 
E6.114 
E6.ll5 
E6.116 
E6.11'7 
E6.118 
E6.119 
E6.120 

10 
11 

0 
5 

EXECUTE THE RECCNSTPUCTIDN IN':!T JUST STD'IiAGE SIZE TESTI 
PRINT FLAGS (OPTIONS SELECTED ARE ON THE fOL.LOwING LINESI 
PRINT REQUIRED FLOATING POINT BLANK COMMON WHENEVER CHANGED 
PRINT SE'TuP VALUES FROf'll IPAR AND PAR ARRAYS 

12 LOGICAL UNIT NO. FOR ATTENUATION fACTOR STORAGE 

FLOATING POINT PARAMETER ARRAY (PARI 

PARe 1 J 

1.000 
50. sao 

o 

DESCRIPTION 

PIXEL WIDTH IN UNITS OF PROJECTION eIN WIDTH 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 

NA NOT APPLICABLE CNOT FAN BEAM GEOMETRY) 

BLANK CO,","'ON REQUIRED 72 1101 

BLAN!( COMMON REQUIRED 14. 2201 

BlAN< COMMON REQUI REO 21. 3)01 

BLANK COMMON REQUIRED ... 640) 

elANK COMMON REQuIRED 5 •• 10401 

A TOTAL OF 68 ( 17 THRU Bit) OF THE 100 USER PROJECTION BINS wILL BE uSED 

68 PROJECTION BINS WILL BE USED ')F WHICH 0 HAVE BEEN ZERO'Eo BY THE PROGRAM 

MAXIMUM SI ze OF BLANK COMMON THUS FAP." 544 FLOATING POINT WORDS. 

EEEEE N N DODD 
E NN 1'.1 0 0 
EEE N 1'.1 N 0 0 
E N NNO 0 
EEEEE N N 0000 

SSS EEEEE TTTTT U 
S E 'T U 

SSS EEE T 

u PPPP 
U P P 
U PPPP 

SET U U P 
SSS EEEEE T UUU P 

GGG RRRR AAA DODO Y Y 
G GR itA AD 0 YY 

ISTP -
IRLX -
IERR -
IlER -

G RRRR A ADO 
G GG R R AA.lAA 0 a 

GGGG R R A A DODO 

PARAMETERS FOR SUBRQUT H'E GRADY 

15 
1 
o 
o 

DESCRIPTION 

NUMBER OF I TERATION STEPS 
ITERATIVE RELAXATION METHOD 
00 NOT USE ERROR ARRAY 
INITIAL SOLUTION I S ZERO 

BLANK COMMON REQUIRED .16 1150) 

BLANK CO"''''ON REQUIRED 1775 33571 

BACKPROJECTION AND PROJECTION/CONVOLUTION/FILTER ROUTINES 
PERFORM THE FOLL.OWING fUNCTIONS 

ARG FUNCTION RAY WEIGHTING ATTENUATION 
BCK BACKPROJ ECT ION UNIFORM SQUARE NO 
PRJ PROJECTION UNIFORM SQUARE NO 

BlAN<. COMMON REQUIRED 1911 I 35671 

BLANK COMMON REQtJIREO 5130; I 120231 

BLANK COMMON REQUIRED B367 I 202571 

BLANK COMMON REQUIRED 11595 I 265131 

pppp III EEEEE 
p p I "E 
PPPP I EEE 
P I E 
P III EEEEE 

piE PHANTOM GENERATED 
ARRAY SIZE 64X 6"-
CIRCLE RADIUS 30.00 AT ( 0, 01 
INT FAC TOR 10 
SECTOR WIDTH .3U 

FAN BEAM 
NO 
NO 

EEEEE N N 0000 
E NN NOD 

PPPP 
P P 
pppp 
P 

11 I EEEEE 
IE'" 

EEE N N NOD 
E N NN 0 0 
EEEEE N N 0000 P 

I EEE' 
t E ,1." 

III EEEEE .• 

XMIN • XMAX • XSUM • .1413E+04 

....................................................... '" ......... . ..... --1"__ n._ 
-• ...-. a ...... • _____ ........ .z 
,......... __ . -".1 
-U.-.I ..... n -...... 
-...... Ian.. Z._l M) __ 1...... 10'1 ........... 

.... e X..........--.. 
.I-.a- ) .... X...., - ......... z t....-. -I.. .n. -. .-... . 

-.......... nz ..... _A 1 ..... .. 
.............. 14- an... ••• JIII •• lae- -)AZ 

-1 ..... Hn...... "'I. liZ ..... 1 -l •• an 

. 

--le ....... 1 In-.' -In.. .eeII •••• u .. Z. 
.X.--I--" .I-"~ -u ....... ....-. • 

) ............ M -u._ __ ..... 
-.JXAAeeeHnn.................... • 10""__ 11 ••• aneeeeMAl-

.nn.nu.n ..... nee- ""·I.e-'''M-
• ................ "',- -".-ZI n-MHlIMe1-
• 8 ......... ee' .H.. •• -H.. X.n ...... A.-
• - ........ _ I __ a M. ".1 -" .......... . 

/11141- -fIMI .. aH _ -RIM ·(I_a ...... .. 
-e ....... e •• nna eo .......... . .. __ .... -.an.· ) ......... 1 

Z ...... __ (1_ 8 ... • I ...... e 
A •• n .... n ___ ...... + •• nll 

H •••••• u.'" .... "' .... nM -XM 
"' ......... Z •• n... ..u ..... -.. u.... '.U'" A"''', zu.e- +._.. ___ MI....... 1 .. ....... , __ .. ....... 

• n.... +10.1-
-......... 1-. ............................................... "' .•............... 

• I 1 
o .7500E-Ol 01850E+00 .2350E+00 .2700E+00 • 3100E+00 .3500E+00 

Z X A'" e@ • 
• 3B50E+00 .4100E+00 .4350E+OO .4900E+00 .5450E+00 .5800£+00 .6200E+00 

I • • 1 • • • 
.6550E+00 .7300E+00 .B200E+00 .8700E+00 .9100E+00 .9500E+00 .9850E+00 

• • 1000E+01 



BI.AHK COMMON REQUIRED 

BLANK COMMON AEQUIRED 

pppp 
p p 
pppp . 
p 

11663 

11.595 

J EEEEE CCC 
J E C C 
J HE C 

J J E C C 
JJJ EEEEE CCC 

( 266171 

( 265131 

TTT'T'T 
T 
T 
T 
T 

MAXH4UM SlZE OF BLANK COMMON THUS FAR- 11663 HOATING POtNT WOfiOS. 

EEEEE N N 0000 
E NNNO 0 
EEE N N NO~ 
E NNNOO 
EEE EE N N DODD 

pppp 
p p 
pppp 
p 
p 

J EEEEE eee TTTTT 
J E C C T 
J HE C T 

J JE C e T 
jJJ EEEEE eee T 

FOR CONGR AND GRADY FCN IS THE VAl-UE OF THE CHI-SQUARE 
fOR ENTPV feN IS EVA!.UATEO 8Y THE SUBII:OUTlNE OULF{; 
ITER 0 FeN .274E+07 
ITER 1 FeN • 140E+06 
ITER 2 FeN .207E+05 
nER 3 FeN .132E+05 
I TEA. • FeN .102E+05 
ITEA. 5 FCN .868£+04 
ITEA. 6 FeN .747E+0'" 
ITEA. 7 feN .650E+0... 
ITEA. B FeN .570£+0. 
ITEA. 9 FeN .504E+0'" 
ITE A. 10 feN •• 48E+0'" 
ITER 11 FCN .1t01E+01t 
ITER 12 FeN .362E+01t 
ITEA. 13 FCN .328E+01t 
ITER 14 FeN .298E+04 
ITEA. 15 FeN .273E+04 

BLAt« COMMON REQUIRED I 263031 

BLANK COMMON REQUIRED 8231 ( 200411 

BLANK COMMON AEQUI!\EO 5003 ( 11613' 

BUNK COMMON REWIRED 1775 ( 33571 

MAXIMUM SIZE OF BLANK COMMON THUS FAA.· 11663 FLOATING POINT WORDS. 

EEEEE N N DODO 
E NN N 0 0 
EEE N N N 0 0 
E N NN 0 0 
EEEEE N N 0000 

GGG RRRA AU DODO V Y 
GGRAAAOOYV 
G AAAAAADO 
G GG A A AAUA 0 0 

GGGG P. R A A 0000 

XMIN· -. &4E-Ol XMAX • .11E+Ol XSU14 • .!418E+04 

.......... """" ........... _ ...................... " ........ " ...... . 
--1+.·-- • 

---+ .... - ........ A--
--Z"'I- -+ •• n ..... --1 ... _. • ... __ Z ... .. 

... -1 __ 1- - •• 10.... ..-MX·-

-xH.-. •• - -HU'''Z- -I".x----l_""X- -_. -Z ........ -
-1..-.. - ...... 1... -M ........ Z--

-.ll.- -+ee"''''' .... H9... ." _____ flt- .. 
- .... M+- ~. ......,... • __ ...... -

--e. .... I- -","'M-" ..... M- -1 ....... 111 ... 
• ... -A ........ 1- -1 .... + ..... I--Z .... U.Z ... -• -1"-''''.- -........ "IM- -A.-.el- • • -+"' ... " ......... MI--.a ... t-IH __ .~- -.ZAl-- • • ---.tA~ •• --.M""III"-.I"A- --+1 ........ +-. • ----.IA_IZ--Aaell •• 'I __ Z. --1" ____ ". 
.. -·1M9aee«elifA·Z.MZBMxee91·--+Z"' ...... _.... • 
... -- --+x •• MMeMM88el·ZMS ................ __ • 
.--••••• ---•••••••••• +.J ZAM9MMeeM........................ • .--.H ................... M89M99MMZ111+++·+ .. ··.·····.-·_-· .-••• u .. __ eaez I -. ... -.... ...IHZ.--· 
.--H._MIIMZ+---
• -I ....... Z ... ---
• -XMZ.-· 

.M, a-
- ........ A-
-I ...... Z-

-.M'''''' --.M,..- -x •• _ .... 
• ....... 1-
-z .... Z·-
-It--· .............. " .................................................. . 

• I 1 
-.8423E-01 .1t960E-02 .1358E+00 .1952E.00 .2369£+00 .2844E.00 .3320E+00 

Z X A '" e I • 
• 3736E.00 .4034E+OO .4331£+00 .4985E.00 .5639E.00 .6055E+00 .6531£+00 

• • • • • • • .6947£+00 .7839E+00 .8910E+00 .95ME+00 .9980E+00 .10~E+01 .10B7E.Ol 

• .1105E.Ol 

a 
a 
• a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

-.0 
":'.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
o 
a 
a 

.0 

.0 
-.0 

.0 
-.0 
-.0 
-.0 
-.0 
-.0 

01 
01 ., ., ., 
.1 
.1 
.1 
.1 
.0 
.0 
o 
o 
o 
o 
a 
o 
a 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

a a 
a a 
a a 
a a 
a .0 

.1 .1 

.3 .6 

.7 .9 

.7 1.0 

.5 .9 

.2 .6 

.0 .3 
".0 .1 
-.0 .0 
-.0 -.0 
-.0 -.0 
-.0 -.0 
-.0 -.0 

.0 -.0 

.2 .1 

.7 .It 
1.0 .8 
1.0 1.0 
1.0 1.0 
1.0 1.0 
.9 1.0 
.6 .B 
.1 .3 

.... 1 -.0 
-.1 -.0 
-.0 -.0 

.2 .2 

.8 .8 
1.0 1.0 
1.1 1.1 
1.1 1.0 
.9 .8 
.4 .3 
.1 .0 

-.0 -.0 
-.0 -.0 
-.0 -.0 
-.0 .2 

.3 .6 

.7 .9 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.1 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 .7 
.8 .4 
.5 .2 
.2 .0 
.0 -.0 

-.0 -.1 
-.0 -.0 

a .0 
a 0 
a 0 
a a 
a 0 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
a 
o 

·0 
o 
o 
o 
o 
o 

.1 

.1 

.1 
-.0 

.0 

.0 
-.0 
-.0 
-.0 
-.0 
-.0 ., 

.6 

.8 
.8 
.7 
.6 . , .. ., 
.1 
.0 
.0 
.0 
·0 
o 
o 
o 
o 
o 
o 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
o 
a 
a 

·0 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

.0 

.1 

.1 
.1 ., ., 
.1 
.0 

-.0 
-.0 
-.0 
-.0 
-.0 
-.0 ., 

.8 
1.0 
1.0 
1.0 
1.0 .. .. 
.8 
.6 ., 
.0 
.0 

-.0 
-.0 
-.0 

o 
a 
o 
a 
a 
o 
a 
o 
o 
o 
a 
a 
o 
o 
o 
a 
o 

o 
o 
a 
a 
a 
a 
a 
o 
o 
o 
o 
o 
a 
a 
a 
a 

.0 

.0 ., 

.4 

.6 

.8 
• 7 ., 
.1 

-.0 
-.0 
-.0 
-.0 
-.0 

.0 ., 

.8 
1.0 
1.0 
1.1 
1.0 
1.0 
1.0 .. 
.7 ., 

-.a 
.a 

-.a 
-.a 

.a 

.a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
o 
o 
a 
a 
a 

o 
a 
a 
a 
a 
o 
a 
a 
a 
a 
a 
a 
a 
a 

.0 

.1 

.1 

.4 

.7 .. 
1.0 
1.0 .. 

.S 

.1 
-.1 
-.0 
-.0 
-.0 
-.0 
-.0 ., 
.8 

1.a 
loa 
1.0 
1.0 
1.0 
1.1 .. 
.6 ., 

-.0 
.a 

-.0 
-.0 
-.0 
-.a 
-.a 
.a 
a 
a 
a 
a 
a 
a 
o 
a 
a 
a 
a 
a 
a 
o 

o 0 0 0 
o 0 0 0 
o 0 0 .1 

.0 .1 .1 .1 

.0 .1 .4 .6 

.4 .6 .9 .9 

.8 .9 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.1 1.1 
1.0 1.0 1.0 1.1 
.9 1.0 1.0 1.0 
.7 .9 1.0 1.0 
.4 .8 1.0 1.0 
.1 .5 .9 1.0 
.0 .3 .6 1.0 

-.0 .0 .3 .7 
-.0 -.0 .1 .5 
-.1 -.0 -.0 .2 
-.0 -.1 -.0 -.0 
-.0 -.1 .0 -.0 

.1 -.0 -.0 -.1 

.5 .2 .0 -.0 

.9 .6 .3 .1 
1.0 .9 .7 .4 
1.0 1.0 .9 .8 
1.0 1.0 1.0 1.0 

.9 1.0 1.0 1.0 

.5 .7 .8 .8 

.1 .1 .2 .4 

.0 .0 .0 .0 
-.0 -.0 -.0 -.0 

.2 .2 .2 .2 

.8 .8 .8 .8 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 .9 .8 .7 
.6 •• .3 .2 
.1 .0 .0 -.0 

-.0 .0 .0 .0 
-.0 -.0 .1 .2 
-.0 .1 .3 .s 

.1 .4 .7 .9 

.5 .8 .9 1.0 

.8 1.0 1.0 1.1 
1.0 1.0 1.0 1.0 
1.0 1.1 1.0 1.0 
1.1 1.0 1.0 .B 
1.0 1.0 .9 .6 
1.0 1.0 .7 .3 
1.0 .8 .4 .1 

.9 .s .2 -.0 

.6 .3 .0 -.0 

.3 .1 -.0 -.0 
.1 .0 - .. 0 -.0 
.0 -.0 -.0 -.0 

-.0 -.0 -.0 -.0 
-.0 -.0 -.0 .0 
-.0 -.0 -.0 -.0 
-.0 -.0 -.0 .0 

.0 -.0 -.0 .0 
-.0 -.0 -.0 .0 

a 0 a .0 
o 0 0 0 
o a 0 0 

o a 
a a 
a a 
a a 
a a 
a a 
a a 
a a 
a a 
o 0 
a a 
o .0 
a -.0 

.0 -.0 

.1 .2 

.3 .7 

.6 .9 
• a 1.0 
.9 1.1 

1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
.7 .8 
.2 .3 

-.0 .1 
-.0 -.0 
-.0 -.0 
-.1 -.1 
-.0 -.0 
-.0 .0 

.2 .2 

.8 .8 
1.0 1.0 
1.0 1.0 
1.0 1.1 
1.0 1.0 
1.1 1.0 
1.1 1.0 
.9 .8 
.4 .2 
.1 -.0 
.0 -.0 

-.0 .0 
-.0 -.0 
-.0 -.0 
-.0 -.0 
-.1 -.0 
-.0 .0 
-.0 .2 
.0 .1 
a .1 
a .a 
o 0 
a 0 
a a 
a a 
a a 
a a 
o 0 
a a 
o a 
a a 
o 0 

a 
a 
a 
a 
o 
a 
a 
a 
a 
a 

-.0 
-.0 

.0 

.0 ., 

.7 
1.0 
1.0 
1.0 
101 
1.1 
1.0 
1.0 .. .. 
.1 

-.0 
.0 

-.1 
-.0 
.0 ., 
.8 

1.0 
1.0 
1.0 
1.0 
1.1 .. 
.6 
.2 

-.0 
-.0 
-.0 
-.0 
-.0 
-.0 

.0 ., 

.6 

.6 ., 

.1 

.0 
a 
a 
o 
a 
a 
o 
a 
a 
a 
o 

a 0 a 
o .0 -.0 

.0 .0 -.0 

.3 .3 .1 

.8 .7 .2 
1.0 .9 .It 
1.0 1.0 .6 
1.0 1.0 .8 
1.0 1.0 .8 
1.0 1.1 1.0 
1.0 1.0 1.0 
1.1 1.1 1.0 
1.0 1.0 1.0 
1.0 1.0 1.0 
1.0 1.0 1.0 
1.0 1.1 1.0 
.8 1.1 1.0 
.6 .9 1.0 
.3 .7 .9 
.1 .4 .8 
.0 .1 .5 

-.0 .0 .2 
.0 .0 .0 
.2 .0 .0 
.5 .2 .0 
.9 .6 .3 

1.0 .9 .7 
.9 1.0 .9 
.6 .8 .9 
.1 .2 .4 

-.0 -.0 .1 
.2 .2 .3 
.8 .8 .7 

1.0 1.0 .9 
.9 .8 .7 
.5 .3 .2 
.1 .0 .1 

-.0 .1 .3 
.1 .4 .6 
.4 .8 .9 
.8 1.0 1.0 

1.0 1.0 1.0 
1.0 1.0 .8 
1.0 .9 .5 
.9 .7 .3 
.8 •• .1 
.5 .1 -.0 
.2 -.0 -.0 

-.0 -.0 -.0 
-.0 -.1 -.0 
-.0 -.1 -.0 
-.0 -.1 -.0 
-.0 ".1 -.0 

.0 -.0 -.0 
-.0 -.0 .1 
-.0 -.0 .2 
-.0 -.0 .3 

.0 .1 .4 
-.0 .2 .6 
-.0 .2 .7 

.0 .2 .6 

.0 .0 .1 
o .0 .0 
a a a 

.0 
-.0 
-.0 
-.a 
-.0 

.1 .. 

.s 
1.0 
1.0 
1.0 
1.1 
1.0 
1.1 
1.0 
.6 
• 1 

-.0 
.0 

-.1 
-.0 
-.0 ., 
.s 

1.0 
1.0 
1.1 
1.0 
1.0 
.8 .. 
.1 

-.0 
-.0 
-.0 
-.0 
-.a 

.0 ., 

.5 .. .. 

.7 

.3 

.1 

.0 
o 
a 
o 
a 
a 
a 
a 
a 
a 

a 
a 
a 
a 
o 
a 
o 
a 

-.0 
-.0 

.0 
-.a 
-.0 
-.0 

.0 ., ., .. 
1.0 
1.a 
1.0 
1.0 
1.0 
1.0 .. 
.3 
.0 

-.0 
-.1 
-.0. 
-.0 ., 

.S 
1.0 
1.0 
1.1 
101 
1.0 

.R . , 
-.0 
-.0 

.0 
-.0 
-.0 

.0 
01 .. 
.8 

1.0 
1.a .. 
.7 
.3 
.1 
.0 
a 
a 
a 
a 
a 
o 
o 
a 

a 
a 
a 
o 
o 
o 
a 

.0 
-.0 
-.a 
-.1 
-.0 
-.0 
-.a 
-.0 
.0 ., 
.6 .. 

1.0 
1.0 
1.1 
1.1 
1.0 .. 
.5 
.1 

-.0 
-.1 
-.0 
-.0 ., 

.8 
1.0 
1.0 
1.1 
1.0 .. 
.6 ., 

-.0 
-.1 
-.0 
-.0 
-.0 

.1 

.3 

.7 
1.0 
1.0 
1.0 
1.0 .. 
.7 
.3 
.1 
.0 
o 
a 
o 
o 
o 
o 
a 

o 0 
a a 
a 0 
a a 
o 0 
o 0 
a .1 

-.0 .0 
.0 .0 

-.0 -.0 
-.0 -.0 
-.0 -.0 
.0 -.0 

-.0 .0 
-.0 -.0 
-.0 -.0 

.0 .0 

.3 .1 

.8 •• 
1.0 .8 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 

.9 1.0 
.6 .8 
.2 .3 
.0 .0 

-.0 -.1 
-.0 -.0 
-.0 .0 

.2 .2 

.8 .8 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
.9 .7 
.4 .3 
.1 .1 

-.0 -.0 
-.1 -.1 
-.0 -.0 
-.0 -.0 

.0 .2, 

.3 .5 

.6 .9 
1.0 1.0 
1.0 1.0 
1.1 1.0 
1.1,1.1 
1.0 1.1 
1.0 1.0 

.0; 1.0 

.7 .9 

.2 .6 

.1 .1 
a .0 
o a 
o 0 
o a 
o a 
o 0 
a 0 

o 
o 
a 
o 
a 

.0 

.1 ., ., 

.1 

.a 

.0 
-.0 
-.0 
-.0 
-.0 
-.0 

.0 ., ., .. 
1.0 
1.0 
1. a 
1.0 .. 

.5 

.1 
-.1 
-.0 
-.0 ., 

.s 
1.0 
1.0 
101 
1.0 

.6 ., 

.0 
-.0 
-.1 
-.0 

.1 .. 

.8 
1.a 
1.0 
1.0 
1.0 
1.0 
1.1 
1.0 
1.0 
.< 
.6 ., 

-.a 
.0 
o 
o 
o 
o 
o 
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o a -.0 -.0 -.0 .0 
-.0 .0 -.0 -.0 -.0 -.0 
-.0 .0 -.11 -.0 -.0 -.0 

.0 -.0 -.0 -.0 -.0 -.0 

.0 -.0 -.0 -.0 -.0 -.0 

.1 -.1 -.0 -.0 .... 0 -.0 

.1 -.0 -.0 -.0 -.1 -.0 

.2 .0 -.0 -.0 -.1 -.0 
•• .1 -.0 -.0 -.1 -.0 
.5 .1 -.0 .0 -.1 -.0 
.7 .2 .0 -.0 -.1 -.0 
.8 .4 .1 -.0 -.1 -.0 
.9 .5 .1 -.0 -.0 -.0 

1.0 .7 .2 -.0 -.1 -.0 
1.0 .8 •• .0 -.1 -.1 
1.0 .9 .6 .1 -.1 -.0 
1.0 1.0 .7 .2 -.1 -.0 
1.0 1.0 .9 .4 .0 .0 
1.0 1.0 .9 .f .1 .0 
.9 1.0 1.0 .7 .2 -.0 
.8 1.0 1.0 .8 .3 -.0 
.6 1.0 1.0 .9 .! .1 
.3 .7 1.0 1.0 .7 .2 
.1 .4 .8 .9 .8 .3 
.0 .2 .5 .8 .9 .5 
.1 .1 .2 .6 .9 .7 
.~ .2 .1 .3 .7 .8 
.8 .5 .3 .1 .4 .7 

1.0 .9 .6 .3 .3 .5 
.6 .7 .8 .7 .5 .5 
.1 .2 •• .S .5 .5 
.3 .3 .3 .4 .4 .6 
.8 .7 .7 .6 .6 .5 
.9 .8 .6 .S .5 .S 
.5 •• .2 .3 .5 .5 
.1 .1 .3 .6 .. 7 .. 5 
.2 •• .7 .9 .6 .3 
.5 .8 .. 9 .7 .3 .2 
.9 1.0 .8 .~ .1 .3 

1.0 .9 .5 .2 .1 .5 
.9 .6 .3 .1 .2 .7 
.7 ." .1 .0 .3 .8 
.4 .1 -.0 .1 .5 .9 
.2 .0 -.0 .2 .7 1.0 
.1 .0 .0 .3 .8 1.0 

-.0 .0 .0 .4 .t; 1.0 
-.0 -.0 .1 .t 1.0 1.0 
-.0 .0 .3 .B 1.0 1.0 
-.0 .1 .4 .9 1.1 1.0 

.0 .2 .6 1.0 1.1 1.0 

.1 .3 .7 1.0 1.0 1.0 

.1 .4 .9 1.0 1.0 1.0 

.2 .6 .Q 1.0 1.1 1.0 

.3 .s 1.0 1.1 1.1 1.0 

.4 .8 1.0 1.0 1.1 1.0 

.6 .Cjl 1.1 1.0 1.0 1.0 

.8 1.0 1.0 1.0 1.1 1.0 

.9 1.1 1.1 1.0 1.1 1.0 

.9 1.1 1.0 1.0 1.0 1.0 

.9 1.0 1.0 1.0 1.1 1.0 

.8 .Cjl .Cjl 1.0 1.0 1.0 

.2 •• .5 .6 .7 .8 

.1 .1 .1 .1 .2 .1 
a 0 ~O .0 .0 .0 
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.0 .0 .0 .0 .0 .0 .0 .0 0 0 0 0 0 0 0 0 0 0 0 
-.0 .1 .t .2 .1 .1 .1 .1 .0 .0 .0 .0 0 0 0 0 0 0 0 
-.0 .2 .5 .8 .7 .7 .. • 5 .3 .2· .1 .0 .0 -.0 0 0 0 0 0 
-.0 .2 ~ 1~ 1.0 1.0 .. .. .S .7 ., .1 .0 .0 _0 0 0 0 0 

.0 .2 .S 1.0 1.0 1.1 1.0 1.0 1.0 .. .7 .2 -.0 .0 - .0 0 0 0 0 
-.0 .2 .S 1.0 1.0 1.0 1.0 1.0 1.1 .. .. .1 -.0 -.0 -.0 0 0 0 0 
-.0 .2 .. 1.0 1.0 1.0 1.0 1.1 1.1 .S .. .0 .0 -.0 -.0 0 0 0 0 

.0 .2 .S 1.0 1.0 1.1 1.0 1.0 1.0 .S .2 -.0 -.0 .0 -.0 0 0 0 0 
~ .2 .. 1.0 1.0 1.0 1.0 1.1 .. .. .1 -.0 -.0 -.0 -.0 0 0 0 0 --.0 .2 .S 1.0 1.0 1.1 1.0 1.0 .. ~ .0 -.0 -.0 -.0 - .0 0 0 0 0 

-.0 .2 .S 1.0 1.0 1.1 1.1 1.0 .7 .3 -.0 _0 .0 -.0 -.0 0 0 0 0 
-.0 .2 .S 1.0 1.0 1.1 1.0 ., .5 .2 . -~O -.1 -.0 -.0 -.0 0 0 0 0 

.0 .2 .S 1.0 1.0 1.0 1.0 .. .. .1 -.0 -.1 -.0 -.0 .0 0 0 0 0 

.0 • 2 .. 1.0 1.0 1.0 1.0 .7 .2 .0 -.0 -.1 -.0 -.0 .2 0 0 0 0 
-.0 .2 .S 1.0 1.0 1.1 ., .5 d .0 -.0 -.1 _0 .1 .. 0 0 0 0 
-.0 .2 .S 1.0 1.0 1.1 .9 .. .1 -.0 -.0 -.0 -.0 .3 .7 0 0 0 0 
'.0 .2 .S 1.0 1.1 1.0 • S .2 .0 -.0 -.0 -.0 .2 .. .9 0 0 0 0 
-.0 .• 2 .S 1.0 1.0 1.0 .. • 1 -.0 -.0 -.0 .1 .5 d 1.0 -.0 0 0 0 
- .0 .2 .S 1.0 1.0 .. .. .0 -.0 :'.0 .1 .. .8 1.0 1.0 -.0 0 0 0 
-.0 .2 .S 1.0 1.0 .S .3 .0 .0 .0 .3 .7 .< 1.0 1.0 -.0 0 0 0 
- .0 .2 .S 1.0 1.0 .. • 2 -.0 .0 • 2 .. .. 1.0 1.1 1.0 .0 -.0 0 0 
-.0 .2 .S 1.0 .. .. • 1 -.0 .1 • 5 .. 1.0 1.0 1.0 .. .0 .0 0 0 
-.0 .2 .S 1.0 .S .2 .0 .1 .. .S 1.0 1.0 1.0 ~ .7 .. .0 .0 0 

.0 .3 .7 .. .. • 2 .1 .3 .. .. .1.0 1.0 .S .. • 3 .S .1 .0 0 
• 1 .3 .7 • 9 .. .1 .2 .. c 1.0 .. • S .5 .2 .0 .7 d .0 0 
.2 .3 .7 .S .3 .1 .5 .8 1.0 .. .. .. .1 .0 .0 .8 .3 .0 0 
.3 .3 • 7 .. .2 .3 .7 d .S .5 .3 .1 -.0 -.0 .0 .. .5 .1 .0 
• 5 .. .6 .5 • 3 .. .. ~ .5 .2 .1 .0 .1 d J .. .. .1 .0 
• 5 .. .. .5 .5 .7 .. .3 .1 .1 .2 d .. .. .S 1~ .7 .1 .0 
.5 • 5 .. .5 .5 .S .3 .2 .3 .. .. .8 ., 1.0 1.0 1.0 .7 .1 .0 
d .. .5 .5 .5 .5 .5 .. • S .. .9 1.0 1.0 1.0 1.0 1.0· .S .2 .0 
.5 .5 .5 .5 .5 d .. .7 .7 .S .8 .S .S .S • S • S .. .1 -.0 
.5 .5 .5 .5 • 5 .. .. .. .3 .3 .3 .3 .3 .3 .3 .3 .2 .1 .0 
.5 .5 .5 .. .5 .5 .S ., .2 .1 .1 .0 -.0 .0 -.0 .0 -.0 -.0 .0 
.S .. .5 .5 ., .5 .7 .8 .7 .5 ., .2 .1 -.0 -.0 -.0 -.0 -~ .0 
• 5 .. .. .5 .5 ., .. .7 .. .. . , .7 .S .3 .2 -.0 -.0 -.0 -.0 
• 5 .. .. .S .7 .3 .1 .3 .. • 8 .. .9 .9 .8 .7 -.0 -.0 -.0 -.0 .. .. • 3 .. • S .. .3 .1 .2 .5 .S 1.0 1.0 1.0 1.0 -.0 _0 -.0 -~ 
.8 .7 .3 .2 • 7 .. .5 .2 .1 • 2 .. .7 1.0 1.0 1.0 -.0 .0 .0 0 .. .7 .2 • 1 .. 1.0 .S ~ .1 d .1 • 3 .. .S .< .0 _0 -.0 0 .. .7 J • 1 ~ .. .. .7 .3 .0 .0 .0 .2 .5 .s .1 -.0 -.0 0 

1.0 .7 .2 '-.0 .2 .S 1.0 .. .. .2 .0 .0 .0 .1 . . J .0 .0 0 
1.0 .7 .2 -.0 • 1 .. .. 1.0 .9 .5 .2 .0 -d d .1 .. .0 0 ~ 

1.0 ~ d -.0 ~ ~ .S 1.0 1.0 .8 .. .1 -.0 -.1 -.0 .1 .1 0 0 
1.0 .7 .2 -.0 .0 .2 .S ld 1.0 ~ .7 .3 d -.0 .0 .1 0 0 0 
1.0 .7 .2 -.0 .0. .1 .7 1.0 1.0 1.0 .. .. .2 _0 -.1 .1 0 0 0 
1.0 .7 .2 -.0 .0 .1 .5 d 1.0 1.0 1.0 d .5 .1 -.0 ~ 0 0 0 
1.0 .7 .2 _0 _0 -.0 .3 .S 1.0 1.0 1.0 1.0 .S d .1 0 0 0 0 
1.0 .7 d -.0 -.1 -.1 .1 ... .. 1.0 1.0 1.0 1.0 .7 .2 0 0 0 0 
1.0 .7 .2 _0 _0 -.1 .1 .5 .. 1.0 1.0 1.0 1.0 .. .5 0 0 0 0 
1.0 .7 .2 -.0 -.0 -.1 .0 .3 .S 1.0 1.0 hO ld 1.0 ., 0 0 0 0 
1.0 .7 .2 -.0 _0 -d d .2 d .. 1.0 1.0 1.0 1.0 1.0 0 0 0 0 
1.0 .7 .2 -.0 -.0 -.1 -.0 .1 .S .S 1.0 1.1 1.1 ld 1.0 0 0 0 0 
1d .7 d -.0 -.0 -.1 -.0 .0 .3 .S 1.0 1.0 1.0 1.0 1.0 0 0 0 0 
1.0 .7 .2 ·.0 -.0 -.1 .0 -.0 .1 d 1.0 1.1 1.0 1.1 1.0 0 0 0 0 
1~ .7 .2 .0 _0 -.1 .0 -.0 • 1 ., .. 1.0 1.0 1.1 1.1 0 0 0 0 
1.0 .S .2 .0 -.0 -.1 -.0 -~ .1 d .S 1.0 1.0 1.0 1.0 0 0 0 0 
1.0 .7 .2 -.0 _0 -.1 -.0 -.0 -d .2 .7 1.0 -1.0 1.0 1.0 0 0 0 0 
1~ .7 .2 -.0 -.0 -.0 -.0 -.0 -.1 .1 ., .. 1.0 1.0 .. 0 0 0 0 
1.0 .7 .2 .0 -.0 -d -.0 -d -d .1 .2 .7 .S .. .. 0 0 0 0 
ld .7 d -.0 -.0 -.0 _0 -.0 -.0 .0 .1 d .3 .1 .1 0 0 0 0 

.S .5 .2 -.0 -d -.0 -.0 -.0 .0 .0 -.0 .1 .1 .1 0 0 0 0 0 

.2 .1 .1 -.0 _0 -.0 -.0 -.0 .0 -d .0 d 0 0 0 0 6 0 0 
~ -d .0 .0 .0 .0 -.0 -.0 0 0 0 0 0 0 0 0 0 0 0 

I 
-r
'
·' 

• 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 

-.0. _0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-d .0 .0 0 0 0 0 0 0 0 0 0 0 0 0 
-.0 -.0 .-.0 -.0 .0 0 0 0 0 0 0 0 0 0 0 

.0 -.0 -.1 -.0 -.0 .0 0 0 0 0 0 0 0 0 0 
-d -d -~ .0 .2 .1 .1 .0 0 0 0 0 0 0 0 
-.0 _0 .0 .3 d .5 .2 .0 .0 0 0 0 0 0 0 
-d .0 • 2 .S .9 .. .. .2 .1 .0 0 0 0 0 0 

• 0 .1 .5 • S 1.0 1.0 .. .7 .2 .1 .0 0 0 0 0 
.1 .. .7 1.0 1.0 1.0 1.0 .. .7 .2 .0 .0 0 0 0 
.3 d Id 1.0 1.1 1.1 1.0 1.0 .. .. .2 .1 0 0 0 
.5 ., 1.0 1.0 1.0 1.1 1.1 1.0 1.0 .. ., .1 d 0 0 .. 1.0 1.0 1.0 1.0 1.0 1.1 1.0 1.0 .. • f .2 _0 .0 0 

1.0 1.0 1.0 1.1 1.0 1.0 1.0 1.0 .s .5 .3 .0 -.0 -.0 0 
1.0 1.0 1.0 1.0 1.0 hO 1.0 .7 .5 .2 .0 -d -.1 -d d 
1.0 ld 1.0 1.0 1.0 .. .. .. .1 .0 -.0 -.0 _0 -.0 .0 
1.1 1.0 1.0 1.0 .s .5 .3 .1 .0 _0 -.0 -.0 .0 -.0 ".0 
1.0 1.0 .. .7 .. .2 .0 -.0 -.0 _0 -.0 _0 -.1 -.0 -.0 
1.0 .S d .3 .1 -.0 -.0 -d -.0 -.0 -.0 .0 -.0 -.0 .0 

.S .5 .2 -.0 -.0 -.0 -.0 -.0 .0 '.0 _0 _0 .0 -~ -.0 
~ .1 -.0 -d -.1 -.1 -.1 -.1 -.0 -.0 -.0 -.0 .0 .1 .2 
.1 -.0 -.0 -.0 -.0 _0 -.0 -.0 -d .0 .1 .2 ~ .. .7 
-~ -.0 -.0 -.0 .0 .0 .1 .2 .3 .. . , .S • S .. d 
-.0 _0 .0 .1 .2 .2 .. .5 .7 ., ~ 1.0 1.1 1.1 1.0 

• 0 .1 .2 .. .5 • 7 .. .. 1.0 1.0 1.1 1.0 1.1 1.0 1.0 
~ .. .8 ~ .. 1.0 1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 1.0 .. 1.0 1.0 1.1 1.1 1.0 1.0 1.1 1.1 1.1 1.0 1.1 1.0 1.0 1.1 

1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 ~o 1.0 1.0 1.0 1.0 1.0 1.0 
1.0 1.0 1.1 1.0 1.0 1.0 1.0 1.0 ld ld 1.0 ld 1.0 '.0 '.0 .. .. .S .S .. .s .S .S .S .S .S .S .S .s .s 

.3 .3 d .3 .3 .3 .3 .3 .3 .3 .3 .3 .3 .3 ... 
-.0 _0 -.0 -.0 .0 .0 .0 .0 -.0 _0 .0 .0 .0 d .0 

d .0 -.0 -.0 -.0 -.0 -.0 - .0 -.0 -.0 _0 _0 -.0 -.0 -.0 .. ~ -.. - .. -.1 - .. -.0 -.. -. - .. - .. -. -.. _0 -.0 .. .. .2 .1 .0 -d -.0 -.0 -.0 .0 -.0 -.0 -.0 -.0 -.0 .. .. .7 .. . . • 2 .. .. .0 -.0 _0 -.0 -.0 -.0 -.0 
.~ '.0 ld .. .S .7· .5 .. .2 .. .. .0 -.0 -.1 -.0 
1.0 1.0 1.0 1.0 1.0 '.0 .9 .S .7 .5 .. .2 .. .1 .0 .. '.0 1.0 '.0 1.0 '.0 '.0 1.0 1.0 1.0 .. • S .. .. .2 

.7 .. 1.1 I.' 1.0 '.0 '.0 I.' '.0 1.1 1.0 1.0 '.0 .. .7 

.3 .. .S '.0 1.0· 1.0 1.0 ..1 '.0 ,d 1.0 '.0 ld 1.0 .8 

.0 .2 .5 .7 hO '.0 1.0 1.0 '.0 I.' ... ~o '.0 .. d 
-.0 -.0 • 1 .. . . .. 1.0 1.0 '.0 '.0 •• 1 1.0 '.0 .. .. 
-.' -d -.0 • 0 .3 • 5 .S .. 1.0 1.0 '.0 1.0 .. .6 .. 
-d -.1 -.0 -.0 .0 • 1 .. .7 .. 1.0 •• 0 hO .S .. .0 
-.0 -.0 -.0 -.0 _0 .0 .. .3 .. ~ 1.0 .. .. .1 .0 

.0 -.0 -d -.0 -d -.0 -.0 .0 .2 .5 .7 .7 • 3 .. 0 

.2 .0 -.0 -.0 _0 -.0 -.0 .0 .0 .1 .3 .3 .. .0 0 
~ .. .0 -.0 -.0 .0 -.0 -.0 -.0 -.0 .0 .0 .. 0 0 
.s .3 .0 -.0 _0 -.0 .0 -~ -~ -.0 .0 -.0 0 0 0 .. .. .2 .0 -.0 -.0 -.0 -.0 - .. -.0 -.0 .0 0 0 0 

1.0 .. .5 .2 .0 -.0 -.0. -.0 .0 - .0 -.0 0 0 0 0 
'.0 '.0 .S .. • 1 _0 _0 -.0 -d .0 0 0 0 0 0 
.~ 1.0 1.0 .7 .2 .0 .0 -.0 -.0 0 0 0 0 0 0 

I.' '.0 .. .7 d .-.0 -.0 .0 0 0 0 0 0 0 0 .. .S .. .3 .1 .0 0 0 0 0 0 0 0 0 0 
.7 ~ ·.1 .. .0 0 0 0 0 0 0 0 0 0 0 
.2 .0 .0. 0 0 0 0 0 0 0 0 0 0 0 .. .0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 



7. Example 7 - Iterative Program for Fan-Beam Data 

The program ITRFAN uses the conjugate gradient algorithm to 
reconstruct simulated fan-beam projection data from a transmission. 
source using both a curved detector and a flat detector. The projection 
data for the curved detector are reconstructed by the algorithm CONGR 
at statement E7.061 and the projection data for the flat detector are 
reconstructed in statement E7.094. The geometry parameter IGEOM is 
set to 1 in statement E7.037 for the reconstruction of the curved detector 
data and set to 2 in statement E7.082 for the reconstruction of the 
flat detector data. Note that a change in the parameters for IPAR or 
PAR requires another call to SETUP. For this particular example the 
fan-beam source is at a distance RFAN equal to 65 bin-width units from 
the center of rotation and the pixel width PWID is equal to 1.33 
bin-width units. 

The subroutine GETUM in Example 7 gives simulated projection data 
for a heart phantom. Example 7 also demonstrates the use of the subroutine 
USER, which gives the user the option to retrieve certain results after 
each iteration as desired. In this example an image is displayed after 
each iteration (statement E7.193) along with a graph of the cross section 
through the image X(I,J} at the J coordinate = 15 (statement E7.204). 
If the user does not code a subroutine USER, the default subroutine 
USER in the RECLBL Library will print out only the iteration number 
and the corresponding chi-square for each iteration. 

PROGRAM JTRFAN (INPUT,OUTPlfT,TAPE2-0UTPUT) 

EXAMPLE 7 

THE PROGRAM ITHAN USES THE n!:RATlve CI)NJUGATE GRADIENT 
ALGORITHM TO RECotlSTRUCT FAN SEAM PP.OJECTIQN DATA CULLECTED 
USING BOTH A CURVED DETECTOR "NO A FlA'\" DETECTQR. 

OIMENStCN BIIOHI,AGf36J 
COMMON WORK(SOOOJ 

COMMlN/OUTCOM/L UNO UT .180132 

LUIIIOUT - OUTPUT FILE. 
180132 - OUTPUT LINE LENGT ... FlAG 

.. a EACH LINE WIll BE WIT"'IIII 80 (.HAfl.ACTERS 
IOTHERWISE 132 CHARACTEQSI 

COMMON/PARM/I PAR 1121 • PAR 13 I 

EQUIVALENCE INOIMU ,tPARI 1I1,OCtP .IPARI 2JJ.lIGEO~ ,I PAC!. I 3". 
1 (NANG ,IPAP.I 4)J"MODANG,JPA~( 511,IKOJMU ,tPARI 611. 
2. lIMIT ,IPARI 7J1,INWORK ,IPAQ( SII,INFLOAT,JPAq,( 9)1, 
3 1 [STORE ,IPAQ 11 OJ I, I IPRINT.IPA~I 111 I, fLUNATlII, (PARI lZII, 
It (PWID ,PAP.( UltlAXtSU f PARt 2"tlRFAN ,PAC!.C 3)) 

ExTERNAL BCOF, PC!)F 

LUNOUT-Z 
t 8013Z-0 

THE INPUT Pt.R.AMETERS ARE 

'·IIDI:04U-32 
IClR-O 
IGEOI'4-1 
NANG-36 
MOOANG_S 

E7.001 
E7.002 
E7. 003 
E7.004 
E7.00~ 
E7.006 
E74007 
E7.008 
E7.00COl 
E74010 
E7.011 
E7.012 
E74013 
E74014-
H.01!' 
E74016 
E7.0l7 
E7401S 
E7.0tS 
E7.020 
n.oll 
E1.oll 
E7.0l3 
E1.024 
E7.025 
E7.026 
E7.027 
E7.02S 
E7.029 
E7 .. 030 
E7.031 
E7.032 
E7.033 
E7.034 
n.035 
E7.030 
E7.037 
E7.036 
E7 .. 03C; 

c 

1<.01 "'U-67 
IHnal 
NWORK-SIlOO 
NFL'JAT-l 
ISTOPE-O 
IPRINT-S 
LUNATN"O 
PwIO., 1.33 
AXlSU-.33. 
R,FAN"'65. 

CALL SETUP IIPAR,PAII.,AGI 

'l.Ecar.STPUCTION OF THE TRA"ISVERSE SECTI::JN "O~ FAN BEA~ GEO~ETPY 
WITH CURVED OETECTO~ 

ISTEP=5 
JRLX=l 
IED,R .. O 
I ZEo. .. O 

CALL CONGo. IB,PCDF,6COF,ISTEP,IRLX,IERr...llEPI 

wo.1TE 12,221 
CALL ARPAY CB,NDI~UI 

C PPINTOUT THE VALUES fOR THE RE(ONSTRUC"EO HA"'SVERSE SECTION 
C . 

NMAT-NOIMU··Z 
KIU-1 
KU-NOJMU/1S+l 
00 12. K-l, KU 
wQ.ITE IL~OUT.1el 
KI<.2-15*1( 
IF IKK2.GT.NDIMUI KK2""'oI01MU 
00 10 J-l,NDIMU 
I SUB l"N~AT-J.NDI "'U+KK 1 
lSUBZ"NMAT-J*NO JMU+KK 2 

10 'WRITE IlUNOVT,201 fSlt),I-ISU81,ISU!ilZ) 

153 

E7 .040 
e" .0 ... 1 
£7 .. 042 
E7.043 
E7.044 
E7.045 
E7 .046 
£7.047 
E7 .. C48 
E7 .049 
E7.050 
E7.051 
E7.0!l2 
E7.0S3 
E7 .O~4 
E7 .. 05~ 
E7.0% 
E7 .. 057 
E7.058 
E7.0se; 
E7 .0bO 
E7.0b1 
E7 .. 0b2 
E7.0e3 
E7.064 
E7 .Oo~ 
E7.0H 
E7.067 
E7.068 
E74069 
.P.070 
E7.071 
E7.072 
E7.073 
E7.074 
F7~075 

E7 .070 
e7 .. 077 
E7.078 



154 

)(1(1"KI(2+1 
12 CONTL'IIUE 

IGEO" .. Z 

CALL seTUP (IPA>' ,PAP.,AGI 

RECONSTF<.UCT!('N I)F THE TRANSVERse SECTI"N F::JI' FAN BEAM GEOMETPY 
WITH FLA'" DETECTOR 

ISTEP=5 
J~LX=l 
IER!b,O 
t lER=O 

CALL CONGR (B,PCOF,6CDF, ISTEP, II=!.LX, JERI<.,IlERJ 

W:(ITE (2,241 
CALL ARRAY 16,NDIMUI 

PRINTOUT THE VALUES FOR THE AECO"lSTRUCTEO TI<ANsvEA.SE SECTION 

I(Kl= 1 
I(U"'NOIMU/15+1 
DO 16 !(:l,KU 
WRITE ILUNOUT,lBJ 
I(K2=15*1( 
IF IKK2.GT·.ND·I~UJ KK2=NDI~U 
00 14 J=l,NOP1U 
ISU8 1 =-NMAT -J*ND I "IU+KK 1 
I SUBZ =NMA T-J* NOt ,'4U+KK2 

14 WRITE.{LU"lOUT,201 18111,I=lSUBl,ISUB21. 
KK.lzKK2+1 

10 CONT!\lUE 

18 F'JRMATClxllllll/) 
20 FORI-4ATIIX.15F5.1J 
22 HJRMAT(lXI/!;:BH RECONSTRUCTION FOR FAN DEAM GfOl'lEIRY WITH CURVED DE 

lTEenR) 
24 FORMAT(lxll~bH RECONSTRUCTtO"l FOR FAN BEAM GECf04ETRv WITH FLAT DETE 

lCTOR) 
END 
SUBROUTINE GETUM IM,DATA,ERRJ 

EXAMPLE 7 

THE SUEH!.tlUTINE GETUM GIVES SJMULAHo POl1JEr:TION DATA FOR' 
A CHEST PHANTOM CONSIST ING OF A HEMT, LUNGS AND SURROUNDING 
Tt SSUE. 

DIMENSION DATAlll;ERRI11,SI40c:a61 
01 ME,"'SlON I TYPE 141 ,X1I41 ,Y 1 (4), Al (4),61 (4 I, l(4) ,PHI (41 
DATA ITYPE/ltlrl.lI 
DATA A1I26.6,6.6~,e;.31,9.311 
DATA 81126.6,o.65,6.65,6.f:!::/ 
DATA Xl/0 •• 0.,6.65,-6.65/ 
DATA YI/0.,-6.65,O.,O./ 
DATA PHI/0.,O.,l.57079633, 1.57079633/ 
DATA ZI!::.,27.,-4.,-4./ 

IF (M.NE.l1 GO TO 14 

PWIDTH=I.33 
CAL.l PH AN (4,lO,ITYPE,l,Xl,Yl,Al,Bl,OHl,S,3Z,PW!DTHI 

WRITE (Z, ltl 
NDIMU"32 
CALL ARRAY (B,NDIMUI 

PRI NT~UT THE VALUES fOR THE PHANTOM 

NMAT"NDI'1U··2 
KK1"'1 
KU""I10IMU/l5+1 
00 12 K"I, KU 
wRITE 1.(:,161 
KK2;13·K 
IF (KK2 .GT .NOl "'UI KK2=NO!MU 
DO 10 J=I,NOI'1U 
I SUB 1 "'NMAT -J*NO I MU+I(I( 1 
I SUB2 "NMAT-J*NDI "'U+KK2 

10 WRHE (2,201 (BIIJrr"'ISUBl,ISUE!21 
KK1=KI(2+1 

12 CI')fl/TIfl/UE 

14 CALL PHANL (4,lTypE,Z,X1,Vl,Al,B1,PHI,OATA,MI 

RETuRN 

1~ FORMAT(lHll 
18 FORloIATlIHlI 
20 FO!<. .... AT (IX tl=F~.lI 

END 
SUB~OUTI'IIE USER fITER,X,CHtSQI 

EXAMPLE 7 

THE SUBROUTINE USER PPINTS OUT THE CHI-SQUAPE F;)R EACH 
ITERATION ALONG WITH A GRAY LEvEl PLC:T OF THr IMAGE ANO .\ CkOSS 
SECT toNAL PLOT THROUGH THE IMAGE. 

C OMMoJN/ OUTC1JIoI/LUNOUT. I 60132 

OlJ04ENSION X (11 

NDt.'-1U"3Z 
IF tiTER.EO.OI WRITE (LUNOUT,IOI 
WRITE ILUNUUT,1ZI rTER,CH[ sa 

IF (I TER.EQ.OI RETURN' 

CALL ARRAY IX, NOJ."IUI 

CROSS SECTl'1NAL PLOT PARALLEL TO. THE X AXI~ t.T J 15 

-'1:1 
BMAX"99999o;. 
BMIN=99se;e;c;:. 
lXY=O 
ICOR=15 
IL"'1 
IU:.32 
CALL XYGRF (X.NDIMU,NI,BJ04AX.BMIN,IXY,lCQII,JL,IUI 

RETURN 

10 FOi\MAT (lxi/I 
12 FORMAT(:H ITER,13,8H CHISQ,E12.31 

Er~o 

E7.079 
n.080 
E7.081 
n.082 
H.083 
n.084 
E7.065 
E7.086 
E7.087 
E7.0e8 
E7.089 
n.OSO 
E7.0n 
E7.0n 
E7.093 
E7.0Cf4 
E7.09: 
E7.09t 
E7.097 
E7.098 
E7 .099 
E7:100 
E7.101 
H.IOZ 
E7.103 
E70104 
£7.105 
E7.IOo 
£7.107 
E7.108 
f7.109 
E7.110 
E7.111 
E7.112 
E70113 
E7.114 
E7.115 
E7.116 
E7.117 
E70liB 
£70119 
E7.120 
E7.121 
E7.122 
E7.123 
E7.124 
E7.12!:: 
E7.12b 
E7.127 
E7.129 
E7.129 
E7.130 
E7 ol31 
E7.13Z 
E7.133 
E7.134 
E7.135 
E1.136 
E7.137 
E7.138 
E7.139 
E70140 
E7.141 
E7.142 
E7.lIt3 
E1.144 
E7ol4S 
E1.146 
E7.147 
E7.148 
E7.149 
E7.1S0 
E7.151 
E7.1SZ 
E7.153 
E7.154 
E7.15: 
n.156 
E7.157 
E7.158 
E7.1~9 
1:7.160 
E7.161 
E7.162 
E7.163 
E7.164 
E7.165 
E1.166 
E7.167 
E70166 
E7.169 
E7.170 
E70171 
E7.172 
E7.173 
E7ol74 
E1.175 
E7017b 
E7.177 
E7.178 
E 701 79 
E7.ISO 
E7 .1Sl 
F.7 01 82 
E7.183 
E7.184 
E7.185 
E7.18b 
E1.187 
E7.188 
1:7.11:1 0 

E70190 
E7.191 
E7.192 
E7.1 e 3 
E7.194 
E7.195 
E7.196 
E7.197 
E7.198 
E7.199 
E1.200 
E7.201 
E7.202 
E7.203 
E7.204 
E7.205 
E7.2D6 
E7.207 
E7.20R 
E7.20e; 
E7.210 
E7.211 

SSS EEEEE TTTTT U U PPPP 
U P P 
IJ PPPP 

SET 
SSS EEE T 

SET U U P 
SSS EEEEE T UUU P 

INTEGER PARAMETER ARRAY (IpAP 1 

IpARll1 

32 
o 
1 

DESCRIPTION 

LINEAR DIMENSION OF THE RECONSTRUCTION ARUY 
RECONSTRUCT IN A CIRCULAR ARRAY 
GEOMETPY FLAG 
FAN !lEAM GEQMETRY I CUflVEO OETECT(lP I 
NUMBER OF PROJECTION ANGLES 3. , MODE FOR PR(1JECT ION ANGLE INPUT (SEE FC'LLOWING LINES I 

67 
1 

ANGLES GENERATEO BETWEEN ZERO ANa 2.PI 
STARTING AT lER(I 
NUMBER OF RAYS FOP EACH PROJECTION 
TP.ANSMISS[ON DATA 

9 
10 
11 

5000 
1 
o 
5 

DIMENSION OF THE FLOATING POJ'lH USEI\S BLANk CJ",MON BLOCI( 
NU~BER OF WOROS FOR A FLDATINr; POINT VARIABLE 
EXEcuTE THE RECONSTRUcTION '(NOT JUST STORAGE SIZE TEST' 
P~INT FLAGS 10PTIONS SELEOEO"Af\E eN THE FOLLOwING LINESI 
PRINT REQUIRED FLOATING POINT BLANK COMMON WHENEVER CHANGED 
PRINT SETUP vALUES FRO~ IPAR AND PA~ ARRAYS 

12 LOGICAL UNIT NO. FOR t.,TTENUATrON fACTOR STORAGE 

FL OATI I\jG PCINT PARAMETER ARJ;,AY (PAR) 

PAR( II DESCRIPTION 

1.330 PIXEL WIDTH 1'"4 UNITS Of PROJECTTnN BIN WIDTH AT CENTER Of 
ROTATION 

33.000 
65.000 

LOCAT·ION Of THE ROTATION' AXIS IN THE PROJECTION,ARRAY 
DISTANCE FROM SOURCE TO CENTER OF PnTATIDN FOR FAN BEAM IN 
UNITS OF PROJECTION BIN WIDTH AT CENTER OF ROTATION 

BLAj~K COMMON flEQUIREO 36 441 

BLAI\jI( COMMON REQUIRED 72 1101 

eLANK COM,..,ON REQUIRED 108 1541 

BLANK COMMON REQUI REO 242 3t21 

BLANK COMMON REQUIRED 306 4621 

A TOTAL OF 47 ( 10 THRU 561 OF THE 67 USER PROJECTION BINS WILL e.e USED 

47 PROJECTTON BINS WIll BE USED OF WHICH 0 HAVE BEEN ZEROEO BY THE "RO~RAM 

MA)(JMUM SIZE OF SLANK CO"MON THUS FAP .. 30t FLOATING POINT WOP OS. 

ISTP -
IRLX -
IERR -
HER -

EEEEE N N 0000 SSS EEEEE TTTTT U 
E NN N 0 0 S E T 

EEE N N N 0 0 SSS EEE T 
E N NN" D 0 S E T 
EEEEE N N 0000 SSS EEEE':' T 

CCC 0000('1 N N GGG RRRR 
C co ONNNG tiR R. 
COO N N N G RR~R 
C COO N NN G GG R P 

CCC aCaDO N N GGGG P R 

PARA'4ETERS FOR. SUBPOUTINE CONGP 

DESCRIPTION 

NUMBER Of ITERATION STEPS 
ITERATIVE P.ELAXATJON ~ETHaD 
00 NOT USE ERROR ARPAY 
INITIAL SOLUTION IS ZERO 

U 
U 
U 

UUU 

BACKPROJECTJON AND PROJECTION/CONVOLUTION/FILTER ROUTINES 
PERFORM THE FOLLOWING FUNCTIO~S 

U PPPP 
U P 
U PPPP 
U P 

P 

.. G FUNCTION PAY WE JGHTtNG ATTENUATION 
BeK BACKPRDJECT [ON C!:tNCAVE DISK NO 
PRJ PROJECTION CONCAVE OISK NO 

BLANK COMMON FlEQUIRED 400 6201 

!;\LANK CClM..,ON REQUIRED 1212 \ 22741 

BLANK COMMON REOUIRED 2024 \ 37501 

BLANK COMMON REQUIRED 2836 54Z41 

8LANI( CCMMON REQUIRED 3648 \ 71001 

PPPP . H H AAA N N 
P PH HA ANNN 
PPPP HHHHH A ANN N 
P H H AAAAA N NN 
P H A A N 

P 

FAN PEA""! 
YES 
YES 



PHANTOM GENERATED 
ARIlAY SIZE 32 X 32 INTEGRATION FACTOR. 10 SCALI"'G FACTOP .. .752 
NUMBER OF ELlPSES AND/OR RECTANGLES. 4 
THE PARAMETERS FOR THE ELLIPSES AND/OR RECTANGLES ARE 

X, Y - CENTER 
A,8 - LENGTH OFAXI S OR SIDE A AND a 
PHI - ANGLE OF AX IS nR S tOE A 
DENS - INTENSI TV 

THE PARENTHESIS INDICATES THE SCALED VALUE 
ITYPE X Y A 

- ELLIPSE 

- ELLl PSE 

- ELLIPSE 

- ELLIPSE 
I 

0 , 
OJ .c 
0 
01,( 

6.65 
5.001,1 

-6.65 
-5.00) ,( 

0 
011 

-6.65 
-5.0011 

0 
011 
0 
011 

26.60 , 
020.001, ( 

6.65 , 
5.001,( 
9.31 , 
7.001, I 
13.31 , 
7.001. ( 

• 26.60 
20.00, 
6.65 
5.001 
6.65 
5.00, 
6.65 
5.001 

EEEEE N N DODO pppp H H AU. N 
E NN NO 0 
EEE N N NOD 
E N N~O 0 
EEEEE N N 0000 

PPHHAANNN 
PPPP HH,",HI-I A ANN "4. 
P H H AAUA N NN 
P HHAAN ... 

PHI DE"'S 
5.00 
6.651 

27.00 
I 3~ .91 J 

1.57 -4.0C 
I -~.32 J 

1.57 -4.00 
I -5.321 

Xf'IIJN .. XMAX ~ .lt3E+OZ XSU'" • .2507E+04 

*.* •••• * .* •••••••••••• * ............. . . . 

-----...... -----.;. 
* -----enle-----
• . -----+n18+----

----·11-----

+ I I 
o .3192e.Ol .7874e+-Ol .1000e.02 .1l49E+02 .1319E+02 .1490E+02 

Z X A '" 9 I' 
.1639E+<I2 .17tt5E+<I2 .1851E+02 .2085E+OZ .2320E.02 .246Be+02 .2639E+02 

i • • • • • • 
.2788E+02 .3107e.Oz .3490e.02 .370)E+02 .3B13e.OZ .40lt3E+02 .4192E.OZ 

• • 1t256E+02 

0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 .2 2.4 It.!:' 5.8 
0 0 0 0 0 0 0 0 2.' 6.0 6.7 '.7 6.7 
0 0 0 0 0 0 .1 4.0 6.7 6.7 6.7 •• 7 b.7 
0 0 0 0 0 0 4.0 6.7 b.7 b.7 b.7 6.7 6.7 
0 0 0 0 0 2., 6.7 6.7 6.7 6.7 6.7 6.7 6.7 
0 0 0 0 .2 6.0 6.7 6.7 6.7 6.7 •• 7 6.7 6.7 
0 0 0 0 2.0 6.7 6.7 6.5 4.5 4.5 6.5 6.7 6.7 
0 0 0 0 4.5 6.7 b.7 2.8 I.' 1.3 2.8 b.7 6.7 
0 0 0 0 5.8 6.7 '.3 1.3 1.3 I.' 1.3 5.3 b.7 
0 0 0 0 b.6 6.7 4.1 I.' 1.3 1.3 1.3 4.1 6.7 
0 0 0 0 6.6 6.7 4.1 1.3 I.' 1.3 1.3 4.1 6.7 
0 0 0 0 5.8 6.7 15.3 I.' 1.3 1.3 1.3 5.3 6.7 
0 0 0 0 4.' 6.7 6.7 2.8 1.3 1.3 2.8 6.7 •• 5 
0 0 0 0 2.4 6.7 6.7 6.5 4.' 0.5 6.5 9.5 317.0 
0 0 0 0 .2 6.0 6.7 6.7 6.7 6.7 6.1 2Z.5 42.6 
0 0 0 0 0 2.3 6.7 6.7 6.7 '.7 6.7 22.5 42.6 
0 0 0 0 0 0 4.0 6.7 6.7 6.7 6.7 9.5 39.0 
0 0 0 0 0 0 .1 4.0 6.7 6.7 t.7 6.7 9.5 
0 0 0 0 0 0 0 0 2.3 6.0 6.7 6.7 6.7 
0 0 0 0 0 0 0 0 0 .2 2.4 4.5 5.8 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

0 
0 
0 

6.b b.6 
b.7 b.7 
b.7 6.7 
'.7 b.7 
b.7 b.7 
b.7 b.7 
b.7 6.7 

,6.7 b.7 
b.7 6.7 
6.7 6.7 
6.7 6.7 
b.7 6.7 

22.5 22.5 
42.6 042.6 
42.6 42.6 
42.6 42.6 
42.6 
22.5 
b.7 
'.b 

0 
0 
0 

o 
o 
o 
o 
o 
o 

.. 0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

42.6 
22.5 
b.7 
b.b 

0 
0 
0 
0 
0 
0 

0 
0 
0 0 
0 0 
0 0 

5.8 4.5 
6.7 b.7 
6.7 6.7 
b.7 t.7 
6.7 6.7 
6.7 '.7 
b.7 6.7 
b.7 6.7 
6.7 5.3 
0.7 4.1 
6.7 4.1 
b.7 5.3 
'.5 b.7 

39.0 S.5 
42.6 22.5 
42.6 22.5 
39.0 '.5 
•• 5 b.7 
b.7 b.7 
5.8 4.5 

0 0 
0 0 
0 0 
0 
0 
0 

BLAM< CO"'MON REQUIRED 

BLANK COMMON REQUI RED 

0 
0 
0 
0 
0 
0 

2 •• 
b.7 
'.7 
6.7 
t.7 
t.7 
6.5 
2.8 
1.3 
1.3 
1.3 
1.3 
2.8 
6.5 
b.7 
b.7 
b.7 
b.7 
•• 7 
2.4 

0 
0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 0 
0 0 C 
0 0 0 

.2 0 0 
b.O 2.3 0 0 0 
b.7 b.7 4.0 .1 0 
b.7 b.7 6.7 4.0 0 0 
6.7 '.7 b.7 e.7 '-3 0 
6.7 6.7 6.7 <.7 6.0 .2 
4., 4.5 c. ~ b.7 b.7 2.4 
1.3 1.3 2.8 b.7 •• 7 It. ~ 
1.3 1.3 1.3 5.3 b.7 5.' 
1.3 1.3 1.3 4.1 '.7 6.t 
1.3 1.3 1.3 4.1 6.7 6.6 
1.3 1.3 1.3 5.3 t.7 5. e 
1.3 1.3 2.8 6.7 t.7 4.!: 
4.5 4.5 '.5 b.7 b.7 2.4 
b.7 t.7 b.7 b.7 b.O .2 
b.7 b.7 b.7 b.7 2.3 C 
b.7 b.7 b.7 4.0 0 0 
6.7 '.7 4.0 .1 0 0 
b.O 2.3 0 0 0 0 

.2 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 C 

0 0 0 0 
0 0 0 0 
0 0 0 0 

36BO 

.3t48 I 71001 

ITER 
ITER 

CHISQ 
CHI SQ 

.ZOBE+08 

.449E+07 

XMIN • XHAX Co .11E.02 XSU"I .. 

.................. * .................. . 
____ e_ •• _.____ • 

- ....... ++111111111'++"' ........ -
• --"'.I .. ·.+11ZZXXXXXXZZlI.+="'·-- .. 
• - ...... "'+111ZXXAAM"'AAXXZ1U,..,;::'u- • 
• - .... +I1ZXA"'MA"''''M'''A'''MAXZ1 J+a", .. - • 
.-.... ". I 1ZZXXA",,,,,,,eeM/II"AXXZZl J u,,,,,,_. 
.-•• ,.,+ J 1 ZZX XX MM9EI.se"''''XXX Z Zl J +~" .. -. 
.-•• .,. J Z ZXX A "''''688188MMAXXZZ 1.== =-. 
*-cc='''lZXX4,,,eIEtH808101AXXZl J +""'=-. 
.-..... + 11ZA~"'8 ....... H'O~AZll .... = .. -. 
• -···+IZXM80e ••••••• eeMXZI ...... - .. 
• -· .. =+lllXMeO ...... oeMxZlI+ ...... - • 

- .. ,,"'+ J I Z x "''''efilltleeM,",X Z II."'" ~- .. 
- c_+ •• , lIXAMM"'MAX111 +.+"a_ 

..... '"+++) 11111111, .... +"''' .. 
-"' ..... +.+1 111+++""'==-

• "'''''.~''~''''.''==1Il .................................... 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I '1 
o .P412E+OO .Z075E+01 .2636E+Ol .3028E+01 .3477E+Ol .3S2t:e.Ol 

Z X. A M 9 D (J 

.4318E"Ol .4599E.01 .4B79E+01 .5496E+Ol .6113E"01 .6505E"Ol .6954E+01 

I • • I • • • • 
• 1347E+01 .8188E+Ol .9197E.Ol .9758e+Ol .1021E+02 .l066E.02· .1105E+OZ 

• • llZ2E+02 
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XYGRF PRINTOUT 

r NTFPCEPT SVMeOL . "IINIM!)M 
• 201E+Ol 
.201E+Ql 

"'A)(I"'U~ 
.702E+Ol 
.702E+Ol 

THE Y~)NTfQCEPT. 15. 
PLOT lUNGE 

1 IX 
2. tXX)( 
3 txxxxx 
It r XXXXXXXX 

• 5 J XXXXXXXXXXXXX 
6 I XXXXXXXXXXXXXXXXXX 
7 I xxxxxxxxxxxxxxxxxxxxxxxxxx 
8 J XXX XX XXXXXXXXXXXXXX xxxxxxxxxxxxx 
9 I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

10 I XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXxXXXXX 
11 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
12 I Xxx.XXXXXXXXXXXX XXXXXXXXXXX XXXXXXXXXXXXXXXXXX 
13 I XXXXX XXX)( )(xxxxxxxxxxxxxxxxxxxxxxxx XXXXXXXXXXXXXXXX 
14 I xxxxx XXXXXXXXXXXXXXXXXXXXXX)(xxxxxxxxxxxxxxxX)(xxxxxxxxxxx xxxxxx 
15 I xxx XX xx xx xxxx xx X xx X X X XX X XX X XX xxxxx X X X xxxx xx xxx XX X X xxxx X X X xxxxxxxxx X X X 
16 1 xxxxxxxxxXXXXXX xxxxxxxxxxxxxxxxxxxx XX XXXXXXX)(X XXX XXX XX XXXXXXXXXXXXXXXXXX t 
17 J xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXX t 
18 I XXXXXXXXXX)(XXXX xxxxxxxxxxX XXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX J 
19 I XXXXX XlI: XXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX t 
ZO I xxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxx t 
21 IXxXXXXX xxxxxxxxxXxXXXlCXXXX XXXXXXXXXXX xxxxxxx I 
22 I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
23 I XXXXXXxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXX I 
24 I XXxxXXxxxxxxxxxxxxxxxxxxxxxxxxxxXXXX I 
25 IXXXXXXxxxxxxxxxxxxxxxxxxxXXXxXXX I 
26 I XXXXXXXXXXXXXXXXXXXXXXXXXX I 
27 I xxxxxxxxxxxxxxxxxx t 
28 I xxxxXXXXXXXXX I 
2q I XXXXX)()(X I 
30 I XXXXX I 
31 IXXX I 
32 IX I 

ITER Z CHtSQ .893E+06 

XMIN. -.15E+Ol XMAx • .:32E+02 XSUM • 

.................................. 
. . 

---...... _------........... ---
-_ ••••• + •• + ••••• --

-----•• ++ •••••• -----
----.+ 1II1 +.----

-------.. ·1111.-------
-·--"·lAM"'I_-·--
--••• , Zeeeleezl···--
-- •• 1 lA ........ l 1.--

__ a + 1Z9tI ... eZ 1 +.--
--·+'ZA66AZI.·--___ ;.+1 •• ., ___ _ 

.................................. 
• I 1 

-. 1489E.Ol .1032E+Ol • ,U30E+Ol • 61t 10E+0 1 .75,87E.Ol .8931E+Ol .1028E+02 

Z X A M q • • 
.. 1145E+02 .1229E+02 .1313E+02 .1-\98E+02 .1683E+02 • 1801E+02 .1935E+02 

• • I • • • • 
.2033E.OZ .Z305E+02 .Zb07E+02 .Z175E+02 .Z910HOZ .30ItitE+02 .3162E.OZ 

• .3212E+02 

XYGRF PRINTOUT 

SYMBOL . 
PLOT PANGE 

MINIMUM 
-.773E.00 
-.773E+00 

MAXIMU"I 
.130e.02 
• 130E+OZ 

1 NTEPCEPT 
THE V-INTERCEPT. 15. 

1 txx t 
2 IX I 
3 Ix t 
4 I X I" 
5 Ixxxx I 
b J XXXXXXXXX I 
7 IXxxxxxxXXXXXXXXXXXXX J 
8 txXXXXXXXXXXXXXXXXXXXXXXXXXX t 
9 IXXXXXXxxxxxxxxxXXXXXXXXXXXXXX t 

10 I XXXXXXXXXXXXXXXXXXXXXXXXXX 1 
11 IXXXXXXXXXXXXXXXXXXXXXXX':UXX I 
12 IxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXX I 
13 IXxxxxxxxxxxxxxxxxxxxxxxXxX xxxxxxxxxxx xxX I 
14 I xxx XXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXX XXXxXXX XXX X XX)fXXXXX X I 
15 I XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXX X XXXXXXXXX)fXXXXXXXXXXXXXXXX XXXX 1 
16 I XXXxXXXXXXXXXXXXXXXXXXXXXX XXXXX XXXXXX XXXXXX XXX XXX XX xxXXXXXXXXXX XXXXXXXXX I 
17 t XXXXXXX XXXXXXXXX XXXXXXXXxXXXXXXXXXXXXXX XXXXXXXX'I XXXXXXXXXXXXXXXXXXXXXXX)f I 
18 I xxx XXXX XXXXXXXXXXXXXXXXXXX XXXXXXXXXXX XXXXXXXXXX'I XX XXXXXXXXXXXXXXXXX I 
19 t XXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXX)C XX)CXXXX 1 
20 tXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX t 
21 IxXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXX I 
22 l·xxxxXXXXXXXXXXXXXXXXXXXXXXX 1 
23 IXxxxXXXXXXXXXXXXxXXXXXXXXX I 
24 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
Z5 I XXXXXXXXXXXXXXXXXXXXXXXXXXX I 
26 I XXXXXXXXXXXXXXXXXXXX 1 
27 I XXXXXXXXX 1 
28 IxXXx 1 
29 I X I 
30 I X J 
31 IX t 
32 I XX I 

ITER 3 CHISQ .3Z3E+06 

XM!N. -.19E+Ol XMAX .. .41E+02 XSUM • .2469E+04 

.................................... · . 

-------·1111.,-------
------+XHWX+------

---··18 •••• 91-·---
---........... JI4 •• ---
---··1AA1+·--

· .................................. 
• + I 1 

-.188!5E.01 .1346E.Ol .b08SE+Ol .8240E.Ol • 9748E.01 .1l1t7E+02 .1319E+02 

Z X A M 9 I • 
.1470E+02 .1578E~02 .1686E+02 olQ23F.02 .2160E+02 .Z310e.02 .2483E.02 

• 1 • 1 • • • 
• 2634E.02 .2957E+02 .3344E.02 • .3~60E+02 .3732E+02 • 390SE+02 .4055E+02 

• • 1t120E·02 

XYGRF PRINTOUT 

SYMBOL . 
PLOT RANGE 

MINI"IUIIIII 
-.543E.OO 
-.543f+00 

MAXIMUM 
• 110E+02 
.110E+02 

INTERCEPT 
THE Y-INTERCEPT· 15 • 

1 IXXX t 
2 I XX I 
1 IX I 
4 IX J 
S IXXX t 
6 I XXXXXXXXX I 
7 I XXXxXXXXXXXXXXXXXXXXXXXXXXX 1 
8 txxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
9 t XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 

10 I XXXXXXXXXXXXXXXXX I 
11 !XXXXXXXXXXXXXX I 
12 IXXXXXXXXXXXXXXXXX I 
1.3 t XXXXXXXXXXXXXXXXXXXXXXX I 
14 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
1S I )()(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)C)(XXXXXXXXX I 
16 t XXX xX xx XXXXXXXXXXX XXXXX XXX XXXXXXX XXXXXX X xx X XXXX xXx)( XXX xXX XXXXXXXXXXXXXXX I 
17 I XXXXX X X XXXX XXXXXXXX xx XX XXx XX xxx xxxxxxxXXX XX XXXXXXXXXXXXXXXXXXXXXXXXXXX XX I 
18 t XXXXX XX XXX X XXXX X XXXXX XX xxX X XX XXXX XXXX XX XX X X Xx XXXXX XXX X X X XXXXXX X t 
19 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
20 I xXXXXXXXXXXXXXXXXXXXXXX I 
21 I XXXxXXXXXXXXXXXXX I 
22 IXXXxXXXXXXXXXX I 
23 I XXXXXXXXX)()(XXXXXX I 
24 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
25 J XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
26 I XXXXX)(xXXXXXXXXXXXXX)(XXXXXX I 
27 I XXXXXXXXX t 
28 IXXX I 
29 Ix t 
30 IX t 
31 txx I 
32 lX)()( t 

ITER It CHISQ 

XJr4IN. -.ZOE.Ol 

.137E+06 

XMAX .. .46E+OZ XSU'" • .2509E+04 

.................................. · . 

---- ---111 •• 1-------
----.. +-9BIee+.----
----.XHI.x .. ---- . 
----.) ZZI-----

· .................................. 
• I 1 

-.2020E+Ol .1600E+Ol .6910E.Ol .93Z3E+Ol .1101E+02 .lZ94E+02 .1487E+02 

Z X A M Q fI 1 
.1656E+02 • 1717E+02 .1898E.OZ .2163E+02 .2429E+02 .2598E+02 .279lE+02 

i • • • • • " 
.Z960EtOZ .3322E+02 .3756E+02 .3997E+02 .4190H02 .4383E+02 .4552E+OZ 

• • 4625E+02 

•• lJ>' 



XYGRF PRINTOUT 

. SYM80L . 
PLOT RANGE 

MINIMUM 
-.U2E+00 
-.142E+00 

MAXIMU"I 
.858E+01 
.858E+Ol 

INTERCEPT 
THE Y-INTERCEPT. 15. 

1 I XXXXXX I 
2 IX XX X I 
3 I XX 1 
4 IX I 
5 IXX t 
6 I xxxxxxxxxxx 1 
7 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
8 I xxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx I 
C) t XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 

10 1 XXXXXXXXXXX r 
11 IXXX 1 
12 tXX I 
13 txxXX I 
14 IXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
15 I XXX xx XXXXXX XXXX X XXXX X XXXXX X xxxxxxxx xxxxxxxx xxxxxxxxxxxxxxx XX t 
16 I XXX XX Xxxxx X XX XX XXX X XX X XXXX XX X XXXXXXXXXXXXXXXX X xx XX X XXX X XX X XXXXX xxxxxxxxx I 
17 I XXX XX xxxxxxxxxxx XX X XX xxxxx xxxxxxxxxxx xxxxxx XXX XXXXX XXX xxx XXX X X X XXXXX XXXX J 
18 t XXXXX XXXXXXXXXXX XXXXX XX XXX XXXXXXXXXXXXXXXXX XXX X X XXXXXXXXX X XX I 
1 C) I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
20 IXXXX 1 
21 !XX I 
22 IXXX I 
23 t XXXXXXXXXXX t 
24 tXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
25 t xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
26 IXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXX I 
27 1 XXXXXXXXXXX I 
28 (XX I 
29 I X I 
30 IXX t 
31 txxxX I 
32 I XXXXXX I 

ITeR 5 CHI SQ .771E+05 

XMIN. -.26E+Ol XMAX • • 47E+02 XSUM • .2502E+04 

.................................. . . 
---.-.-._---

- ..... -.... -..... -

-.. ---, .... ,_ ... _-.. -
-.. --.M"'''''·-··-
---1 .... 1----
---... -11--... -

.................................. 
• I I 

-.Z615E+Ol .1101E+Ol .6568E+Ol .9050E+Ol .1079E+02 .1271E+02 .1476£+02 

1 X AM B • IJ 
• 1650E+02 .1174E+02 • 1898E+OZ .2171E+02 .244+E+02 .2618E+02 .. 2816E+OZ 

• • • • • • • • .2990E+02 .3362E+02 .3809E+02 .4057E+02 .4256E+02 .4+5U+Q2 .4628E+02 

XYGRF PRINTOUT 

SYM80L . 
PLOT RANGE 

MINI"IUM 
-.801 E+oO 
-.801E+OO 

MAXIMUM 
.711E+01 
.711E+Ol 

INTERCEPT 
THE Y ... tNn:RCEPT. 15. 

1 I XXXXXXXXXXX I 
2 I XXXXXXXX t 
3 I xxxxx 1 
4 IX I 
5 IX I 
6 t xxxxxxxxxxx I 
7 t xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
8 t X XX XX xxxxxx XXXXXXX X XXXXX XX XXXXX XXXXXXXXXX XX XXX XXXX XXX X X xx XXXXX X XXX xxxxxx I 
C) I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 

10 IXXXXXXxxxxxxxxxxx I 
11 I XXXXXXXXXXXX I 
12 I XXXXXXXXX I 
13 IXXX I 
14 t XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXX I 
15 I XXXXXXXXXX XX XXXXXX X XX XXx XX XXXX XXX X XXXX XXXXX XXXXXXXXXX X X XXX XXXX X I 
16 I xXX xx X XXXXX XXXX XXXX XX XXXXX Xxx XXXXX XX X X XX xx X XXXX XXXXx XX X X X XXXXX X xx X xx XX X t 
17 I XXX XX XX XXXXXX xxxx XX XXXXXX X XXXXXXX XXXX XX x XXXXXXX xxx X X XXXXX XX XXX XXXXXXXX X t 
18 I xxxxxxxxxxxxxxxxxxxxxxxxxx xxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
19 IXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
20 IXXX I 
21 IXXXXXXXXX I 
22 I XXXXXXXXXXXX I 
23 I xxxxxxxxxxxxxxxxx I 
24 I XXX XX XXXXXXXXXXX xx X XX XXX XX X X X XX XX XX X XXX X X X X XXx XXXXxx XX XX X XXXXX I 
25 I XXXXX XX XXX XXX xx X xx xxxxx XXX xx X XX XXXX xx X XXX X XXX X X xxxxxx l( XX l(X XX X XX XXXXXXXXX t 
26 I XXXXXXXXXXXXXXl(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX J. 
27 tXXXXXXXXXXX I 
28 IX 1 

;~ ,: ~XXXX ~ 
31 I xxxxxxxx t 
32 I xxxxxxxxxxx 1 
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8LANK COMMON REQUIRED 3554 , 674Z' 

BLANK COMMON REQUIRED 2742 

BLANK COMMON REQUIRED 1C)30 ( 3612' 

8UNK COMMON REQUIREO 1118 ( 2136' 

BL.ANK COMMON REQUIRED 30b 462' 

MAXIMUM SIze OF 8LANK COMMON THUS FAR. 3680 FLOATING POINT WORDS. 

EEEEE N N ODoO CCC 00000 N N GGG "RRR 
E NN NO 0 C CO QNNNG GR It 
Eee N N N 0 0 COO N N N G RltRP: 
E N NNO 0 e CO ONNNGGGRR 

ece 00000 N N GGGG R It EEEEE N N DODD 

REeONSTR.utTION FOR FAN 8EAM GECMETRY WITH CURVEO DETECTOR 

XMIN. -.26E+Ol XHAX • .47E+02 XSUM • .2502E+04 

.................................. . 

-·---'&eeel---._ -.. _.M-.._ ..... _ 
--1 .... 1---
---11---

. . . .................................. 
I I 

-.2615E+Ol .1107E+Ol .6568E+Ol .905aE+Ol .1079£+02 • 1217E+02 • 1476£+OZ 

Z X A M 8 • • • 
• 1650E+02 .1774hOZ • 1898E+02 .2171E+OZ .Z444E+02 .. 2618£+OZ • 2816E+02 

• • • • • • • • .2990E+02 .3362E+02 .3809E+02 .4057£+02 .4256E+02 .4+54E+02 • 4628E+02 

• .4702E+02 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 -.. 
0 .2 
0 .1 

.1 .2 
-.b -.4 -.- -.' 

.1 .2 
-.2 -.4 

.3 .0 
-.3 .2 

0 
0 
0 
0 
0 
0 
0 

.3 

.3 
-.1 
-.b 

.1 
-.1 

.1 
-.7 -.--.2 
-.3 

.8 
.5 -.3 -1.0 

0 .3 .7 
o -1.0 -.' 
0 .2 .0 
0 0 .1 
0 0 .2 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 1.0 
0 0 -1.1 .4 
0 .B -.7 -.2 

-.B .7 -.2 -.' -.4 .0 .1 -.1 
-.3 -.b .3 -.B 
-.0 -.7 -.3 -.0 

.1 -.. -.7 .3 
-.7 .3 -.B .. 
-.2 -.8 .b 3.1 

.4 -.2 -.0 '.1 
-.8 .2 1.2 '.3 
-.7 -1.0 1.1 '.b 
-.1 .1 1.3 b.1 
-.7 -.8 .3 0.' 

.7 .7 1.0 4.8 
-.. -.. .3 3.5 

.b .b -.1 1.1 
-.' -1.0 -1.0 -.2 

.3 .3 .. -.3 
-.2 -.b -.3 -.1 

.2 .7 1.0 .b 
• 1 .4 - .. -.b 

0 -.3 .8 1.6 
0 0 1.0 -.. 
0 0 0 .3 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 0 .2 1.0 -1 .. 1 
0 0 1.3 .8 -1.5 .0 .9 -1.0 

-.1 -2.6 .7 1.0 -1.0 .0 .3 -.4 
.9 -1.1 -.3 .. -.3 -.4 -.1 -.1 
.b -.1 -1.1 .. .1 -.B -.2 -.0 
.2 .3 -1.3 -.4 .1 -.3 .1 1.3 

-.1 -.4 .1 -1.0 1.0 3.' 3.7 ... 
-.3 -., .2 3.b 4.3 b.B b.b 7.1 

.2 1.2 3.1 7.1 b.l 6.3 7.7 b.b 
-.1 '.1 '.B b.' B.2 •• 4 B.2 b.3 
3.0 b.2 8.3 5.9 7.' b.' 7.2 b.' 
b.1 7.0 7.B b.O 7.0 7.' b.2 7 •• 
b.2 7.0 b.7 '.8 4.7 b.O 7.2 7.2 
7.' b.7 3.1 I.' I •• 3.b 7._ b.3 
7.b b.O 1.8 .8 .b 2.3 '.0 b.' 
b.b ... I.b I.b .6 .3 '.b b.4 
b.' 4.1 1.4 .b .b .7 3.' b.3 
7.1 b.O 1.0 .. .1 -.' 3 •• 6.0 
b.' 7.0 3.b .8 .5 2.0 5.b 11.0 
b.O b.' 5.b 3.7 3.1 5.' 13.) 34.2 
'.4 6.8 7.2 5.8 5.7 8.2 20.3 44.3 
3.b b.b 7.3 7.1 b.O b.2 21.2 44.1 

.3 4.0 5.8 b.1 '.1 4.7 12.9 35.5 

.1 .8 4.3 5.7 4.7 4.3 5.8 11.5 

.0 .3 .1 2.1 4.1 5.1 5.7 b.3 

.0 -.4 .5 -.5 1.1 2.' 3.3 4.1 

.1 .5 -.7 .1 -.1 -.b -.2 .1 
-.2 .. -.4 .2 .2 -.1 -.8 -.0 
1.6 -1.1 .4 .4 .4 .4 -.b .7 
-.8 -.1 1.2 .b -.3 1.1 -.5 1.0 

0 0 -.0 .. .1 .b .3 .6 
0 0 0 0 0 1.2 -.1 1.0 
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.4 

.3 

.1 
-.3 
-.b 

.9 
5.6 
7.0 
7.2 
7.' 
7.0 
6.b 
,.7 
7.3 
•• 6 
b.3 
5.' 
b.' 

21.6 
44 .. 6 
47.0 
47.0 
45.3 
20.9 
0.3 
4.7 
1.0 
-.2 
- .1 

.2 

.3 

.1 

o 
- .5 

.2 

.. 

.3 

.1 
-.3 
-.. 

.9 
5.6 
7.0 
7.2 
7 •• 
7.0 
b.b 
6.7 
7.3 
6.6 
b.3 
5 •• 
b •• 

21.8 
44.t, 
47.0 
47.0 
45.3 
20.9 

b.5 
'.7 
1.0 
-.2 
-.1 

.2 

.3 

.1 

.1 0 

.2 .1 
-.4 -.6 
-.9 -.4 

.2 .1 
-.4 -.2 

.0 .3 

.2 -.3 
-.3 .5 

.3 O. 
-l.O 

.2 
o 
o 
o 
o 
o 0 

o 
o 
·0 

·0 

-1.1 
-1.0 

-.' 
-.1 
-.0 
1.3 
5.5 
7.1 
b.o 
6.3 
b.' 
7.5 
7.2 
0.3 
6.' 
b.' 
b.3 
b.O 

11.0 
34.2 
44.3 
44.1 
35.5 
1l.5 
,.3 
4.1 

.1 
-.0 

.7 
1.0 
.b 

1.0 

1.0 .2 0 0 
.9 .0 -1.5 .a 
.3 .0 -l.O 1.0 

-.1 -.4 -.3 .9 
-.2 -.a .1 .5 

.1 -.3 .1 -.' 
3.7 3.' 1.0 -1.0 
6.6 6.a 4.3 3.6 
7.7 6.3 6.1 7.1 
a.2 5.' a.2 6.' 
7.2 b.' 7.9 5.' 
'.2 7 •• 7.0 b.' 
7.2 '.0 4.7 •• a 
7.' 3.6 1.' 1.' 
5.0 2.3 .6 .a 
4.b .3 .. 1.b 
3.5 .7 .b ., 
3. ~ -.5 .1 .5 
5.b 2.' ., • a 

13.3 5 •• "3.1 '3.7 
20.3 8.2 5.7 5.a 
21.2 b.2 b.' 7.1 
12.9 •• 7 5.1 b.l 
:.8 4.3 '.7 5.7 
5.7 5.1 '.1 2.1 
3.3 2.' 1.1 -.5 
- .2 -.b -.1 .1 
-.8 -.1 .2 .2 
-.6 .. .4 .. 
-.5 1.1 -.3 .b 
.3 .b .1 .b 

-.1 1.2 0 0 

SSS EEEEE 
5 E 

SSS HE 
5 E 

SSS EEEEE 

0 0 0 0 0 0 
1.3 0 0 0 0 0 0 
.7 -Z.E> -.1 0 0 0 0 

-.3 -1.7 .9 1.0 0 0 0 0 
-1.1 -.1 .6 .. -l.l 0 0 0 
-1.3 .3 .2 -.2 -.7 .6 0 0 

.1 -.' -.1 -.. -.2 .7 -. a 0 

.2 -.5 -.3 -.1 .1 .0 - .. .3 
3.1 1.2 .2 - .. • 3 -.6 -.3 .3 
5.a 5.1 -.1 -.0 -.3 -.7 -.0 -.1 
8.3 b.2 3.0 .3 -.7 -.~ .1 - .. 
7.' 7.0 0.1 .. -.a .3 -.7 .1 
b.7 7.0 '.2 3.1 .b -.a -.2 -.1 
3.1 b.7 7.5 5.1 -.0 -.2 .. .1 
1.8 6.0 7.b ~. 3 1.2 .2 -.a -.7 
1.b 5.5 b.o 5.6 1.1 -1.0 -.7 -.' 
1.' '.1 , .. '.1 1.3 .1 -.1 -.2 
1.0 6.0. 7.1 ... .3 -.a -.7 -.3 
3.b 7.0 6.0 .. , 1.0 .7 .7 .a 
5.b b.9 b.' 3. ! .3 -.9 - .. -1.0 
7.2 b.8 5.4 1.1 -.1 .b .b .7 
7.3 b.' 3.b -.2 -1.0 -1.0 -.' -.9 
5.a '.0 .3 -.3 .5 .3 .3 .0 
•• 3 .a .1 -.1 -.3 -.s -.2 .1 

.1 .3 .0 .6 1.0 .7 .2 .2 

.5 -.4 .0 -.b -.' .4 .1 0 
-.7 .5 .1 1.6 .8 -.3 0 0 
- .. .. -.2 -.!: 1.0 0 0 0 

.4 '-1.1 1.6 .3 0 0 0 
1.2 -.1 -.a 0 0 0 0 
-.0 0 0 0 0 0 

0 0 0 0 0 0 

TTTTT u U pppp 
T U U P P 
T U U pppp 
T U U P 
T UUU P 

INTEGER PARAMETER ARRAY IIPAQ) 

b 
7 
8 

• 10 
11 

12 

32 
o 
2 

36 
5 

b7 
1 

3000 
1 
o 
5 

DESCP.lPTION 

LI NEAR 0 IMENSI ON OF THE R EC QNSTRUC T I ON ARRAY 
RECONSTRUCT IN A C lR.CUlAR ARRAY 
GEOMETR Y flAG 
FAN BEAM GEOMETRY IFLAT DETErT:)~J 
NUMBE~ OF PROJECTInN ANGLES 
MODE FOR. PROJECTION ANGLE INPUT (SEE FOLLowING LINES. 
)'NGLE5 GENERAl EO BETWEEN ZERO AND 2."] 
STARTING AT ZER('\ 
NUMSE~ OF RAyS FOR EACH PROJECTION 
TRANSIolI SSION DATA 
Ol"'ENSION OF THE FL.OATING PC'INT USERS BL.A"4K COMfltON BLOCK 
NUMBER fJf' WORDS FOR A FLOATING POINT VAII.IA.BLE 
EXECUTE THE RECONSTRUC.TIDN (NuT JUST STORAGE SIZE TEST I 
PRINT flAGS COPTIONS SELECTED ARE: ON THE FOLLOWING LI!'lESJ 
PPINT REQUIRED flOATING P'JINT BLANK COMMON WI-IENEVER CHM!GED 
PI<INT SETuP VALUES HOM IPAR AND PAP ARRAYS 
LOGICAL UNJT NO. FOR ATTENUATION FACTOR STOR.aGE 

FLGATING POINT PARAMETER ARRAY (PAP.I 

PAI:I.( I) 

1.330 

33.000 
65.000 

OESCRIPT ION 

PIXEL WIDTH IN UNITS OF PROJECTIOfl.j elN wtoTH AT CENTER QF 
ROTATION 
LOCATION OF THE ClOTATION AXIS IN THE PROJECTION ARRAY 
DISTA\lCE FRO~ SOURCE TO CENTE" Of '~OTATION FO", FAN BEAM IN 
UNITS OF PRDJECTtf1N ~IN WIDTH AT CENTER OF ROTATION 

BLANK. CO"l"lON PEOUIR.EO 3. .., 
BLANt" COM'''ON QEOUtRED 72 1101 

loa 154) 

fLANK COMMO"l I:I.EQUIRED 24 , 3f.21 

BLANK COMM:J~ REQUIRED 30; 4621 

A TOTAL OF 49 I 9 THRU 571 OF THE 67 USER PROJECTION BINS WILL BE USED 

it9 PROJECTION BINS WIlL BE USED OF WHICH 0 HAVE BEEr.' ZEROED B'r TI-IE PRoGia"l 

"'AXIMU"I SHE OF BLANK COM'ojON THUS FAR" 3680 FlOATING POIN":' WORDS. 

EEEEE N N DODD S5S EEEEE TlTTT U U PPPP 
E NN NO 0 SET U U P P 
EEE N N N D 0 SSS EEE U U pppp 
E N NN 0 0 S E U U p 
EEEEE N N DODO SSS EEEEE UUU P 

CCC 00000 N N GGG "R~P 
C Co ONNNG GR 
COO N N N G RIIRR 
ceo 0 N NN G GG R R 

CCC 00000 N N GGGG R ~ 

1ST? -
IRLX -
IERR -
IlER -

PARAMETERS FOR SUBROUTINE CONGR 

OEsell I PT ION 

NUMBER OF ITERATION STEPS 
ITEIlATIVE RELAXATION METHOD 
00 NOT USE ERROR AIlRA'r 
INITIAL SOLUT rON IS ZERO 

BAeKPIlOJECTION AND PROJECTlON/CONVOLuTIONfFllTER P,CuTINES 
PERFORM THE FOLLOWING FUNCTIONS 

ARG 
aeK 
PRJ 

FUNCTION 
BACKPIlOJ ECT I ON 
PROJECTION 

BLANK COMMON REQUIRED 

BLANK COMMON REQUIRED 

BLANK CO/olMON REQUIRED 

BLANK COMMON REQUIRED 

BLANK COMMON REQUIRED 

PHANTOM GENERATED 

RAy wEIGHTING 
CONCAVE DISK 
CONCAVE DISK 

. ATTENUATION 
NO 

404 6241 

1116 1 23001 

2028 I 3754) 

2Blt0 (54301 

3652 I 71041 

"ppp H H AU N 
PPHHAANNN 
pppp HHHHH A ANN N 
P H AAAAA N NN 
P HA AN '" 

NO 

ARRA'r SIZE 32 X 32 INTEGRATION FACTOR., 10 SCALING FAC TOR 
NUMBER OF ELI PSE S AND/OR RECTANGLES or 4 
THE PARAfrIIETERS FOR THE ELLIPSES AND/OR IlECTANGLES ARE 

x,V - CENTER 
A,8 - LENGTH OF AXIS all SIDE A AND 8 
PHI - ANGLE OF AXIS Olt SIDE A 
DENS - INTENSITY 

THE PARENTHESIS INDICATES THE SCALED VAlUE 
ITYPE X Y 

.1 - ELLIPSE 0 , 
OJ ,I 

- ELLIPSE 

o 
OJ( 

-E;.65 
-5.001 ( 

• 26.60 , 
20.001, I 
6.o? t . 

a PHI 
2E..60 
20.001 
6_~~ 

~.ool 

FAN BEAM 
YES 
YES 

.752 

OE~S 
~ .00 
6.651 

21.00 , 35.911 
- ELU ?SE 

o • 
OI,C 

6.65 , 
5.00) d 

-6.65 , 

o 
011 
o 
OJ( 

3.001, I 
9.31 , 
7.001,( 
<::.31, 
7.001, ( 

6.65 1.57 -4.00 
5.00) , -~:321 

- ELL IPSE 6.65 1.57 -It.oo 
I -5.001'( 5.001 , -!.32J 

EEEEE N N DODO PP?? H H ~U N N 
E NN N a a P P H H A A NN N 
EEE N N NOD P?PP HHHHH A ANN N 
E N NN 0 0 P '"I AAUA N NN 
EEEEE N N DODO P HA AN N 



XMIN • XHAX • e43E.OZ XSUM • eZ501E·04 

.•..•...................•......... . . 
------------------------------------------------

----...... --------8 .... &-----
---+ .. 1+-----

--·11·----

. .................................. 
. I 1 

0 e 3192E+Ol e 7814E.Ol e 1000E.02 .IU~E+02 .1319E·OZ .1490E·OZ 

1 X A M. e • • e 1639E+OZ e1745E+02 .1851E.02 .2085E+02 e2320E.02 .2468E.02 .2639£+OZ 

• • • • • • • • Z788E+02 e3107e·OZ .3490E+02 .3703e.02 .3813E.02 .4043E.OZ .4192E+02 

• • 4256E·02 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 o· 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 .2 2.< <.S 5.8 
0 0 0 0 0 0 0 0 0 0 2.3 6.0 6.7 6.7 6.7 
0 0 0 0 0 0 0 0 .1 <.0 6.7 6.7 6.7 6.7 6.7 
0 0 0 0 0 0 0 0 <.0 6.7 6.7 6.7 6.7 6.7 6.7 
0 0 0 0 0 0 0 2.3 6.7 6.7 6.7 6.7 6.7 6.7 6.7 
0 0 0 0 0 0 .2 6.0 6.7 6.7 6.7 6.7 6.7 6.7 6.7 
0 0 0 0 0 0 2.< 6.7 6.7 6.5 <.5 < •• 6.' 6.7 6.7 
0 0 0 0 0 0 <.5 6.7 6.7 2.0 1.3 1.3 2.0 6.7 6.7 
0 0 0 0 0 0 5.0 6.7 '.3 1.3 1.3 1.3 1.' 5.' 6.7 
0 0 0 0 0 0 6.6 6.7 <.1 I.' 1.' 1.' 1.' <.1 6.7 
0 0 0 0 0 0 6.6 6.7 <.1 1.' 1.' 1.3 1.' <.1 6.7 
0 0 0 0 0 0 '.0 6.7 5.' 1.' 1.' 1.3" 1.' ... 6.7 
0 0 0 0 0 0 < •• 6.7 6.7 2.0 1.' 1.' 2.0 6.7 9.5 
0 0 0 0 0 0 2.< 6.7 6.7 6.5 < •• < •• 6.' 9.5 39.0 
0 0 0 0 0 0 .2 6.0 6.7 6.7 6.7 6.7 6.7 2Z.5 ~Z.6 
0 0 0 0 0 0 0 2.' 6.7 6.7 6.7 6.7 6.1 22.5 ~2.6 
0 0 0 0 0 0 0 0 <.0 6.7 6.7 6.7 6.7 9.5 39.0 
0 0 0 0 0 0 0 0 .1 0.0 6.7 6.7 6.7 6.7 9.S 
0 0 0 0 0 0 0 0 0 0 2.' 6.0 6.7 6.7 6.7 
0 0 0 0 0 0 0 0 0 0 0 .2 2.< 0.' '.0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 
0 0 • 0 0 0 • 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6.6 6.6 5.' <.5 2 •• .2 0 0 0 0 0 0 0 0 0 
6.7 6.7 6.7 6.7 6.7 6.0 2.' 0 0 0 0 0 0 0 0 
6.7 6.7 6.7 6.7 6.7 6.7 6.7 <.0 .1 0 .0 0 0 0 0 
6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 < •• 0 0 0 0 0 0 
6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 2.' 0 0 0 0 0 
6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.7 6.0 .2 0 0 0 0 
6.7 6.7 6.7 6.7 6.' <.5 < •• 6.' 6.7 6.7 2.< 0 0 0 0 
6.7 6.7 6.7 6.7 2.0 1.3 I.' 2.8 6.7 6.7 < •• 0 0 0 0 
6.7 6.7 6.7 5.' I.' 1.' 1.' 1.' 5., 6.7 ... 0 0 0 0 
6.7 6.7 6.7 <.1 1.' 1.' 1.' 1.3 0.1 6.7 6.6 0 0 0 0 
6.7 6.7 6.7 <.1 1.3 1.' 1.3 1.' <.1 6.7 6.6 0 0 0 0 
6.7 6.7, 6.7 ., .. "1.3 1.' 1 •• 1.3 ... 6.7 '.0 .0 0 0 0 

22.5 22.' 9.' 6.7 2.' 1.' 1.' 2.8 6.7 6.7 < •• 0 0 0 0 
~2.6 42.6 39.0 9.' 6.' 0.' 0 •• 6.' 6.7 6.7 2.0 0 0 0 0 
'U.6 42.6 42.6 22.' 6.7 6.7 6.7 6.7 6.7 6.0 .2 0 0 0 0 
42.6 42.6 42.6 22.5 6.7 6.7 6.7 6.7 6.7 2.' 0 0 ·0 0 0 
42.6 42.6 39.0 9.' 6.7 6.7 6.7 6.7 0.0 0 0 0 0 0 0 
22.5 22.5 9.' 6.7 6.7 6.7 6.7 0.0 .1 0 0 0 . 0 0 0 
6.7 6.7 6.7 6.7 6.7 6.0 2.' 0 0 0 0 0 0 0 0 
6.6 6.6 '.0 0.' 2.0 .2 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" 0 ·0 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 

BLAtt< COMMON REQUIR EO 368~ I 7144' 

BLANK COMMON REQUIRED 3652 ( 1104) 

ITER 
ITER 

CHISQ 
CHISQ 

.210E.08 

.~50E.07 

XMAX • .11E.02 X5UM • .2976E+04 

.................................. · ---.---.-- . 
--····.+,1111111 I 1 •• ···.--

• --·.· •• IlIIXXXXxxI111+.· •• - • 
• --·· •• 'IIIXXAA"'MAAXXIllt+··· __ • 
• -···.+llX .. MMAMJIIIMMAM,..AXIl++···- • 
.-•••• ) lIIXXAMMH99MMMAXXlll) •••• -. 
.-••• + '1IIXXx"''''ee9B"/IIXXXIII J ...... . 
.-••• + 1Z XXX A"'/II88I199M/II Axxxl J •••• -. 
.-•••• ,1IXXAMeII,.n.sMAxXll J •••• -. 
.-•••• IIIA/IIM9 .. -..eaMMAZl J + ••• -. 
• ••• •• ,IxMS ....... '.e ... xII •• ••• • 
• -·· •• )IIAMe ....... 9MAI11+···- • 
• -····',IxM"'9HneMNXII) ... ·_ " 

- ••• +., J lXA""~fIiIIMAXI J I ++ ••• -
•••••• )11 Ul11 J J •• _ •• 

- ••••••• , J, J.+ ••••• -.............. . ......•..•........•............•.. 
• I 1 

159 

o .8473E.OO .2090E.Ol .2655E.Ol .3050E+Ol .3502E+Ol .3954E+Ol 

I X A /III 8 • • 
.~n9E.Ol .4632E.Ol .4914E.Ol .5536E+Ol .6157E.Ol .6552E+Ol .7004E.Ol 

• • • • • • • .HOOe.Ol .8247E.Ol .9263E+Ol .9828e.Ol .1028E.02 .1073E.02 .1113E+02 

• .1130E·OZ 

XYGRF pRINTOUT 

SYMBOL . 
PLOT RANGE 

IX 
!XXX 
IXXXXlt 

MINIMUM 
.203E·Ol 
.203E+Ol 

!Xxxxxxxx 
IxxXxxxxxxxxx 
IxXxxxxxxuxxxxxxxxx 

MAXI/IIUM 
.706E.Ol 
.706E.Ol 

I xxxxx XXXXXXXXXXX XXXXXXXXXX X 
I xxxxx XX xxxxxxxx xxxxx X XXXXX XXXXXXX 

9 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
10 I xxxxxxxxxxxxxxxxxxxxxxxxxx XXXXX xxxxx X 
11 I xXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

INTERCEPT 
THE V-INTERCEPT· 15. 

12 I xxxxx XXXXXXXXXXX XXXXX xx xxx xxxxxxxXXXXXX xx x xx 
13 I xxx xx xxxx xxxxxx X XXXXX xx xxx xxxxxxx xx xx x xx x XXXXXX x xx 
14 I xxx xx xxxxxxxxxxx XXx xx xxxxx xx xxxxxxxxxxxxxxxxx xx xxxxx XX XXX X xxxx 
15 I XXXXXXX XXXXX X xx X xxxxx XX xxx XXXXXXXXXXXXXXXX xxxx X XXX xxxx X xxxxxxx XXXX xxx I 
16 I xxx XX xxxxxxx X xxx xx X XXXXXXX xxxxxxxx xx xxxxxxx xxx x x xx XXXX xxxxxxx X X xxx xxx xxx I 
17 I xxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
IB I xxxxxxxxx x x xxxxxxxx xxxxxxx XXXXX xxx XXXXXXX xxxxx X}t XX XXXXXX XXXXX xx xxxxx x I 
19 I xxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
20 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
21 I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx t 
22 IxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
23 I XXXXXXXXXXXXXXXXXXXXX)(XXXXXXXXXXXXXXX I 
2~ I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
25 I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx J 
26 I XXXXXXXXXXXXXXXXXXXXXXXXXXX J 
27 I XXXXXXXXXXXXXXXXXXX I 
28 IXXXXXXXXXXXX I 
29 IXXXXXXxx I 
30 IXXXXX I 
31 IxxX I 
32 IX J 
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ITER 2 CHISQ .895E+06 

XMI N. -.15E+01 XMAX • • 32E+02 xsu~ • .2458E+04 

.................................. 

--...... ++++ •••• "'--
-----••• +++++------
------++ I J ++.--------------.J 111 ... -------
-----. +!X,",MX 1 .-----
--••• 'ZeeHeeIJ .a. __ 
---.llAIUn9AIJ.·--
--•• lZ ...... Zl+·--

--_.IZJr48BMZI. __ _ 

-----.".----

+ I 1 
-.1503E+Ol .1037E+Ol .• 4762E+Ol .6456E+01 .161t1E+Ol .8995£+01 .1035E+02 

I X A M 9 • • 
.1154E+02 .1238E+02 .1323E+02 .1509E+02 .it95E+02 .1814E+02 .1949E+02 · . , . . . . 
.2068E+02 .2322E+02 .2627E+02 .2796€+OZ .2Q31E+02 .3067E+02 .3185E+02 

• .3236£+02 

XYGRF PRINTOUT 

Sy",eOL . 
PL.OT RANGE 

MINIMUM 
-.777E+OO 
-.177'HOQ 

MAXIMUM 
• 130E+02 
.130e+02 

t NTERCEPT 
THE Y-INTF.I\CEPT. 15 .. 

1 IXX 1 
2 IX I 
3 IX I 
... IX I 
5 .IXXXX I 
6 I XXXXXXXXXX I 
7 I XXXXXXXXXXXXXxxxxxxxx I 
8 IXXXXXXXXxxxxxxxxxxxxxxxxxxxx I 
9 t XXXXXXXXXXXXXXXXXXXXXXXXXXXXX t 

10 IXXXXXXXXxxxxxxxuxxxxxxxxX I 
11 IXXXXxxxxxxxxxxxxxxxxxxxxxxxx I 
12 IXXXXXxxxxxXXXXXXlI.xxxxxxxxxxxxxxX t 
13 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
1~ I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1 
15 I X XXXX X X xx XXXX XXXX X X XX XXXXX X XXX xxxx X xx XX X X X X XXXXXXX xx XX X X XX XXXXX xxx 1 
16 I X X X XX X X XX XXXXXXXXX XXXXXX XX XXXXX XXXX X X XX X X X XXXXXXX XXXXX XXXXXXX X X XXXXXXXXX I 
17 1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)()(xxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXX I 
18 I XXX XXXX XX XXXXXXXXXXXXXXXXX XXX XXXX xx XXXXXX X X XXxx XXXX XXX XXX X XXXX XXXX I 
19 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
20 txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
21 IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
22 IXxxxxxxxxxxxxxxxuxxxxxxxxxx t 
23 I XXXXXXXXXXXXXXXXXXXXXXXXXX I 
24 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
25 {Xxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
26 I xxxxxxxxxxxxxxxxxxxxx I 
27 I XXXXXXXXXX t 
28 IXXXX I 
29 IX I 
30 IX I 
31 IX I 
32 IXX I 

ITER 3 CHISQ .32ZE+06 

X"!IN. -.17E+Ol )(MAX • .ltlE+02 XSUM • 

--:----. I 11 ,.------
------+ZSHIZ+-----
---·-I .. n81·· .. --
·--c+MnHM+·--

---:-·+IAA1+·---

+ I 1 
-.1750E+Ol .11t88e+Ol .6237E+Ol .8396E+Ol .o;.~07E+Ol .1163E+02 • 1336E+02 

x 
• 1487E+02 .1595e+02 .1703E+02 .!940E+02 .2178E+02 .2329E+02 .2502E+02 

• • I • • • • 
.2653E+02 .2977E+02 .3365E+02 .3581E+02 .3754E+02 .3926E+02 .4077E+02 

• .4142E+02 

KYGRF PRINTOUT 

SYMBOL . 
PLOT RANGE 

MINIMUM 
-.547E+00 
-.5~7e+00 

MAXIMUM 
• 109E+02 
.109E+02 

INTERCEPT 
THE Y-INTERCEPT. 15 • 

IXXX I 
IX I 
IX I 
IX .1 
IXXX I 
I XXXXXXXKXX ! 
I XXXXXXXXXXXXXUXXXXXXXXXXXXXX J 
1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX t 
I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 

10 1 XXXXXXXXXXXXXXXXX I 
11 I XXXXXXXXXXXXXXX 1 
12 I XXXXXXXXXXUXXXXX I 
13 1 XXXXXXXXXXXXXXXXXXXXXX J 
1~ I XXXX)(X)(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
15 I XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX J 
16 I XXXX)( XX XXx)( Xx)(XXXXXXXXXXXX X XXX X Xx)(X XX XX XXXXXXXX XXX XXXX XXXX X XXX XXXXXXXX XX I 
17 I XXXXXXXXXXXXXXX)(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
18 I XXXXX xx XXXXXXXXXXXXX xxx X xx xxxxxxxxxxxxxxxx XXXXXXX X X xxxx xxx xxxx X t 
19 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX J 
20 tXXXXXXXXXXXXXXXXXXXxXX I 
21 IXXXXXXXXXXXXXXXXX t 
2:2 I XXXXXXXXXXXXXXX I 
23 I XXXXXXXXXXXXXXXXX I 
24 t XXX xxxxxxxxxxxxxxxxxxxxxxx XXXXXXX 1 
25 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
26 t XXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
27 t xxxxxxxxxx t 
28 IXXX 1 
Z9 Ix t 
30 IX I 
31 IX 1 
32 IXXX I 

ITER 4 CHISQ 

XMIN. -.21E+01 XMAX • .46E+OZ .2519E+Q4 

.................................. · 

-----1 .... 1-----.-.--
---X"'X--
-----IZZ}---

· · 
.. 

.................................. 
• I 1 

-.2071E+Ol .1567E+Ol .690.3E+Ol .9328e+Ol .1l03E+OZ .1Z97E+02 .1491E+02 

Z X A '" e I • 
· .1660E +02 .1782£+02 .1903E+02 .2170£+02 .2437E+02 .2606E+02 .2800E+02 

• • • • • • • • .2970E+02 .3334€+02 .3770E+02 .1t013E+OZ .1t207E+02 .4401£+OZ .~571E+02 

• • 461t4E+02 

XYGRF PRINTOUT 

SYMBOL . 
PLOT RA.NGE 

MiNIMUM 
-.166E+00 
-.166E+00 

MAXIMUM 
• B44E+01 
.844E+Ol 

INTERCEPT 
THE Y-INTERCEPT - 15 • 

1 I xxxxxx I 
2 IXXXX I 

.3 IXX I 
~ IX 1 
5 IXx 1 
6 I XXXXXXXXXXXX I 
7 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1 
8 J XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX T 
9 I XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXX t 

lO I XXXXXXXXXXX t 
11 !XXXX I 
12 !XX I 
13 IXXX I 
14 txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
15 I XX XXX XX XXXXXXXXXXXXXX XXX XX XXXXX XXXXXX xx XXXXXXX X X XX XXXXXXX XXX t 
16 I XXX XXXX XXXX XXXXX XXX XXXX X XX XXXXXXX XXXX XX X X XXXXX X Xxx X XXX XXX XXXXXXXXXXXXX XX I 
17 I XXX xxxx XXXX XXXXXXXX XXXX xxx X XXXXXXXXXX X X XX X X XXXXXXXXXXXXXXXXXXXX XXX X xxxxx 1 
18 I XUXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxx t 
19 IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX t 
20 IXXX ! 
21 txx I 
22 Ixxxx 1 
2J IXXXxxxxxxxX J 
24 tXUXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX t 
25 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxxxxxxxxx ! 
26 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
27 IXXxxxxxxxxxx 1 
28 I XX J 
29 IX I 
30 !Xx I 
31 txxxx I 
32 I XXXXXX J 

I .-



ITER , CHISQ .773E+05 

XI'UN. -.27E+Ol XMAX _ • 47E+02 xSUIrIII • 

.................................. .. . 

-. _____ '"11'--------· ____ ",n"M __ • __ 
---1 .... 1----
---+11+----

.................................. 
• I 1 

-.2687E+01 ol056E+01 .6547E+01 .CJ043E+01 .107CJE+02 .127CJE+02 .1478E+02 

I X A '" t:I • 1 
.lU3E+02 • 1778H02 .lCJ03E+02 .2177E+02 .24S2E+02 .2626E+OI .2826E+02 

1 1 1 1 • • • • 
.300lE+02 .331SE+02 .3824E+02 .4074E+02 .4274E+02 .4·H3E.+02 .4b48E+02 

• .4723E+02 

XYGRF PRINTOUT 

SYMBOL . 
PLOT RANGE 

MINIMUM 
-.802E+OO 
- .. B02E+OO 

"'AXI"'UM 
• 7Z5E+01 
.. 72'E+Ol' 

INTERCEPT 
THE Y-INTE~CEPT· 15 • 

1 J xxxxxxxxxxx I 
2 IXXXXXXX J 
3 IXXXXX I 
4 IX .1 
, IX I 
6 IXXXxxxxXXXXX I 
7 I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
8 I xxx xx xxxxxxxxxxxxxxxxxxxxx XXXXXXXXXXXXXXXXX xxxxxxxxxxxxxxx XXX X XXXXXXXXXX I 
9 I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXUXXXXXXXXXXXXX I 

10 I XXXXXXXXXXXXXXXXX I 
11 I XXXXXXXXXXXX I 
12 I XXXXXXXXX I 
13 IXXX I 
14 I xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 1 
15 1 XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
16 I XXX XX XXXXXX XX XXXXXX xx XXXXX XXXXXXXXXXXXXXX XXXXXXXXXXXXX xxx XXXXXXXX xxx I 
17 I XXXXXXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
18 IXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 
19 IXXXXXXXXxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXX I 
20 IXXX I 
21 J)(XXXXXXXX I 
22 I XXXXXXXXXXXX t 
Z3 IXxxxxxxXxxxxxXXXX I 
24 IXXXXXXIIXXXXXXXXXXXXXXUXXXXXXXXXXXXXXXXXXXXXXUU)(XXUXXXXXX I 
Z, I UUXXXXXXXXXXXXXXXXXXXUXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXUXXXXXXXXXXI 
Z6 I XXXXXUXUXXXXXXXUXXXXUXUUXUXXXXXXXXXXXXUXUXXXXXX I 
27 I XXXXXXXXXXXX I 
28 IX I 
Z9 1 X I 
30 IXXXXX I 
31 1 xxxxxxx 1 
32 I XXXXXXXUXX I 

BLANK CO"'"ON REQulREO 3554 C 674ZI 

BUN< CO"'MON REQUIRED 2742 C 5Z66' 

BLANK COMMON REQUIRED 1930 ( 361Z J 

BLANK COMMON REQUIRED 1118 ( 21361 

BLANK COM"ON REQUIRED 306 46Z1 

MAXIMUM SIZE OF BLANK COMMON THUS FAR- 3684 FLOATING POINT WO~OS. 

EEEEE N N DODD 
E NN NOD 
EEE N N NOD 
E NNNDD 
EEEEE N N DODO 

CCC 00000 N N GGG RR~~ 
e CO ONNNG G~ R 
COO N N ~ G R~RR 

C eo ONNNGGG~~ 
eec 00000 N N GGGG R R 

RECONSTRUCTtON FOR FAN BEAM GEOMETIly WITH FLAT DETECTOR 

XMIN. -.21E+Ol XMAX • • 47E+02 Xsu'" • 

. ................................ . . . 

- •• ---- 1 Met! J ---_.-
-_·---"'.nl"'----
-----1".11-----
----+11+-----

. . ................................ . 
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• I 1 
-.Z687E+01 .1056E+01 .651t7E+01 .CJ043E+Ol .1079E+OZ .1Z7'9E+02 .lIt78E+02 

z X A M 8 1 9 a 
.lb53E+02 .1778E+OZ .1903E+OZ .Zl71E+02 .2452E+02 .2626E+02 .Z826E+02 

1 • 1 1 • • • 
• 300lE+OZ .3375E+OZ .3824E+oi .4074E+OZ .o\-znE+02 .44!3E+OZ .4648E+02 

• .4723E+02 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 -.. 
0 .3 
0 .1 

-.0 .2 
-.6 -.5 

.1 -.7 
-.0 .. 
-.3 -.. .. -.1 
-.. .2 .. -.3 

0 .2 
0 - .. 
0 .3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

.4 .. 

.3 .3 
• 1 .1 

-.3 -.3 
-.6 -.6 

.6 .6 ... ... 
7.2 7.2 
7.2 7.2 
7.3 7.3 
7.0 7.0 
6.' 6.' 
6.7 6.7 
7.3 7.3 
6.5 6.5 
6.2 6.2 
5.3 '.3 
6 •• 6 •• 

21.8 21.8 
1t4.5 44.5 
1t6 .. 9 46.9 
1t7.2 47.2 
1t'.1 1t5.1 
Zl.8 21.8 
6.7 6.7 
5.0 5.0 
.7 .7 

- .. -.4 
-.1 -.1 
.l .1 
.3 .3 

-.0 -.0 

0 
0 
0 
0 
0 
0 
0 

.2 
.] 

-.2 
-.5 

.2 
-01 

.0 
-.7 
-.1 
-.3 
-.3 

.7 
"1 .. 0 .. 
-.6 
-.1 

.6 
-.0 

0 
0 
0 
0 
0 
0 
0 

-1.0 
-1.0 
- .. 
-.1 
-.0 
1.1 
'.B 
7.2 
6.7 
6.3 
6.' 
7.' 
7.2 
6.2 
6 •• 
6.' 
6.2 
5.' 

10.9 
34.1 
... 3 
40\-.1 
35.4 
12.1t 
6.' 
4.2 
-.3 
-.0 

.7 
1.0 

• 5 
1.1 

0 0 0 0 0 0 
0 0 0 0 0 1.' 
0 0 0 -.1 -2.7 .6 
0 0 0 .. .. -1.7 -.3 
0 o -1 .. 0 .. .6 -.1 -1.8 
0 .B -.6 -.2 _2 .Z -1.2 

-.7 .7 -.1 -.B .0 -.. • 1 -.. .0 .1 -.2 -.3 -.7 -.1 
-.3 -.. .. -.B • 2 .. 3.1 
-.0 -.B -.2 -.1 -.. '.1 6.1 

.1 . -.S -.6 .3 2.7 6.' B.' 
-.B .. -.. .2 6.3 7.1 7.' 
-.1 -.B .. 2.' 6.' 7.0 6 •• .. -.1 -.3 '.1 7.6 6.6 3.3 -.. .1 1.0 ... 7 •• 5.9 1.' 
-.6 -1.1 .7 6.1 6 •• 5.3 1.7 

.1 • 3 .. 6.' 7.2 3.' 1.' 
-.B -.B .. . .. 7.3 . .. 1.0 

.B .7 .7 '.0 7.3 6 •• 3.7 
-.9 -1.0 .1 3.2 7.2 7.3 S.B .. .6 -.2 .7 ... 6.7 7.' 
-.B - .. -1.1 -.. 3.1 6.6 6.' 
.2 .2 .6 -.3 .1 '.0 6.1 
.3 -.1 .2 .. .6 1.0 '.B 
.0 .5 .B .5 -.2 .0 -.3 
.2 .. -.B -.6 • 1 -.. .. 

0 -.3 .7 1.' -.1 .2 -.B 
0 0 .. -.6 -.3 .. -.3 
0 0 0 .3 1.6 - .. .6 
0 0 0 0 -.. -.3 1.0 
0 0 0 0 0 0 • 0 
0 0 0 0 0 0 0 

1.0 .1 0 0 0 0 0 
1.0 .0 -1.5 .7 1.' 0 0 

.3 .1 -1.0 1.0 .6 -2.7 -.1 
-.1 -.. -.3 .. -.3 -1.7 .9 
-.2 -.7 01 .4 -1.8 -.1 .6 
-.1 -.3 .2 -.5 -1.2 .2 .2 
3 •• 3.6 • 7 -1.1 .1 -.. .0 
6.7 7.1 4.5 3.' -.1 -.7 -.3 
7 •• 6.5 6.3 7 •• 3.1 .. .2 
B.3 5.4 B.2 6.6 6.1 5.1 -.. 
7.1 6.' B.O 6.1 8.4' 6.5 2.7 
6.2 7.5 7.0 7.0 7.' 7.1 6.3 
7.1 6.0 4.7 ... 6 •• 7.0 6.5 
7 •• 3.5 1.3 1.' 3.3 6.6 7.6 
5.0 2.2 .6 .B 1.' 5.' 7 •• 
4.' .2 .5 1.6 1.7 5.3 6.B 
3.' .7 .6 .6 1.5 3.' 7.2 
3.' -.5 .1 ., 1.0 ,." 7.3 
5.' l.3 .6 .7 3.7 6 •• 7.3 

13.1 , .. 3.1 3.5 5 •• 7.3 7.2 
20.4 B.2 5.6 6.3 7.' 6.7 5.' 
21.3 6.5 6.6 7.0 6.9 6.6 3.1 
13.1 '.3 •• B 6.1 6.1 '.0 .1 
6.4 5.1 5.5 6.5 ... 1.0 .6 , .. 5.1 '.2 I." -.3 .0 -.2 
3.7 2.1 . , -.. .. -.. .1 
-.6 -.4 .3 .0 - .. .2 -.1 

-1.0 -.1 • 3 .. -.3 . . -.3 
-.5 .3 .3 .3 .6 -." 1.6 
-.5 1.1 -.. .6 1.0 -.3 -.6 .. .6 .1 .. .0 0 0 
-.1 1.2 0 0 0 0 0 

0 0 .1 1.0 -1.0 
.7 -1.5 .0 1.0 -1.0 

1.0 -1.0 .1 .3 -.. 
.B -.3 -.. -.1 -.1 .. • 1 -.7 -.2 -.0 -.. • 2 -.3 -.1 1.1 

-1.1 .7 3.6 3.B ... 
3.' '.5 7.1 6.7 7_2 
7.' 6.3 6.' 7.B 6.7 
6.6 B.2 ... B.3 6.3 
6.1 B.O 6.' 7.1 6.' 
7.0 7.0 7.' 6.2 7.' . .. ,.7 6.0 7.1 7.2 
1.' 1.3 3.' 7 •• 6.2 

• B .6 2.2 '.0 6 •• 
1.6 .. • 2 ... 6.' 
.6 .6 .7 3.5 •• 2 .. • 1 -.! 3.5 ... 
.7 • 6 2.3 ... 10.9 

3.5 301 ... 13.1 34.1 
6.3 '.6 B.2 20 .... 4 .... 3 
7.0 6.6 6.5 Zl.3 44.1 
6.1 '.B .. 3 13.1 3'.4 
6.' 5.' '-1 6-' 12.4 
1.' '.l 5.1 5 •• . .. 
-.. .5 2.1 3.7 '.2 
.0 .3 -.. -.6 -.3 .. .3 -.1 -1.0 -.0 
.3 .3 .3 -.. .7 
.6 -.. 1.1 -.5 1.0 .. .1 .6 .. .5 
0 0 1.2 -.1 1.1 

0 0 0 0 0 
0 0 0 0 0 
0 O. 0 0 0 .. 0 0 0 0 .. -1.0 0 0 0 

-.2 -.6 .. 0 0 
-.. -.1 .7 -.7 0 
-.2 .1 .0 -.. .2 
-.B .. -.5 -.3 .] 

-.1 -.2 -.s -.0 -.2 
.3 -.6 -., .l -.5 
• 2 -.. .. -.. .2 

2.' .5 -.. -.1 -.1 
5.1 -.3 - .1 .. .0 
5.5 1.0 .1 -.. -.7 
6.1 .7 -1.1 -.6 -.1 
6.' .. .3 .1 -.3 
5.' .. -.. -.. -.3 
5.0 • 7 .7 .. .7 
3.2 .1 -1.0 -.. -1.0 

.7 -.2 .6 .. .5 
-.4 -1.1 -., -.B -.6 
-.3 .6 .2 .2 -.1 .. .2 -.l .3 .6 

.5 .B .5 .0 -.0 
-.6 -.. • 5 .2 0 
1.5 .7 -.3 0 0 
-.6 .. 0 0 0 

.3 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
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o 
o 
o 

-.S 
.3 
.1 0 
.2 -.0 

-.5 -.6 
-.7 .1 

.4 -.0 
-.5 -.3 
-.1 .4 

.2 -.4 
-.3 .4 

.2 0 
-.9 0 

.3 0 
o 0 
o 0 
o 0 
o 0 
o 0 

o 
o 
o 
o 

B. Examples B,9,10 - Attenuation Correction Using Attenuation 
Coefficients from a Transmission Experiment 

The next three examples show how to use the RECLBL Library routines 
to reconstruct the true distribution of isotope concentration in a 
transverse section by compensating for attenuation in the projection 
data. In the program ATENX below, a transverse section of attenuation 
coefficients is first reconstructed from simulated projection data 
obtained from a transmission scan by using the reconstruction subroutine 
GRADY in statement EB.063. USing the reconstructed distribution of 
attenuation coefficients, the attenuation factors are evaluated with 
the subroutine EVATN in statement EB.091 and then the simulated emission 
data are reconstructed in statement EB.I00 using the subroutine GRADY. 

The subroutines BRF, PRF, BRFA, and PRFA (projection and 
back-projection routines) are declared externals in statement EB.030 and 
are passed as externals to the subroutine GRADY in statements EB.063 and 
EB.I00. The back-projection and projection subroutines BRFA and PRFA 
are used for attenuation 'correction and should only be used after EVATN 
(or EVATU) has been called. 

For the transmission study with MODANG equal to 4 (statement EB.041), 
the subroutine SETUP generates equal projection angles between 0 and n, 
while for the emission study MODANG equals 5 (statement EB.OB4) and 
SETUP generates equal projection angles between 0 and 2n. The parameter 
IMIT is set to 1 in statement EB.052 for reconstructing transmission data 



and set to 0 in statement E8.085 for reconstructing emission data in 
order to allow for the correct normalization of the reconstructed values. 

In Example 8, the subroutine GETUM uses the subroutine 
a transmission study or 

PHANL to 
generate projection data for either an emission 
study. The variable LTYPE in 
transmission data are returned 

the labeled common TYPE, 
(LTYPE = 1) or whether 

determines whether 
emission data 

(LTYPE = 2). The simulated projection 
source phantom with 

are returned 
an e 11 i pt i ca 1 

elliptical attenuator of the same 
coefficient of 0.075 (in 

of a concentration 
size, which has an 

data are for 
30 within an 
attenuation 

width). If the pixel 
width is 0.5 
0.075/0.5 cm 

inverse pixel 
attenuation coefficient is 

approximately the 
equal to 
attenuation 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

PROGRAM ATeNX (INPUT ,OUTPUT I TAPE) t TAPE4-OUTPUT I 

EXAMPLES 8, 9, AND 10 

THE PROGRAM ATENX RECONSTRUCTS ATTENUATED DATA USING 
ATTENUATION FACTORS WHICH ARE EVALUATED FROM THE RECONSTRUCTION 
OF THE ATTENUATION COEFFICIENTS FROM PROJECTIONS OBTAINED FROM 
A TRANSMISSION SCAN. 

DIMENSION S(4096I,AG(72J 
COMMON/TYPEIl. TYPE 
COMMON WORK H80aD I 

COMMQN/OUTCOM/lUHOUT,180132 

LUNOUT - OUTPUT FILE 
180132 - OuTPUT LINE LENGTH FLAG 

-0 EACH LINE WILL SE WITMIN SO-CHARACTERS 
IOTHERWISE 132 CHARA&TERS I 

COMMON/PARM/IPAR (12I,PAR n I 

EQUIVALENCE IMalMU ,IPAI\( U),lICIR ,IPARI 2'hClGEOM ,IPARI Jilt 
(NANG ,IPARI 4JJ,tMOOANG,IPAR( 5IJ.(KD1MU ,1PARI Itll. 
lIMIT ,IPAIU 71I,C"WORK ,IPAR( 81),(NFLQAT,IPAR( 91), 
(lSTORE ,lPAR (101 I,' IPR1NT ,IPAR Ill»», ILUNATN, IPARI 12) It 
(PWID ,PARI In"AXISU , PU, 211 ,(RUN , P.RI 31) 

EXTERNAL 8RF,PRF,8RFA,PRFA 

LUNOUT-4 
180132-0 

THE INPUT PARAMETERS ARE 

NOHW-64 
ICU-l 
JGEOM-O 
NANG-12 
flllOOANG-4 
KDJIIIU-I00 
NWORK-ISOOO 
NFLOAT-l 
ISTORE-O 
1 PRINT-5 
LUNATN-3 
PWIO-1. 
AXI Su-50.5 
RFAN-O. 

HUT-I 
L TYPE-I 
CALL SETUP (lPAR,PAR,AGI 

RECONSTRUCTION OF THE TRANSVERSE SECTION FOR A 
TRANS"'1 SS I ON SCAN 

ISTP-15 
IRLX-l 
tERR-O 
I ZEA.-O 
CALL GRADY (8,PRF,BflF,tSTPtIRLX,tERR,1ZERJ 

WRITE 14,241 
CALL ARRAY (B,ND1MU) 

PRINTOUT THE VALUES FOR THE ATTENUATION COEFFICIENTS 

NHAT-NDIMU·*2 
KK1-1 
KUaNDIMU/15+1 
DO 12 K-l,KU 
WRITE 14,18) 
KK2-15*K 
IF (KK2.GT .HOIMUt KK2-NOIMU 
DO 10 J-l,NDlfIIIU 
I SUB I-NMAT-J*NDI fIIIU+KK1 

E8.001 
E8.002 
E8.003 

. E8.004 
E8.005 
E8.006 
E8.00T 
E8.008 
E8.009 
E8.010 
ES.OU 
E8.0ll 
E8.0ll 
E8.011t 
E8.015 
E8.016 
E8.01T 
E8.0lB 
E8.019 
E8.020 
E8.021 
E8.022 
E8.023 
E8.021t 
E8.025 
E8.026 
E8.02T 
E8.028 
E8.029 
E8.030 
E8.031 
E8.032 
E8.033 
E8.034 
E8.035 
E8.036 
E8.0ll 
E8.03B 
E8.039 
E8.040 
E8.041 
E8.042 
E8.043 
E8.0404 
E8.01t5 
E8.046 
E8.041 
E8.048 
E8.049 
E8 .O~O 
E8.051 
E8.0'2 
E8 .. 053 
E8.054 
E8.055 
E8.056 
E8.051 
E8.058 
E8.059 
E8.060 
E8.061 
E8.062 
E8.063 
E8.064 
E8.065 
E8.066 
E8.061 
E8.0b8 
E8.069 
E8.0l0 
E8.071 
E8.012 
E8.0n 
E8.074 
E8.0T5 
E8.0Tb 
E8.077 
E8.018 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

I SU82 -NMAT-J*NDI Ht)+KK2 
10 WRITE 14,201 (8(IItI-ISU81,lSU821 

KKl-KK2+1 
12 CONTI MJE 

MOOANG-5 
IfillIT-O 
L TYPE-2 
CALL SETUP (IPAR,PAR,AGI 

EVALUATE THE ATTENUATtON FACTORS 

CALL EvATN 181 

RECONSTRUCTI!)N OF THE TRANSVERSE SECTION FOR AN EMISSION SCAN 
WHICH IS CORRECTEO FOR ATTENUATION 

ISTP-15 
IRLX-l 
tERR-O 
tlER-O 
CALL GRADY (8,PRFA, 8RFA, ISTP, IRLX, IERR, IlERI 

WRITE 14,2bl 
CALL ARRAY 18,NDIMUI 

PRINTOUT THE VALUES FOR THE TRANsvERSE SECTION FOR THE 
EMISSION SCAN 

KK1-1 
KU-NDIMU/15+1 
DO 16 K-l,ItU 
WRITE (4,181 
KK2 11 15*K 
IF (KK2 .. GT .NOIMU) KKZ-NOIMU 
00 14 J-l,NOIMU 
ISU81-NMAT-J *NOIMU+KK 1 
t SUB2 "'NfillAT -J*NDI MU+KK2 

14 WRITE (4,22) (B(tJ,I-lSUBl,ISUB2' 
KI(1-KK2+1 

16 CONTINUE 

16 FORMATnXlI/I/ll1 
20 FORflllAT(lX,15F5.3. 
22 FORMAT(lXt15FS.1J 
21t FORMAT(lXI141H RECONSTRUCTION FOR THE TRANSMISSION SCAN) 
26 FORIoIATILXllt3H RECONSTRLCTION FOR THE EMISSION SCAN CORRECTED FOR 

lATTENUATlONI 
END 

SUBROUTINE GETUM. IM,QUA,ERRI 

EXAMPLE 8 

THE SU!!IROUTINE GETUM GIVES SII'IULATED PROJECTION DATA FOR 
AN ELIP1CAL SOURCE PHANTOM AND ELiPICAL ATTENUATOR OF T!-IE SAME 
SI lE. 

IF 
LTYPE .. 1 GETUM RETURNS TRANSMISSION DAU OF THE 

ATTENUATOR 
L TYPE .., 2 GE TUM RETURNS A TTENUATED PROJECT I ON OAT A 

OF THE SOURCE 

DIMENSION OAYAn',ERRllI 
COMMON/TYPE/L TYPE 
DIMENSION ITYPE 121, lC 21, Xl( 2"V l( 21 ,AlC 21,81(21, PHlI2J 
DATA ZI.075,30.1 
DATA XI/0 ot O.1 
DATA Yi/O.,O.1 
DATA Al/40.,40.1 
DATA Bl/60.,bO.1 
DATA PHI/O.,O.I 
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EB.019 
E8.080 
E8.081 
E8.082 
E8.083 
f8.084 
E8.085 
E8.086 
f8.087 
E8.068 
E9.089 
EB.OQQ 
E8.091 
E8.0n 
E8.093 
E8.094 
£8.095 
E6.096 
E8.M7 
E8.098 
E8 .. 099 
E8 .. 100 
E8.101 
E8.l02 
E8.103 
E8.104 
E8.l05 
E8 .. 10b 
E8.10T 
E8.10B 
E8 .. 109 
E8.ll0 
E8.111 
E8.11Z 
E8.113 
E8.114 
Ea.U5 
EB.Ub 
E8.117 
E8.118 
E8.119 
E8.120 
E8.1Z1 
E8.122 
E8.123 
E8.124 
E8.125 
E8.12b 
E8.1Z7 
E8.128 
EB.12ft 

E8.130 
E8.n1 
E8.132 
E8.133 
E8.134 
E8.135 
E8.136 
E8.137 
E8.138 
E8.139 
E8.140 
E8.141 
E8.142 
E8.143 
E8.144 
EI3.145 
e8.146 
E8.1lt7 
E8.148 
E8.149 
E8.150 
E8.151 
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• 1 
a 

IF 4LTYPE.EQ.1J GO TO La 
IF IlTYPE.EQ.ZI GO TO 12 

10 ITYPE It )-1 
CALL PHANL fl,lTYPE,Z,Xl,Yl,,u,Sl,PHI,QATA,M) 

RETURN 

12 lTYPEfll_-l 
ITYPEIZI-l 

CALL PHANl 12.1TYPE,Z,Xl,Yl,Al,Bl,PHI,OATA,M' 

RETURN 

END 

SSS EEEEE TTTTT U U pppp 
S E TUUPP 

SSS EEE T U U pppp 
SET U U p. 

5SS EEEEE T UUU P 

INTEGER PARAMETER ARRAY C IPAR) 

IPAR( I J 

•• , 
0-

12 

• 
'DO , 

18000 , 

DESCRIPTION 

LINEAR DIMENSION OF THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A SQUARE ARRAy 
GEOHETPY FLAG 
PARALLEL BEAM GEOMETRY' 
NUMBER. OF PROJ EeTlDH ANGLES 
MODE FOR" PROJECTION ,ANGLE INPUT fsee FOLLOWING LINES) 
ANGLES GENERATED BETwEEN ZERO AND PI 
STARTING AT ZERO 
NUMBER. OF RAYS FOR EACH pROJECTION 
TRANSMISSION DATA 
DIMENSION OF THE FLOATING POINT USERS BLANK C014"'ON BLOCK 
NUMBER OF WORDS FDA. A flOATING 'POINT vARIABLE 

E8.152 
E8.153 
E8.154 
Ea.1!5 
E8.156 
E8.157 
Ea.15B 
EB.159 
E8.160 
E8.161 
E8.162 
E8.163 
E8.164 
E8.165 
e8.166 
E8.167 
E8.16B 

• ,0 
Ll 

o 
5 

EXECUTE THE RECONSTRUCTION (NOT JUST STORAGE SIZE TEST) 
PRINT flAGS COPTIONS SelECTED ARE ON THE FOLLOWING LINES) 
PRINT REQUIR.ED FLOATING POINT BLANK COM"ON "'HENEV~R CHANGED 
PRINT SETUP VALuES FRO,", IPAR AND PAR ARRAYS 

,2 LOGICAL UNIT NO. I=DR ATTENUATION FACTOR STORAGE 

FLOATING POINT· PARAMETER ARRAY (PARI 

DESCRIPTION 

PIXEL "'10TH IN UNITS OF PROJECTION BIN WIDTH 

PAR(I J 

1.000 
50.500 LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 

o NA NOT APPLICABLE (NOT FAN BEAM GEOMETRY)' 

BLANK COMMON REQUIRED 12 110) 

Bl.ANK COMMON REQUIRED , .. 220) 

BLANK COMMON REQUIREO 216 3301 

BlANK COMMON REQUIRED ". 
Bl.AM<. COMMON REQUIRED 544 10~' 

A TOTAL OF 92 ( 5 THRU 96) OF THE 100 USER PROJECTION BINS WILL BE USED 

92 PROJECTION BINS WILL BE USED OF WHICH 0 HAVE eEEN ZEROED BY THE PROGRAM 

MAXIMUM SI ZE OF BLANK CO,.MON THUS FAR:· 544.FlOATING POINT WORDS. 

ISTP -
IRLX -
IERR -
HER. -

EEEEE N N DODD SSS EEEH TTTTT U U PPPP 
E NNNOO S E TUUPP 
EEE N N NOD SSS HE T U U PPPP 
E N NN 0 0 SE T U UP 
EEEEE N N 0000 SSS EEEEE T UUU P 

GGG RRR:A, AAA DODO Y Y 
GGRRAADOYY 
G RR:AR A ADD Y 
G GGA. R AAAAAO 0 Y 

GGGGR RA A DODO Y 

PARAMETERS FOR SUBROUT INE GRADY 

OESCRIPTION 

L5 , 
o 
o 

NUM8ER OF ITERATION STEPS 
ITERATIVE RELAXATION MEnlOD 
DO NOT USE ERROR ARRAY 
INITIAL SOLUTION I S ZERO 

BLANK COMMON REQUIRED .,. 1150' 

BLANK COMMON REQUIRED 1775 ( 33571 

BACKPROJECTION AND PROJECTIONICONVOLUTION/FILTER RClUTJNES 
PERFORM THE FOLLOWING FUNCTIONS 

ARG 
aeK 
PRJ 

FUNCTION 
BACKPROJeCTION 
PROJECTION 

RAY "'EIGHTING 
UNIFORM SQUARE 
uNIFORM SQUARE 

ATTENUATION 
NO 
NO 

FAN BEAM 
NO 
NO 

BLANK COMMON REQUIRED ( 36471 

BLANK caMMON REQUIREO 6055 

BUN!( COMMON REQuIREO 10151 I 236471 

BLAt« COMMON REQUIRED 14247 f 336471 

BLANK COMMON REQUIRED 14255 ( 33657) 

BLAt« COMMON REQUIRED ( 336471 

FOR CONGR AND GRADY FCN IS THE VALUE OF THE CHI-SQUARE 
FOR ENTPY FCN IS EVALUATED BV THE SUBROUTINE DULFC 
ITER 0 fCN .314E+05 
ITER 1 FCN .230H04 
ITER 2 FCN .320E+03 
ITER 3 FCN .158E+03 
IT ER 4 FCN • 897E+ 02 
ITER 5 FCN .593E+02 
ITER 6 FCN .418e+02 
ITER 7 fCN .314E+02 
ITER 8 FCN .24U+02 
ITER 9 FCN • 198E+02 
ITER 10 FCN .164E+02 
ITER 11 FCN • 139E+02 
ITER 12 FCN • 120E+02 
ITER 13 FCN .105E+02 
ITER 14 FCN .935E+01 
ITER 15 FCN .840E+01 

BLANK COMMON REQUIRED 14063 « 333571 

BLANK COMMIlN REQUIRED 9967 ( 233571 

BLANK. COMMON REQUIRED 5871 ( 133571 

BLANK COMMON REQUIRED 1775 « 33571 

MAXIMUM SUE OF BLANK COMMON THUS FAA_ 14255 FLOATING POINT wORDS. 

EEEEE N N DODD 
E NN NO 0 
fEE N N N 0 0 
E NNNDD 
EEEEE ~ N DODD 

GGG RRRR .lAA DODD" Y 
GGRRAADOVY 
G RRRRAADDY 
GGGRRUAUD 0., 

GGGGR RA ADDDD Y 

RfCONSTRI.C TION FOR THE TRANSMtsS JON SCAN 

XMIN°. -.42f-02 XMAX • .82E-01 XSUM • .1416E+03 
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• ---n'I.-f-- • 
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-.10238E-02 .2210E-02 • 1167E-Ol .1597E-01 .1898E-Ol .2241E-01 .2585E-Ol 

Z X A " 8 • It 
.2886E-Ol .3101E-Ol .33l6E-01 .3789E-Ol .4262E-01 .4563E-01 .4907E-01 

• • • • • • • • .5208E-Ol .5852E-Ol .6~26E-Ol .7056E-Ol .HOOE-Ol .7H4E-01 .8045E-Ol 
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.001 .000 .001 .001 .001-.002 .000-.000 .000 .001 .002 .001 .001 .001 .000 

.001- .001 .000- .000 .000- .000 • 00~.001 .000 .OO~. 000 .000 .001-.000-.000 

.000 .000 .OO~.OOo-.OOI .000 .000-.001 .000 .000 .000-.001 .001 .001-.000 

.000 .001 .000-.00~.000 .000-.000-.000 .000-.000-.000 .000-.000 .001 .001 

.001 .001-.000 .000-.000 .000-.001 .000 .001 .001-.000 .000 .000-.000 .001 

.000 .001 .000 .001 .000-.000-.002 .000 .001 .001 .000 .000 .001 .00~.001 
-.00a-.001 .001 .001 .001-.000-.001 .000 .001 .001.001-.000-.001-.002-.002 
-.000-.000 .001 .001 .001-.000-.001-.001-.001-.001-.000-.000-.000-.000 .000 
-.001 .001-.00~.000 .001-.000-.001-.002-.002-.000-.000 .001 .002 .000-.002 
-.001-.001-.001-.001· .000 .001-.000-.001 .000 .001 .001 .000-.001-.002-.001 

.001-.002-.000 .000 .000 .001 .001 .000 .001 .000-.001-.002 .000 .002-.002 

.002-.001-.000 .001 .001 .001 .001-.001-.001-.001 .000 .001-.001-.002 .000 
.001 .00.1. .000 .000 .001 .000-.001-.002 .000 .002 .001-.002-.000 .000-.002 
.001 .001-.001-.000-.001 .000 .000 .000 .000-.001-.001 .001-.000-.000-.000 
.001-.000-.003-.000 .001 .001 .001-.001-.003-.001 .002-.001-.000-.002 .004 

-.000-.000-.000-.001 .002 .002-.001-.002-.001 .001-.002 .001-.001 .000 .010 
.000 .001 .001-.001-.001-.000.001 .001-.002-.002 .001-.003 .002 .003 .020 
.001 .001 .001-.00:3-.002 .001 .002 .001-.003-.001-.002 .001 .001 .007 .03'1 
.002-.001-.001-.000-.001 .001-.000 .000 .000-.004 .000-.001 .003 .012 .055 

-.002-.000 .001 .002-.001-.002 .001 .002-.003-.001-.001 .001 .003 .023 .062 
-.001 .000 .002 .001-.002-.001 .001-.00.1.-.001-.001 .000 .001 .005 .035 .Obq 

.001-.001-.• 000.001.001-.001-.002.001 .000-.003-.000 .003.010 .Olt1 .011 
.003-.001-.002 .001 .002-.004-.001 .002-.002-.002-.002 .002 .016 .056 .013 
.000-.000-.001 .000--.001 .000-.000-.001 .002-.003-.000 .003 .025 .064 .073 
.000 .002-.000-.003 .000 .002-.002 .001 .001-.002-.002 .006 .Oll .06q .077 
.002 .001-.001-.002 .001 .001-.001 .000-.000-.000-.003 .005 .038 .069 .015 

-.000-.001 .001-.000-.001 .000 .001-.001t .003-.001-.001 .009 .046 .012 .075 
-.001-.002 .002 .002-.002 .001 .001-.003 .000 .001-.001 .012 .051 .073 .07e: 

.001-.000-.000 .001-.000-.001-. 001-.000-.001t .003-.003 .015 .054 .071 .070 

.002 .002-.002-.001 .003-.003-.000 .000-.004 .003-.000 .013 .058 .071 .075 

.001 .001-.001-.000 .001-.001-.000-.001-.001-.001 .004 .010 .06l .013 .075 

.001-.001.001-.000-.002 .001-.002-.000 .001-.004 .006 .010 .061 .013 .076 

.001-.001 .001-.00er.002 .001-.002-.000 .001-.001t .006 .010 .061 .013 .076 
.001 .001-.001-.000 .001-.001-.000-.001-.001-.001 .001t .010 .062 .073 .075 
.00l .002-.002-.001 .003-.003-.000 .000-.001t .003-.000 .013 .058 .071 .075 
.001-.000-.000 .001-.000-.001-.001-.000-.001t .003-.003 .015 .054 .071 .076 

-.001-.002 .002 .002-.002 .001 .001-.003 .000 .001-.001 .012 .051 .013 .076 
-.000-.001 .001-.00D-.001 .000.001-.004 .003-.001-.001 .00'1 .046.·012 .015 

.002 .001-.001-.002 .001 .001-.001 .000-.000-.000-.003 •. 005 .038 .069 .075 

.000 .002-.000-.003 .000 .002-.002 .001 .001-.002-.002 .006 .011 .06'1 .077 

.000-.000-.001 .000-.001 .000-.000-.001 .002-.003-.000 .003 .025 .061t .013 
.003-.001-.002 .001 .002-.004-.001 .002-.002-.002-.00Z .002 .016 .056 .073 
.001-.001-.000 .001 .001-.001-.002 .001 .000-.003-.000 .003 .010 .01t7 .071 

-.001 .000 .002 .001-.002-.001 .001-.001-.001-.001 .000 .001 .005.035 .Ot9 
-.002-.000 .001 .002-.001-.002 .001 .002-.003-.001-.001 .001 .003 .023 .062 

.002-.001-.001-.000-.001 .001-.000 .000 .000-.001t .000-.001 .003 .012 .055 

.001 .001 .001-.003-.002 .001 .002 .001-.003-.001-.002 .001 .001 .007 .on 

.000 .001 .001-.001-.001-.000 .001 .001-.002-.002 .001-.003 .002 .003 .020 
-.000-.000-.000-.001 .002 .00Z-.001-.002-.001 .001-.002 .001-.001 .000 .010 

.001-.000-.003-.000 .001 .001 .001-.001-.003-.001 .002-.001-.000-.002 .004 

.001 .001-.001-.00~.001 .000 .000 .000 .000-.001-.001 .001-.000-.000-.000 

.001 .001 .000 .000 .001 .000-.001-.002 .000 .002 .001-.002-.000 .000-.002 

.002-.001-.000.001 .001 .001 .001-.001-.001-.001 .000.001-.001-.002 .000 

.001-.002-.000 .000 .000 .001 .001 .000 .001 .00~.001-.002 .000 •. 002-.002 
-.001-.001-.001-.001 .000 .001-.000-.001 .000 .001 .001 .000-.001-.002-.001 
-.001 .001-.00()-.OOO .001-.00()-.OOI-.002-.002-.000-.000 .001 .002 .000-.002 
-.000-.000 .001 .001 .001-.000-.001-.001-.001-.001-.000-.000-.000-.000 .000 
-.000-.001 .001 .001 .001-.000-.001 .000 .001 .001 .001-.000-.001-.002-.002 

.000 .001 .000 .001 .000-.000-.002 .000 .001 .001 .000 .000 .001 .000-.001 

.001 .001-.000 .000-.000 .000-.001 .000 .001 .001-.000 .000 .000-.000 .001 

.00c. .001 .000-.000-.000.000-.000-.000 .000-.000-.000 .000-.000 .001 .001 
.000 .000 .000-.000-.001 .000 .000-.001 ·.000 .000 .000-.001 .001 .001-.000 
.001-.001 .00<>-.000 .000-.000 .000-.001 .000 .000-.000 .000 .001-.000-.000 
.001 .000 .001 .001 .001-.002 .000-.000 .000 .001 .002 .001 .001 .001 .000 

-.001 .000 .001 .OOZ .000-.001 .001 .001-.001 .001 .002 .001-.000 .002 .002 
-.001-.002-.000 .000 .00<>-.002-.001-.001-.001-.000 .001 .001 .003 .006: .010 
-.000-.002-.001-.000-.001 .000-.001-.001 .001 .00lt .006 .014 .OZ~ .038 .051 
-.001-.001-.001 .000-.001 .001 .001 .001 .003 .010 .02'1 .050 .061t .069 .070 

.001-.000 .001-.001-.00Z-.003-:.001 .007 .022 .04B .061t .070 .073 .015 .075 
-.001-.002-.003-.003-.000 .003 .010 .033 .060 .070 .077 .077 .076 .076 .076 
-.003-.000 .002-.000 .001 .010 .037 .064 .075 .071t .077 .07'1 .078 .076 .075 
-.000-.000-.001 .002 .010 .03q .065 .012 .076 .077 .075 .075 .076 .076 .077 
-.003 .001 .000 .008 .035 .061t .013 .075 .075 .OU .018 .07Q .076 .074 .073 
-.000-.000 .005 .027.061 .074.074.017 .078 .on .072 .074 .074 .074 .075 
-.001 .003 .017 .052 .070 .07b .015 .072 .075 .076 .075 .077 .078 .076 .075 

.001 • 008 • 041 .068 .012 .075 • 080 .077 • 07Q .076 .074 .076 .076 .076 .076 

.00lt .027 .061 .075 .081 .075 .OT? .074 .077 .075 .073 .076 .076 .075 .075 

.012 .050 .072 .072 .075 .075 .070 .075 .076 .077 .074 .076 .076 .074 .074 
.026 .060 .076 .07'1 .075 .017 .075 .. 07~ .075.017 .075 .075 .075 .075 .071t 
.048 .06Q .076 .071 .075 .016.074.076 .071t .076 .075 .015 .075 .075 .07lt 
.059.074.077 .074 .077 .077 .074 .071 .07lt .076 .071t .014 .077 .074.075 
.069 .076.075 .075 .077 .075.076 .075 .071t .. 075 .075 .073 .076 .071 .074 
.073 .073 .075 .077 .075 .075 ·.077 .075 .076 .074 .076 .on .077 .. 077 .076 
.~.-.=.~.~.-.-.-.=.~.~.-.-.~.~ 
.075 .078 .075 .075 .077 .016 .074 .075 .076 .Ollt .077 .071t .071t .076 .073 

.~.-.=.~.~.-.-.-.~.-.-.-.-.~.~ d~.~.~.~.~.~._._.~.=._.=.~._._ 

.075 .075 .074 .076 .078 .016 .074 .075 .076 .074 .073 .077 .073 .076 .075 

.071 .077 .076 .075 .• 073 .074.076.077 .071t .073 .015 .075 .074 .071 .076 

.016 .075 .076 .076 .076 .077 .076 .071t .073 .on .076 .073 .076 .076 .071 

.076 .076 .071t .074 .075 .071t .075 .077 .077 .075 .073 .014 .077 .073 .077 

.077 .078 .077 .077 .076 .075 .074 .073 .073 .074 .076 .077 .075 .072 .078 

.076 .075 .078 .077 .075 .076 .076 .076 .076 .077 .076 .073 .072 .075 .076 

.075 .076 .075 .076 .075 .07lt .075 .074 .075 .076 .077 .017 .078 .016 .072 

.076 .076 .075 .075 .016 .071t .011t .075 .071t .071t .073 .074 .074 .07ft .077 

.077 .075 .076 .015 .075 .074 .. 077 .074 .074 .075 .075 .074 .075 .077 .011t 

.077 .075 .076 • 075 .075 • 071t • 017 .071t .014 • 075 .015 • 074 .015 • 071 • 074 

.016 .076 .075 .075 .076 .074 .074 .075 .071t .074 .073 .074 .074 .014 .077 

.075 .076 .075 .076 .075 .074.075 .074 .075 .076 .077 .077 .078 .076 .072 

.076 .015 .078 .017 .075 .076 .076 .076 .• 076 .077 .076 .073 .072 .075 .076 

.077 .078 .077 .077 .076 .075 .Ollt .073 .073 .074 .076 .077 .07! .072 .078 

.076.016 .071t .074 .075 .07lt .075 .077 .077 .075 .013 .071t .071 .073 .077 

.076 .075 .076 .076 .076 .077 .076 .074 .013 .074 .076 .013 .076 .076 .071 

.077 .071 .076 .075 .073 .074 .076 .077 .074 .073 .075 .015 .074 .077 .076 

.075 .075 .014 .076 .078 .076 .071t .075 .076 .071t .073 .077 .073 .076 .075 

.076 .078 .076 .075.075 .075 .076 .071t .075 .017 .014 .077 .073 .076 .074 

.~.-.=.~.~.-.-.-.~.-.-.-.-.-.~ .075 .078 .075 .075 .077 .076 .074 .075 .076 .071t .017 .071t .074 .076 .073 

.on .076 .077 .075 .075 .076 .074 .074 .077 .on .075 .074 .016 .075 .07~ 

.~.~dH.~.~.~.=.~._._.~._.~.=._ 

.069 .076 .075 .075 ·.017 .075 .016 .075 .071t .075 .075 .073 .076 .077 .074 

.059 .Ollt .077 .Ollt .077 .017 .071t .017 .011t .076 .071t .071t .077 .on .075 

.048 .069 .076 .077 .075 .076 .071t .016 .074 .076 .075 .075 .075 .075 .07ft 

.026.060 .076 .07'1 .015 .071 .075 .075 .075 .077 .075 .075 .07! .075 .014 

.012 .050 .072 .072 .075 .075 .076 .075 .016 .077 .ollt .076 .076 .074 .071t 

.004 .027 .061 .075 .OBI .075 .077 .074 .017 .075 .073 .076 .0Tt .075 .015 

._.~._.~.~.~.~.~.~._._._._d~.~ 

-.001 .00:3 .017 .052 .070 .016 .075 .072 .015 .076 .075 .077 .078 .071: .075 
-.000-.000 .005 .027 .061 .07ft .014 .077 .078 .on .on .074 .074 .074 .075 
-.003 .001 .000 .008.035 .064 .013 .075 .015 .076 .078 .07Q .076.074 .073 
-.000-.000-.001 .002 .010 .OH .065 .072 .016 .017 .075 .075 .07f .016 .017 
-.003-.000 .002-.000 .001 .010 .037 .061t .075 .074 .077 .• 079 .078 .076 .075 
-.001-.002-.003-.003-.000 .003 .010 .. 033 .060 .070 .077 .077 .0Tt .076 .':)76 

.001-.000 .001-.001-.002-.003-.001 .007 .022 .048 .060\· .070 .073 .075 .075 
-.001-.001-.001 .000-.001 .001 .001 .001 .003.010 .02Q .050 .Oblt .069 .070 
- .. 000-.002-.001-.000-.001 .000-.001-.001 .001 .004 .006 .011t .025 .038 .051 
-.001-.002-.000 .000 .000-.002-.001-.001- .. 001-.000 .001 .001 .003 .006 .010 
-.001 .000 .001 .002.000-.001 .001 .001-.001 .001.002 .001-.000 .002 .002 
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.002 .003 :003 .002 .002 .002-.000 .001 .002 .001-.001 .001 .001-.001 .000 

.013 .017 .017 .013 .010 .006 .003 .001 .001-.000-.001-.001-.001-.002 .000 

.05b .057 .057 .056 .051 .038 .025 .011t .006 .004 .001-.001-.001 .000-.001 

.072 .072 .072 .072 .070 .069 .064 .050 .02Q .010 .003 .001 .001 .001-.001 

.075 .077 .077 .075 .075 .075 .073 .070 .Oblt .01t8 .022 .007-.001-.003-.002 

.076 .Ollt .071t .076 .016 .016 .076 .077 .077 .070 .060 .033 .010 .003-.000 

.077 .078 .078 .077 .075 .016 .078 .07'1 .077 .Ollt .075 .064 .037 .010 .001 

.076 .077 .077 .076 .077 .016 .076 .075 .075 .077 .076 .072 .065 .03Q .010 

.073 .072 .072 .073 .073· .OH .076 .on .078 .076 .075 .075 .073 .Ob4 .035 

.076.075 .075 .016 .075 .071t .071t .Ollt .072 .074 .078 .077 .OH .071t .Ot1 

.075 .075 .075 .075 .075 .076 .078 .071 .075 .07b .075 .072 .075 .076 .070 

.Ollt .075 .075 .074.076 .076 .016 .076 .074 .076 .07Q .017 .080 .075 .072 

.076 •. 075 .075 .076 .075 .075.076 .076 .073 .015.077 .074 .077 .075 .081 

.075 .075 .075 .075 .074 .OH .016 .076 .074 .077 .076 .075 .076 .015 .075 

.Ollt .076 .076 .071t .071t .075 .075 .075 .075 .077 .075 .075 .07! .017 .075 

.075 .075 .015 .075 .071t .075 .015 .075 .075 .016 .0"1t .076 .074 .016 .075 

.075.074 .on .075 .07~ .071t .077 .014 .on .076 .OH .077 .OH .017 .077 

.074 .075 .075 .074 .on .077 .076 .073 .075 .075 .014 .075 .016 .075 .077 

.071t .075 .075 .071t .076 .077 .077 .074 .070 .074 .071: .075 .077 .015 .075 

.076.075.075 .076 .075 .075 .076 .074.075.013.077 .074.074 .076 .on: 

.074 .on .074 .070\ .073 .076 .07ft .071t .0"11 .074 .076 .075 .074 .076 .071 

.074.077 .077 .071t .075 .Oll: .071t .074 .016 .076 .073 .076 .074.014 .on: 

.015 .075 .075 .075 .074 .076 .013 .071 .014 .071 .075 .074 .076 .015 .075 

.071t .075 .015 .074 .075 .076 .073 .077 .073 .074 .076 .075 .074 .OU .078 

.07ft .075 .075 .on .076 .077.074.075 .075 .01'3 .074 .077 .0Tt .07ft .013 

.073 .075 .015 .073 .077 .076 .076 .073 .076 .071t .073 .071t .071~ .077 .07b 

.014 .014 .071t .074 .077 .073 .077 .074 .073 .075 .077 .077 .• 075 .071t .075 

.07ft .075 .075 .071t .078 .012 .07!!) .077 .016 .014 .073 .073 .074 .075 .076 
.07ft .07b .016 .074 .07b .075 .072 .073 .076 .071 .076 .076 .07t .on .075 
.077 .OH .071t .077 .072 .076 .078 .077 .077 .076 .075 .on .075 .0J'llt .075 
.082 .073 .073 .082 .077 .074.074 .071t .073 .014 .074 .075 .on .074 .076 
.073 • 073 .073 .073 .074 .071 .075 .014 .075 .075 .OH .071t .077 .071t .075 
.073 .073 .073 .073 .074.077 .075 .07ft .015 .075 .014 .071t .077 .074 .075 
.OB2 .073 .073 .082 .017 .071t .074 .071t .073 .014 .on .075 .071t .07ft .076 
.077 .014 .074 .071 .072 .076.078.077 .077 .076.075.074 .075.014 .071! 
.071t .076 .076 .07ft .076 .075 .072 .073 .076 .077 .076 .076 .076 .076 .075 
.07it • 075 • 075 • 071t·. 078 • 072 • 075 .077 .076 .07ft .073 .073 .07ft .075 .076 
.014 .074 .on .071t .077 .073 .077 .074 .073 .075 .077 .077 .075 .071t .07~ 
.013 .075 .075 .073 .077 .076 .076 .073 .076 .Ollt .073 .on .076 .077 .076 
.074 .075 .075 .011t .076 .077 .074 .075 .075 .073 .071t .077 .076 .. 07lt .013 
.on .075 .075 .074 .075 .076 .073 .077 .073 .074 .076 .075 .071t .076 .078 
.075 .075 .075 .075.074 .076 .073 .071 .01lt .077 .075 .071t .076 .075 .075 
.07ft .077 .077 .071t .075 .076 .074 .074 .07t .076 .073 .076 .074 .071t .075 
._._._.~.~dH.~._.=.~.~.~._.~.= 

.076.075.075.016.075.075.076 .Ollt .075 .073 .077 .07ft .Ollt .016 .075 

.07lt .075 .075 .071t .07t .071 .077 .OH .076 .074 .076 .075 .077 .075 .075 

.074 .075 .075 .074 .on .017 .076 .073 .075 .075 .074 .075 .07f .015 .017 

.075 .074 .074 .075 .075 .074 .077 .074 .014 .076 .0"4 .077 .on .077 .077 

.075 .075 .075 .075 .014 .075 .075 .075 .075 .076 .071t .076 .074 .076 .075 

.074 .076 .076.074 .071t .015 .075 .075 .015 .077 .075 .075 .015 .077 .075 

.075 .075 .075 .075 .074 .071t .076 .076 .074 .077 .0'6 .075 .01t .075 .075 

.076.075 .075 .076 .075 .07~ .07b .076 .073 .075 .077 .074 .077 .075 .081 

.074 .075 .075 .on .076 .076 .076 .076 .074 .076 .079 .077 .OBO .075 .072 

.075 .075 .075 .075 .075 .016 .078 .077 .075 .076 .075 .072 .07~ .076 .070 

.076 .075 .075 .076 .075 .074 .071t .074 .072 .Ollt .078 .077 .OH .074 .Obi 

.073 .072 .072 .073 .073 .. 074 .076 .07Q .078 .076 .075 .075 .073 .064 .035 

.076 .077 .077 .076 .077 .076 .07b .075 .075 .077 .016 .072 .065 .03Q .010 

.077 .078 .078 .077.075 .076 .078 .079 .077 .074 .075 .061t .037 .010 .001 

.076 .011t .074 .076 .on .076 .076 .071 .077 .070 .0bO .033 .010 .003-.000 

.075 .077 .017 .075 .015 .075 .013 .070 .061t .048 .022 .001-.00l-.003-.00Z 
.072 .072 .072 .012 .010 .069 .064 .050 .0Z'1 .010 .003 .001 .001 .001-.001 
.056 .057 .057 .056 .051 .038 .025 .014 .006 .00 ... 001-.001-.001 .000-.001 
.01) .017 .011 .013 .010 .0Ob .003 .001 .001-.000-.001-.001-.001-.002 .000 
.002 .003 .003 .002 .002 .002-.000 .001 .002 .001-.001 .001 .001-.001 .000 

.002 .001 .000-:-.001 .000 .001 .001 .001 .OOZ .001 .000-.000 .000-.002 .001 
.000-.000-.002-.001-.000-.000 .001 .000-.000 .000 .000-.001 .000-.000 .000 

-.000-.001-.002-.000-.000 .001 .001-.001 .000 .000 .000-.001 .000 .000-.001 
.000-.001-.001-.001 .001 .001-.000 .000-.000-.000 .000-.000-.000 .000-.000 

-.001 .001-.000 .001 .001-.000 .000 .000-.000 .001 .001 .000-.001 .000-.000 
-.003-.003-.002-.001-.001 .000 .001 .000 .000 .001 .001 .000-.002-.000 .000 
-.000 .002-.000-.003-.002-.002-.001-.000 .001 .001 .001 .000-.001-.000 .001 

.002-. 001-. 000-. 000 • 000- .000-.000-.000-.000-. 001-.001-.001-. 001-.000 .001 

.008· .000 .001-.003-.002 .000 .002 .001-.000-.000-.002-.002-.001-.000 .001 

.027 .005-.000-.000-.001-.002-.001 .000 .001 .001 .000-.001-.000 .001 .000 

.00Z .017 .003-.001-.002 .002 .000-.002-.001 .000 .001 .000 .001 .001 .000 

.068 .041 .008 .001 .OOO-.OOZ-.OOI .001 .000-.001-.001-.001 .• 001 .001 .001 

.075 .061 .021 .004-.002 .000-.000-.002 .001 .002 .000-.002-.001 .000 .001 

.072 .072 .050 .012-.000-.000-.000 .001-.001-.001 .000 .000 .000 .000-.001 

.079 .076 .060 .026 .004-.002-.000-.001 .002-.001-.003-.001 .001 .001 .001 

.071 .076 .06'1 .01t8 .010 .000-.001 .001-.002 .001-.001-.002-.001 .002 .002 

.074 .077 .074 .059· .020 .003 .002-.003 .001-.002-.002 .001 .001-.000-.001 

.075 .075 .076 .06Q .039 .007 .001 .001-.002-.001-.003 .001 .002 .001-.002 

.077 .075 .073 .013 .055 .012 .003-.001 .000-.00lt .000 .000-.000 .001-.001 

.075 .077 .076 .073 .062 .023 .003 .001-.001-.001-.003 .002 .001-.002-.001 

.075 .075 .07B .075 .06Q .035 .005 .001 .000-.001-.001-.001 .001-.001-.002 

.078 .077 .on .073 .071 .047.010 .003-.000-.003 .000 .001-.002-.001 .001 

.075 .076 .078 .016 .073 .056 .01b .002-.002-.002-.002 .002-.001-.004 .002 

.076 .071t .075 .075 .073 .061t .025 .003-.000-.003 .002-.001-.000 .000-.001 

.075 .076 .077 .077 .077 .06'1 .031 .006-.002-.002 .001 .001-.002 .002 .000 

.076 .076 .075 .076 .075 .069 .038 .005-.003-.000-.000 .000-.001 .001 .001 

.074 .07 •• 076 .076 .075 .072 .Olt6 .00Q-.001-.001 .003-.001t .001 .000-.001 

.077 .077 .018.077 .076 .073 .0~1 .012-.001 .001 .000-.003 .001 .001-.002 

.077 .078 .075 .076 .076 .071 .054 .015-.003 .003-.001t-.000-.00l-.001-.000 

.076 .075 .076 .075.015.071 .058 .013-.000 .003-.001t .000-.000-.003 .003 

.075 .075 .076 .076 .075 .073 .062 .010 .004-.001-.001-.001-.000-.001 .001 

.075 .076 .075 .071 .076 .013 .061 .010 .006-.004 .001-.000-.002 .001-.002 

.075 .07b .075 .077 .016 .073 .061 .010 .006-.004 .001-.000-.002 .001-.002 

.075 .075 .076 .076 .075 .013 .062 .010 .004-.001-.001-.001-.000-.001 .001 

.076 .075 .076 .075 .075 .071 .0~8 .013-.000 .003-.001t .000-.000-.003 .003 

.071 .078 .075 .07b .076 .071 .0!:4 .015-.003 .003-.004-.000-.001-.001-.000 

.077 .077 .078 .071 .076 .073 .051.012-.001.001.000-.003 .. 001 .001-.002 

.074.014 .076 .076 .075 .072 .01t6 .009-.001-.001 .003-.001t .C01 .000-.001 
• a 76 • 076 • 015 • 076 • 075 .069 • 038 .005-. 003-. 000-. 000 .000-.001 .001 • 001 
.075 .07b .077 .071 .071 .06'1 .031 .006-.002-.002 .001 .001-.002 .002 .000 
.076 .074 .075 .015 .013 .061t .025 .003-.000-.003 .002-.001-.000 .000-.001 
• a 75 .076 .07B .076 .073 .056 .016 .002-. 002-. 002-. 002 • 002-.001-.004 .002 
.078 .077 .074 .073 .071 .01t7 .010 .003-.000-.003 .000 .001-.002-.001 .001 
.015 .075 .07B .075.06'1.035 .005 .001 .000-.001-.001-.00J. .001-.001-.002 
.075 .077 .076 .013 .062 .023 .003 .001-.001-.001-.003 .002 .001-.002-.001 
.077 .075 .073 .073 .055 .012 .003-.001 .000-.004 .000 .000-.000 .001-.001 
.075 .075 .076 .Ob9 .03'1 .007 .OOJ. .001-.002-.001-.003 .001 .002 .001-.002 
.074 .077 .071t .05'1.020 .003 .002-.003 .001-.002-.002 .001 .001-.000-.001 
.077 .076 .069 .048.010 .000-.001 .001-.002 .001-.001-.002-.• 001 .002 .002 
.079 .076 .060 .026 .. 004-.002-.000-.001 .002-.001-.003-.001 .001 .. 001 .001 
.072 .072 .050 .012-.000-.000-. 000 .001-.001-.001 .000 .000 .000 .000-.001 
.075 .061 .027 .. 004-.002 .000-.000-.002 .001 .002 .000-.002-.001 .000 .001 
.068 .Oltl .008 .001 .00~.002-.001 .001 .000-.001-.001-.001 .001 .001 .001 
.052 .017 .003-.001-.002 .002.000-.002-.001 .000.001 .000 .001 .001 .000 
.027 .005-.000-.000-.001-.002-.001 .000 .001 .001 .000-.001-.000 .001 .000 
.OOB .000 .001-.003-.002 .000.002 .001-.000-.000-.002-.002-.001-.000 .001 
• 002-. 001-. 000-.000 .000-. 000-.000- .000- .000- .001- .001-. 001-. 001-. 000 .001 

-.000 .002-.000-.003-.002-.002-.001-.000 .001 .001 .001 .000-.001-.000 .001 
-.003-.003-.002-.001-.001 .000 .001 .000 .000 .001 .001 .000-.002-.000 .000 
-.001 .001-.000.001 .001-.000.000 .000-.000 .001 .001 .000-.001 .000-.000 

.000-.001-.001-.001 .001 .001-.000.000-.000-.000.000-.000-.000 .000-.000 
-.000-.001-.002-.000-.000 .001 .001-.001 .000 .000 .000-.001 .000 .000-.001 

.000-.000-.002-.001-.000-.000 .001 .000-.000 .000 .000-.001 .000-.000 .000 

.002 .001 .000-.001 .000 .001 .001 .001 .002 .001 .000-.000 .000-.002 .001 
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• 001 .001 .000 .001 
-.000 .000-.001 .001 
-.000 .000 .000 .000 

. -.000 .000 .001 .000 
.000-.000 .001 .001 
.001 .000 .001 .000 
.001 .Q01-.001-.000 
.001 .001-.000-.000 

-.000-.000 .001-.001 
-.001-.001-.001-.001 

.000-.000-.002 .001 
.001-.000-.001 .002 
.000 .000 .001 .001 

-.000-.001 .001 .001 
-.000-.003-.000 .001 
- .001-.000- .000- .000 
-.001 .OOL '.001 .000 
-.003 .001 .001 .001 
-.000-.001-.001 .002 

.002 .001-.000-.002 

.001 .002 .000-.001 

.001-.000-.001 .001 

.001- .002-.001 • 003 

.000-.001-.000 .000 
-.003-.000 .002 .000 
-.OOZ-.OOl .001 .. OOZ 
-.000 .00l-.001-.000 

.002 .00Z-.002-.001 
.001-.000-.000 .001 

-.001-.002 .002 .002 
-.000-.001 .001 .001 
-.OOQ .001-.001 .001 
-.Qoa .001-.001 .001 
-.OOD-.OOI .001 .001 
-.001-.002 .002 .002 

.001-.000-.000 .001 

.002 .002-.002-.001 
-.000 .001-.001-.000 
-.OOZ-.OOl .001 .002 
-.003-.000 .002 .000 

.000-.001-.000 .000 

.001-.002-.001 .00'3 

.001-.000-.001 .001 
.001 .002 .00er.001 
.002 .d01-."00er.002 

-.000-.001-.001 .002 
-.003 .001 .001 .001 
-.001 .001 .OOL .000 
-.OOl-.OOer.OOo-.OOo 
-.000-.003-.000 .001 
-.000-.001 .001 .001 

.000 .000 .001 .001 

.001-.000-.001 ~002 

.000-.000-.002 ·.001 
- .001- .00 1- .00 1-. 001 
-.000-.000 .001-.001 

•. 001 .001-.00er.ooo 
.001 .001-.001-.000 
.001 .000 .001 .000 
.000-.000 .001 .001 

-.000 .000 .001 .000 
-.000 .000 .000· .000 
.... 000 .000-.001 .001 

.001 .001 .000 .001 

SSS EEEEE TTTTT U U pppp 
S E TUUP.p 

SSS EEE T U U PPPP 
SE T U UP 

SSS EEEEE T UUU P 

INTEGER PAPAHETER ARRAY (IPARI 

6 
7 , 
9 

10 
11 

12 

IPAR( 11 

6. 
1 
0 

7Z 
5 

100 
0 

18000 
1 
0 
5 

OESCR IPTION 

LINEAR DIMENSION OF THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A SQUARE A-'tRAY 
GEOMETRY FLAG 
PAUL.L.EL. BEAM GEOMETRY 
NUMBER OF PROJ ECl t ON ANGLES 
MODE FOR PROJECTION ANGLE INPUT (SEe FOLLOtfING LINES I 
ANGL ES GENERAT EO BETWEEN ZERO AND 2"'P! 
STARTING AT ZERO -
NUMBER OF RAYS FOR EACH PROJECTION 
EMISSION DATA 
DIMENSION OF THE FLOATING POINT USERS BLANK COM"'ON 8LOCK 
NUMBER OF WQFlDS fOR A FLOATING PCINT VARIA8LE 
EXECUTE THE RECONSTRUCTION (NOT JUST STOR.AGE SIZE TEST) 
PRINT fLAGS (OPT IONS SELECTED ARE ON THE FOUDloIING LINES I 
PRINT REOUIRED FLOAT ING POINT BlANk COM"'O~ WHENEVER CHANGED 
PRINT SETUP VALUES FROM IPU AND PAR ARRAYS 
lOGICAL UNIT "10. FOR ATTENUATION FACTOR STORAGE 

flOATING POUlT PARAMETER ARRAV (PARI 

PAR( I 1 

1.000 
50.500 

o 

DESCRIPTION 

PIXEL WIDTH IN UNITS OF PROJECTION BIN WIDTH 
LOCATION OF THE ROTATION AXIS IN TI-IE P~OJECTION ARRAY 

NA NOT APPLICABLE (NOT FAN BEAM GEOMETRY) 

BLANK COM"tON REQuIRED 72 1101 

BLANK COMMON REOUIP.EO ... 2201 

BLANK COMMON REQUIRED 216 3301 

BLANK COM"tON REQUIRED 416 6401 

SlANK CO"'''ION REQUIRED f 10+01 

A TOTAL 'JF 92 f 5 THRU 961 Of THE 100 USER PROJECTlON BINS ·WILL BE USED 

92 PROJECTION 8INS WILL BE USED OF WHICH 0 HAVE REEN ZEROED BV TI-IE PROGRAM 

MAXIMUM SIZE OF 8LANK COMMON THUS FAR- h255 FLOATING POINT WORDS • 

EEEEE N N DODO 
E NN NO D 
EEE N N NOD 
E N NN 0 a 
EEEEE N N 0000 

SSS 
S 

SSS 
S 

SSS 

EEEEE V V AlA 
E ·V V A A 
EEE V V A A 
E V V AlAAA 
EEEEE V A A 

BLANk COMMON REQUIREO ( llD'tO) 

EEEEE TTTTT U U PPPP 
E T U UP P 
EEE T U U PPPP 
E T U U P 
EEEEE. T UUU P 

TTTTT "I N 
T NN N 
T N "I N 
T N "IN 
T N N 

",",XIMUM SIZE OF BlANK COMMON THUS FAR- 14255 flOATING POINT WORDS. 

EEEEE N N 0000 EEEEE V v AU TTTTT N 
E NN N D. 0 E VVAATNNN 
EEE N N N D 0 EEE V V . A A T N N N 
E N NNO 0 E V V AAAAA T N NN 
EEEEE N "I DODD EEEEE V A T 

ISTP -
IRLX -
IERR -
I ZfR -

GGG URR. AAA 0000 Y 
GGRRAAOOYY 
G RRRR 10 A A a a Y 
G GG R R AAAU 0 a Y 

GGGG R R A A 0000 Y 

PARAMETERS FOR SUBROUTINE GRADY 

DESCRIPTION 

15 
1 
o 
o 

NUMBER OF ITERATION STEPS 
ITERATIVE RELAXATION METI-IOD 
DO NOT USE ERR OR ARRAY 
INITIAL SOLUTION IS ZERO 

BUt« COMMON REQUIRED ( 111501 

BlAI'« COMMON REQUIRED 5322 ( 12312. 

8ACKPR.OJECTION AND PROJECTI ON/CONVOLUT IONI F IL TER ROJTINES 
PERFORM THE FOLLOW ING FUNCTIONS 

.". FUNCTION FlAY wEIGHTING ATTENUATION 
BeK BACKPROJECTJON UNIFOR.M SQUARE YES 
PRJ PROJECTION UNIFOflM SQUARE YES 

8LANK CO"'MON REQUIRED 5506 t 126Q21 

BLANK COMMON REQUIRED 9602 I 22602) 

BLANK COMMON REQUIRED 13698 ( 326021 

BLANK COMMON REQUIRED 11794 ( 42602) 

8LAt« COM"'ON REQUIRED 17810 ( 4U221 

BLANK COMMON REQUUED 11794 t 42602) 

FOR CONGR AND GRADY FeN IS THE VALUE Of THE CHI-SQUARE 
FOR ENTPY fCN IS EVALUATED 8y THE SUBROUTINE OULfC 
ITER 0 fCN .484E+09 
ITER 1 fCN .609E+08 
ITER 2 FCN .180E+OB 
ITER 3 FCN - .10BE+08 
ITER It FCN .685E+07 
ITER 5 FCN .460E+07 
ITER 6 FCN .322E+Dl 
ITER 1 feN .236£+07 
ITER 8 FCN .lBOE+07 
ITER 9 feN .141E+07 
ITER LO FeN • LL 4E+ 07 
ITER 11 feN .949E+06 
ITER 12 FCN .B03E+06 
ITER 13 fCN .691E+06 
ITER 14 FCN .603E+06 
ITER 15 FCN .532E+06 

BLANK COMMON REQUIRED 11610 ( 42'312) 

BLANK COMMON REQUIRED 1351lt ( 323121 

8LANK COMMON REQUIRED 9418 ( 223121 

BLANK COM,..ON REQUIRED 5322 ( 12312) 

FAN BEAM 
NO 
NO 

MAXIMUM SIZE OF BLANK COMMON THUS FAR_ 11BIO FLOATING POINT WORDS. 

EEEEE N N DODD 
E NN NO 0 
HE N "I NOD 
E N NN 0 0 
EEEEE N N DODD 

GGG RRRR UA 0000 v y 
GGP:RAAOoYY 
G RRRR A A a 0 Y 
G GG R R AAUA 0 0 Y 

GGGG R R A A DODD 



RECONSTRUCTION FOR THE EMISSION SCAN COR.R.ECTED F~A; ATTENUATION 

XfltIN. -.30E+01 X'''''X • .35E+02 XSUM • .5690E+05 

................................................................... 

.- -- -- -- - - --- --- ---+J J+ .... - ---- -- - - -- - --• 
• - - - .. - - - - ----)SHa ....... e.--- -- - - -- - -- -. 
.-- -- --- - - - -.A ............. A.- - - - ---- - --. 
• - --- ---- - - -- • " ....... H ......... M. -- - - ---- --- - .. 
• - - - - - - - -Z.H ................... Z- - - - - - - -- • 
• - --- - - - - --"' ....................... 114-- - - - - -- - • 
.- ---- - --- -1I._U ............. H"8- - - ---- - • 
• -- .. -- --- - -eH ..................... _.ee- - -- -- - --. 
.- ---- -- -AHH •• _ .................... A- -- ---- -. 
.- - -- - --..... n ........... "" .......... -- - -- - --. 
• - --- ---.. H .... _ .......... H •••• n ........ -- --- --. 
.- -- --- ----1 ..... 0 ....................... Hl--- --- -- -. 
.-- -- -- ---E!HH •• H ............. H ......... HHB-- -- -- --. 
.-- - --- -+1 •• _.H ................ OH .. - --- -- --. 
• - - - -X ... __ .................. ____ .X- - -- -- • 

.- -- - -- -e .... n .............. H ............. &- -- - - -. .------·.H ..................................... ·.-----· 
• - -- - - • .......... _ ...... u.u ..... n ...... • - .. -- -- • 

--......... 0 ...... " .......... --. .. - -- ----. 
.---- -- --...... H ........ " ....... I .......... -.. -- ----. 
• -- -- - - ........... n ............. _u ••• n ...... - - -- -- • 
• - --. - -- • ... n ............................ " •• • -- - -- - • 
.- -- - - -8H ....... " .... H ... O ..... 0 ........ 9- - - -- -. 
•. -- -- -- -xe ..... n ............ nH ... H ....... X- -- - -- • 
.- -- -- -+HI .......................... n ..... +- --- -- --. 
.-- -- -- ---9 •• 0 .......................... 9-- -- - --. 
.... -- ... -- ----1 ................. 0 .............. 1---- --- -- -. 
• -- --- ---•• H ............. H ..... nu.HHIII--- --- --. 

.• -- - -- - --+HH •• IHH ............ " ....... +-- - -- - --. 
.- ---- -- -A ............................. A- -- ---- -. 
• -- ... -- --- - -6" .............. " ...... "19- - --- -- - --. .- ... .:..--- - -- -e ................... ".o ... ,,- --- - ---- -. 
• - --- ... - - - --"' ...... 8 ............... 104- - ... - - - - • 
• -- - - - - - ... -z ..... -.... .......... z- - - - - - - -- • • - --- --- - - -- ·HIH ........... ..-.H. -- - - ---.... -- ... . 
• - -- --- - - - -·AH ............. A·.. ... .:. - ---- - --. 
.- - ... -- - - -- ----Jee ....... 191--- - -- - -- - -- -. 
.- -- - -- - - --- ---- - •• +JJ+ •• - --- - - - - -- --. .................................................................. 

• I 1 
-.295U+01 -.9939E-Ol .~087E+01 .5990E+Ol .7322E+Ol .88"4E+01 .1037E+02 

Z X AM e I • 
.1170E+02 .1265E+02 .1360E+02 .1569E+02 .1779E+02 .1912E+02 .2064E+02 

• • • • • • • .2197E+02 .2ft83E+02 .2825E+02 .3016E+02 .3168E+02 .3320E+02 .J~53E+02 

• .3510E+a2 

.3 -.2 1.0 .8 .0 -1.2 1.1 .6 -.7 1.2 .9 -.3 1.0 .1 -.3 
-.1 -1.3 .0 .1 -.5 -1.5 .2 .. 1 -1.2 .4 .1 -.9 .8 -.5 -.4 
1.1 -.1 .6 1.0 .4 -.6 .5 1.1 -.5 .8 .8 -.6 1.2 .1 .1 

.7 -.3 -.It .4 -.0 -1.2 -.7 .5 -1.0 -.1 .4 -.8 .8 -.2 .8 

.6 .1 -.8 .7 .5 -.2 -.6 1.It .0 ., .7 -.7 .7 -.5 .9 
1.0 1.0 -." .1 .5 -.4 -1.7 .8 -.0 .4 1.1 -.3 1.2 -.3 .4 
-.4 ." -.4 .3 .8 .3 -1.1 .9 .2 .2 1.0 -.8 -.0 -1.7 -.0 
-.6 1.2 .4 .2 1.2 .5 -1.2 -.1 -.6 -1.4 .4 -.6 .7 -.8 1.4 

-1.2 1.0 .3 -1.1 .1 -.4 -1.6 -.6 .2 -.5 .9 .0 1.6 -.6 -.2 
-1.9 -1.0 -.3 -1.1 .6 1.2 -.3 -.8 .6 -.4 1.8 - .. 4 -.0 -1.4 .4 
-.4 -.6 1.5 -.3 -.2 .8 .6 -.3 1.3 -1.2 .0 -1.2 .6 .8 .1 

.3 -1.7 .3 .4 .4 1.4 .5 -1.8 -.1 -1.3 .9 .2 1.0 -.2 -.5 

.3 -.1 .7 .9 -.5 .1 -.6 -1.6 .7 -.0 1.5 -.6 ., -.2 -2.6 
1.1 -.0 -1.2 .2 -1.6 .5 .7 -.8 .8 .2 .4 .2 .1 -.5 -2.6 

.4 -1.0 -2.5 .1 ., .1 1.3 -.1 -.6 -.2 1.3 -.7 -.0 -1.3 .3 
-.1 .6 -.J -.6 1.1 ., 1.1 -.8 -.9 .6 -.7 .1 -1.3 .1 3.5 

.6 .5 -.2 -.9 1.2 -.4 .1 .8 -1.4 -.3 .5 -1.' .4 .7 7.6 
-.8 1.4 .8 -1.1 -.6 .0 1.4 .2 -1.7 .5 -1.2 .3 .1 2.1 11t.8 

.2 .8 .4 -1.2 -.4 1.0 -.3 .6 -.5 -1.4 .2 -., .7 4.0 21.~ 

.1 -1.1 .9 .8 -1.4 -.1 -.1 1.0 -1.1 .0 -.1 .3 .1' 8.~ 24.0 
-.4 -.~ 1.1 .7 -1.8 .5 -.1 -.6 .1 .1 .2 .4 1.413.8 2t.7 
1.3 .3 -1.1 .4 .5 -1.1 -.7 .5 .8 -1.0 .1 1.0 2.918.327.4 
.9 .... 2 -1.6 1.3 .5 "'2.6 .5 .7 .5 -.6 -.3 .4 5.1t 21.8 28.3 

-1.0 .4 .6 -.9 -.3 -.3 .3 -.1 1.5 -1.0 -.2 .5 9.1 24.8 29.0 
-.6 1.3 .2 -2.2 .9 .5 -.8 .5 1.5 -.' -1.1 .8 11.926.6 30.4 

.8 -.5 -.6 .1 -.4 1.1 -1.1 .7 .7 .4 -1.6 .• 2 15.3 27.3 29.4 

.1 -1.9 1.1 ., -.1 1.1 -.1 -.7 1.1 .0 -1.4 2.4 18.3 28.1 28.0 
-.9 ., -.4 1.1 .1 .0 .9 -1.7 .7 .7 -2.2 4.1 20.628.2 28.9 

.9 .It -.3 .8 .3 -.3 ., -.S -.6 1.3 -3.0 5.3 22.4 27.~ 29.1 
-.3 .7 .8 -.9 1.3 .1 -.4 ·.6 ~1.6 1.1 -1.1 4.2 22.3 27.4 29.4 
-.0 .2 .8 -.3 ., .4 -.2 .5 "'.9 -.8 1.0 2.9 25.0 29.2 28.2 
1.0 .1 -.3 .8 -.7 .4 .5 -.4 .2 -2.0 1.9 2.9 24.4 28.4 2<;.5 
1.0 .1 -.3 .8 -.7 .4 .5 -.4 .2 -2.0 1.9 2.9 24.4 28.4 29.5 
-.0 .2 .8 -.3 .5 .4 -.2 .5 -.9 -.8 1.0 2.9 25.0 29.2 28.2 
-.3 .7 .8 -.9 1.3 .1 -.ft .6 -1.6 1.1 -1.1 4.222.327.429.4 
.9 .It -.3 .8 .3· -.3 ., -.5 -.6 1.3 -3.0 5.3 22.427.4 29.1 

-.9 ., -.4 1.1 .1 .0 .9 -1.7 .7 .7 -2.2 4.1 20.6 28.Z 28.9 
.1 -1.9 1.1 .5 -.7 1.1 -.1 -.7 1.1 .0 -1.1t 2.418.328.1 28.0 
.8 -., -.6 .1 -.4 1.1 -1.1 .7 .7 .It -1.6 .2 15.327.3 29.1t 

-.6 1-3 .2 -2.2 .9 ., -.8· .5 1.5 -.5 -1.1 .8 11.9 26.6 30.1t 
-1.0 .4 .6 -.9 -.3 -.3 .3 -.1 1.5 -1.0 -.2 .5 9.1 24.829.0 

.9 -.2 -1.6 1.3 .5 -2.6 .5 .7 .5 -.6 -.3 .4 5.1t 21.8 28.3 
1.3 .3 -1.1 ."t .5 -1.1 -.7 .5 .. 8 -1.0 .1 1.0 2.918.327.4 
-.,. -.4 1.1 .7 -1.8 .5 -.1 -.6 .1 .1 .2 .~ 1.413.826.7 

.1 -1.1 .9 .8 -1.1t -.1 -.1 1.0 -1.7 .0 -.1 .3 .7 8.1t 24.0 

.2 .8 .4 -1.2 -.4 1.0 -.3 .6 -.~ -1.4 .2 -.1 .7 ".021.,. 
-.8 hit .8 -1.1 -.6 .0 1.1t .2 -1.7 ., -1.2 .3 .1 2.1 14.8 

.6 .5 -.2 -.9 1.2 -.4 .7 .8 -1.4 -.3 .5 -1.5 .4 .7 7.6 
-.1 .6 -~3 -.8 1.1 .5 1.1 -.8 -.9 .6 -.7 .1 -1.3 .1 3.5 

.4 -1.0 -2.5 .7 .5 .1 1.3 -.1 -.6 -.2 1.3 -.7 -.0 -1.3 .3 
1.1 -.0 -1.2 .2 -1.6 .5 .7 -.8 .8 .2 .It .2 .1 -.5 -2.6 

.3 -.1 .7 .9 -.5 .1 -.6 -1.6 .7 -.0 1.5 ,-.6 .5 -.2 -2.6 

.3 -1.7 .3 .4 .4 1.4 ., -1.8 -.1 -1.3 .9 .2 1.0 -.2 -.5 
-.It -.6 1.5 -.3 -.2 .8 .6 -.3 1.3 -1.2 .0 -1.2 .6 .8 .1 

-1.9 -1.0 -.3 -1.1 .6 1.2 -.3 -.8 .6 -.It 1.8 -.It -.0 -1.1t .4 
-1.2 1.0 .3 -1.1 .1 -.4 -1.6 -.6 .2 -.5 .9 .0 1.6 -.6 -.2 
-.6 1.2 .It .2 1.2 .5 -1.2 -.1 -.6 -1.~ .~ -.6 .7 -.8 1.4 
-.4 .It -.It .3 .8 .3 -1.1 .9 .2 .2 1.0 -.8 -.0 -1.7 -.0 
1.0 1.0 -.It .7 .5 -.It -1.7 .8 -.0 .4 1.1 -.3 1.2 -.3 .4 
.6 .1 -.8 .7 ., -.2 -.6 1.4 .0 .5 .1 -.7 .1 -.5 .9 
.7 -.3 -.It .~ -.0 -1.2 -.7 .5 -1.0 -.1 .4 -.8 .8 -.2 .8 

1.1 -.1 .6 1.0 .4 -.6 .5 1.1 -.5 .8 .8 -.6 1.2 .1 .1 
-.1 -1.3 .0 .1 -.5 -1.5 .2 .1 -1.2 .It .1 -.9 .8 -.5 -.It 
.] -.2 1.0 .8 .0 -1.2 1.1 .6 -.7 1.2 .9 -.3 1.0 .1 -.3 

• 
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.5 -1.1 .7 .5 .4 -1.3 -.ft .1 .It .9 1.0 -.1 -2.1 -2.0 -.3 
.2 -1.7 .2 .6 .3 -1.0 -.5 .0 .3 .5 .3 -1.6 -.f; 2.6 3.0 
.3 -1.2 .0 .5 -.6 -.5 -.1 .J .7 .i..3 -.4 3.8 10.1 14 .. 420.3 
.1 -.4 .2 .9 -.9 .4 .9 1.0 .9 .2 10.8 20.8 26.027.528.7 
.3 .1 .9 .1 -1 .. 7 -1.5 -.5 2.5 5.3 19.2 U.1 21.9 30.2 29.6 30.9 

-·.9 -1.0 -.5 -1.8 -1.2 .4 3.9 10.6 21t.3 28.5 31.0 31.5 30.529.932.0 
-1.6 .1 1.5 -1.7 -1.3 5.3 12 .. 92503 30 .. 229.2 30.9 32.9 31.2 30.6 31.1 
-.6 -.0 -.9 -1.1 4.814.125.328.630.030.410.8 )0.7·30.3 31.131.3 

-2.5 1.1 -.9 1.9 14.1 25.2 29.1 29.8 29.5 30.432.2 32 .. 1t 30.~ 29.9 20;.4 
-.4 .9 -1.6 11.9 24.1 29.228.730.731.430.029.1 29.9 30.330.2 30.5 
-.9 -.2 '.421.426.830.1 29.9 28 .. 7 30.6 30.7 30.8 32.231.3 3l.t: 30.8 
-.3 .4 18.1 26.6 27.9 30.332.531.431.931.2 30.9 31.2 30.732.030.5 

.5 10.1t 24.8 29.1 31.7 29.730.930.6 32.0 31.2 30.3 30.7 31.1 31.1 29.0 
4.4 21.3 28.1 28.229.9 30.6 30.6 30.1 31.031.7 30.9 30.8 30.729.6 20;.2 

10.223.829.] 30.7 29.6 30.830.530.931.032.8 31.!t 29.2 30.630.030.1 
19.7 27.4 29.6 30.3 3001 30.930.030.5 30.431.5 30.8 30.1 31.529.529.8 
23.829.230.229.331.1 31.730.331.530.931.0; 29.7 29.3 31.8 28.5 30.9 
27.1 29.8 29.8 29.9 31.0 30.7 31.9 30.6 30.6 31 .. 8 30.6 29.5 31.e 31.7 28.7 
28.1 28.829.8 30.5 30.1 30.8 31.9 30.6 31.5 31.3 30.0 30.1 30.1t 32.5 30.2 
28.130.630.830.031.131.230.430.232.130.8 2e.4 31.0 30.2 29.5 30.9 
28.9 31.2 30.' 30.6 31.1 31.230.330.532.331.130.830.' 30.429.527.6 
28.0 29.9 31.4 31.7 3D.' 30.5 29.9 30.5 31.2 32.2 11.3 28.5 28.9 31.0 2".9 
28.731.330.930.730.630.830.530.032.030.431.932.329 .. 6 30.3 29.1t 
28.830.5 30.7 31.0 31.3 31.6 30.3 31.2 35.1 29.7 2':1.2 31.0 28.9 30.3 20;.5 
30.0 31.2 32.0 31.1 30.3 31.2 31.4 30.9 30.3 30.1 30.030.430.032.2 30.3 
3001 29.9 31.6 30.5 29.7 31.3 30.9 33.~ 30.0 30.2 30.3 29.430.2 31.6 32.0 
30.0 29.' 31.130.931.131.028 .. 7 B.G 31.9 31.130.130.130.628.431.1 
31.1t 31.2 32.9 31.430.1 30.929.631.530.831.030.8 31.1 30.027.930.7 
29.6 29.3 32.7 33.4 30.2 29.3 31.Z 31.6 31.6 32.9 32.0 29.3 28.6 29.7 30.2 
29.8 31.8 30.2 32.0 32.1 26.031.931.5 31.3 3l.1t 31.6 30.6 30.430.327.9 
29.2 32.0 30.6 31.2 31.9 28.6 31.4 32.4 31.5 30.3 29.6 30.1 30.1 28.6 30.2 
31.2 29.8 30 .. 3 32.8 30 .. 3 29.0 32.9 31.6 30.8 30.3 30.5 29.3 30.1t 32.2 30.0 
31.2 29.8 30.332.830.3 29.032.931.630.830.3 30.5 29.3 30.4 32.2 30.0 
29.2 32.0 30.6 31.2 31.9 28.6 31.4 32.4 31.5 30.3 2C;.6 30.1 30.1 28.6 30.2 
29.831.8 30.232.0 3Z.1 28.031.9.31.5 31.3 31.1t 31.6 30.6 30.4 30.3 27.9 
29.6 29.3 32.7 33.4 30.2 29.3 31.2 31.6 31.6 32.9 32.0 29.3 Zll.6 29.7 30.2 
31.431.2 32.931.430.1 30.929.631.5 30.8 31.0 30.8 31.1 30.0 27.9 30.7 
30.029.5 31.1 30.931.1 31.028.733.931.9 31.1 30.1 30.1 30.8 28.4 31 .. 1 
30.1 29.9 31.6 30.5 2C;.7 31.3 30.9 33.5 30.0 30.2 30.3 29.ft 30.2 31.6 32.0 
30.0 .31.2 32.0 31.1 30.3 31.2 31 .. 4 30.S 30.3 30.1 30.0 30.4 30.0 32.2 30.3 
26.6 30.5 30.7 31.0 31 • .3 31.6 30 .. 3 31.2 3'.1 29.1 29.2 31.0 28.9 30.3 29.5 
28 .. 7 31.3 30.9 30.7 30.6 30.830.530.032.0 "30.431.932.3 29.t 30.3 29.4 
28.029.9 31.1t 31.7 30.5 30 .. 529.930.5 31.232.231.328.528.9 31.029.9 
28.9 31.2 30.5 30.6 31.1 31.2 30.3 30.5 32.3 31.7 30.8 30.5 30.1t 29.5 27.6 
28.1 30.6 30.8 30.0 31.1 31.2 30.4 30.2 32.1 30.8 29.1t 31.0 30.2 29.5 30.9 
28.128.829.830.' 30.1 30.8 31.9 30.6 31.5 31.3 30.030.130.432.530.2 
27.129.829.829.931.030.731.930.630.631.830.629.5 31.8 31.728.7 
23.829.230.2 29.331.1 31.7 30 .. 3 31.5 30.9 31.9 2~.7 29.3 31.8 28.' 30.9 
19.7 27.1t 29.6 30.3 30.1 30.930.030.530.431.530.830.1 31.529.' 29.8 
10.223.829.330.729.630.830.530.931.032.831.529.2 30.6 30.0 30.1 
4.4 21.3 28.1 28.2 29.9 30.6 30.6 30.1 31.0 31.7 30.9 30.8 30.7 29.6 29.2 
., 10.1t 24.8 29.1 31.7 29.7 30.9 30.6 32.031.2 30.3 30.7 31.1 31.1 29.0 

-.3 .4 18.1 26.6 27.<; 30.3 32.5 31.4 31.9 31.2 30.9 31.2 30.7 32.0 30.! 
-.9 -.2 5.421.426.830.129.9 Z8.7 30.6 30.7 30.8 32.2 31.3 31.6 30.8 
-.4 .9 -1.6 11.924.1 29.228.730.7 31.1t 30.0 29.1 29.9 30.330.2 30.5 

-2.5 1.1 -.9 1.914.125.229.129.829.530.432.2 32;1t 30.! 29.9 29.4 
-.8 -.0 -.9 -1.1 4.8 lIt.l 25.3 28.6 30.0 30.1t 30.8 30.7 30.3 31.1 31.3 

-1.6 .1 1.5 -1.7 -1.3 5.3 12.9 25.3 30.2 29.2 30.9 32.9 31.2 30.6 31.1 
-.9 -1.0 -.5 -1.8 -1.2 .4 3.9 10.6 24.3 28.5 31.0 31.5 30.5 2q.9 32.0 

.3 .1 .9 .1 -1.7 -1.5 -.5 2.5 5.319.2 26.727.9 30.229.630.9 

.1 -.It .2 .9 -.9 .4 .9 1.0 .9 .2 10.8 20.8 26.0 Z7., 28.7 
.3 -1 .. 2 .0 .5 -.6 -.5 -01 .3 .7 1.3 -.It 3.8 10.1 1~.4 20.3 
.2 -1.7 .2 .6 .3 -1.0 -.5 .0 .3 .5 .3 -1.6 -.6 .2.6 3.0 
.5 -1.1 .7 .5 .4 -1.3 -.4 .1 .It .9 1.0 -.1 -2.1 -Z.O -.3 

., -1.3 -1.3 .5 -.3 -2.0 -201 -.1 1.0 .9 .4 .1 -.4 -1.3 .4 
3.4 4.9 1t.9 l.1t 3.0 2.6 -.6 -1.6 .3 .5 .3 .0 -.5 -1.0 .3 

23.623.623.623.620.3 IIt.4 10.1 3.8 -.4 1.3 .7 .3 -.1 -.5 -.6 
29.329.1 29.1 29.328.727.526.020.8 10.8 .2 .9 1.0 .9 .4 -.~ 
29.9 31.1 31.1 29.9 30.9 29.6 30.2 27.9 26.7 19.2 5.3 2.5 -.5 -1.5 -1.7 
30.8 30.1 30.1 30.8 32.0 29.9 30.5 31.5 31.0 28.' 24.] 10.6 3.9 .4 -1.2 
31.2 32.6 32.6 31.2 31.1 30.6 31.2 32.9 30.9 29.2 30.2 25.3 12.~ '.3 -1.3 
30.8 n.8 31.8 30.8 31.3 31.1 30.3 30 .. 7 30.8 30.4 30.0 28.6 25.3 14.1 1t.8 
29.629.429.429.629.429.930.532.432.230.429.529.8 29.1 25.2 14.1 
]0.8 30.5 30.5 30.8 30.5 30.2 30.3 29.9 29.1 30.0 31.1t 30.7 28.7 29.2 24.1 
30.230.5 30.5 30.2 30.8 31.631.332.230.830.730.6 28.7 29.93001 26.8 
30.030.030.030.030.5 32.030.731.2 ]0.9 31.2 31.9 31.1t 32.! 30.3 27.9 H." 29.8 29.8 31.1t 29.0 31.1 31.1 30.7 30.331.232.030.630.929.731.7 
30.9 30.1 30.1 30.9 29.2 29.6 30.7 30.8 30.9 31.7 31.0 30.1 30.6 30.6 29.9 
28.830.630.628.8 30.1 30.030.629.231.5 32.8 31.0 30.9 30.' 30.8 29.6 
29.330.830.8 29.3 29.8 29.5 H.' 30.1 30.831.530.430.' 30.0 30.9 30.1 
]0.928.728.730.930.928.531.8 29.3 29.7 31.9 30.9 31.5 30.3 31.7 31.1 
29.5 29.1.29 .. 1 29.5 28.7 31.7 31.8 29.5 30.6 31.8 30.6 30.6 31.9 30.7 31.0 
28.8 30.4 30.4 28.8 30.2 32.5 30.4 30.1 30.031.331.530.6 31.9 30.830.1 
30.9 28.8 28.8 30.9 30.9 29.' 30.2 31 .. 0 2~.4 30.8 32.1 30.2 30.4 31.2 31.1 
28.8 29.3 29.328.827.6 29.5 30.430.,30.831.732.3 30.530.331.2 31.1 
29.0 31.2 31.2 29.0 29.9 31.0 28.9 28.5 31.3 32.2 31.2 30.5 29.9 30.5 30.5 
30.1 29.2 29.2 30.1 29.ft 30.3 29.6 32.3 31.9 30.1t 32.0 30.0 30.530.830.6 
29.428.728.7 29.1t 29.5 30.3 28 .. 9 31.0 29.2 29.7 35.1 31.2 30.3 31.6 31.3 
28.1 28.6 28.6 28.1 30.3 32.2 30.0 30.4 30.0 30.1 30.3 30.9 31.4 31.2 30.3 
28.128.6 28.6 28.1 32.0 31.6 30.2 29.430.330.230.033.530.931.3 29.7 
29.327.827.8 29.331.1 28.430.830.130.131.1 31.9 33.9 28.7 31.0 31.1 
29.328.228.229.330.127.930.031.130.831.030.831.5 29.6 30.9 30.1 
28.330.730.7 28.3 30.2 29.728.6 29.3 32.0 32.9 31.6 31.6 31.2 29.3 30.2 
31.028.728.731.027.9 30.3 30.4 30.6 31.6 31.1t 31.3 31.5 3l.~ 28.0 32.1 
32.1 26.5 26.' 32.1 30.2 28.6 30.1 30.1 2<;.6 30.3 31.5 32.1t 31.4 28.6 31.9 
28.5 27.6 27.6 28.5 30.0 32.2 30.4 29.3 30.5 30.3 30.8 31.6 32.9 29.0 30.3 
28.5 27.6 27.6 28.5 30.0 32.2 30.4 29.3 3D.' 30.3 30.8 31.6 32.9 29.0 30.3 
32.1 26.5 26.5 32.1 30.2 28.6 30.1 30.1 29.6 30 .. 3 31.5 32.4 31.4 2B.~ 31.9 
31.028.728.7 31.0 27.9 30.3 30.1t 30.6 31 .. 6 31 .. 431.331.5 31.S 28.0 32.1 

·28.330.730.728.330.2 29.7 28.6 29.3 32.0 32.9 31.6 3.1.6 31.2 2Q.3 30.2 
29.328.228.229.330.727.930.031.130.831.030.831.5 29.t 30.9 30.1 
2101.327.827.829.331.1 28.1t 30.8 30.1 30.1 31.1 31.933.9 28.7 31.0 3101 
28.1 28.6 28.6 28.1 32.0 31.6 30.2 29.430.330.230.033.530.931.329.1 
28.1 28.6 28.6 28.1 30.3 32.2 30.0 30 .. 4 30.0 30.1 30.3 30.9 31.4 31.2 30.3 
29.428.728.729.429.530.328.9 31.0 2~.2 20;.73'.131.230.331.631.3 
30.1 29.2 29.2 30.1 29.4 30.329.632.331.9 30.432.030.030.530.830.6 
29.031.2 31.2 29.02<;.931.028.928.531.3 32.2 31.2 30.5 29.930.530.5 
28 .. 829.3 29.3 28.8 27.6 29.530.430.530.8 31.7 32.3 30.5 30.3 31.2 31.1 
30.9 28.8 28.8 30.9 30.9 29.5 30.2 31.029.4 30.R 32.1 30.2 30.4 31.2 31.1 
28.8 30.4 30.1t 28.8 30.2 32.' 30.4 30.1 30.0 31.3 :H.' 30.6 31.9 30.8 30.1 
29.' 29.1 29.1 29.5 28.7 31.1 31.8 29.530.6 31.8 30.6 30.6 31.'7 30.7 31.0 
30.928.728.730.930.928.531.829.329.731.930.931.5 30.3 31.7 31.1 
29.330.830.829.329.8 29.5 31.5 30.1 30.6 31.5 30.1t )0.5 30.0 )0.9 30.1 
28.8 30.6 30.6 28.8 30.1 30.0 30.6 29.2 31.5 32.8 31.0 30.9 30.! 30.8 29.6 
30.930.1 30.1 30.9 29.2 29.630.730.830.931.731.030.1 30.l; 30.6 29.9 
31.1t 29.8 29.8 31.4 29.0 31.1 31 .. 1 30.7 30.3 31.2 32.0 30.t 30.'7 2'7.131.7 
30.030.030 .. 030.030.532.030.731.230.9 31.2 31.9 31.4 32.5 30.3 27.9 
30.230.5 30.5 30.2 30.8 31.6 31.3 32.2 30.8 30.730.6 28.1 29.9 )0.1 26.8 

~~:: ~~:! ~~:; ~~:: ~~:f ~~:: :g:; ;~:: ;~:~ ig:~ ~!:; ~~:~ ~::r ;;:~ ~::~ 
30.831.8 31.8 30.8 31.3 31.1 30.3 30.7 30.8 30.4 30.0 28.6 25.3 14.1 4.8 
31.2 32.6 32.6 31.2 31.1 30.6 31.2 32.9 30.9 2101.2 30.2 25.3 12.S 5.3 -1.3 
30.830.130.1 30.832.029.930.531.531.028.524.3 10 .. 6 3.~ .4 -1.2 
29.9 31.1 31.1 29.930.929.6 30.2 27.926.7 19.2 5.3 2.5 -.5 -1.5 -1.7 
29.329.129.129.328.727.526.020.810.8 .2 .9 1.0 .. '7 ;4 -.9 
23.623.623.623.620.3 14.4 1001 3.8 -.4 1.3 .1 .3 -.1 -.5 -.6 
3.4 4.9 4.9 3.4 3.0 2.6 -.6 -1.6 .3 ., .3 .0 -.5 -1.0 .3 

.5 -1.3 -1.3 .5 -.3 -2.0 -2.1 -.1 1.0 .9 .4 .1 -.4 -1.3 .4 
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.5 .7 -1.1 .5 -.3 .1 1.0 -.3 .9 1.2 -.7 .. 6 1.1 -1.2 .0 

.6 .2 -1.7 .2 -.4 -.5 .8 -.9 .1 .~ -1.2 .1 .2 -1.5 -.5 

.5 .0 -1.2 .3 .1 .1 1.2 -.6 .8 .8 -., 1.1 .5 -.6 .4 

.9 .2 -.4 .1 ~.8 -.2 .8 -.8 .It -.1 -L.D .5 -.7 -1.2 -.0 

.1 .9 .1 .3 .9 -.5 .1 -.7 .7 .5 .0 1.4 -.6 -.2 ~!5 
-1.8 -.5 -1.0 -.9 .It -.3 1.2 -.3 1.1 .4 -.0 .8 -1.7 -.4 .5 
-1.7 1.5 .1 -1.6 -.0 -1.7 -.0 -.8 1.0 .2 .2 .9 -1.1 .3 .8 
-l.l" -.9 -.0 -.8 1.4 -.8 .7. -.6 .4 -1.4 -.6 -.1 -1.2 .5 I.Z 

1.9 -.9 1.1 -2.5 -.2 -.6 1.6 .0 .9 -.5 .2 -.6 -1.6 -.4 .1 
11.9 -1.6 .9 -.4 .It -1.4 -.0 -.4 1.8 -.4 .6 -.8 -.3 1.2 .6 
21.4 5.4 -.2 -.9 .1 .8 .6 -1.2 .0 -1.2 1.3 -.3 .6 .8 -.2-
26.6 18.1 .4 -.3 -.5 -.2 1.0 .2 .9 -1.3 -.1 -L.8 .5 1.4 .4 
29.1 24.8 10.4 .5 -2.6 -.2 .5 -.6 1.5 -.0 .7 -l.6 -.6 .1 -.5 
28.2 28.1 21.3 4.4 -2.6 -.5 .1 .2 .It" .2 .8 -.8 .7 .5 -l.t 
30.729.3 23.8 10 .. 2 .3 -1.3 -.0 -.7 1 .. 3 -.2 -.6 -.1 L.3 .1 .5 
30.329.627.419.7 3.5 .1 -1.3 .1 -.7 .6 -.9 -.8 1.1 .5 1.1 
29.3 30.2 29.2 23.8 7.0 .7 .4 -1.5 .5 -.3 -1.4 .8 .7 -.4 1.2 
29.929.829.821.1 14.8 2.1 .1 .3 -1.2' .5 -1.7 .. 2 1.4 .0 -.6 
30.5 29;8 28.8 28.1 2l.1t It.o .7 -.1 .2 -1.4 -.5 .6 -.3 1.0 -.It 
30.0 30.8 30.6 28.1 21t.O 8.1t .7 .3 -.1 .0 -1.7 1.0 -.1 -.1 -1.4 
30.630.5 31.2 28.9 26.7 13.8 1.4 .4 .2 .1 .1 -.6 -.1 .5 -1.8 
31.731.429.928.027.4 18.3 2.9 1.0 .1 -1.0 .8 .5 -.7 -1.1 .5 
30.730.931.3 28.7 28.3 21.8 5.It .4 -.3 -.6 .5 .7 .5 -2.6 .5 
31.030.730.5 28.8 29.0 24.8 9.1 .5 -.2 -1.0 1.5 -.1 .3 -.3 -.3 
31.1 32.0 31.2 30.0.30.4 26.6 11.9 .8 -1.1 -.5 1.5 .5 -.8 .5 .9 
30.5 31.6 29 .. 9 30.1 29.4 27.3 15.3 .2 -1.6 .4 .7 .7 -1.1 1.1 -.4 
30.9 31.1 29.5 30.0 28.0 28.1 18.3 2.4 -1.. .0 1.1 -.7 - .. 1 1.1 -.7 
3l.1t 32.9 31 .. 2 31 •• 28.9 28.2 20.6 •• 1 -2.2 .. 7 .7 -1.7 .9 .0 .1 
33.432.7 29 .. 3 29.6 29.1 27.422 •• 5.3 -3.0 1.3 -.6 -.5 .5 -.3 .3 
32.0 30.2 31.8 29.8 29.4 27.4 22.3 •• 2 -1.1 1.1 -1.6 .6 -.4' .1 1.3 
:31.2 30.6 32.0 29.2 28.2 29.2 25.0 2.9 1.0 -.8 -.9 .5 -.2 .4 .5 
32.8 30.3.29.831.2 29.5 28 •• 24.1t 2.9 1.9 -2.0 .2 -.4 ., .4 -.7 
32.830.3" 29.831.2 29.5 28.4 2 •• 1t· 2.9 1.9 -2.0 .2 -.4 .5 •• -.7 
31.2 30.6 32.0 29.2 28.2 29.2 25.0 2.9 1.0 -.8 -.9 .5 -.2 .4 .5 
32.030.2 11.8 29.8 210.4'27.422.3 4.2 -1.1 1.1 -1.6 .6 -.4 .1 1.3 
33.432.729.329.629.1 27.422 •• 5.3 -3.0 1.3 -.6 -.5 .5 -.3 .3 
:n.4 32.9 31.2 31.4 28.9 28.2 20.6 4.1 -2.2 .1 .7 -1.7 .9 .0 .1 
30.931.1 29.5 30.0 28.0 28.1 18.3 2.4 -1.4 .0 1.1 -.1 -.1 1 .. 1 -.7 
30.531".6 29.9 30.1 29.4 27.3 15.3 .2 -1.6 .4 .1 .1 -1.1 '1.1 -.4 

. 31.1 32.031.230.030.4 26.6 11.9 .8 -1.1 -.5 1.5 .5 -.8 .5 .9 
31.010.7 30.5 28.8 29.0 24.8 9.1 .5 -.2 -1.0 1.5 -.1 .3 -.3 -.3 
30.7 30.9 31.3 28.1 28.3 21.8 5.4 .4 -.3 -.6 .5 .7 .5 -2.6 .5 
31.731.429.928.027.4 18.3 2.9 1.0 .1 -1.0 .8 .5 -.7 -1.1 .5 
30.630 •. 531.2 2S.9 26.7 1~.8. 1.4 .4 .2 .1 .1 -.6 -.1 ~5 -1.8 
10.030.830.628.1 24.0 8.4 .7 .3 -.t .0 -1.7 1.0 -.1 -.1 -1.4 
)0.5 29.8 28.8 28.1 21.4 4.0 .1 -.1 .2 -1.4 -.5 .6 -.3 1.0 -.4 
29.929.8 29.8 27.1 14.8 2.1 .1 .3 -1.2 ., -1.7 .2 1.4 .0 -.6 
29.310.2 29.2 23.8 7.0 .7 .4 -1.5 .5 -.3 -1.4 .8 .7 -.4 1.2 
30.129.627.4 19.7 3.5 .1 -1.3 .1 -.1 '.6 -.9 -.8 1.1 ., 1.1 
30.129.323.8 10.2 .3 -1.3 -.0 -.1 1.3' -.2 -.6 -.1. 1.3 .1 .5 
28.2 28.1 21.3 4.4 -2.0 -.5 .1 .2 .4 .2 .8 -.8 .7 .5 -1.6 
29.1 24.8 10.4 .5 -2.0 -.2 .5 -.6 1.5 -.0 .7 -1.6 -.6 .1 -., 
26.6 18.1 .4 -.3 -.5 -.2 1.0 .2 .9 -1.3 -.1 -1.8 .5 1.4 .4 
21.4 5·.1t -.2 -.9 .1 .8 ~6 -1.2 .0 -1.2 1.3 -.3 .6 .oS -.2 
11.9 -1.6 .9 -.4 .4 -1.4 -.'0 -.4 1.8 -.4 .6 -.8 -.3 1.2 .6 
1.9 -.9 1.1 -2.5 -.2 -.6 1.6 .0 .9 -., .2 -.6 -1.6 -.4 .1 

-1.1 -.9 -.0 -.8 1.4 -.8 .7 -.6 .4 -1.4 -.6 -.1 -1.2 .5 1.2 
-1.7 1.5 .1 -1.6 -.0 -1.7 -.0 -.8 1.0 .2 .2 .9 -1.1 .3 .8 
-1.8 -.5 -1.0 -.9 .4 -.3 1'.2 -.3 1.1 .4 -.0 .8 -1.7 -.4 .5 

.1 .9 .1 .3 .9 -., .7 -.7 .7 .5 .0 1.4 ":'.6 -.2 .5 

.9 .2 -.4 .1 .8 -.2 .8 -.S .4 -.1 -1.0 .5 -.7 -1.2 -.0 

.5 .0 -1.2 .3 .1 .1 1.2 -.6 .8 .8 -.5 1.1 .5 -.6 .4 

.6 .2 -1.7 .2 -.4 -.5 .8 -.9 .1 .4 -1.2 .1 .2 -1.' -.5 

.5 .7 -1.1 ., -.3 .1 1.0 -.3 .'9 1.2 -.7 .6 1.1 -1.2 .0 

.8 1.0 -.2 .3 

.1 .0 -1.3 -.1 
1.0 .6 -.1 1.1 

.4 -.4 -.3 .7 

.7 -.8 .1 .6 

.7 -.It 1.0 1.0 

.3 -.4 .4 - •• 

.2 .It 1.2 -.6 
-1.1 .3 1.0 -1.2 
-1.1 -.3 -1.0 -1.9 
-.] 1.5 -.6 -.4 

.4 .3 -1.7 .3 

.9 .7 -.1 .3 

.2 -1.2 -.0 1.1 

.7 -2.5 -1.0 .4 
-.8 -.3 .6 -.1 
-.9 -.2 .5 .6 

-1.1 .8 1.4 -.8 
-1.2 .4 .8 .2 

.8 .9 -1.1 .1 

.7 1.1 -.4 -.4 

.4 -l.r .3 1.3 
1.3 -1.6 -.2 .9 
-.9 .6 .It -1.0 

-2.2 .2 1.3 -.6 
.1 -.b -.5 .8 
.5 101 -1.9 .1 

L.1 -.4 .5 -.9 
.S -.3 .4 .9 

-.9 .8 .7 -.3 
-.3 .8 .2 -.0 

.8 -.] .1 1.0 

.8 -.3 .1 1.0 
-.3 .8 .2 -.0 
-.9 .8 .7 -.3' 

.8 -.3 .4 .9 
1.1 -.4 .5 -.9 
.5 1.1 -1.9 .1 
.1 -.6 -.5 .8 

-2.2 .21.3 -.6 
-.9 .6 .4 -1.0 
1.3 -1.6 -.2 .9 

.4 -1.1 .3 1.3 

.7 1.1 -.4 .-.4 

.8 .~ -1.1 .1 
-1.2 .4 .8 .2 
-1.1 .8 1.4 -.8 
-.9 -.2 ., .6 
-.8 -.3 .6 -.1 

.7 -2.5 -1.0 .4 
.2 -1.2 -.0 1.1 
.9 .7 -.1 .3 
.4 .1 -1.7 .3 

-.) 1.'5 -.6 -.4 
-1.1 -.3 -1.0 -1.9 
-1.1 .1 1.0 -1.2 

.2 .4 1.2 -.6 

.3 -.4 .4 -.4 

.7 -.4 1.0 1.0 

.7 -.6 .1 .6 

.4 -.4 -.3 .7 
1.0 .6 -.1 1.1 

.1 .0 -1.3 -.1 
.8 1.0 -.2 .3 

Example 9 uses the following subroutine GETUM and the same program 
ATENX to reconstruct simulated projection data for a heart phantom, which 
is attenuated by an attenuator consisting of chest tissue and lungs. 

SUBROUTINE GHUM '''',DATA,ERR) 

EXAMPLE 9 

THE SU8ROUTINE GETUM GIVES SIMULATED PPOJECTlON DATA FOR 
A HEART PHANTOM WHICH I S ATTENUATED BY AN AnENUATOR CONSISTING 
OF CHEST TIssue AND LUNGS. 

IF 
LTVPE • 1 GETUf1 RETURNS TRANSMISSION DATA OF THE 

ATTENUATOR 
L TYPE - 2 GETUM RETURNS ATTENUATEO PROJECTION DATA 

OF THE SOURCE 

DIMENSION DATAlll,ERRt11 
COMMONITYPE/l TYPE 
DIMENSION Al (41, B1I41, XMU( 41 ,XlI41 ,YII4' ,0HI-4 4', I TYPE 14) 
DATA Al/40.,10.,10 •• 10.1 
DATA Bl/40 •• 14.,14.,10.1 
DATA X"U/.10,-.07.~.07,30.1 
DATA X1/0.,10.,-10. ,0.1 
DATA YI/0.,O •• 0.,-10.1 
OATA PHI/O •• OatO •• O.1 

IF tLTVPE.EQ.11 GO TO 10 
IF tLTYPE.EQ.21 GO TO 12 

10 ITYPEIU-l 
ITYPE 121-1 
lTYPEt3'-l 
CALL PHANl 13, I TYPE, XHU. Xl ,Y 1. At, 81; PHI. DATA, M) 

RETURN 

12 lTYPE(1'--l 
ITYPE 12 '--I 
ITYPEI3'-1 
ITYPE(41-1 

CALL PHANL 11t,ITYPE,Xf1U,Xl,Y1,Al,Bl,PHI,DATA,M, 

RETURN 

END 

E9.UO 
E9.Ul 
E9.U2 
E9.133 
E9.1340 
E9.135 
E9.136 
E9.137 
E9.138 
E9.139 
E9.1400 
E9.141 
E9.142 
E9.143 
E9.1" 
E9.U' 
E9.146 
E9.1407 
E9.148 
E9.149 
E9.150 
E9.151 
E9.152 
E9.153 
Eq.154 
E9.155 
E9.15f. 
E9.1!!7 
E9.158 
E'9.15'9 
E9.160 
E9.161 
E'9.16Z 
E9.163 
E9.1M 
E9.165 
E9.166 
E9.167 
E9.16B 
E9.169 
E9.170 
E9.171 
E9.112 

• 7 

• • 10 
11 

12 

sss eeEEE TTTTT U U pppp 
SET U UP P 

SSS eeE T U U PPPP 
SE T U UP 

SSS EEEee T UUU P 

INTEGER PARAMETER ARRAY I]PUI 

DESCRIPTION IPARItI 

•• 1 
0 

72 

• 
100 

1 
18000 

1 
0 
5 

LlNeAR DIMENS]ON OF THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A SQUARE ARRAY 
GEOMETRY FLAG 
PARALLEL BEAM GEOMETRY 
NUMBER Of PROJECTION ANGLES 
MODE FOR PROJECTlON ANGLE INPUT (SEE FOLLOWING LINES) 
ANGLES GENERATED eETwEEN ZERO AND PI 
STARTING AT ZERO 
NUM8ER OF RAYS FOR EACH PROJECTION 
TRANSMISSION DATA 
DIMENSION Of THE FLOATlNG POINT USERS SLANK COMMON BLotK 
NU"'SER OF WORDS FOR A flOATING POINT VARIABLE 
EXEcuTe THE RECONSTRUCTION (NOT JUST STORAGE SIZE TESTI 
PRINT FLAGS 10PTIONS SELECTED ARE ON THE FOLLOWING LINES I 
PRINT REQulREO FLOATlNG POINT BLANK COMMON WHENEVER CHANGED 
PRINT SETUP VALUES FROM IPAR AND PAR ARRAYS 
LOGICAL UNIT NO. FOR ATTENUATION FACTOR STORAGE 

FLOATING POINT PARAf1ETER ARRAY (PARI 

PAR( I I 

1.000 
50.500 

o 

OESCRIPTION 

PIXEL WIOTH IN UNITS OF PROJECTION BIN WIOTH 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 

NA NOT APPLl CABLE I NOT FAN BE'''' GEOMETRY) 



BLANK COMMON JlEOUI R.ED 72 110) 

BLANK COMMON R.EQUUED 144 2201 

BLAff( COMMON AEQUIRED 216 3301 

BLANK COMMON REQUIREO "6 6401 

BLANK COMMON qEQUIREO 5 •• f 1040) 

A TOTAL OF 92 ( 5 THRU· q61 OF THE 100 USER PROJECTION BINS WILL BE USED 

92 PROJECTIIJN BINS· WILL BE USED OF WHICH 0 HAVE IlEE'" ZE~nEO BY THE PROGRAM 

MAXIMUM SJZE OF BLANK COMMON THUS FAR. 5-4-4 FLClATING POINT WOPDS. 

EEEEE N N DODO SSS EEFFF TTTTT u u pppp 
E NN N a a SET U UP P 
HE '" N NOD sss EEE T U u PPPP 
E N "IN 0 0 SET U U P 
EEEEE N N 0000 SSS EEEEE T UUU P 

GGG RRRR AAA 0000 Y Y 
GGRRAAOOVY 

ISTP -
ULX -
IERA .
IIER -

G RP.RR A A a 0 Y 
G GG R R AAAU 0 0 Y 

GGGG A. II: A A 0000 Y 

PARAMETERS FOfl: SUBRCluTINE GRAOV 

OESCRIPTION 

" 1 
o 
o 

NUfriliBER OF ITERATION STEPS 
ITERATIVE RELAXATION METHOD 
DO NOT USE ERROR AR,RAV 
INITIAL SOLuTION IS ZERO 

BLANK COMMON REQUIRED 616 1150) 

BLANK COMMON PEQUUED 1175 ( 33571 

BACKPROJECTIOH AND PROJECTION/CONVOLUTION/FILTER ROUTINES 
PERFORM THE FOLLOwiNG FUNCTJO"lS 

AR. FUNCTION RAY WElbHTIJrH; ATTENUATION 
eeK BACKPROJ ECT ION UNIFORM SQUARE NO 
PRJ PROJECTION UNIFORM SQUARE NO 

BLANK COMMOH REQUIR.EO 1959 I 36.7) 

BLANK COMMON REQUIRED 6055 I 136.11 

BLANK COMMON REQUIRED 10151 I 2364') 

BLANK CO'4MON REQUIRED 14247 ( 336471 

SLANK COMMON REQUIRED 14211 I 33617 ) 

elANK COMMON REQUUED 14241 ( 336471 

FOR CONG!t AND GRADV FCN IS THE VALUE Of THE CHI-SQUARE 
fOR ENTPY fCN IS EVALUATED BV THE SUBROUTINE DULFC 
ITER. 0 FCN .235E+05 
ITER 1 FCN .307E+04 
ITER 2 FCN .655E+03 
ITER 3 FCN .324E+03 
ITER It FCN • 184E+03 
nER. 5 FCN .119E+03 
ITER 6 FCN .817E+02 
nER 7 FCN .5qlE+02 
ITER. 8 FCN .44ItE+02 
JTER 9 FCN • 346E+ 02 
ITER 10 FCN .217E+02 
ITER 11 FCN .22ee+02 
ITER. 12 FCN .lnE+02 
ITER. 13 FCN .165E+02 
ITER 14 FC" .143E+02 
ITER 15 FCN .126E+02 

BLAff(. COMMON REQUIRED 14063 ( 333511 

BLANK COMMON "EQUlREO « 23357, 

BLANK COMMON REQUIRED 5871 ( 133571 

BLANK COMMON REQUIRED 1775 ( 33571 

FAN SeAII4 
NO 
NO 

MAXIMUM SIZE OF BLANK COMMON THUS fAR_ llt271 HOATIPiG POINT WORDS. 

EEEEE N N 0000 GGG PRPP AAA 0000 Y V 
E NN NO 0 
EEE N N N 0 0 

G GR ~A AO· a YV 
G RRPR A A O· 0 Y 

E N NN 0 0 G GG R R AAAAA 0 0 Y 
EEEEE ~ N 0000 GGGG R R A A DODO 

RECONST~UCTtON FOR THE TRANSMISqON SCAN 

XMIN - -.22E-02 

.* 

'. . 

XMAX .. .11E+00 XSU"I • .1100E+03 

-·xa" ......... ~x"'-
-.. z, .................. IIZz-

"aH .................... H{iI., 
-,.. ....... 0 .................... "'-

ze ••••••••• H ................ .. 
+ •• n ......................... "'+ 

·" .................... O •• H ••••• H= 
-" ................ u ..... O ....... H"-
Z."Heex zzxell ...... n ••••• exz lXf:l ..... z 

-H'''Ml' 11Il~"""""'."'11) 111 ......... -
•• H .. al )+I++ll' ... H ••••• "l) •• 1+, If-..... .. 
+""'/1111 II 1++) ,A""."'"1 ' •• 1, , l"'n •••• 
+._~1) I J++"A ••• n •••• AI).+)III"' ••••• + 
........ a11 +, ++ 1111.H ........ ll •• /+Ilt'-..... . 
- ...... "'111111/111 ............ "'111111"' ..... -

z •• lHtexZzx-8ll ...... n •••• l8xllxae ..... z 
-H ...................... H •• aa ••••• -............. -. ................. . 

+H ......................... H ..... + 
·, ••••••• n ..................... ". -"H .................... n .... "'-

·e ................. H .... IfI'"! 
-·ZIIH.H .............. Z·-

-.,X91 .......... tex.-

.................................................................. 
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+ 1 1 Z . 
-.2J.58E-02 .6188£.02 .1843E-01 .Z3QQE-01 .2189E-01 .3234E-01 .)6"ME-01 

Z X A ~ 9" • t 
.4068E-01 ."'347E-Ol .1t625E-01 .5237E-Ol .5649E-01 .f-238E-01 .66BlE-01 

• • • • • • • • 7073E-Ol • n07E-Ol .8qME-01 .q465E-0 1 .QQ10E-01 .1036E+00 .1075E+00 

• .1091E+OO 

-.001 .002-.001 .002 .000-.001 .000 .001 .00<r.000 .001 .001-.000 .001 .000 
.000 .001-.001-.001 .000 .001 .000-.001-.001 .001 .OOD-.OOI .001 .001-.001 
.002-.002-.000 .000-.001 .001-.000-.001 .000 .001-.001-.001 .001 .001 .COO 
.002 .000 .002-.001-.001-.000 .001-.000 .001-.001 .000-.000-.000-.000 .001 
.001 .001-.001-.000-.000 .000-.000 .000 .000 .000-.001 .001-.001-.001 .000 

-.002 .001 .001 .001 .000-.000-.001-.001 .001 .001-.000-.000-.001 .000-.001 
.001-.000 .000 .001 .001-.001-.001 .001 .000-.000 .001-.001 .001-.001-.000 
.001-.001-.001-.000 .001-.001 .001-.000-.001 .001 .000 .000-.000 .001-.001 

-.000-.000 .000 .001 .000 .002 .000-.000-.001-.001-.000 .001 .001-.000 .000 
.000 .001 .001-.001 .000 .002 .001-.000 .000-.001-.000-.000 .001 .001 .000 
.001 .000-.000 .000 .001-.000 .000 .001-.001 .000-.000-.000-.000.001 .000 

-.000-.001-.001 .000-.000 .000 .001-.001 .001 .000 .001-.001-.000-.001-.000 
-.000 .000 .000-.001-.000 .000-.000 .000 .000 -.001 .000 .000-.000 .000-.002 

.000 .000 .001-.000-.001 .000 .000 .001-.001-.001 .001-.000 .001-.001-.001 

.001 • OOD-. 001 .001 .001-.001-.000-.000-.000- .001-.000- .000-.001-.000- .00 1 
-.001-.000 .001-.000.000.001 .000-.000 .001 .000-.001-.001-.001-.002-.001 

.000-.000-.001-.000 .000 .001 .000 .000-.000 .000 .001-.001 .C!Oo-.001-.C02 

.001-.001-.000-.001-.000-.000 .001 .000-.000-.001-.001-.001-.001- .000 .000 

.001 .001-.001-.000-.001-.000-.001 .000 .001-.001-.0ul-.002-.001-.001 .001 

.001 .001 .. 001-.000-.001-.001-.001 .000-.000 .000-.000-.002-.002-.001 .002 
-.001 .001 .000 .000 .000-.000-.001-.000-.000 .001 .001-.000-.001 .001 .OOC? 

.000-.001 .000 .001 .001-.001-.001-.001-.001- .. uCl-.000 .000 .000 .004 .030 

.001-.000-.001-.001 .000 .000-.000-.001-.002-.002-.002-.000 .002 .012 .061 

.001-.000-.000-.000 .000 .001 .001 .000-.000-.001-.000 .001 .006 .034 .079 

.001 .001 .001-.000-.001-.000 .000-.000-.001-.001 .000 .002 .011 .05c;. .0111 

.001-.000-.000 .001-.001>-.001-.001 .000-.001-.002-.001 .003 .022 .07-4 .Oq4 

.000 .000-.000-.001 .000-.000-.001-.001 .000-.000-.000 .00" .042 .085 .OQ8 
-.000 .000 .001-.000-.001-.000-.001-.001-.001 .001 .002 .008 .O!t .0''1 .0"'9 

.001-.000-.000 .000-.001>-.001-.001-.001-.001-.001 .003 .014.065 .OQ2 .100 
-.OOO-.OOO-.JOO-.OOI .001 .000-.001-.001-.001-.000 .002 .01Q .072 .094 0100 

.000.001-.000-.001-.001 .000-.(}00-.001-.000 .001 .004 .022 .071 .OQ5 .o~q 

.001-.001-.000 .000-.001-.001-.001-.001-.001-.001 .003.025 .078 .on .101 

.001-.001-.000 .0000:-.001-.001-.001-.001-.001-.00J. .003 .025 .on .0<;7 .101 

.000 .001-.001>-.001-.001 .000-.000-.001-.000 .001 .004 .022 .. 077 .OQ5 .OQQ 
-.000-.000-.000-.001 .001 .000-.001-.001-.001-.000 .002 .01Q .072 .OQ4 .100 

.001-.000-.000.000-.000-.001-.001-.001-.001-.001 .003 .014 .oe5 .OQ2 .100 
-.000 .000 .,)01-.000-.001-.000-.001-.001-.001 .001 .002 .ooe .0St: .091 .09Q 

.000 .000-.000-.001 .000-.000-.001-.001 .000-.000-.000 .004 .042 .085 .• 098 

.001-.000-.000.001-.000-.001-.001 .000-.001-.002-.001 .003 .022 .074 .094 

.001 .001 .001-.000-.001-.000 .000-.000-.001- .. 0Cl .000 .002 .011 .OSQ .091 

.001-.000-.000-.000 .000 .001 .001 .000-.000-.001-.000 .001 .00t: .03lt • ..:JH 

.001-.000-.001-.001 .000 .00C'-.001>-.001-.002-.002-.1J02-.000 .002 .012 .061 

.000-.001 .000 .001 .001-.001-.001-.001-.001-.001-.000 .000 .000 .004 .030 
-.001 .001 .000.000.000-.000-.001-.000-.000.001 .001-.000-.001 .001 .OOQ 

.001 .001 .001-.000-.001-.001-.001 .000-.000.000-.000-.002-.002-.001 .002 

.001 .001-.001-.000-.001-.000-.001 .000 .001-.001-.001-.002-.001-.001 .001 

.001-.001-.000- • 001-.000-.000 .001 .000-.000-. ·)01-. 001- .001-. on -.000 .000 
·.000-.000-.001-.000 .000 .001 .000 .000-.000 .000 .001-.001 .0:)0-.001-.002 

-.001-.000 .001-.000 .000 .001 .000-.000 .001 .0')0-.001-.001-.01)1-.002-.001 
.001 .000- .001 .001 .001-.001-.000-.000-. 000-. U01-. 000-.000-.001-.000-.001 
.000 .000 .001-.000-.001 .000 .000 .0:)1-.001-.001 .OU1-.000 .001-.001-.001 

-.OOJ .000 .000-.001-.000 .000-.000 .000 .000 .001 .000 .000-.000 .000-.002 
-.000-.001-.001 .000-.000 .000 .001-.001 .001 .000 .001-.001-.000-.001-.000 
.001 .000-.001} .000 .001-.000 .000 .001-.001 .. :100-.000-.000-.000.001 .000 
.000 .001 .0(,)1-.001 .000.002.001-.000.000-.001-.000-.000 .001 .001 .000 

-.000-.000 .000 .001 .000 .002 .000-.000-.001-.001-.000 .001 .001-.000 .000 
.001-.001-.001-.000.001-.001 .001-.000-.001 .001 .000 .000-.000 .001-.001 
.001-.000 .000 .001 .001-.001-.001 .001 .000-.000.001-.. 001 .001-.001-.000 

-.002 .001 .001 .001 .000-.000-.001-.001 .001 .001-.000-.000-.001 .000-.001 
.001 .001-.001-.000-.000 .000-.000 .000 .000 .000-.001 .001-.001-.001 .000 
.002 .000 .002-.001-.001-.000 .001-.000 .001-.001 .000-.000-.000-.000 .0')1 
.002-.002-.000 .000-.001 .001-.000-.001 .000 .001-.001-.001 .C.)l .001 .(}OO 
.000 .001-.001-.001 .000 .001 .000-.001-.001 .00l .000-.001 .001 .001-.001 

-.001 .002-.001 .002 .000-.001 .000 .001 .000-.000 .001 .001-.000.001 .000 
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-.001 .000 .000 .001 .001 .000 .OOZ .000.000 .000 .000-.001-.000 .001 .001 
-.000-.001-.001 .000 .001 .001 .000-.000 .OOQ-.'JOQ-.OOI .000-.001-.000.000 
-.000-.001-.001-.001 .001 .001 .000.000 .DO(r.OOQ-.OOl-.OOl .001-.000 .000 

.000 .00J-.001-.001 .000-.000 .000 .001-.000-.000-.0(10-.001-.001 .000 ,000 

.001.000.)00-.001-.000-.000.000 .000.000-.000-.001-.000-.001-.000.001 
.001 .001 .000 .000.,...001-.000-.000-;000 .001-.000-.001-.001-.001-.001 .oeo 

-. 001 • 000 .001-.000-.001 .000-.000-. 00 1-.000- .000- .00 1- .00 1-. 000- .00 1-. 00 1 
-.001 .000 0.)00 .000 .000 .001-.001-.001-.001-.000-.000-.001 .000-.001-.001 
-.001- .001- .00 1 .• 000-.000- .000 .000- .OJ 1-.001-.001-.001-.000-.001-.001-.001 

• a 00-.001-.00 1- • 001- • COO- .000-.000-.001-.001-. U 0 l-.Ct) 1 .000-.000-.001-. 000 
-.000 .000-.()00-.002-.0Jl-.001-.000-.001-.001-.000-.000 .000 .001 .002 .002 
-.000-.001-.001-.001-.002-.001-.000-.001-.000 .001 .OC4 .0Ot .ooe .012 .018 
-.000 .OO!J-.00l-.001-.001-.0Cl .000.002.005 .C09 .021 .042 .05e .063 .070 
-.002-.001-.001-.001 .0elO .001 .004 .013 .035 .060 .0'3 .084 .090 .0~1 .092 
-.001-:002-.000.001 .C03 .00<; .02<;: .061 .080 .0<;2 .0C,4 .OCJ6 .OgEl .099 .OCJ9 
-.OOl-.QOl .000 .005 .016 .050.073.088 .09t: .101 .099.099.101 .101 .100 
-.001.001.005.021 .062 .084.0'520100 .100 .10..! .100.099.104.101.100 

.001 .006 .025 .Oe5 .oet .094 .100 .102 .102 .• 101 .101 .099 .103 .103 .101 

.005.022 .Ob6 .090 .Oo~ .0"'7.102.102 0103.09" 0103 .101 -101 .101 .103 

.016.062 .087 ·.096.00;.., .102 .102 .102 .103 .0<;>8 .102 .098 102 .101 .100 

.050.084 .u95 .098 .101.102.101.101.102.103.103.100.100.100.090 

.074.093.101.103.1000100.102 .l<H .0<;9 .101.102.098.099 .. 103.101 

.089.100.101.101.099.104.101.101.100.104.100.103 .097.102.101 

.095.09<; 0100 .101.104.102.0'56.097.100.0<;9 .OS7 .103 .097 .102 .103 

.100.102.101.097 .on .091 .089 .08'? .091 .095 .100 0100 .09S .104 .103 

.099 .099 .100 .095 .083 .062 .050 .04~ .05'? .07<; .097 .O~6 .099.103 .102 

.101.099.093 .079 .o~·o .036 .. 033 .034 .037 .050 .076 .0"4.101.0"8.103 

.101 .101.087.058.035.030.028.028 .02e; .034 .0~6 .089 .0~8 .099 .103 

.099 .095 .073 .044 .032 .030.028 .028 .029 .031 :040 .070 .092 .100 .103 

.100.092 .057 .036 .030 .029 .028 .027 .028 .030 .036 .05'1 .09t: .100.097 
.099 .087 .050 .033 .031 .028 .027 .028 .028 .028 .031 .049 .088 .0"0 .103 . 
.101 .084 .04~ .033 .029 .028 .029 .027 ·.028 .029 .032 .045 .087.098.097 
.101 .084.046.033.029.028.029.027.028.029.032.045.087 .098.097 
.09') .087 .050 .033 .031 .028 .027 .026 .028 .026 .031 .04" .068 .096.103 
.100.092 .057 .036 .• 030 .026.028.027.028.030.036 .05S"' .096 .100 .097 
.099 .• 095 .073 .044 .032 .030 .028 .026 .029.031 .040 .070 .092 0100 .103 
.101 .101 .087 .058 .035 .030 .028 .028· .029 .034 .0~6 .089 .098 .0<;:9 .103 
.101.099.093 .on .0!:0·.036 .033 .034.037 .050 .076 .094 .101.098.103 
.099 .099 .100 .095 .oe3 .062 .050 .049 .059 .079 .0'?7 .096 .099 .103 .102 
.100.102.101.097.0<:7 .091 .08~ .089 .0<;1.0<;5.100 .100 .09~ .104 .103 
.095.099.100.101.104.102 .oe;t .097 .100 .099 .00 7 .103 .097 .102 .103 
.0890100 .101 0101 .099 .104 0101 .101 0100 .104 0100 .103 .097.102.101 
.074.093.1010103.1000100.102·.101.099.101.102.098 .099.103.101 
.050 .084 .095 .. OQ6 .101.102.101.101.102.103.103.100.100.100.099 
.016.062 .087.096 .OS9 .102 .102 .102.103.098.102.098.102.101.100 
.005 .022 .066.090.096 .097 .102 .102 .103 .099 .103 .101 .101 .101 .103 
.001.006.025.065.086.094.100.102.102.101.101.0'59 .103 0103.101 

-.001.001.005 .021 .. 0e.2 .084.092.100.100.102.100.099.104.101.100 
-.001-.001 .000 .005 .01f. .050 .073 ~088 .096 .rOl .0<:=9 .099 .101 .101 .100 
-.001-.002-.000.001.003.00<; .029 .061.080.092 .OC:4 .096 .098 .0<;9 .099 
-.002-.001-.001-.001 .000 .001 .004 .013 .035 .060 .073 .084 .090 .091 .092 
-.000 .000-.001-.001-.001-.001 .000 .002 .005 .oo~ .021 .042 .056 .063 .070 
-.000-.001-;001-.001-.002-;001-.000-.001-.000 .001 .004 .006 .008 .012 .018 
-.000 .000-.000-.002-.001-.001-.000-.001-.001-.000-.000 .000 .001 .. 002 .002 

.• 000-.001- .001-. 001-.000-. 000-.000-.001-. 001-. 001-. 001 .000- .000- .001- .000 
-.001-.001- .001 .000- .000- .000 .000- .00 1-.001-.001- .001-. 000-. 001-.001-.001 
-.001 .000 .000 .000 .000 .001-.001-.001-.001-.000-.000-.001 .000-.001-.001 
-.001 .000 .001- .000-.001 • ooer. 000-.001-.000-. 000-. 001-.001-.000-.001-.001 

.001 .001 .000 .000-.001-.000-.000-.000 .001-.000-.001-.001-.001-.001 .000 

.001 .000 .000-.001-.000-.000.000 .000 .000-.000-.001-.000-.001-.000 .001 

.000 .000-.001-.001 .000-.000 .000 .001-.00o-.00cr.Oocr.OOl-.001 .000.000 
-.000-.001-.001-.001 .001 .001 .000 .000 .000-.000-.0('1-.001 .001-.000 .000 
-.000-.001-.001 ~OOO .001 .001 .000-.000 .000-.000-.001 .000-.001-.000 .000 
-.001 .VOO .000 .001 .001 .000 .002 .JOO .000 .000 .(\00-.001-.000 .001 .001 

.001 .001 .001 .001 .OOL .001-.000-.001 .000 .000.000 .000 .002 .000 .001 

.000 .001 .001 .000 .OJO-.OOO-.OOI .000-.001-.000.000-.000.000 .001 .001 

.000.000 .000 .000 .000-.000 .001-.001-.001-.000 .000 .000 .000 .001· .001 

.000-.000-.000 .000 .000 .00er-.00l-.001-.00D-.OCQ-.000 .001 .000-.. 000 .000 
-.000-.000-.000-.000 .001-.000-.001-.000-.001-.000 .000 .000 .000-.000-.000 

• 000-.001-. 001 • 000 .000-. 001-.001- .o:n -;. 001-. JOO .001-.000-. 000-.000-.001 
-.000-.001- .00 1- .000- .001-.001-. ooer. 001-.001-.000-.000-.001-.000 • 000- .. 001 
-.0 01- .. 001- .001- .. 001-. 001-.001 .000- .00 1-. 000-. 000-.00 1-. 001-. 001 .001 .000 
-.000-.001-.001- .000-.001-.001-.00 1-. DOD-. 001-. 001- .001-. 00 1 .000- .000- .000 

.000-.001- .00 1 .000- .000-. 00 1-.000 .000-.001- .001- .001- .001-. 000-.000-.000 

.004 .004 .004 .004 .002 .002 .001 .000-.000-.000-.001-.001-.000-.001-.001 

.021 .026 .026 .021 .018 .012 .008 .006 .004 .001-.000-.001-.00('-.001-.002 

.076 .079 .079 .076 .070 .063 .05~ .042 .021 .009 .005 .002 .000-.001-.001 

.0<;5 .097 .097 .OS5 .0<;2 .0<=11 .0<;0 .084 .073 .0t.0 .035 .013 .004 .001 .000 

.099 .100 .100 .099 .099 .099 .098 .096 .0"4 .J 02 .080 .061 .02g .009 .003 

.1010102.102.101.100 olOl .101 .09" .09<; .101 .0<:=6 .088 .073 .O!:O .016 

.1000102.1·02.100.100.101.104.099.100.102 -l00 0100 .092 .OB4 .062 

.101 .100 .100 .. 101 .101 .103 .103 .099 .101 ·.101.1020102.100.094.086 

.101.100.100.101.1030101.101.101.103.099.103.102 .102 .097 .096 
0.1.03.100 .100 .103 .100 .101 .102 .0"8 ~102 .098.103 a02 .102 .102 .099 
.100.098.098.100.0990100.100.100.103.103.102.101 .101 .102 .10t 
.100.101.101.100.101.103.0<;9.098.102.101.099.101 .102 .100 .100 
.0~9 .100 .100 .OS9 .101 .102 .097 .103 .100 .104 .100 .. 101·.101.104 .099 
.0970100.100.097 .103 .102 .097 0103 .0<;7 .099 .100 .097.096.102.104 
.099.101 .101.099.103.104.099.100 .100 .u95 .091.089 .08S .091 .097 
.096.1000100 .098 .102 .103 .0<;<;: .096 .on .07<;- .0~9 .04'7 .0;;0.062 .OB3 
.099.09<; .099 .099 .103 .09A 0101 .094 .076.050 .C37 .034 .033 .03~ .050 
.100 .100 .100 .100 .103 .099 .0<;6 .08'::' .05~ .034 .029 .028 .028 .030 .035 
.099.103.103 .09Q .103 .100 .092 .070 .040 .031 .029 .028 .028 .030 .032 
.104.099.099.104.097.100.096.059.036.030.028.027 .028 .028 .030 
.109 .0'79 .099 .10<; .103 .0ge .088 .049 .031 .028 .028 .028 .027 .028.031 
.098.098.0<;6.098.097.0<;8.067 .. 045.032 .029 .028.027·.029.028.02" 
.098 .098 .098 .098 .097 .098 .087 .04~ .032 .029 .028 .027 .029 .028 .02<; 
.109.099.0'::'9 .t09 .lu3 .OS6 .088 .049 .031 .028 .028 .028 .027 .028.031 
0104.099.099.104.097 0100 .096 .059 .03i- .030 .028.027.028.026.030 
.0<;9 0103 .103 .0<;9 .103 .100 .0<;2 .070 .040 .031 .029 .028 .02e .030 .032 
.100.100.100 .100.103.099.0<:=8.089.056.034 .02e .028 .0.28 .030 .035 
.099 .0<;9 .099 .099 .103 .098 .101 .094 .076 .050 .. 037 .034 .033 .03i- .050 
.098.100.100 .098 .102 .103 .OS9 .096 .O<H .079 .05Q .049 .050 .062 .083 
.099.101.101.099.103.104 .09C: .100 .100 .095 .0"'1 .0!?9 .080 .091 .097 
.097.100.100 .. 0<;7.103 .102 .1)<;7 .. 103 .097 .099 .100 .097 .09~ .102 .1010 
.0<;;9.100.100 .09'5 .101 .102 .0<:=7.103.100.10'0.100.1010101 .104 .0'?9 
.1UO .101 0101 .100 .101.101.099 .0Qe .102 .101 .099 0101.1020100.100 
0100.0<;8.0<;;8.100 .0.,., .100 .100 .10C .103 .103 .102 .101.101.102 .10l. 
.103.100 .100 .103 .100.101.102 .Oc8 .102 .0<;6.103.102.102 .102 .09Q 
.101 .100 .100 0101 .103 .101 .101 0101 .103 .09~ .103 .102 0102 .097 .096 
.101.100.100.101 .. 101.103.103.099.101.101.102 .t02 .1.)0 .094 .08~ 
.100.102.102.100 .100 0101 .104·.099 .100 .102 .100 .100 .092 .084 .062 
.101.102 .t02 .101 .100.101.101 .099 .0<;::9 .101 .O<;b .088 .073 .050 .016 
.0<;9.100 .100.0"9.099.0<;9.098.00;6.094.092 .OEO .061.029.009.003 
.095 .097 .097 .OS5 .. 092 .091 .OSO .084 .073 .060 .03~ .013 .004 .001 .000 
.076 .079 .079 .076 .070.063 .056 .042 .021 .009.005 .002 .000-.001-.001 
.021 .026 .026 .021 .alB .012 .008 .006 .004 .001-.000-.001-.000-.001-.002 
.004.004 .a04 .004 .002 .002 .001 .000-.000-.000-.001-.001-.000-.001-.001 
.0 00- .00 1- .00 1 • 000-.000-. 001-.000 • 000--.001-.001-. COl-. 00 1-."000-. 000-. 000 

-.000-. 00 1- .00 1-.000-.001-.00 1-.001- .000-. 001- ~ 001-.001-.001 .000-.000-.000 
- .001-.001- • 00 1- .001-.00 1-. 001 • 000-.001-.000-.000-.001-. 001- .00 1 .oell .000 
-.0 UO-. 00 1-. 001- .000- .00 1- .00 1-. 000- .001-. 00 1-.000-.000- • 001-. 000 • 000-. 00 1 
.000-. 00 1-. 00 1 .000 • 000-.001-. 001-.001-. 001-.000 .001-. 000-.000-. 000-. 001 

-.000-.000-.000-.000 .001-.000-.001-.000-.001-.000 .000 .000 .000-.000-.000 
.000-.000-.000 .000 .000 .000-.001-.001-.000-.000- .. 000 .001 .• 000-."000 .000 
.000.000.000.000.000-.000 .001-.001-.001-.000 .000 .000 .000.001 .001 
.000 .001 .001 .000 .000-.000-.001 .000-.001-.000 .000-.000 .000 .001 .001 
.001.001 .. 001.001.001.001-.000-.001 .000 .O'JO .000·.000 .002 .000.001 

.001 .000 .000-.001 .000 .001-.000 .001 .001-.000 .000 .001 .00er-.OOl .. 000 

.000-.001-.001-.000- .. 001 .001 .001-.001 .000 .001-.001-.001 .000 .001 .000 
-.001-.001-.001-.000 .000 .001 .001-.001-.001 .001 .000-.001-.000.001-.001 
-.001-.001 .000 .000 .001-.000-.000-.000 .OOO-.Oot" .001-.000 .001-.00D-.OOI 
-.,;:ul .000 .000 .001 .000-.001-.001 .001-.001 .000.000 .000-.000 .000-.000 

.000 .000 .001 .001-.001 .000-.001-.000-.000 .001 .001-.001-.001-.000.000 
-.000 .001 .000-.001-.000-.001 .001-.001 .001-.000 .000 .001-.001-.001 .001 

.000 .000 .000-.001-.001 .001-.000 .000 .000 .001-.001-.000 .001-.001 .001 

.000-.001-.001-.001 .000-.000 ·.001 .001-.000-.001-.001-.000 .000 .002 .000 
-.001-.001-.001 .000 .000 .001 .001-.000-.000-.001 .000-.000.001 .002 .000 
-.002-.000· .000-.000 .000 .001-.000-.000-.000 .000-.001 .001 .000-.000.001 
-.001-.001-.001-.000-.000-.001-.000-.001 .001 .000 .001-.001 .001 .000-.000 
~.001-.001 .OOJ-.0IJO-.002 .000-.000 .000 .000 .001 .000 .000-.000 .000-.000, 
-.001-.001-.001-.002-.001-.001 .001-.000 .001-.001:- .. 01)1 .001 .000 .000-.001 

.001-. 000- .002- .001-.001-.000-.001- .000-.000-.001-. 000-. 000-. 000-. 001 .001 

.00; .000-.001-.001-.001-.002-.001-.001-.001 .000 .001-.000 .000 .001 .000 

.021.005.001-.001-.002-.001.000-.001.001.000-.000 .000.000.001.000 

.Ob5 .025 .006 .001 .000-.000-.001-.001-.001-.001-.000 .000 .001-.000-.000 

.090 .066 .022 .005 .001-.001-.001-.002-.001-.001 .001 .000-.001-.000-.001 

.096 .067 .062 .01~ .002-.001-.002-.002-.000 .000-.000 .000-.001-.001-.001 

.098 .095 .084 .050.009 .001-.001-.000.001 .001-.000-.000-.001-.000 .000 

.103 .101 .093 .. 074 .030 .004 .000 .000-.000-.001-.001-.001-.001-.001 .001 

.101 .101 0100 .08\? .061 .012 .002-.000-.002-.002-.002-.001-.000 .000 .000 

.101.100 .0"9 .095 .079 .034 .006.001-.000-.001-.000.000.001 .001 .000 

.097 .101 .102 .100 .091 .. 059 .011 .002 .000-.001-.001-.000 .000-.000-.001 

.OS5 .100 .0<:=<;' .0'19 .094 .074 .022 .003-.001-.002-.001 .000-.001-.001-.000 

.079.093 .099.101 .. 098.085.042.004-.000-.000 .000-.001-.001-.000.000 

.. 05a .087 0101 0101 .091i1 .0<;1 .056 .008 .002 .001-.001-.001-.001-.000-.001 

.0104 .073 .095 .0~9 .100 .092 .065 .014 .003-.001-.001-.001-.001-.001-.000 

.036 .057 .092 .100 .100 .094.072 .019 .002-.000-.001-.001-.001 .000 .001 

.033 .050 .087 .099 .099 .095 .077 .022 .004 .001-.000-.001-.000 .000-.001 

.033 .046 .084 .101 0101 .097 .078 .025.003-.001-.001-.001-.001-.001-.001 

.033 .040 .084 0101 .101 .0<;17.078 .025 .003-.001-.001-.001-.001-.001-.001 

.033 .050 .087 .099 .099 .095 .077 .022 .004 .001-.000-.001-.000 .000-.001 

.036 .051 .092 0100.100 .094 .072 .019 .002-.000-.001-.001-.001 .000.001 

.044 .073 .095 .099.100 .092 .Ot5 .014 .003-.001-.001-.001-.001-.001-.000 

.058 .087 .101 .101 .099.091 .056.008 .00.2 .001-.001-.001-.001-.000-.001 

.079 .093 .099 .101 .098 .065 .042 .004-.000-.000 .000-.001-.001-.000 .000 

.095 .100 .099 .099 .09.o1t .014 .022 .003-.001-.002-.001 .000-.001-.001-.000 

.097 0101 .102 .. 100 .091 .0~9 .011 .002 .000-.001-.001-.000 .000-.000-.001 

.101 .100 .099 .095 .079 .034 .006 .001-.000-.001-.000 .000 .001 .001 .000 
0101.101.100 .089 .061 .012 .002-.000-.002-.002-.002-.001-.. 000 .000 .000 
.103 .101 .093 .074 .030 .004 .000· .000-.000-.001-.001-.001-.0'01-.001 .001 
.098 .095 .084 .050 .009 .00t"-.001-.000 .QOl .001-.000-.000-.001-.000.000 
.096 .087·.062 .016.002-.001-.002-.002-.000 .. 000-.000 .000-.001-.001-.001 
.090 .066 .022 .005 .001-.001-.001-.002-.001-.001 .001 .000-.001-.000-.001 
.065 .025 .006 .001 .000-.000-.001-.001-.001-.001-.000 .000 .001-.000-.000 
.021 .00; .001-.001-.002-.001 .000-.001 .001 .000-.000 .000 .000 .001 .000 
.005 .000-.001-.001-.001-.002-.001-.001-.001 .000 .001-.000 .000 .001 .000 
• 001-.000-.002-.001-.001-.000-.001-.000-.000-.001-.000-. 000-.000-.001 .001 

-.001-.001-.001-.002-.001-.001 .001-.000 .001-.001-.001 .001 .000 .000-.·001 
-.001-.001 .000-.000-.002 .000-.000 .000 .000 .001 .000.000-.000 .000-.000 
-;001-.001-.001-.000-.000-.001-.000-.001 .001 .000 .001-.001 .001 .000-.000 
-.002-.000 .000-.000 .000 .001-.000-.000-.000 .000-.001 .001 .000-.000 .001 
-.001-.001-.001 .000 .000 .001 .. 001-.000-.000-.001 .000-.000 .001 .002 .. 000 

.000-.001-.001-.001 .000-.000.001 .001-.000-.001-.001-.000 .000 .002 .000 

.000 .000 .000-.001-.001 .001-.000 .000 .000 .001-.001-.000 .001-.001 .001 
-.000 .001 .000-.001-.000-.001 .001-.001 .001-.000.000 .001-.001-.001 .001 

.000 .000 .. 001 .001-.001 .000-.001-.000-.000 .001 .001-.001-.001-.000 .000 
-.001 .000 .000 .001 .000-.001-.001 .001-.001 .000.000 .000-.000 .000-.000 
-.001-.001 .000 .000 .001-.000-.000-.000 .000-.001 .001-.000 .001-.000-.001 
-.001-.001-.001-.000 .000 .001 .001-.001-.001 .001 .000-.001-.000 .001-.001 

.000-.001-.001-.000-.001 .001 .001-.001 .000 .001-.001-.001 .000 .001 .000 

.001 .000 .000-.001 .000 .001- .. 000 .001 .001-.000 .000 .001 .000-.001 .000 

.002-.001 .002-.001 
-.001-.001 .001 .000 

.000-.000-.002 .002 
-.001 .002 .000 .002 
-.OOD-.OOI .001 .001 

.001 .001 .001-.002 
.001 .000-.000 .001 

-.000-.001-.001 .001 
.001 .000-.000-.000 

-.001 .001 .001 .000 
.000- .000 .000 .001 
• 000- .00 1- .00 1- .000 

-.001 .000 .000-.000 
-.000 .001 .000 .000 

.001-.001 .000 .001 
-.000 .001-.000-.001 
-.000-.001-.000 .000 
-.001-.000-.001 .001 
-.000-.001 .001 .001 
-.000 .001 .001 .001 

.000 .000 .001-.001 

.001 .000-.001 .000 
-.001-.001-.000 .001 
-.000-.000-.000 .001 
-.000 .001 .001 .001 

.001-.000-.000 .001 
-.001-.000 .000 .000 
-.000 .001 .000-.000 

.000-.000-.000 .001 
-.001-.000-.000- .000 
-.001-.000 .001 .000 

.000-.000-.001 .001 

.000-.000-.001 .001 
-.001-.000 .001 .000 
-.001-.000-. 000-.000 

.000-.000-.000 .001 
-.000 .001 .000-.000 
-.001-.000 .000 .000 

.001-;000-.000 .001 
-.000 .001 .001 .001 
-.000-.000-.000 .001 
-.001-.001-.000 .001 

.001 .000-.001 .000 

.000 .000 .001-.001 
-.000 .001 .001 .001 
-.000-.001.001 .001 
-.001-.000-.001 .00.1 
-.000-.001-.000 .000 
-.000 .001-.000-;.001 

.001-.001 .000 .001 
-.000 .001 .000 .000 
-.001 .000 .000-.000 

.000-. 001-. 001-.000 

.OOD-.OOO .000 .001 
-.001 .001 .001 .000 

.001 .000-.001)-.000 
-.000-.001-.001 .001 

.001 .000-.000 .001 

.001 .001 .001-.002 
-.000-.001 .001 .001 
-.001 .002 .000 .002 

.000-.000-.002 .002 
-.001-.001 .001 .000 

.002-.001 .002-.001 
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DESCUPTION 

LINEAR Ot"'lENStO", OF THE RECCNSTRUr.nrN ARRAY 
RECONSTRUCT IN A SQUAP.E AA.RAY 
GEOIolETRY flAG 
PARALLEL BEAM GEOMETRY 
NUMB fR OF PROJ ECT ION ANGL ES 72 

5 ~OOE FOR. PR.C'lJECTION ANGLE INPUT ISH FOLLowl"lG liNES' 
ANGLES GENEP.AT ED BETWEE .... ZERO AND 2.PI 
STARTING AT ZERO 
NUMBER. OF RAYS FOP. EACH PR.C"JECTI(")N 
EMISSION DATA 

, 
10 
11 

100 
o 

lBOOO DIMENSION OF THE HOATING POI"lT USEPS BLANK COMMON BLOCK 
NUMBER Of WORDS fOR.·A FLOATING POWT VARIABLE 
EXECuTE THE P.ECONSTRUCTION INOT JUST STORAGE SJlE ""EST' 
PRINT FLAGS (OPTIONS SELECTED t..RE ON THE FOLLOWING LINES) 
PRINT REQUIRED FLOAT ING POINT 9LAN!( CO"""'IO .... WHENEVER CHA~IGED 
PRINT SETUP VALUES FROfol IPAR AND PAR ARRAYS 
LOGICAL. UNIT NO. FOR ATTENUATIJN FACTOo STORAGE 

FLOAT ING POINT PARAMETER ARRAY I PAP I 

DESCRIPTION 

PIXEL WIDTH IN UNITS OF PROJECTI(lf'tt foJN WIDTH 

PARI I' 

l.OOO 
50.500 

o 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 

NA "lOT APPLICABLE (NOT FAN BEAM GEn~e:RY' 

BLANK COMMON REQUIRED 72 110' 

BLAfIIK CDMMO~ REQUIRED ... 2201 

BLANK COMMON REQUIRED "6 3301 

BLANK COMMON REQuIRED .,6 61t01 

BUNK eOM""Of.! REQUIRED ... 10401 

A TOTAL OF 9Z: ( 5 THRU 96) OF THE 100 USEP PItOJECTION AINS WILL Be useD 

92 P~OJECTION BINS· WILL BE USED OF WHICH 0 HAVE BEEN ZEROED BY THE PROGRAM 

"'IAXIMUM SIZE OF BLANK COMMON THUS FAR. 1lo·271 FLOATING PUPH Wl:'IROS. 
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BLUoK COM"'ION REQUIRED ~640 ( 11040) 

MAXIMUM SIZE OF BLANK eO,.."'ON THUS FAR. 14271 FLOATING POINT WORQS. 
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PARAMETERS FOR SU8ROUT tNE GRADY 
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o 
o 

DESCRIPTION 

NUMBER (IF ITERATION STEPS 
ITERATIVE RELAXATION METHOD 
00 NOT USE ER~OR ARPAY 
INITIAL SOLUTION IS ZE~O 

BLANK COMMON REQUIRED 4HZ: I 11150' 

BLAM< COMMON REQUIRED 5322 ( 12312' 

SACK PROJECT ION AND PROJEe Tt QN/CONVOLUT I OH/F tL T E~ P: ru 11 NES 
PERFORM THE FOLLOWING FUNCTIONS 

'RG 
BeK 
PRJ 

FUNCTtON 
BACKPPOJ ECT I ON 
PROJECTION 

RAV WEIGHTING 
UN IF ORM SQUARE 
UNIFORM SQUARE 

ATTE~!UAT ION 
YES 
YES 

FAN fl.EA'" 
'0 
NO 

BLANK COM"'IJN .REQUIRED 5506 , 1260Z: I 

BLANK COM"'ION REQUIRED 960Z' , 2U021 

BLANK COM!'!ON REQUIRED 13~9B , 326021 

BLANK COMMON REQUIRED 17194 , 426021 

BLANK COMMON REQuIRED 11826 , 42642, 

BLANK COMfltJN REQUIRED 1110 4 , 42602, 

FOR CO"lGR 
FQR ENTP'f 

AND GRAD'f FCI'-I IS THE VALUE OF THE CHI-SCU~Rt; 

FCN IS EVALUATED 9'1' THE SUBROuTINE DULFC 
ITER 0 
ITER 1 
ITER 2 
ITER 3 
ITER 4 
ITER 5 
ITER 6 
ITER 7 
ITER B 
ITER 9 
ITER 10 
ITER 11 
ITER 12 
ITER 13 
ITER lit 
ITER I!:: 

FCN .2701:+07 
FeN .107E+07 
FCN .570E+06 
FeN - .347E+06 
FeN .230E+06 
FCN .IHE+06 
FeN • llBE+ 06 
FeN .900E+05 
FCN .7CBE+05 
FCN ~573E+05 
FCN .474E+OS 
FCN .4COE+05 
FCN .343E+05 
FCN .299E+05 
feN .26.3E+o; 
FCN .234E+05 

BLANK CQ"'IMON REQUIRED I7t 10 

BLANK COMMOf.j REQUIRED 13Sl4 

BLANK COMMON REQull\EO 9418 

BLANK COM'40N Jl:EQUIREO '322 

( 42312' 

( 32312' 

( 22312' 

( 12H2) 
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MAXIMUM SIZE OF BLANK COMIoION THUS FA"· 1732c flOATING POINT WORDS. 

EEEEE N N 0000 
E NN NOD 
EEE N N f.! 0 0 
E N NNO 0 
EEEEE N N 0000 

GGG RRRR A6.A 0000 Y 'f 
GGR~A"OI)YY 
G RRRR A A (\ 0 
G GG R R A~AAA 0 0 

GGGG R ~ A A 0000 

RECt.NSTRUCTJON FOR THE EMISSION SCAN CORRECTED FOR ATTENUATION 

XMIN· -.12E.Ol XMAX ., .3ZE.0Z: XSUM ., .21t16E.a.. 

.................................................................. . . 

.. 

--+8 .... 8.--
-z •• n,.HZ-
-t •••••••• 1-
- ••••••••• a-
l.n ••••• z 
-1",'.'11-

••••••• ,.. ............ Ii' .............................................. '" •••••• 

+ I 1 
-.11B3E.OI .1323E+Ol .4<;98E+Ol .6bt-BE+Ol .7B38E+Ol .9174E+Ol .10S1E+02 

l X A M e €I II 
.116BE+02 .1232E+02 .l)35E+02 .1519E+02 • 1703E.02 .IB19E.02 .1C;53E+02 

I • • • • • • 
.2070E+02 .2321E+02 .2621E+02 .27BBE+02 .2C;Z2E+02 .3056E+02 .3113E+02 

.. 
• 3223E+02 
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.a -.a .a .a .a .a -.1 .a .1 -.a -.a -.1 .1 .a ",:,.0 -.0 .0 .a -.a -.a .a .a - .a .a .a .a -.a .0 .a -.a 

.a -.a -.a .1 .a .a -.0 -.1 .1 .a -.a -.1 .a .a -.0 -.a .a .0 -.a .0 .a .0 -.a .0 .a .a -.a .0 .0 -.0 

.a .a -.a .0 .a .0 -.a -.1 .a .1 .a -.a -.0 .1 .0 -.0 .a .a -.a .a .0 .a -.a .a .a .a -.0 .a .0 -.0 

.1 -.. -.0 -.1 .1 .a .0 -.. ·-.0 .1 .1 -.a -.1 .1 .a -.a .0 .0 -.a .0 .a .a -.a .a .a -.a -.a .1 .a -.0 
.1 .a -.a -.a -.a .1 .a - .a -.1 .a .1 .a -.1 -.a .1 -.0 .0 .0 - .0 .0 .0 -.0 -.0 .a .0 -.a -.a .a -.' -.0 
• a .1 .a -.0 -.1 .. .1 .0 -.a -.a .1 .1 -.a -.1 .1 .. .a .a .0 .a .0 -.0 .0 .0 .0 -.' .a .0 -.a -.0 

-.a .. .1 .a -.a -.a .1 .1 -.a -.1 .• a .1 .a -.1 .0 .0 .0 .0 .a .0 .a .a .0 .a .0 -.0 .0 .a -.a .a 
-.a -.a .1 .1 .0 -.1 .a .1 .0 -.a -.a .1 .0 -.0 -.a .a .a .a .a .a .a .a .a .0 .a -.0 .0 .0 -.0 .0 
-.a -.a .a .1 .1 . a -.1 .a .1 .a -.1 .a .0 .0 -.1 .0 -.a -.a .a -.a -.a .a - .a .a .a -.a .a .a -.a .0 

.a -.1 -.1 .a .1 .a -.a -.a .a .1 -.0 -.a .1 .a -.0 .0 -.a -. a .a -.a -.a . a -.a .0 .a -.a .0 .a -.a .a 

.1 • a -.1 -.a .a .1 .a -.0 .a .1 .0 -.1 .a .0 -.0 .a -.0 -.0 .a -.a -.0 .0 -.a .0 .a -.0 .0 .0 -.a .a 
.0 .1 .a -.1 -.a .a .1 .a -.a .0 .a -.0 -.a .a .a .0 -.0 -.a .a -.0 .0 .a -.0 .a .0 -.a .a -.a -.a .1 

-.1 .a .1 .0 -.1 -.0 .0 .0 -.a .a .a .a -.a .1 .0 .a .a .a .a -.0 .a .a -.a .a .. .a .a -.a .a .a 
-.a -.1 .1 .1 .a -.1 -.a .a .a -.0 .1 .a -.a .a .a .0 .a .a .a -.a .a .0 -.a .0 .a .0 -.a -.a .1 -.a 

.a -.a -.1 .1 .1 .a -.a -.a .a -.a .0 .1 -.0 -.0 .1 .a .a .a .a -.a .0 .a -.a .a .a .0 -.0 .0 .a -.a 

.1 .a -.a -.1 .1 .1 .0 .0 -.0 .a -.0 .1 .1 -.1 .0 - .0 .0 .0 -.0 .a .0 .0 -.a .0 .0 .0 -.0 .0 -.a -.0 
.1 .1 .a -.a -.0 .0 .0 .a .0 -.a -.a .0 .1 .a -.1 -.1 .0 .0 -.1 .1 .0 .1 -.0 .1 .0 -.0 .0 .0 -.a .0 

-.1 .a .0 .0 -.1 -.0 .0 .0 .0 .0 -.0 -.1 .1 .1 -.0 -.1 .0 .0 -.1 .1 -.a .1 -.a .1 -.0 -.0 .1 -.0 .0 .0 
-.a -.1 -.0 .0 .a -.1 .a .1 -.0 .0 .1 -.a -.1 .1 .0 -.0 .0 .0 -.0 .1 -.0 .1 -.0 .1 -.0 .a .0 -.a .0 .0 

.1 .0 -.0 -.a .0 -.0 -.1 .1 .1 -.0 .0 .1 -.1 -.0 .0 -.0 .0 .0 -.0 .1 -.0 .1 -.a .0 -.0 .a -.1 .1 .0 .1 

.a .0 .a .a -.0 -.0 -.1 ".-.1 .1 .0 .a .a .a -.a - .a .a -.0 -.a .a .1 -.a .1 -.1 .1 -.a -.a -.a .1 .a .1 
-.a .a .a .a .a .1 -.a -.1 -.1 .1 .a .a .a -.a .a .a -.a -.a .a .1 .0 .1 -.1 .1 -., .a .1 -.0 ., -.1 
.a .a .a -.a -.a .a .1 .0 -.1 -.1 .1 .1 .1 .0 -.1 .1 -.a -.0 .1 ol .1 .1 -.1 .0 -.' .1 .1 .1 ., -.1 
.a .a ;0 .1 .0 -.1 .a .1 .1 -.1 -.1 .a .1 .1 .a .1 -.a -.a .1 .1 .1 .1 -.1 -.1 -.1 .1 .a .1 .1 -.a 
.a .0 .0 .a .1 .1 -.a -.a .a .1 -.1 -.1 -.1 .1 .1 .1 -.a -.a .1 .1 .1 ., -.' -.1 -.1 ., .1 .3 -.1 -.0 
.a .. .0 -.a .a .a .1 .a .a .a .a -.1 .a -.1 .a ., -.a -.a ., .1 ·.2 .1 -.3 -.1 -.a .2 .2 .2 -.' .1 

- .a .0 .a .0 -.a -.a .a .1 .a .1 .1 -.a -.1 .1 -.a .3 .1 .1 .3 -.a .3 -.1 -.3 -.1 .2 .3 .2 -.2 -ol .a 
-.a -.a -.0 .1 .1 .0 -.a .a .0 -.a .1 .1 .0 -.1 .a .a ., .2 .a • 1 .1 -.0 -.5 .0 .. ·.1 .1 -.3 .2 -.1 
-.a -.1 -.1 -.1 .a .1 .1 .a .a .a -.a .a .1 -.a -.a -.1 .•. .. -.1 ., .0 -.1 -.5 .. .3 -.1 .1 -.1 .1 -.' .a .1 • 1 -.0 -.1 -.1 -.0 .a .a .1 .1 -.a .0 .1 -.1 .2 .3 .3 .2 -.1 .1 -.5 -.1 .2 .2 .2 -.a -.a -.3 .1 
-.a -.a .a .1 .1 .a -.0 -.0 -.a -.a -.a .a .1 .1 .1 .2 .5 .5 .2 .1 -.' -.3 -.1 .2 .3 .2 -.5 -.1 .a .2 
.a -.a -.1 -.1 -.a .a .0 -.a .a .1 .a -.a -.1 -.a .1 .3 .7 .7 .3 -.' -.3 -.5 • 2 .. -.a -.1 -.2 .a .3 -.0 
.1 .1 .1 .a .a .a -.a .a -.1 -.1 -.a .a .1 .1 .a .1 .5 .5 .1 -.3 -.7 .a .2 -.1 .0 -.1 .2 .1 .a .a 

-.1 -.1 -.0 .a .a .0 .a .1 .1 .1 .a .a • 0 .1 -.a -.0 .. .. -.a -.7 -.3 -.. • 2 .. .2 -.2 -.2 -.a -.2 -.a 
.1 .a -.a -.1 -.0 -.a -.a -.a - .a -.a .a -.a -.a .1 .2 -.1 .1 .1 -.1 -.5 -.5 .. .3 -.1 -.3 -.' -.3 -.2 .1 -.3 
.a .1 .1 .1 .a .0 .0 .1 .a .a .a .a .1 .0 .1 .2 -.a -.a .2 .5 -.S -.7 -.3 -.1 -.' -.3 -.a .1 -.1 -.a 

-.1 -.1 ,:".1 -.1 .0 .a - .a - .1 - .a .a -.a -.1 -.1 -.1 -.1 3.1 •• 2 •• 2 301 1.7 .7 .5 • 7 .2 -.. -.1 -.a .1 -.a .3 
.1 .1 .a -.a -.a -.0 .a .1 .1 .0 .1 .1 .1 .1 .a Iii •• 22.9 22.9 19.it 12.9 5.0 2.3 1.' .5 .1 .2 .. -.a .3 ol 
.a .a .1 .a • a -.a -.1 -.1 -.1 -.. -.0 -.a -.a .1 .1 26.3 29.9" 29.9 28.3 26.1 15.7 5.2 2.3 .. .3 .5 -.1 .a -.3 -.2 

-.1 -.0 -.a .a .0 .a .1 .1 .1 .a -.0 -.a .0 -.a -.1 30.6 31.5 31.5 30.b 30.2 26.1 11.6- 2.7 .1 -.1 -1.0 -.' -1.1 - .. -.5 
.1 .1 .1 .a .0 .a .a -.0 -.0 -.a -.0 -.0 -.1 -.0 .a H.b 31.8 31.8 31.6 31.2 29 .... 18.1 •• a -.3 -1.1 -1.2 -.. -.2 -.2 .1 

-.a -.a -.0 -.0 . -.a -.a -.a .0 .a .a .0 .a -.a -.1 -.1 32.1 32.0 32.0 .32.1 31.S 30.3 21.7 5.' -.' -1.2: - .. -.5 .0 .2 .1 
-.1 -.a -.a - .a .0 .a .a .a .a -.a -.a -.a .0 .1 .1 31.6 32.2 32.2 31.6 31.1 29.3 20.8 3.S -.. -.a -.. .. .1 -.1 .1 

.1 .1 .1 .1 .a -.0 -.1 -.a -.a .0 .1 .1 .1 .1 .. a 28.3 28.7 2S.7 2B.3 27.2 25.8 17.1t 1 •• .7 -.3 .. -.3 -.a .1 -.a 
-.1 -.1 -.1 -.a .a .a .1 .1 .1 .a .a .a .a -.a .a 29.0 28.5 28.S 29 .. 0 27.9 22.6 ... 1.1 • 7 -.1 -.2 .. .0 ., .3 
-.a .a .0 .a .a -.0 -.0 -.0 -.0 -.a .a -.a .a .1 .0 25.8 27.8 21.8 25.8 22.8 14.4 •• 5 .7 .3 .. • 1 .3 .5 .1 -.a 

.1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 -.a -.a 17.1 20.0 20.0 17.7 li.7 5.1 3.3 l.a .1 .7 .3 -.0 .2 .2 -.0 
-.1 -.1 -.1 -.1 -.0 -.0 -.a -.0 -.0 .0 -.a -.1 -.1 -.0 .a . 6.1t S.2 S.2 ... . .. 1.' 1.' .7 -.1 .2 .3 .a -.1 .1 .1 

.a .1 .1 .1 .0 .0 .1 .1 .1 .a -.0 - .1 .1 .1 .1 2.1 2 •• 2 •• 2.1 .S .7 .S .5 -.0 .a ., .1 -.1 -.1 .0 

.1 .a -.a -.a .a .a .a -.0 -.1 -.1 .• a -.a .0 .a -.0 .. .5. .5 .. -.1 .3 .2 -.1 -.2 -.1 .1 .a -.1 -.1 .0 
-.1 -.a .a .0 .a .a -.a -.a .1 .1 .1 .1 .1 -.a -.a -.' .a .a -.a -.3 .1 .2 -.2 -.1 -.3 -.2 -.1 .a .1 -.a 

.1 .1 .1 .1 -.a -.0 .a .1 .0 .0 .a .a -.1 -.a .a -.7 .1 .1 -.7 -.2 .a -.2 .a -.1 -.3 -.a .1 -.a -.2 -.1 

.1 .0 -.0 -.1 -.1 .0 .a .a .1 .1 .a -.1 .a .a .1 -.3 -.a -.a -.3 -.3 .a .1 -.2 -.1 -.. -.1 .a .1 .1 -.a 
-.1 -.1 -.a .1 .1 .a .a .a .1 -.0 -.1 .1 .a .a -.1 -.1 -.2 -.2 -.1 -.1 -.2 .1 .1 -.a -.1 -.1 .1 .1 .a .0 

.a .1 • 1 .a -.a .a .a .a -.0 -.a .1 -.1 -.1 -.0 .. .. -.2 -.2 .a .1 -.1 -.1 .1 .1 -.a -.2 -.a .·1 .1 .a 
.1 .a -.a -.0 .a .1 .1 -.0 -.1 -.1 -.1 .a .1 .1 .a .a -.2 -.2 .a .1 .1 -.1 -.1 .0 .a -.a -.1 -.0 .1 .1 

-.a -.a .1 .1 .1 -.. -.2 -.1 -.0 -.a .1 .1 .1 -.1 .a .. -.1 -.1 .0 .1 .1 .1 -.2 -.0 .a .. -.0 -.0 - .a ol 
.1 .1 .1 -.1 · .... 2 -.2 .a .1 .a .1 .1 -.1 -.a .1 -ol -.a -.1 -.1 -.a .1 .1 .1 -.a -.1 .a .1 -.1 .a .a -.a 

-.a -.1 -.1 -.1 -.1 .1 .1 .0 .a -.a .a .0 .a -.0 -.1 .a -.1 -.1 .0 .a .a .1 .0 -.a -.1 .a -.1 .0 .a .a 
-.a .a -.a -.a .1 .1 -.1 -.1 .0 .1 -.0 -.0 .a -.1 .2 - .. -.a -.a -.a -.a .a .1 .a .a -.a -.2 -.a .0 .0 .a 

.1 -.0 .a .1 -.0 -.1 .0 .1 .1 -.a -.0 .0 -.1 .1 -.1 -.1 .a .a -.1 .0 .1 .a .a .1 .1 -.2 -.0 -.1 .a .1 
-.a .a -.a -.1 -.1 .1 .1 .0 -. a -.1 .1 .a -.a -.a -.a -.1 .1 .1 -.1 .0 -.1 .1 -.0 .a .1 -.a -.1 -.1 .a .a 
-.1 -.a .0 -.a .1 .1 .a -.1 -.1 .1 .0 :".2 .a .0 .a • a .. .a .a -.1 -.a .1 -.1 .1 -.a .a .1 -.2 .a -.a 

.a .1 .0 .0 .a .a -.1 -.a .1 .a -.2 .1 .1 -.0 .1 .1 .a .a .1 -.1 .1 -.a -.a .1 .a .0 .a -.a -.2 .1 

.., 
;.)r 

-.a .a .a -.a -.a .a .0 - .a .0 .a .a -.0 .a .a -.a -.a .a .a -.a -.a .a .1 -.1 -.a -.a .1 .a -.1 .a .a 
-.a .a .0 -.a -.a .. .a -.a .a .a .a -.a .a .a ·.a -.a .a .0 -.a -.0 .0 .a -.1 -.0 .a .1 -.1 -.0 .a .a 
-.a -.a .a .0 -.a .a .a -.a .0 .a .0 -.a .a .a .a .a .a -.a -".0 .a .1 -.a -.a .a .1 .a -.1 -.a .a .a 
-.a -.a .a .a -.a .a .1 -.a -.0 .a .a -.a .0 .a .a .a .. a -.a -.a .a .1 -.1 -.a .1 .1 -.0 -.a .0 .a .1 
-.a -.a .a .0 -.0 -.a .0 -.a -.a .a .a -.a -.a .0 .0 .a .a -.a -.a .1 -.a -.1 .a .1 .a -.1 -.a .a .1 -.a 

.a -.a -.a .a -.a -.a .0 .0 -.0 .a .0 • a -.0 .. .a .a -.a -.a .a .1 -.1 -.a .1 .1 -.a -.0 .0 .1 .a -.1 

.1 -.a -.a .a .0 -.0 .0 .0 -.a .0 .a .0 .a .0 .a .a -.a -.0 .1 .a -ol .a .1 .0 -.1 -.a .1 .1 -.a -.0 

.1 -.a -.a .a .a -.a .0 .0 -.0 .a .a .a .a .a .a .a -.a -.a .1 -.a -.0 .0 .1 -.0 -.0 .0 .1 .0 -.1 .0 

.a .a -.a .a .. -.a .0 .0 -.a .0 .a -.' .0 -.a -.a .a -.' .a .a -ol .a .a .. -.1 .a .1 .a -.1 .a .1 
-.a .a -.a .a .a -.0 .a .a -.0 .a .0 -.a .a -.a -.a .a -.a .a -.a -.a .a .1 -.a -.a .1 .a -.a -.a .0 .1 
-.0 .a ~.O -.0 .a -.a .a • a -.a .a .. -.a .a -.a -.a -.0 -.a .a -.a -.a .a .0 -.1 .0 .1 .a -.0 .a .1 .a 
-.1 .1 .a -.a .1 -.a -.0 .a -.0 .0 .a -.' .a .a -.0 -.a .a .1 -.1 .0 .0 -.a -.a .0 .a -.' .a .1 .a -.a 
-.1 .0 .0 -.0 .a .a -.0 .0 .0 .0 .a -.a .a .a -.0 -.a .a .0 -.1 .0 .1 -.0 .a .a .a -.a .a .a -.a -.1 
-.a -.a .1 - .. -.a .1 -.0 -.0 .a .a .0 -.a .0 ·.a -.0 -.a .1 -.a -.a .a .a -.a .a .1 -.a .0 .a -.0 -.1 .a 
.a -.1 .1 .a -.a .0 .a -.a .a .a .0 -.a .0 .a -.a .a .1 -.1 .a .1 -.a -.a .1 .a -.a .a -.a -.a .a .1 
.1 -.a -.a .1 -.a -.0 .0 -.a .a .a .a -.a .a .a .a .1 -.a -.a 01 .a -.1 .1 .1 -.0 .a -.0 .a .0 .1 .1 
.1 .a -.1 .1 .0 -.a .a .0 -.0 .0 .1 -.0 .1 .a .1 .1 -.1 .a .1 -.1 .0 .1 .0 -.a -.a .0 .a ·.0 .a -.a 
.a .1 -.1 .0 .a .a -.a .1 -.0 -.0 .1 -.0 .1 -.a .1 .. -.1 .1 .a -.a .1 .1 -.1 -.a .a .a .0 .0 -.a -.1 

-.a .1 .a -.a .a .a -.a .a .0 -.a • 1 -.a .1 -.a .1 -.a .a .1 -.0 .a .1 -.1 -.0 .1 .0 -.a .1 .a -.1 .a 
-.a .1 .a -.1 .1 .a .1 -.1 .0 -.a .a -.a .1 -.0 .1 -.1 .a .1 -.0 .0 -.a -.1 .1 .0 -.a .1 .1 -.1 -.a .0 
-.a .a .1 -.1 .1 .a .1 -.0 -.a -.0 .1 -.1 .1 -.a .1 -.1 .1 .a -.a -.a -.0 .a .a .a .a .1 -.1 -.1 -.a -.0 
-.a -.1 .2 .a -.1 .2 -.0 .1 .a -.2 .1 -.1 .1 .a .1 .a .2 -.1 -.a .a -.a .a .a .a .1 -.1 -.1 -.0. .1 .0 

.1 -.1 -.1 .2 -.1 .2 .1 .1 .1 -.2 .a -.1 .1 .1 .1 .2 -.1 -.1 .1 -.1 .a .1 .1 .1 -.1 -.1 .0 .1 .a -.0 
-.a .1 ~.3 .1 -.a .1 .1 .0 .1 -.1 -.1 -.1 .1 .1 .1 .1 -.3 .1 -.a .a .1 .1 .a -.1 -.1 .1 .1 .a -.1 .a 
-.a .1 .a -.1 -.0 -.1 .3 .1 .2 -.1 -.1 -.2 .2 .1 ol -.1 .a .1 -.' .1 .1 -.1 -.1 -.1 .1 .a -.0 -.a .1 .1 

.1 .0 .2 -.2 .1 -.. .2 .2 .2 -.0 -.1 -.3 .1 .2 .1 -.2 ., .a .1 .a -.1 .0 -.1 .a .a .0 .a .1 .a .a 
- .a -.a .1 .0 .0 -.1 -.2 .2 .3 .2 -.1 -.3 -.1 .3 -.0 .0 .1 -.0 -.0 -.0 ol -.1 -.a .1 .1 .0 .1 .a -.0 -.a 

.1 .a -.2 .1 -.1 .2 -.3 .1 .1 .. .0 -.5 -.0 .1 .1 .1 -.' .0 .1 .0 -.1 .0 .1 .1 -.0 .0 .a -.a .0 .1 

.0 .1 .1 -.a -.2 .1 -.1 .1 -.1 .3 .. -.5 -.1 .0 .2 -.0 .1 .1 .0 -.0 -.a .1 .0 - .0 .0 .0 .0 .1 .1 .0 
-.0 .2 .1 .0 .1 -.3 -.0 -.0 .2 .2 .2 -.1 -.5 .1 -.1 .0 .1 . , -.. -.1 .1 .0 -.0 .1 .1 .0 .0 -.0 -.1 -.1 
-.1 .0 .1 .0 .2 .0 -.1 -.5 .2 .3 .2 -.1 -.3 "':.it .1 .0 .1 .0 -ol .1 .1 .1 .0 -.0 -.0 -.0 -.0 -.0 .0 .1 

.1 -.2 -.0 .2 -.0 .3 .0 -.2 -.1 -.0 .. .2 -.5 -.3 -.' .2 -.0 -.2 .1 .1 -.0 -.1 -.0 .0 .1 .0 -.0 .0 .0 -.0 

.0 -.1 -.' -.0 .0 .0 .1 .2 -.1 .0 -.1 .2 .0 -.7 -.3 - .0 -.. -.1 .0 .0 .1 .1 .0 -.0 -.1 -.1 .0 -.0 .0 .0 
• 0 .2 .0 -.3 -.0 -.2 -.. -.2 -.2 .2 .. .2 -.' -.3 -.7 -.3 .0 .2 .0 -.0 .1 .0 .0 .0 .1 .1 .1 .0 .0 .0 
.2 .1 .2 .0 -.3 .1 -.2 -.3 -.' -.3 -.1 .3 .. -.5 -.5 .0 .2 .1 .2 .2 .1 -.0 -.0 .0 -.0 -.0 -.0 -.0 -.0 -.0 
.1 .2 • 1 .2 -.0 -.1 .1 -.0 -.3 -.. -.1 -.3 -.7 -.S .5 .2 .1 .2 .1 .1 .0 .1 .0 .0 .0 .0 .1 .0 .0 .0 

-.' .1 • 2 .2 .3 -.0 .1 -.0 -.1 -.. .2 .7 .5 .7 1.7 .2 .2 .1 -.0 -.1 -.1 -.1 > -.1 - .0 .. -.' -.1 -.' .0 .. 
-.1 -.2 -.1 .1 .1 • 3 -.. .. .2 .1 .5 1.' 2.3 5.0 12.<; .1 -.1 -.' -.1 .a .1 .1 .1 .1 .0 .1 .1 .0 -.0 -.0 

.1 .0 -.1 -.2 -.2 -.3 .. -.1 • 5 .3 .. 2.3 5.2 15.1 26.1 -.2 -.1 .0 .1 .1 .1 -.0 -.0 -.0 -.0 -.1 -.1 -.1 -.0 .0 
-.0 -.0 -.1 -.2 -.5 - .. -1.1 -.' -1.0 -.1 .1 2.7 11.6 26.1 30.2 -.2 -.1 -.0 -.0 -.1 -.0 .0 -.' -.0 .0 01 .1 .1 .0 .0 

.0 .0 -.0 .0 .1 -.2 -.2 -.. -1.2 -1.1 -.3 '.0 18.2 29 •• .31.2 .0 -.a .0 .0 .0 -.0 -.1 -.0 -.0 -.0 -.0 -.0 .0 .0 .0 
-.1 -.0 .1 .2 .1 .2 .0 -.5 -.' -1.2 -.' 5.' 21.7 30.3 31.5 ·.2 .1 -.0 -.1 -.1 -.1 -.0 .. .. .0 .0 .0 -.0 -.0 -.0 

.1 .0 -.0 -.0 .1 -.1 .1 .. -.. -.0 -.. 3.S 20.8 29.3 31.1 -.0 -.0 .0 .1 .1 .1 .0 -.0 -.0 -.0 .0 .0 .0 .0 .0 
.0 .1 .2 • 1 -.0 .1 -.0 -.3 .. -.3 .7 1 •• 17.1t 25.8 27.2 .1 .2 .1 .0 .0 .1 .1 .1 .1 .0 -.0 -.0 -.1 -.0 .0 
.1 .0 -.' .1 .3 .2 .0 .. -.2 -.1 .7 1.1 ... 22.6 27.9 .1 -.0 .0 .1 .0 -.' .0 .0 .0 .0 .1 .1 .1 .0 .0 

-.0 -.0 • 1 .1 -.0 .1 .5 .3 .1 .. .3 .7· '.5 IIt.1t 22.8 .1 .1 - .. -.0 .0 .1 .0 -.0 .0 -.0 -.0 -.0 -.0 -.' .0 
.1 .1 .1 -.1 -.0 .2 .2 -.0 .3 .7 .1 1.0 3.3 5.1 11.7 - .1 .1 .1 .1 -.0 -.0 .1 .1 .1 .1 .1 .1 .1 .1 .1 
.0 -.0 -.1 -.0 .1 .1 -.1 .0 .3 .2 -.1 .7 1.' 1.' ... -.0 -.1 -.0 .0 .0 -.0 -.1 -.1 -.0 .0 -.0 -.0 -.0 - .0 -.0 
.0 -.0 -.' .1 .0 -.1 -.1 .1 .2 .0 -.0 .5 .S .7 .S .1 -.0 -.0 .0 .1 .1 .1 .1 -.0 .0 .1 .1 .1 .0 .0 -.' .1 .1 .1 .0 -.1 -.1 .0 .1 -.1 -.2 -.1 .2 .3 -.1 .1 .1 .1 -.0 -.0 .0 .0 -.0 .0 -.1 -.1 -.0 .0 .0 .0 
• 0 .1 .0 -.0 -.0 .1 .. -.1 -.2 -.3 -.1 -.2 .2 .1 -.3 -.0 .0 .1 .0 -.a -.0 .1 .1 .1 .1 .1 -.0 -.0 .0 .0 
.1 .1 .1 .0 -.1 -.' -.0 .1 -.0 -.3 -.1 .0 -.2 .0 -.2 .0 .1 .1 .1 .0 -.0 -.1 .0 .0 .0 .0 .1 .0 -.0 -.0 
.1 -.0 -.1 -.2 -.0 .1 .1 .0 -.1 -.0 -.1 -.2 .1 .0 -.3 -.2 -.1 -.0 .1 .1 .0 .0 -.1 .. .1 .1 .0 .0 .0 -.1 

-.1 -.0 -.0 .0 .0 .0 .1 .1 -.1 -.1 -.0 .1 .1 - .2 -.1 .0 -.0 -.0 -.1 -.1 .0 .0 .1 -.1 -.0 .1 .0 .0. .0 .1 
.1 .0 -.0 -.0 .0 .1 .1 -.0 -.2 -.0 .1 .1 -.1 -.1 .1 -.0 -.0 .0 .1 .0 -.0 -.1 -.1 .1 -.0 -.0 .. .. .0 -.0 

-.1 -.1 .0 .1 .1 .1 -.0 -.1 -.0 .0 .0 -.1 -.1 .1 .1 .1 .0 -.1 -.1 .0 .1 .1 .0 -.1 -.1 -.1 -.0 .1 .1 .0 
-.1 .0 • 0 .1 .1 -.0 -.0 -.0 .0 .. -.0 -.2 .1 .1 .1 .1 .0 .0 - .1 .0 -.1 .1 .1 .1 -.0 -.0 -.1 -.' -.0 .1 

.0 .0 .1 -.0 -.0 .0 .0 -.1 .1 .0 -.1 -".0 .1 .1 .1 -.0 .1 .0 .0 -.1 .1 -.0 -.1 .1 • 1 .. .1 .0 -.' -.2 

.1 ... -.1 .0 .. .0 .0 -.1 .0 -.1 -.0 .a .1 .0 .0 .0 -.1 .1 .1 -.1 ·-.0 .0 .0 .0 -.0 .0 .0 .1 .1 -.1 
-.0 -.' .0 .0 .0 .0 .0 -.0 -.2 -.0 .0 .0 .1 .0 -.0 .0 .0 -.0 -.0 .2 -.1 .0 -.0 -.0 .1 .0 -.1 -.1 .1 .1 
-.0 .1 .0 .0 .1 .0 -.1 -.0 -.2 .1 .1 .0 .0 .1 .0 .0 .0 .1 -.0 -.1 .1 -.1 .0 -.0 -.0 .1 .1 .0 -.1 -.0 

.1 -.' .0 .1 .0 .0 -.1 -.1 -.0 .1 .. -.0 .1 -.1 .0 .1 • 0 -.. .1 -.. -.0 -.. .0 .1 -.1 -.' .0 .1 .1 -ol 

.0 -.0 .1 .0 -.0 .0 -.2 .1 .0 -.0 .1 -.1 .1 -.0 -.1 .. .1 -.0 .0 .0 .0 .0 -.2 .0 .1 -.1 -.1 .0 .1 .1 
-.0 .1 • 0 -.0 .1 -.2 -.0 .. .0 .0 .1 -.. -.0 .1 -.1 -.0 .0 .1 -.0 .1 -.0 " .1 -.2 .0 .1 -.0 -.1 .0 .0 
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.0 .0 -.0 .0 

.1 -.0 -.0 .0 

.0 -.0 .0 .0 
-.1 -.0 -.0 .1 
-.0 -.0 .0 .1 
-.0 .0 .1 .0 

.0 .1 .0 -.0 

.1 .1 -.0 -.0 

.1 .0 -.0 -.0 

.0 -.1 -.1 .0 
-.0 -.1 .0 .1 
-.1 .0 .1 .0 

.0 .1 .0 -.1 

.1 .1 -.1 -.0 

.1 -.1 -.0 .0 
-.1 -.0 .0 .1 
-.0 .0 .1 .1 

.0 .0 .0 -.1 

.0 -.0 -.1 -.0 
-.0 -.0 .0 .1 
.0 .0 .0 .0 
.0 .0 .0 -.0 

-.0 .0 .0 .0 
.1 .0 .0 .0 
.0 .0 .0 .0 

-.0 .0 .0 .0 
.0 .0 .0 -.0 
.1 -.0 -.0 -.0 

-.1 -.1 -.1 -.0 
-.0 .1 .1 .0 

.1 .0 -.0 -.0 
-.1 -.1 -.0 .0 

.0 .1 .1 .1 

.0 -.0 -.1 -.1 
-.1 -.0 .0 .1 

.1 .1 .1 .0 
-.1 -.1 -.1 -.1 
-.0 .0 .1 .1 

.0 .1 .0 .0 

.0 -.0 -.0 -.1 

.0 .1 .1 .1 
-.0 -.0 -.0 -.0 
-.0 -.0 -.0 -.1 

.1 .1 .1 .1 
-.0 -.1 -.1 -.1 

.0 .0 .0 -.0 

.1 .1 .1 .1 
-.1 -.1 -.1 -.1 

.1 .1 .1 .0 
-.0 -.0 .0 .1 

.0 .0 -.0 -.1 

.1 .1 .1 .1 
-.1 -.0 .0 .1 

.1 -.0 -.1 -.1 

.0 .1 .1 .0 
-.0 -.0 .0 .1 

.1 .1 -.0 -.0 
-.1 .1 .1 .1 
-.1 -.1 -.1 -.0 
-.0 -.0 .0 -.0 

.1 .0 -.0 .1 
-.1 -.0 .0 -.0 
-.0 .0 -.0 -.1 

.0 .0 .1 .0 

Example 10 uses the following subroutine GETUM and the same program 
ATENX to reconstruct simulated projection data for a phantom with a circular 
annulus and a central circular source, which is attenuated by a circular 
attenuator. 

,,--RaUTINE GETUN ""OATA,e... ElO.UO 
c ElO.Ul 
C EXA"PLE 10 ElO.132 
C ElO.ll) 
C THE sua.OJTJNE G!TUM GIYES SIMULATED PROJECTION DATA FOR ElO.134 , 
C .. PHANT(JfI MITH .. CIRCULAR ANMJLUS AND A CENTRAL CIAQJLAA SOURCE Elo.U' 
C wHICH IS ATTENUATED BY .. CJRCULAR ATTENUATDR. HO.i36 
C IF EI0.131 
C LTYPE • I" GErUM AETURNS TRANSMISSION DATA OF THE ElO.UII 
C ATTENUATOA El0.139 
C L TYPE· Z GETUM RETURNS ATTENUATED PROJECTION DATA £10.140 
C OF THE SOURCE EtO.141 
C EtO.loW 

"DIMENSION OAUllltERRlli ElO.I.] 
CO""ONITYPE/LTVPE ElO.llt4 
DIMENSION ITYPEI ••• IC.) ,Xlt'U,Y1C4J.AH41 ,BU41 ,PIC.) E 10. us 
DAU ITVPE/-l,l,l.l/ ElO.l-w. 
DATA ZI.075.30.,-.30.,30.1 EtO.I.? 
OAT. Xl/D. ,0.,0. ,0.1 EIO.1+8 
DATA Yl/O.fO.,D.tD.1 EI0.149 
DATA Al/60.,60.,40.,20.1 E10.150 
DATA 81/60.,60.,40.,20.1 E10.151 
DATA PHI/O.,O.,O.,O.I E10.152 
DATA nYPEX,ZX, XX,VY,AX,8X ,PHlX/l,.on, 0., o. ,60. ,60.,0.1 ElO.l'] 

BO.1'. 
IF ILTYPE.EQ.ll GO TO 10 ElO.15' 
IF tLTYPE.EQ.2. GO TO 12 BO.15' 

E10.157 
10 CALL PHAJt. (i,JTYPEX,ZX,XX,yy,t.X,BX,PHIX,DATA,MI EIO.15B 

E10.159 
RETURN E1 0.160 

ElO.161 
12 CALL PHAN. 1.,tTYPE,l,Xl,Yl,Al,Bl,PH1,DATA,MI ElO.lb2 

EIO.l63 
RETURN E10.lb. 

EI0.165 
END ElO.U6 

• 
T 

• • 10 
11 

12 

S5S EEEEE "TTT U U pppp 
SET U UP P 

SSS HE T U U pppp 
SE T U UP 

SSS EEEEE T UUU P 

INTEGER PARAMETER ARIUY IIPARI 

1PARI I I 

•• 
1 

• 
T2 

• 
'0. 

1 
18000 , 

0 , 

DESCRIPTION 

LINEAR DIMENSION OF THE RECONSTRUCTION ARRAY 
RECONSTRUCT IN A SQUARE ARRAY 
GEOMETRY FLAG 
PARALLEL BEAM GEOMETRY 
NUMBER OF PROJECTION ANGLES 
MODE FOR PROJECTION ANGLE I NPUT I SEE FOLLOWING L1NESI 
ANGLES GENERATED BETWEEN ZERO AND PI 
STARTING AT ZERO 
NU"'BER OF RAYS FOR EACH PROJECTION 
TRANSMI SSION DAU 
DIMENSION OF THE FLOATING POINT uSERS BLANk COJIIMON BLOCk 
NUMBER OF WORDS FOR A flOATING POINT VARIABLE 
EXECUTE THE RECONSTRUCTION (NOT JUST STORAGE SIZE TEST) 
PRINT FLAGS (OPTIONS SELECTED ARE ON THE FOLLOWING LINES) 
PRtNT REQUIRED FLOATING POINT BUNK COMMON WHENEVER CHANGED 
PRINT SETUP VALUES FROM IPAR AND PAR ARRAYS 
LOGICAL UNIT NO. FOR ATTENUATION FACTOR STORAGE 

FLDATI NG POINT PARA""ETH ARRAY I PAR I 

PARI I I 

1.000 
50.500 

o 

DEseRIPT ION 

PJ)(El WIDTH IN L1NITS CF PROJECTION BIN WIDTH 
LOCATION OF THE ROTATION AXIS IN THE PROJECTION ARRAY 

NA NOT APPLICABLE fNOT FAN BEAM GEOMETRY, 



174 

eUNK COMMON REQUIRED 12 1101 

BLANK COM"'O"l REQUIRED ,.. 220) 

BLAMe. CO"'MON REQUIREO 21. 330) 

... 6401 

BLANK COMMON REQUIRED 5" ( lOitOI 

... TOTAL OF 92 I 5 THRU 961 OF THE 100 uSEQ PROJECTION BINS WilL BE UseD 

92 PROJECTION BINS WILL BE USED Of WHICH 0 HAve BEEN ZEROED BY THE pROGP.AM 

MAXIMUM SIZE OF BLANK COMMON THUS FAA- 544 FLOATING POiNT WORDS. 

EEEEE N N 0000 
E NN NO 0 
EEE N N NOD 

55 S ee EEE TTTTT U 
5 E T 
sss .EEE T 

u pppp 
u p. p 
u pppp 

E N NNO 0 5 E T u u p 

ISJP -
u'LX -
IERR -
IlER -

EEEEE N N DODO sss EEHE T 

GGG RRRR AAA 0000 Y Y 
GGRRAADDYY 
G RRRR A ADD . Y 
G GG R R AAAAA 0 0 y 

GGGG R R" A 0000 Y 

PARAMETERS FOR SUBROUTINE GRADY 

DESeRt PTJ ON 

15 
1 
o 
o 

NUMBER OF ITERATION STEPS 
ITERATIvE RELAXATION METHOD 
DO NOT USE ERROR ARRAY 
INITIAL SOLUTION IS ZERO 

BUNK COMMON REQUIRED .,. ( 11501 

BLANK COMMON REQUIRED 1775 I 3357' 

uuu p 

eACKPROJECT ION AND PROJECTlON/CONVOlUTlDN/FlL TER ROUTINES 
PERFORM THE FalLOwING FUNCTIONS 

"G FUNCTION RAY WE IGHTING ATTENUATION 
Bt< BACKPROJECTlON UNIFORM SQUARE NO 
PRJ PROJECTION UNIFORM SQUARE NO 

BUNK COMMON REQUIRED 1959 I 36471 

BLANK CO""ON REQUIRED 6055 I 136471 

BUI« COMMON REQUiRED 10151 « 23647) 

BLAMe. COMMON REQUIRED 14247 « 33647) 

BLANK COMMON REQUIRED 14255 c ~3657» 

BLANK COMMON REQUIRED 14247 I 33641) 

FDIt CONGR AND GRADY FCN IS THE VALUE OF THE CHI-SQUARE 
FOR ENTPV FeN IS EVALUATED 8Y THE SUBROUTINE OUlFe 
ITER 0 FCN .583E+05 
ITER 1 FCN • 132E+04 
ITER 2 feN .222E+03 
nER 3 FeN • 147E+03 
ITER 4 FeN .107H03 
nER 5 FCN .811E+02 
ITER 6 FeN .646E+02 
ITER 7 FeN .523E+02 
ITER B FCN .431E+02 
ITER 9 FCN .361E+02 
ITER 10 FeN .306E+02 
ITER 11 FeN .263E+02 
ITER 12 FeN .228E+02 
ITER 13 FeN .200E+02 
ITER 14 FeN • 177E+02 
ITER 15 FeN .151£+02 

BLANK COMI'IIJN REQUIR.ED « 33357) 

BL.ANK COMMON REQUIRED 9961 C 23357, 

BUNK COMMON REQUIRED 5871 ( 13357' 

BUNK COMMON REQUIRED 1775 ( 3357' 

FAN BEAM 
NO 
NO 

MAXIMUM SIZE Of BLANK COM"'ON THUS FAR- 14255 FLOATING POINT wORDS. 

EEEEE N N 01'.100 GGG RRRR. AU 0000 Y 
E NN NO 0 G G R R fA. ,·0 0 Y Y 
EEE N N N D 0 G RRRP: fA. ADO Y 
E N NNO 0 G GG R P: AAAU 0 IJ Y 
eeEEe N N DODO GliGG R R A A DODD 'I 

RECONSTRUCTION FOR THE TRANSMISSION SCAN 

XMIN" -.16E-02 XMAX • • B2E-Ol xsu"! .. .2130E+03 

.. .................................................................. . 
• --- ..... ,1111,.= .. ---

--I xeH ........ H.H'eX 1--
--+Z8 ..................... ' •• 8Z+--

--ll ............ nu •••••••• H .. fJl--
-.M.H ••••••• u ..................... ~ .. -

- .. x.H •••••• n_ .......... IH ..... nll .... x·-
-le .................................... HI9)-

-,... •••••••••••••• n ••••• " ................... H.~-
"'8" ...... u .................................. 8· 

.. een.n •••• H ....... n ••••••• H •••••• .-_ ..... e. 
-eM ••• n .................................. n ........ e-

- ~H •••• " ••••••• " .............. I ...................... -
-1 ..... U ............. H ...................... u ....... J- • 

• -e .................... nn .............................. .a- • 
• --1 .......... _ ................... 0 ................ 0.' --• 
• --~H ........... n ........ ____ ....... H_ ..... U ..... '"M--· .-c ••• u ................. nuu •••• O ... II ...................... ,.-· .-* .............. H.H ............. n •••• H. __ ..... +-. 
.-.............................. 0 •••••• 01 .................... ,-. 
.-'0 ................... 0 .......... 0 ..................... 0.)-. 
·-· ...... Hn •••• u ....... on_ •••• n ...... n.nan ........ -· .-IZ ..................................................... n"·-· .--"'8 ...................................................... 104--• 
• --1 ................................................... ,--· 
• -e .. H ....... _ .. _ ............................... ~ • 
• -' ...... 0 ...................................... _.,..:. • 

-MH .. nlH ............................................ M-
-91 .................................... n ..... n •• ee-
· .. eu •••• n .......................... n.n ......... e-3. 

"SH •••••• na .......................... u......a-
-"HU ......................... u .... n.n ... M-
-I HI ••••••••••••• .-...................... ,-
-.x •••• n ...... u ........................ X.-

-"' .......... u ... -...o ........ ""'·-
--lHHe81 .. n .. H.u ............. 1-

--+ze.H .................... ez.- ... 
--'xe ............... eexl--

---eR.'l111'+·c--- • .................................................................... 
+ I 1 

-.1633E-02 .4636E-02 .1383E-Ol .1801E-01 .20~E-01 .2"28E"'01 .2762E-01 

z X A ... e 8 • 
.3055E-01 .326+£-01 • 3413E-01 .3933E-01 ."393E-Ol ."68SE-01 .5019E-Ol 

• • • • • • • • .5312E-01 .5939E-01 .6691E-Ol .1l09E-01 .7444E-Ol .7778E-Ol .8011E-Ol 

• .8196E-01 

.001 .001 .001 .001 .001-.000-.000 .001 .001 .000 .001 .001 .. 000 .000 .001 

.001- .001-.001-. 001-. 000 .000-.001- .001- .001- .001- .Q01- .000 • 000-. 001-. 001 

.001-.00 1- .001-.001-.001- • 000--. 000-.001-.001-.001-.001-.002-.001-.001-.001 

.001-.001- .001- .001-.00 1-.001-.000- .000-.001-.001-.001-.001-.001-.000-.000 

.001-.000-.001-.001- .001- .001-. 001-. 000- .000-.001-.001-. 001-. 001-.000 .001 
-.000 .000-. 000- .001- .00 1-. 002-. 001-. 001-. 000-. 000-.001- .000- .000 .001 .003 
-.000-.001-.00()o-.00()O-.001-.001-.001-.001-.001-.000 .001.001 .002 .005 .010 

.001-.001-.001-.000-.000-.001-.001-.001-.001 .000 .002 .003 .007 .. 015 .037 

.001-.001-.001-.001-.000-.00~.OOl-.001 .000 .001 .003 .009 .020 .045 .060 
.000-.001-.001-.001-.001-.000-~000 .000 .001 .003 .00q .023 .0,,9 .063 .069 
.001-.001-.001-.001-.001-.001 .001 .002 .003.009 .025 .049 .064.071 .OH 
.001-.000-.002-.001-.001-.000 .001 .003 .009 .023 .049 .061t .070 .072 .076 
.000 .00()o-.001-.001-.001-.000 .002 .007 .020 .049 .06" .070 .072 .076 .077 
.000-.001-.001-.000-.000 .001 .005 .015 .045 .063 .011 .072 .076 .080 .076 
.001-.001-.001-.000 .001 .003 .010 .031 .060 .06q .OH .076 .077 .076 .073 
.000-.001-.001-.001 .003 .007.026 .053 .065 .071 .073 .074.074 .076 .075 
.001-.001-.001 .001 .004 .015 .0"5 .063 .01'1 .01" .075 .075 .079 .081 .072 
.002-.000-.000 .001 .008 .033 .060 .070 .073 .075 .075 .075 .075 .076 .077 
.002-.000 .001 .004.016 .049.065 .072 .074 .071t .075 .075 .078 .073 .079 
.002 .001 .002 .007 .033 .059 .069 .013 .075 .076 .074 .073 .081 .075 .07" 
.. 002 .001 .004 .013 .048 .067.072 .07" .074 .076 .077 .07~ .075 .015 .076 
.003 .001 .006 .026 .055 .068 .071 .074 .015 .074.075.080.076 .076 .075 
.003 .003 .009 .039 .065 .073 .07" .073 .075 .017 .071 .077 .014 .07" .075 
.004 .005 .015 .047 .064 .071t .016 .075 .on: .077 .015 .019 .017 .076 .075 
.006 .006 .023 .055 .068 .073 .074 .076 .075 .073 .076 .076 .075 .077 .07e 
.. 001.008 .032 .059.069 .077 .076 .074 .077 .071 .075 .074 .073 .074 .075 
.006 .011 .. 0","1 .065.069 .016 .018 .074 .07B .074 .017 .077 .077 .076 .075 
.007 .013 .045 .067 .072 .074 • 077 .075 .075 .074 .on .017 .076 .076 .075 
.008 .016 .01t9 .067 .073 ·.074 .075 .016 .073 .07" .077 .076 .075 .074 .075 
.009.018.055.067.072 .015 .074 .076 .013 .075 .076 .076 .075 .074 .074 
.009 .020 .055 .06B .073 .075 .076 .076 .073 .075 .075 .075 .076 .075 .074 
.011 .022 .054 .068 .074 .072 .078 .077 .072 .015 .075 .015 .. 075 .075 .076 
.011 .022 .054.068.074 .072 .on .077 .072 .075 .075 .075 .075 .075 .on 
.009 .020 .055 .. 068 .073 .075.016 .076 .073 .075 .075 .075 .076 .075 .074 
.009 .018 .055 .067 .072 .075 .074 .076 .073 .OT5 .076 .076 .075 .074 .074 
.008 .016 .049 .067 .073 .074 .075 .076 .073 .074 .077 .076 .015 .014 .075 
.001 .013 .045 .067 .072 .074 .077 .075 .075 .07"," .078 .077 .OU .016 .075 
.006 .011 .041 .065.069.076.078 .074 .07B .074 .077 .077 .077 .• 016 .075 
.007.008 .032 .059 .069 .017 .076 .07"," .017 .071 .075 .07" .073 .074 .075 
.006 .006 .023 .055 .068 .073 .074 .07b .075 .073 .076 .076 .075 .071 .018 
.004 .005 .015 .047 .06" .On .076 .075 .075 .077 .075 .. 079 .077 .076 .075 
.003 .003 .009 .039 .065 .073 .074 .073 .075 .077 .071 .077 .074 .074 .075 
.003 .001 .006 .026 .055 .00B .071 .074 .07~ .074 .075 .080 .076 .. 076 .075 
.002 .001 .004.013 .048 .067 .072 .074.074.076 .077 .075 .075 .075 .016 
.002 .001 .002 .007 .033 .059 .069 .073 .075 .076.074 .073 .081 .075 .074 
.002-.000.001 .004 .016 .049 .065 .072 .074.07" .075 .075 .078 .073 .079 
.002-.000-.000 .001 .008 .033 .• 060 .070 .073 .075 .075 .075 .075 .076 .077 
.001-.001-.001 .001 .00lt .015 .0","5 .063 .071 .07" .075 .075 .01e; .oe1 .072 
.000-.001-.001-.001 .003 .001.026 .053 .065 .071 .073 .074 .074.070 .075 
.001-.001-.001-.000 .001 .003 .010 .037 .060 .069 .074 .076 .077 .076 .073 
.. 000-.001-.001-.000-.000 .001 .005 .015 .045 .063 .011 .072 .076 .080 .076 
.000 .000-.001-.001-.001-.000 .002 .007 .. 020 .049 .064 .070 .072 .076 .077 
.001-.000-.002-.001-.001-.000 .001 .003 .009 .023 .049 .064.070 .01;: .076 
.001-.001-.001-.001-.001-.001 .001 .002 .003 .ooq .025 .049 .064 .071 .074 
.000-.001-.001-.001-.001-.000-.000 .000 .001 .003 .009 .023 .049 .063 .069 
.001-.001-.001-.001-.001)-.000-.001-.001 .000 .001 .003 .009 .020.01.'5 .0tO 
.001-.001-.001-.000-.000-.001-.001-.001-.001 .000 .002 .003 .007 .015 .037 

-.000-.OOl-.000-.00tr.OOl-.001-.001-.QOl-.001-.QOO .001 .001 .002 .005 .010 
- .000 .000- .000- .001-. 001-.002-.001-.001-.000- .000-- .001- .000-.000 .OOl .003 

.001-.000-.001- .00 1-.001-.001-. 001- .000- .000- .001- .001-.001-.001-. 000 . \jtll 

.00 1-. 001-. 001-.001-.001-.001-. 000-. 000-. 00 1-.001-. 001-. 001- .. 001-.000-.000 

.001-. 001- .001- .00 1- .001- .001)-. 000- .001-.001-.001-. 001- .. 002-.001-. O·:;l-. 001 

.001-.001-. 001-. 001- .000 • 000-. 001-.00 1-.00 1- .001-.001-. 000 .00:;--. C{)l-. 00 I 

.CUl .001 .001 .001 .001-.000-.000.001 .001 .000 .001 .001 .000 .000 .001 



.000 .001 .002 .002 .002 .002 .003 .003 .004 .006 .007 .006 .007.008 .009 
-.001-.001-.000-.000.001 .001 .001 .003 .005 .006 .008 .Oll .. 013 .. 016 .018 
-.001-.001-.000 .. 001 .002 .004 .006 .009 .015 .023 .032 .041 .045 .049 .055 
-.001.001.001.004 .007.013 .026 .039 .047 .055 .• 059 .065 .067 .067.067 

.003 .004 .008 .016 .033 .048 .055 .065 .064 .068 .0~9 .Ot9 .072 .073 .072 

.007.015 .033 .~9 .059 .067 .068 .073 .074 .073 .077 .. 076.074 .074 .075 

.026 .045 .060 .065 .069 .072 .071 .014 .076 .. 074 .076 .078 .017 .075 .014 

.053 .063 .070 .072 .073 .074 .074 .073 .07~ .076 .074 .074 .075 .076 .076 

.Ob5 .071 .073 .074 .075 .074.015 .075 .075 .075 .077 .078 .075 .073 .073 
.071 .074 .075 .074 .076 .076 .074.017 .077 .073 .071 .074 .074 .0H .075 
.073 .075 .075 .075 .074 .077 .075 .071 .075 .076 .075 .071 .07B .077 .076 
.014 .075 .075 .075 .073 .075 .080 .077 .079 .076.074.077 .077 .076 .076 
.074 .079 .075 .07B .081 .075 .076 .074 .077 .075 .013 .077 .076 .075 .075 
.076.081.076.073 .075 .015 .076 .074 .076.077 .074 .076 .on .074 .074 
~075 .072 .p77 .079 .074 .076 .075 .075 .075 .01B .015 .075 .075 .075 .074 
.081 .014 .016 .076 .014 .076 .073 .076 .075 .076 .07~ .075 .076 .075 .075 
.014 .076 .07b .073 .076 .077 .013 .077 .Ollt .016 .074 .075 .077 .075 .075 
.076 .01b .075 .014.016 .015 .076 .076 .07't .075 .075 .073 .077 .077 .074 
.076 .073 .014 .076 .074 .075 .077 .075 .on .074 .076 .074 .077 .017 .on 
.074 .076 .07b .014 .015 .076.014.074.077 .073 .076 .074 .076 .075 .075 
.076.077 .075 .015 .076 .075 .073 .075.076 .07lt .077 .074 .07lt .076 .074 
.013 .073 .076 .077 .074 .073 .074.076 .073 .016 .016 .074 .074 .076 .075 
.076 .077 .076 .075 .074.075 .076 .074.075 .077 .074 .077 .073 .07b .075 
.075 .074 .074 .076 .077 .076 .073 .075 .076.075 .071 .077 .073 .017 .015 
.076 .076 .075 .074 .073 .074.076.077 .075 .013 .075 .075 .074 .077 .076 
.075 .074 .075 .076 .076 .071 .on .074 .073 .075 .07b .073 .076 .076 .017 
.015 .075 .073 .074 .074 .074 .074 .071 .077 .015 .013 .074 .077 .073 .078 
.07b .077 .. 077 .077 .076 .074 .074 .013 .073 .074 .016 .077 .075 .072 .078 
.075 .075 .011 .011 .015 .076 .on .076 ~077 .077 .076 .. 073 .072 .076 .077 
.075 .075 .074 .07b .075 .074.075 .075 .075 .07b .077 .018 .078 .077 .073 
.075 .015 .074 .074 .076 .074 .074 .075 .074 .074 .073 .074 .075 .075 .077 
.076 .074 .075 .075 .075 .074 .077 .075 .074 .015 .074 .074 .075 .076 .074 
.076 .074.015 .075 .075 .074.077 .015 .074 .075 .074.014.075 .076 .074 
.075 .075 .074 .074 .076 .074 .074 .075 .074 .074 .073 .074 .075 .075 .077 
.075 .075 .074 .076 .075 .074 .015 .075 .015.076.077 .078 .078 .017 .013 
.075 .075 .077 .077 .075 .076 .076 .076 .077 .077 .076 .073 .072 .076 .077 
.076.077 .077 .077 .076.074.074.073.073.074 .07b .077 .075 .072 .078 
.015 .075 .073 .074 .074 .074 .074 .077 .077 .075 .073 .074 .017 .073 .07k 
.075 .074 .075 .016 .076 .077 .076 .074 .073 .075 .076 .073 .. 076 .076 .077 
.076 .. 076 .075 .074.073 .074 .076 .077 .075 .013 .075 .075 .074.071 .076 
.075 .074 .074 .076 .• 077 .076 .073 .075 .076 .075 .073 .077 .073 .077 .075 
.076 .077 .07b .075 .074 .075 .076 .074 .075 .077 .014 .017 .073 .076 .075 
.073 .073 .076 .077 .074 ·.073 .074 .076 .073 .076 .076 .074 .074 .076 .075 
.076 .077 .075 .075 .016 .075 .073 .075 .on .014 .077 .014 .074 .076 .074 
.014 .076 .076 .014 .015 .076 • 074 .014 .077 .073 .076 .074 .076 .075 .. 075 
.076 .073 .074 .076 .074 .075 .077 .015 .016 .074 .076 .074 .077 .011 .OU 
.016 .016 .075 .074 .076 .075 .076 .07b .074 .075 .075 .073 .077 .077 .014 
.074 .076 .076 .073 .076 .077.013.077 .074 .016 .074 .075.077 .. 075 .075 
.081 .074.016.076 .074 .076 .073 .076 .075 .076 .075 .075 .076 .075 .075 
.075 .072 .077 .079 .014 .076 .075 .075 .075 .078.075 .075 .075.075 .074 
.076 .081 .076 .. 073 .075 .075 .016 .074 .076 .077 .. 074 .076 .076 .074 .074 
.074 .079 .075 .078 .081 .075 .076 .074 .017 .075 .073 .077 .076 .075 .075 
.074 .075 .075 .075 .073 .075 .080 .077 .079 .076 .074 .077 .077 .076 .076 
~n.~._._._.~._.~._.~.~.=.~d".~ 

.071 .074 .015 .074 .076 .076.074.017 .017 .013 .071 .074.074.074.075 
• 065 • 071 • 073 .074 • 075 • 014 • 075 • 075 • 075 .075 • 071 • 078 • 075 .073 • 073 
.053.063 .070.072 .013 .074 .074 .073 .075 .076 .074 .074 .07!! .076 .076 
.026 .045 .060 .065 .069 .072 .071 .074 .076 .074 .076 .018 .077 .075 .074 
.007 .015 .033 .049 .059 .067 .068 .073 .074 .073 .077 .076 .074 .074 .015 
.003 .004 .008 .016 .033 .048 .055 .065 .064.068 .069 .069 .072 .073 .072 

-.001 .001 .001 .004 .007 .013 .026 .039 .047 .055 .0St; .065 .061.067.067 
-.001-.001-.000 .001 .002 .004 .006 .009 .015 .023 .032 .0·1tt .045 .049 .055 
-.001-.001-.000-.000 .001 .001 .001 .003 ·.005 .006 .008 .ou .013 .016 .018 

.000 .001 .002 .002 .002 .002 .003 .003 .00lt .OOb .007 .0Ob .007 .008 .009 

.009 .011 .011 .009 .009 .008 .007 .006 .007.006.004 .003 .003 .002 .002 
.020 .022 .022 .020 .018 .016 .013 .011 .008 .006 .005 .003 .001 .001 .001 
.055 • 054 • 054 • 055 • 055 .049 .045 • 041 • 032 • 023 • 015 • 009 .006 .004 .002 
.068 .068 .068 .068 .067 .067 .067 .065 .059 .055 .047 .039 .026 .013 .001 
.073 .074 .074 .073 .072 .073 .072 .069 .069 .068 .064 .065 .055 .. 048 .033 
.075 .072 .072 .075.075 .074 .07lt .076 .077 .073 .074 .073 .068 .067 .059 
.076 .078 .078 .076 .074 .075 .077 .078 .076 .074 .076 .074 .011 .072 .Ob9 
.076 .077 .077 .076 .076 .076 .075 .. 074 .074 .016 .075 .013 .014 .074.013 
.~.~.~.=.~.~.~.~.~.-.~.-.-.-.
.075 .075 .075 .075 .075 .014 .. 074 .014 .011 .013 .077 .071 .074 .076 .076 
.015 .075 .075 .075 .016 .077 .078 .017 .. 075.076 .075 .071 .075 .077 .074 
.075 .075 .075 .075 .076 .076 .077 .017 .074 .076 .019 .077 .080 .075 .073 
.~.~._.~._.~.~.~.=.~.~._.~._.~l 

.075 .075 .075 .015 .074 .014 .076 .076 .074 .on .016 .074 .076 .. 075 .075 

.074 .076 .076 .014 .Ollt .075 .075 .075 .075 .078 .075 .075 .075 .076 .074 

.075 .076 .076.075.075.075.076.075 .075 .076 ·.015 .076 .013 .076 .074 

.015 .074 .07 •• 075 .075 .015 .017 .015 .074 .076 .071t .017 .073 .071 .076 

.074 .075 .075 .074 .074 .077 .077 .073 .075 .015 .074 .076 .on .075 .076 

.074 .075 .075 .074 .076 .. 077 .077 .074 .076 .074 .076 .075 .077 .075 .074 

.076 .075 .075.076.015 .015 .076 .074 .076 .073 .077 .074 .074 .016 .075 

.074 .074.074.074.074 .016 .014 .. 014 .on .074 .016 .075 .073 .075 .076 
.07 •• 077 .077 .074 .075 .076 .07 •• 074 .076 .076 .073 .076 .074 .073 .074 
.075 .075 .075 .075 .075 .076.073 .071 .074 .on .075 .074 .016 .075 .074 
._._~H._.~.~.~.~.~._.~._.~.~.~ 

.074 .075 .075 .on .076 .077 .074 .075 .075 .073 .075 .077 .076 .074 .073 

.013 .074 .074 .073 .077 .076 .076 .073 .076 .075 .073 .074.076 .071 .076 

.074 .Ollt .014 .074 .078 .073 .077 .074 .073 .075 .077 .077 .Ollt .074 .074 

.075 .075 .075 .075 .078 .072 .075 .077 .076 .074.073 .073 .074 .074 .076 
~n.~.~._.~.~.=.~.~.~.~.~.~.~._ 

.~.-.-.~.=.~.~.~.~.~.~.-.-.-.

.082 .073 .073 .082 .077 .075 .075 .074 .073 .Ollt .014 .075 .074 .074 .016 

.073 .072 .072 .073 .074 .076 .075 .074 .074 .075 .074 .015 .077 .074 .075 

.013 .072 .072 .073 .074 .076 .075 .074 .074 .015 .074 .075 .077 .074 .075 

.082 .073 .073 .082 .077 .075 .015 .074 .073 .074 .074 .075 .014 .074 .076 

.077 .074 .074 .077 .073 .077 .078 .078 .077 .076 .015 .075 .075 .074 .075 

.015 .076 .076 .075 .077 .076 .072 .013 .01b .077 .077 .076 .076 .076 .075 

.075 .075 .075 .075 .078 .072 .015 .077 .076 .074 .073 .073 .074 .074 .076 

.074.074 .074 .074 .01B .073 .077 .074 .073 .075 .077 .077 .074 .074 .074 
.073 .074 .074 .013 .077 .016 .076 .073 .076 .075 .073 .074 .076 .011 .076 
.074 .015 .075 .074.076 .071 .074 .075 .075 .073 .075 .077 .076 .074 .073 
.014 .074 .074 .074 .075 .017 .073 .077 .073 .015 .016 .075 .073 .076.077 
.075 .075 .075 .075 .075 .076 .013 .077 .074 .077 .075 .074 .076 .075 .014 
.074 .077 .077 .074 .075 .076 .014 .074 .076 .076 .073 .076 .Ollt .073 .074 
.074 .074 .07 •• 074 .074 .076 • 014 .074 .077 .014 .076 .075 .073 .075 .076 
.076 ·.075 .075 .076 .075 .075 .076 .074 .076 .073 .071 .074 .074 .076 .075 
.074 .075 .075 .074 .076 .077 .077 .074 .076 .074 .076 .075 .077 .075 .074 
.074 .075 .075 .074 .074 .077 .077 .073 .075 .075 .074.076 .076 .075 .076 
.075 .074 .074 .075 .015 .075 .077 .075 .074 .07b .074 .071 .073 .017 .076 
.075 .076 .076.015 .075 .075 .076 .075 .075 .076 .075 .. 076 .073 .076 .074 
.074 .076 .076 .014 .074 .075 .075 .015 .075 .078 .075 .075 .075 .076 .074 
.075 .015 .075 .075 .074 .014.076 .076 .074 .077 .076 .074.076 .075 .o?!: 
.076 .075 .075 .076 .075 .075 .Olb .077 .013 .075 .017 .074 .Olt .07!" .081 
.075 .075 .075 .075 .07b .076 .017 ~017 .074 .07i: .079 .077 .080 .075 .013 
.075 .075 .075.075 .07b .077 .078 .077 .075 .076 .015 .071 .01~ .077 .074 
.075 .07~ .075 .07!! .075 .074 .Ollt .074 .071 .073 .077 .077 .074.076 .076 
.073 .072 .072 .073 .073 .013 .075 .018 .071 .075.075 .075 .075.074 .075 
.076 .071 .077 .076 .07b .016 .075 .074 .074 .076 .075 .073 .074 .014 .073 
.076 .07B .078 .076 .074 .075 .017 .078 .076 .07lt .076 .074 .071 .012 .061") 
.075.072.072 .015 .075 .014.074.076.077 .073 .014 .073 .068 .067 .059 
.on .074 .014.073 .072 .013 .072 .069 .069 .068 .064 .065 .055 .04B .033 
.068 .Ote .068 .Ob8 .067 .067-.067 .065 .059 .055.047 .039 .OU .013 .007 
.055 .054 .054 .055 .055 .049.0.5 .041 .032 .023 .015 .009 .006 .004 .002 
.020 .022 .022 .020 .018 .016 .013 .011 .008 .006 .005 .003 .001 .001 .001 
.009 .0Ll .011 .009 .009 .008 .007 .006 .007 .006 .001t .003 .003 .OOZ .002 
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.002 .OOZ .001 .000 .001 .000.000 .001 .001 .000 .001 .001-.000-.000 .001 
- .000-. 000- .001-.001-. 001-. 001 .000- .000-.001- .001- .001- .001-.001 • 000-. 000 

• 001-. 000-. 001-. 001-. 001-. 001-. 001-.002- .001- .001-. 00 1-. 001-. 000-.000-. 001 
.004 • 00 1 .001- .00 1-. 000-. 000-. 00 1-. 001-. 001-. 001-. 001-. 000-. 000-. 001-. 001 
.01b .008 .004 .003 .001-.000-.001-.001-.001-.001-.000-.000-.001-.001-.001 
.049 .033 .015 .001 .003 .001-.000-.000-.001-.000-.000-.001-.001-.002-.001 
.065 .060 .045 .026 .010 .005 .002 .001 .001-.000-.001-.001-.001-.001":.001 
.072 .070 .063 .053 .037 .015 .007 .003 .002 .000-.001-.001-.001-.001-.000 
.074 .013 .011 .065 .060 .045 .020 .009 .003 .001 .000-.001-.001-.000-.000 
.074.075.074 .071 .069 .06.3 .049 .023 .009 .003 .001 .000-.000-.000-.001 
.075 .075 .015 .013 .074 .071 .064 .049 .025 .009.003 .002 .001-.001-.001 
.075 .075.075 .074.076.072 .070 .Ob4 .049 .023·.009 .003 .001-.000-.001 
.078 .075 .079 .074 .077 .076 .012 .070 .064 .049 .020 .007 .002-.000-.001 
.073 .07b .081 .076 .076 .080 .Olb .072 .071 .063 .045 .015 ·.005 .001-.000 
.079 .077 .072 .075 .073 .Olb .071 .016 .074 .069 .060 .037 .010 .003 .001 
.07b .076 .Ollt .081 .075 .. 076 .074 .014 .073 .on .OM .053 .02b .007 .003 
.073 .076 .076 .074 .072 .0Bl .079 .075 .075 .074.071 .063 .045 .015 .004 
.074 .075 .076 .076 .077 .076 .075 .015 .075 .075 .073 .070 .0bO "033 .008 
.076 .074.073 .076 .079 .013 .07B .075 .075 .074 .074 .072 .Ob!!: .049 .OU: 
.074 .07b .Olb .07 •• 074 .075 .081 .. 073 .074 .076 .075 .073 .069 .059 .033 
.075 .075 .077 .076 .076 .075 .015 .075 .077 .Olb .074 .014 .012 .067 .048 
.077 .Olb .073 .073 .075 .Olb .076 .080 .075 .074 .075 .074 .071 .068 .055 
.075 .076 .077 .076 .075 .074 .074 .077 .071 .077 .075 .073 .014 .073 .065 
.076 .074 .074 .075 .075 .Olb .077 .079 .075 .017 .075 .075 .076 .074 .064 
.074 .075 .076 .076 .078 .077 .075 .076 .076 .013 .015 .076 .074 .073 .068 
.076 .075 .074 .075 .075 .074.073 .074.075 .Oll .077 .074 .076 .077 .069 
.07'+ .073 .075 .075 .075 .076 .077 .077 .071 .074 .078 .074 .018 .076 .069 
.077 .077 .077 .076.075 .076 .Olb .017 .078 .074 .075 .075 .077 .074 .072 
.077 .077 .075 .075 .075 .074.015.076 .077 .074 .073 .Olb .075 .074 .073 
.076 .074 .075 .0"75 .074 .074 .015 .076 .076 .075 .073 .076 .074 .015 .072 
.074 .074 .075 .075 .074 .075 .076 .015 .075 .015 .073 .076 .07b .075 .073 
.075 .075 .014 .076 .076 .075 .015 .075 .075 .075 .072 .077 .07e .012 .074 
.075.075.074.076.076.075.075.075.075.075.012 .077 .078 .072.014 
.074.014 .075 .075 .074 .075 .Olb .075 .075 .. 075 .073 .076 .076 .075 .073 
.076.014 .015.075.074.07 •• 075.076.076.075 .073 .016·.074 .075 .072 
.077 .077 .075 .075 .075 .074 .075 .076 .077 .014 .073 .076 .075 .074 .073 
.077 .077 .077 .076 .075 .076 .076 .017 .078 .074 .075 .015 .017 .074 .072 
.074.073 .075 .075.075 .076 .077 .077 .077 .074 .0lB .074 .07B .. 076 .069 
.076 .075 .014 .075 .075 .07 •• 073 .074 .075 .071 .077 .074 .016 .017 .069 
.074.075 .076 .076 .078 .077 .075 .076 .016 .073 .075 .076 .074 .073 .068 
.076 .074 .074 .075 .015 .076 .017 .079 .075 .077 .075 .075 .076 .074 .064 
.075 .Olb .017 .076 .075 .074 .074 .077 .011 .077 .075 .073 .074.073 .065 
.077 ·.076 .073 .073 .075 .076 .076 .OBO .075 .074 .075 .014 .071 .068 .055 
.075 .075 .077 .076 .076 .075 .075 .075 .077 .016 .074 .074 .072 .061 .048 
.074 .076 .076 .014 .074 .075 .081 .073 .07 •• 076 .075 .073 .069 .059 .033 
.076 .074.073 .076 .079 .073 .078 .075 .015 .074 .074 .on .065 .049 .016 
.Ollt .075 .076 .076 .077 .076 .015 .015 .075 .075 .073 .070 .060 .033 .008 
.073 .076 .076 .074 .072 .081.079 .075 .075 .074 .071 .063 .045 .015 .004 
.076 .076 .074 .081 .075 .076 .074 .074 .073 .071 .065 .053 .026 .007 .003 
.079 .077 .on .075 .073 .076 .077 .. 076 .074 .069 .060 .037 .010 .003 .001 
.on .076 .081 .076 .076 .080.076 .072 .071 .063 .045 .015 .005 .001-.000 
.078 .075 .079 .074 .077 .076 .072 .070 .064 .Olt9 .020 .007 .002-.000-.001 
.075 .075 .075 .074 .076 .012 .070 .064 .049 .023.009 .003 .001-.000-.001 
.075 .075 .075 .073 .074 .071 .061t .049 .025 .009 .003 .002 .001-.001-.001 
.074 .075 .074 .011 .069 .063 .04Q .023 .009 .003 .001 .000-.000-.000-.001 
.074 .073 .011 .065 .060 .045 .020 .009 .003 .. 001 .000-.001-.001-.000-.000 
.072 .070 .063.053.037 .015 .007.003.002 .000-.001-.00l-.001-.001-.000 
.065 .060 .045 .026 .010 .005 .002 .001 .001-.000-.001-.001-.001- .. 001-.001 
.049 .033 .015 .007 .003 .001-.000-.000-.001-.000-.000-.001-.001-.002-.001 
.016 .008 .004 .003 .001-.00o-.001-.001-.001-.001 .... 00~ .. 00o-.001-.001-.001 
• 004 .001 • 001-.. 001-. 000-. 000-. 001-.001-. 001-.001-.00 1-.000- .000- .001-. 00 1 
• 001- .000- .001- .. 001-. 001-. 001-. 001-. 002-. 001-. 001-. 001-. 001-. 000-.000-.001 

-.000-.000- .001- .001-.001" .001 .000-.000-.001-. 001".00 1-.001-.001 .000-.000 
.002 .002 .001 .000 .001 .000 .000 .001 .001 .000 .001 .001-.000-.000 .001 

.001 .001 .001 .001 
-.001-.001-.001 .001 
-.001-.001-.001 .001 
-.001- .001- .001 .001 
-.001-.001-.000 .001 
-.001-.000 .000-.000 
-.000-.000-.001- .000 
-.000-.001-.001 .001 
-.001-.001-.001 .001 
-.001-.001-.001 .000 
-.001- .001- .001 • 001 
-.001-.002-.000 .001 
-.001-.001 .000 .000 
-.000-.001-.001 .000 
-.000-.001-.001 .001 
-.001-.001-.001 .000 

.001-.001-.001 .001 

.001-.0000-.000 .002 

.004 .001- .. 000 .002 

.007 .002 .001 .002 

.013 .004 .001 .002 

.026 .006 .001 .003 

.039 .009 .003 .003 

.041 .015 .005 .004 

.055 .023 .0Ob .006 

.059 .032 .008 .007 

.065 .041 .011 .006 

.067 .Cit5 .013 .007 

.067 .049 .016 .008 

.067 .055 .018 .009 

.068 .055 .020 .009 

.Ob8 .054 .022 .011 

.068 .05 •• 022 .011 

.06B .055 .020 .00') 

.067 .055 .01B .009 

.067 .049 .016 .008 

.067 .045 .013 .001 

.065 .041 .011 .006 

.059 .032 .008 .001 

.055 .023 .006 .006 

.047 .015 .005 .004 

.03Q .009 .. 003 .003 

.026 .006 .001 .003 

.Oll .004 .001 .002 

.007 .002 .001 .002 

.004 .001-.000 .002 
.001-.000-.000 .002 
.001-.001-.001 .001 

-.001-.001-.001 .000 
-.000-.001-.001 .001 
-.001r.001-.001 .000 
-.001-.001 .000 .000 
-.001-.002-.000.001 
-.001-.001-.001 .001 
-.001-.001-.001 .000 
-.001-.001-.001 .001 
-.000-.001-.001 .001 
-. 000-. 000-. 001-. 000 
-.001-.000 .000-.000 
-.001-.001-.000 .001 
-.001-.001-.001 .001 
-.001-.001-.001 .001 
-.001-.001-.001 .001 

.001 .001 .001 .001 
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INTEGEft PARAMETER A!:tRAY (IPAR) 

IPAI<.'II 

•• 1 
o 

DESCRIPTION 

ltNEAR DI"4ENSION OF THE RECQNSTRUCTION ARRAY 
RECONSTRUCT IN A SQUARE ARRAY 
GEOMETRY FLAG 
PARAlLEL BEAM GEOMETRY . 
NU"'13eFl. OF PROJECTION ANGLES 12 

5 MODE FOR PROJECTION ANGLE INPUT ISEE FOLlOWl"lG LINESI 

100 
o 

ANGL ES GENERAl EO BETwEEN ZERO AND 2*Pl 
STARTING AT ZERO 
NUMBER OF RAYS FOR EACH PROJECTION 
EMISSION DATA • 1 , 

• 
10 

18000 
1 
o 
5 

DIMENSION OF THE FLOATING POINT USERS eLAN II; COMM::'IIIJ BLOCK 
NUMBER OF WORDS FOR A ROATING POINT vARJABlE 

11 
EXECUTE THE RECONSTRUCTION (NOT .lUST 5TORAGE SIZE TEST) 
PRI"fT FLAGS (OPTIONS SELECTED ARE (IN THE FtJLLoWlNG LINES) 
PRINT HQUIRED FLOAT ING POINT BLANk COMMON WHENEVER CHANGeD 
PRINT serup VALues FRO'" I PAil AND PAR ARRAYS 

12 LOGICAL UNIT /110. FOR ATTENUATlf')N FACTOR STORAGE 

flOATING POINT PARAMETEf\ ARRAY (PARI 

DESCRIPTION 

PIXEL WIDTH IN UNITS OF PROJECTION BIN MIOTH 

PARI I) 

1.000 
50.500 

o 
LOCATION OF THE ROTATION AXIS IN TI-+E PROJECTION ARRAY 

NA NOT APPLICABLE (NOT FAN BEAM GEOMETRY I 

BLANK COMMON REQUIRED 12 1101 

BUN!( COM"'ON REQUIRED 1 .. 2201 

BLANK COMMON REQUIRED 21. 3301 

BLANK CQII,MON REQUIRED ... 6401 

BLANK COMMON REQUIRED 5 •• f 10401 

A· TOTAL OF 92 ( 5 THRU 96) OF THE 100 USER pqOJECTION ~INS MIll BE useD 

~2 PROJECTION BINS WILL BE USED OF WHICH 0 HAVE 9EEN ZEROED BY THE PROr,.RAM 

MAXIMUM SIZE OF BLANK CdMM(tN THUS FAR. H2!! FLOATING POINT WORDS. 
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EEE V V A A T N!II 1\1 
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BLANK COMMON REQUIRED ... 0 ( 110401 

MAXIMUM SIZE OF BLANK CO,",MON THUS FAR"' 11t255 FLOATING pOINT WORDS. 
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PAQ.AMETERS FOR SUePOUTINE GRADY 

IS 
1 
o 
o 

DESCRIPTION 

NUMPER OF ITERATlON STEPS 
ITERATIVE RELAXATION METHOO 
00 NOT USE ERROF AIlRAV 
INITIAL SOLUTION IS ZElia 

BLANK COMMON ~EQUtRED 1t112 ( 111501 

BLANK COMMON REQUIRED 5322 I L23121 

BACKP~ DJECT ION AND PROJ ECT 1 ON/CONVOlUT I ON/F Il TER ~{JUTI NE S 
PERfORM THE FOLlOWIII4G fUNCTIONS 

ARG 

BC' 
P!',J 

FUNCTION 
6ACKPROJECTION 
PROJECT tCON 

RAY WE IGHT ING 
UNIFOIIM SOUARE 
UNIFORM SOUAIIE 

ATTfNUATION 
YES 
YFS 

FAN BEA'" 

"0 
NO 

BLANK COMMON REQUIRED 5506 I 126021 

BLANK CO,","'ON REQUIRED 9t02 I 226021 

BLANK COMMON REQUIRED 13698 ( 326021 

BlAN!( COMMON REQut REO L7794 I 426021 

BLANK CO,","ION REOUIRED 17826 I 426421 

BU NK· C aMMON REQUIRED 17794 ( 426021 

FOR CONGR ANa GRADY FCN IS THE VALue OF THE CHI-SQUARE 
FOR ENTPY FCN IS EVALUATED 8Y THE SUBROUTINE OULFC 
ITER 0 feN .392E+09 
ITER 1 FCN .S79E+08 
ITER 2 FCN .lSC;E+08 
ITER 3 FCN .863E+07 
IT Ell. It feN .529 E+07 
ITER' FeN .3!i4E+07 
ITER 6 FCN ·.21t7E+07 
ITER 7 fCN .180H07 
ITER 8 FCN .137E+07 
ITER 9 FCN .107E+07 
ITEr.. 10 feN .870E+06 
ITER 11 FCN .72ItE+06 
ITER 12 FCN .616E+06 
ITER 13 fCN .534E+06 
ITER 14 fCN .469E+06 
ITER 15 FCN .417E+06 

BLANK COMMON REQUIRED 17610 ( 423121 

BLAN( CO'"''''ON R.EQUIRED 13514 I 32312) 

BUr« COMMON REQUIRED ( 223121 

BLANK COMMON REQUIRED 5322 « 12312) 

MAXI.MUM SIZE OF BLANK COMMON THUS FAR- 17826 FLOATJNG pOINT WORDS. 

EEEEE N N 0000 GGG RRRR AU 0000 Y 
E NN N D a GR RA AD Dvy 
EEE N N N a a G RRRR A A 0 0 Y 
E N NNO 0 G GG R R AAAU 0 0 Y 
EEEEE N N DODD GGGG R R A A 0000 Y 

RECCWSTRUCTJON FOR THE EMISSION SCAN CORRECTED FOR AT,TENUATION 

XMIN· -.22E+01 XMAX • .34E+02 XSUM -
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-+A ... --.....H.nA-·Z..--.............. H.Z.. - • 
-1 ............ _ ..... ...-.. 1- • · -MHla._ ..... _.n .. _ .... M- • 

• - - -A ............................ ...__..6- - -. 
+ ......... _ .............. u ........ .... 

-" .......... H •• IIMA1) ++ •• ++1 1AM ...... .-.M-
-.... n .... n ... XI.----------., xU_H __ .... 

- ______ 81.--- - .. 1 .... .--.. 

-.......... eel--- --le ....... ... 
MtI .... _.fiIt+ ... - -.. +"' ......... .,.. 

+ •••• ..-.Z.-- ---+_-- --·Z ......... .. 
• -......... x.- .. IA ...... IAI-
• + ....... 01'1+- ... • ... .--HM. -
• 6 ........ 111-- -ZH_ •••• Z-
• - ___ HM .. - -1 •• _ .... 01-

• -H ........ Z - ............ .... 
• ·H ...... Z -+ ....... _ ••• _ •• +-
• ........... z-- -+ .... H ............ +-
• -ann"HZ-- -1 .. aH •• n".n ••• -
• -..-a'M.- -1 ................ 1-

.• -z ... Hn ......... Z-- · .......... H.· --I' ....... AI-

- ~. 

• ----+1111+·--.................................................................. 
+ I 1 

-.2193E+Ol .5104E+00 .4476E+01 .6278E+Ol .751t0E+Ol .8982E+01 .1042E+02 

Z X A Mel e 
.11b9E+02 .1259E+02 .1349E+02 .1541E+02 • 1745E+02 • 1872E+02 .2016E+02 

• • I • • • •. 
.2142E+02 .2lt12E+02 .2737E+02 .2917E+02 .3061E+02 .3205E+02 .3332E+02 

• • 3386E+02 



•• -.1 1.2 .2 .1 1.1 -.5 1.2 .1 .6 .5 .~ .4 .5 .~ 
-.7 -l.a -.3 -1.3 -.9 -.0 -1.5 .3 -1.1 .2 -1.4 .4 -1.1 .2 -.8 
1.2 -.3 1.2 .1 .5 .9 .1 .9 -.2 1.1 -.2 .8 .1 -.3 .2 
.2 -1.3 .. 1 -1.1 -.6 -.7 -.5 - .. a -.9 -.9 -.3 -.6 .5 -.0 .0 
.1 -.9 .5 -.6 .3 -.1 1.1 .3 1.~ -.3 .2 -.6 -1.0 -.3 -.2 

1.1 -.0 .9 -.1 -.1 -1.5 -.2 -1.7 .4 .2 -.2 .4 -.!- -.Q -1.0 
-.5 -1.5 .1 -.5 1.1 -.2 1.6 -.1 -.6 -.2 -.3 -.5 -1.0 -.6 -.3 
1.2 .3 .9 -.a .3 -1.1 -.1 .5 -.3 .. 2 -.3 -.2 -.~ 2.5 15..7 

.1 -1.1 -.2 -.'1 1.~ .4 -.6 -.3 - .. 1 -.5 -.7 -.3 4.720.127.0 

.6 .2 1.1 -.9 -.3 .2 -.2 .2 -.5 -.!; -.5 7.5 22.2 27.8 29.0. 

.5 -1.4 -.2 -.3 .2 -.2 -.3 -.3 -.7 - .. 5 7.422.6 2t:.\j 2~.1 30.5 

.. 9 .4 .8 - .. 6 -.6 •• -.5 -.2 -.3 7.522.627.7 2a.8 29.3 30.8 

.4 -1..1 .1 .5 -1.0 -.5 -1.0 - .. 9 4.7 22.2 26.9 28.8 2~.CO 30.9 31 •• 

.5 .2 -.3 -.0 -.3 -.9 -.6 2.520.1 27.a 29.1 29.3 10.931.631.3 

.4 -.8 .2 .0 -.2 -1.0 -.3 15.7 27.0 29.030.5 10.8 31.4 31.3 28.9 

.0 .1 -.7 -.3 -.5 -.8 8.824.0 28.2 29.029.529.830 .. 130.'12'1.8 
-.0 -.1 .2 -.8 -.8 2.1 20.S 26.6 29.5 29.9 30.7 30.5 32.5 32.8 28.2 

.8 -.2 -.4 -101 -.5 13.5 26.2 29.6 3001 30.3 30.6 29.7 30.3· 31.0 31.3 
-.1 .3 -.9 -.6 3.1 22.627.2 29.6 29.6 30.3 30.2 30.9 32.0 29.1 lO.3 

.5 -.1 -1.0 -.712.926.328.430.1 30.2 31.4 29.5 29 •• 32 •• 29.6 27.4 
-.7 .2 -1.0 1.922.2 28.5 29.9 29.8 30.1 31.3 31.6 31.5 29.@ 29.0 20.2 

.1 -.3 -1.1 8.625.3 28.6 29.0 29.9 31.0 2'1.6 30.6 32.~ 2<;1.4 27.0 20.9 
-.5 -.6 .2 16.'1 28.3 30 •• 29.7 29.9 30.9 11.5 2<;1 .. 1 31.0 28.5 2 •• it 1~.0 

.z -.2 1.9 21.9 26.6 30.0 31.4 30.3 3001 30.9 29.9 30.4 28.6 20.3 9.9 
.. 3 -.5 6.7 25.l 28 .. 5 30.029.831.130.72"9.5 lc;l.8 29.4 26.1 15.4 7.5 

-.2 -.4 13.1 26.9 28.t: 31.531.230.3 31.5 28.329.628.6 22.6 11.2 4 .. 6 
- •• -.117.928.528.031.132.829.931.828.531.127.81<;1.2 8.7 2.'1 
-.8 1.5 ZO.3 2<;1.2 2'7.'1 30.7 30.8 30.1 30.0 29.4 2<;1.9 26.<;1 16.1 6.6 2.0 
-.5 3.0 22.4 28 .. Z 29.5 29.2 30.9 31.1 29.Z 29.1 29.926.2 13.6 4.'1 1.7 
-.8 ~.Z 24.9 28.9 30.2 31.130.431.328.629.32<;1.024.7 10.c;l 4.1 1.3 
-.7 5.6 25.728.829.3 10.031.230.928.9 2c;l.8 28.1 22 .. <; 11.t 4.0 1.2 
-.4 6.5 24.428 .. 1 lO.5 29.3 32.3 31.7 28.629.5 28.l 22.5 10 .. 0 3.8 1.6 
-.4 6.524.428.730.529.332.331.728.6 2c;l.5 28.3 22.510.0 1.8 1.6 
-.7 5.6 25.728.820;.3 30.0 31.230.<;1 28.9 29.8 Z8.1 22.9 11 .. 6 ~.O 1.2 
-.8 4.2 Zit.9 28.<;1 30.2 31.7 10.4 31.3 28.6 29.3 20;.0 24 .. 7 10.<;1 4.3 1.3 
-.5 3.0 22.4 28.2 29.5 2<;1.2 30.<;1 31 .. 1 29 .. 2 2<;.1 29.9 26.2 13.6 4.9 1.7 
-.8 1 .. 5 20.329.2 20;.<;1 30.7 30.8 30.1 lO.O 2'1.4 29.9 26.9 16.1 6.6 2.0 
-.4 -.1 17.CJ 28.5 28.0 31.1 32.8 29.9 31.8 28.5 31.1 21.8 19.2 8.7 2.<;1 
-.2 -.4 13.1 26.9 28 .. 6 11.5 31.2 30.1 31.5 28.3 21?6 2A.6 22.·6 11.2 4.6 

.3 -.5 6.125.328.5 30.0 29.8 11.1 30.7 2<;1.5 2<;.8 29.4 26.1 15.4 1.5 

.2 -.2 1.9 21.<;1 26.6 30.031.4 30.3 30.1 30 .. 9 2<;1.<;1 30.~ 28.6 20.3 9.<;1 
-.5 -.6 .216.928.130.429.729.910 .. 931.529.131.0 28.5 24.~ 14.0 

.1 -.3 -1.1 8.625.3 28.6 2<;1.0 29.9 31.0 2<;1.6 30.6 32.it 29.4 27.0 20 .. 9 
-.1 .2 -1.0 1.<;1 22.2· 28.529.9 2c;l.8 30.1 31.3 31.6 31.5 29.829.0 26.2 

.5 -.1 -1.0 -.7 12.9 26.3 28 •• 30.1 30.2 31.it 29.5 29.4 32.4 29.6 27.4 
-.1 .3 -.9 -.6 3.1 22.6 27.2 29.6 29 .. 6 30.3 30.2 30.9 32.02<;1.110.3 

.8 -.2 -.4 -1.1 -.5 13.' 26.2 29.6 30.1 30.330.6 2'1.7 30.3 31.0 31.3 
-.0 -.3 .2 -.8 - .. 8 2.1 20 .. 8 26.6 2<;1.5 29.9 30.7 30.5 32.532.828.2 
.0 .1 -.7 -.3 -.5 -.8 8 .. 824.028 .. 229.0 29 .. 5 29.8 30.1 10.9 2<;1.8 
.~ -.8 .2 .0 -.2 -1.0 -.3 15.7 27.0 29.0 30.5 30.8 31.4 31 .. 3 28.9 
.5 .2 -.3 -.0 -.3 -.<;1 -.6 2.5 20.1 27.8 21?1 2<;1.3 30.0; 31 .. 6 31.3 
.4 -1.1 .1 .5 -1.0 -.5 -1.0 -.9 it.1 22.2 26.928.8 2<;1.9 ~0.9 31.4 
.9 .. 4 .8 -.6 -.6 .it -.5 -.2 -.3 1.522 .. 6 21.7 28.8 29.3 30.8 
.5 -1.4 -.2 -.3 .2 -.2 -.3 -.3 -.7 -.5 1.it 22.1: 26.9 29.1 30.5 
.6 .2 1.1 -.9 -.3 .2 -.2 .2 -.5 -.5 -.5 7 .. 5 22.2 27.8 29.0 
.1 -1.1 -.2 -.9 1 .. 4 .. 4 -.6 -.3 -.1 -.5 -.7 -.3 4.7 ZO.l 27 .. 0 

1.2 .3 .9 -.8 .3 -1.1 -.1 .5 -.3 .2 -.3 -.2 -.9 2.5 1!.7 
·-.S -1.5 .1 -.S 1.1 -.2: 1.6 -.1 -.6 -.2 -.3 -.5 -1 .. 0 -.6 -.3 
1.1 -.0 .9 -.1 -.1 -1.5 -.2 -1.7 .~ .2 -.2 .4 -.5 -.9 -1.0 

.1 -.9 .5 -.6 .3 -.1 1.1 .3 1 .. 4. -.3 .2 -.6 -1.0 -.3 -.2 

.2 -1.3 .1 -1.1 -.6 -.7 -.5 -.8 - .. 9 -.9 -.3 -.6 .5 -.0 .0 
1.2 -.3 1.2 .1 .5 .9 .1 .9 -.2 1.1 -.2 .8 .1 -.3 .2 
-.7 -1.8 -.3 -1.3 -.9 -.0 -1.5 .3 -1.1 .2 -1.4 .4 -1.1 .2 -.8 

.4 -.7 1.2 .2 .1 1.1 -.5 1 .. 2 .1 .6 .5 .9 .4 .5 .4 

.0 -.0 .8 -.1 .5 -.7 .1 -.5 .2 .3 -.2 -.4 -.8 -.5 -.9 

.1 -.3 -.2 .3 -.1 .2 -.3 -.6 - .. 2 -.3 - .. 4 -.1 1.5 3.0 it.2 
-.1 .2 -.4 -.9 -1.0 -1.0 -1.1 .2 1.9 6.7 13.1 11.920.322.424.9 
-.3 -.8 -1.1 -.6 -.7 1.9 8.6 16.9 21.9 25.3 26.9 28.5 29.2 28.2 28.9 
-.5 -.8 - .. 5 3.1 12.9 22.2 25.3 28.3 26.6 28.5 28.6 28.0 29.9 29.5 30 .. 2 
-.8 2.1 13.5 22.6 26.3 28.5 28.6 30.4 10.0 30.0 31.5 31.1 10.129.231.7 
8.8 20.8 26.2 27.2 28.4 29.9 29.0 29.7 31.4 2<;.8 31.2 32.8.30.8 30.9 30.4 

24.026.629 .. 6 29.6 10.1 29.829.929.930.331.130.129.930 .. 1 31.1 31.3 
28.2 29.5 30.1 2<;1.630.2 30.1 Ji.O 30.9 30.1 30.7 31 .. 5 11.8 30.0 20;.2 28.6 
29.0 29.930.3 30.3 31.4 31.3 29:6 31.' 30.9 29.5 28.3 28.5 2CJ'.4 29.1 29.3 
29.' 30.130.630.2 29.' 31.6 30.6 29.1 29.9 29.8 29.6 31.1 29.929.'129.0 
29.830.529 .. 730.9 29.it 31.5 32.431.0 30.4 29.4 28.6 27.8 26.9. 26.2 24.7 
10.1 32.' 30.3 32.0 32.4 29.8 29.4 28.' 28.6 26.1 22.b 1<;1.2 16.1 13 .. 6 10.<;1 
30 .. 932.831.0 29.1 29.6 29.0 27.0 24.4 20.3 15.it 11.2 !!t.7 6.6 it.9 4.3 
29.828.231.330.327.426.2 20.9 1~.0 9.9 7.5 4.6 2.<;1 2.0 1.7 1.3 
33.4 3001 29.2 27.6 2~.' 16.9 10.Z b.l 4.5 2.5 1.9 1.1 .3 -.0 -.4 
30.1 29.8 27.6 21.8 14.7 8.8 it.2 3.3 1.5 .6 -.It .2 .3 -.<; - .. 7 
29.2 27 .. 6 22.2 12.5 7.1t 1t.4 3.0 .It - .. 4 - .. 8 -1.1 -1.1 -.f! .3 -1.8 

"27.6 21.a 12.5 6.1 3.2 2.3 1.3 .5 -.5 -1.' -1.5 -1.3 -.Cil -.1 -.1 
24.514.7 7.4 3.2 2.5 .2 -1.5 .2 -.8 -1.<; -1.5 -.~ .0 -2.2 -.It 
16.9 8.8 4.4 2.3 .2 -.7 -1.1 -1.4 -.5 -.8 -.3 -1 .. 1 -1.3 -.1 -.7 
,o.2 4.2 3.0 1.3 -1.5 -1 .. 1 -1.1 -1.5 -1.3 .6 .3 -.1 .2 1.8 3.2 
6.1 3.3 .it .5 .2 -1.1t -1.' -1.4 -.8 -.it .5 3.2 6.4 13 .. 2 17.7 
it.5 1.5 -.It -.5 -.8 -.5 -1.3 -.8 -.it -., 1.613.320.625.0 26.<;1 
2.5 .6 -.8 -1.5 -1.9 -.8 .6 -.it -.1 4.6 16.8 23.5 28.0 32.0 30.8 
1.9 -.it -1.1 -1.5 -1.' -.3 .3 .5 3.616.824.1 27.9 30.7 31.9 32 .. 9 
1.1 .2 -1.3 -1.3 -.6 -1.1 -.7 3.2 13.3 23.5 27 .. 9 30.1 31.e; 29.432.5 

.3 .3 -.8 -.9 .0 -1.3 .2 6.420.628.0 30.7 31.9 30.7 2<;1.8 32.0 
-.0 -.9 .3 -.1 -2.2 -.1 1 .. 813.225.032.031.92<;1 .. 42<;1.8 31.5 31.5 
-.4 -.1 -1 .. 8 ".1 -.4 -.7 3.2 17.7 26.9 30.8 32 .. 9 32.5 32.0 31.5 28.3 

.. 7 .1 -l .. it -1.9 .6 .3 1t.7 21.6 28.8 2<;1.2 30.1 31 •• 30.4 10.0 31.7 
-.0 -1.7 -1.7 -1.2 -.9 .8 7.921.8 28.3 2<;1.6 30.7 29.8 30.833.<;1 30.8 
-.0 -1.7 -1.7 -1.2 -.9 .. 8 7.921.828.329.630.729.8 30.8 33.9 30.8 

.7 .. 1 -1.4 -1.9 .6 .3 4.721.6 28.B 29.2 30.1 31.4 30.4 30.0 :H.7 
-.4 -.7 -1.8 -.1 -.4 -.7 3.2 17.7 2t:.9 30.8 32.932.5 32.0 31.5 28.3 
-.0 -.9 .3 -01 -2.2 -.1 1.8 13.2 25.0 32.0 31.9 29 ... 29.8 31.5 31.5 

.3 .3 -.8 -.9 .0 -1.3 .2 6.420.628.0 30.7 31 .. 9 30.729.832.0 
1.1 .2 -1.3 -1.3 -.6 -1.1 -.7 3.2 13.3 23.5 27.930.1 31.<; 29.4 32 .. 5 
1.9 -.4 -1.1 -1.5 -1.5 -.3 .. 3 .5 3.6 16.8 2it.1 27.9 30.7 31.'1 32.'1 
2.5 .. 6 -.8 -1.5 -1.<;1 -.8 .. 6 -.4 -.1 4.616.823.5 28.0 32 .. 0 30.8 
1t.5 1.5 -.4 -.5 -.8 -.5 -1.3 -.8 -.It -.1 3.6 13.3 20.t: 2!.0 26.9 
6.1 3.3 .4 .5 .2 -1.4 -1.5 -1.4 -.8 -.4 .5 3.2 6.4 13.2 17.1 

10.2' 4.2 3.0 1.3 -1.5 -1 .. 1 -1.1 -1.5 -1.3 .6 .3 -.7 .2 1.8 3.2 
16.9 8.8 4.4 2.l .2 -.7 -1.1 -1.4 -.5 -.8 -.3 -1.1 -1.3 -.1 -.7 
24.5 14.7 1 .. 4 3 .. 2 2.5 .2 -1.5 .2 -.8 -1.9 -1.5 -.6 .0 -2.2 -.4 
27.621.812.5 6.7 3.2 2.3 1.3 .5 -.5 -1.5 -l.~ -1.3 -.'il - .. 1 -.1 
29.2 27.6 22.2 12.5 7.4 ·4.1t 3.0 .4 -.4 -.8 -1.1 -1.3 -.8 .3 -1.8 
30.1 2<;1.8 27.6 21.8 14.7 8.8 4.2. 3.l 1.5 .6 -.4 .2 .3 -.9 - .. 1 
33 .. 430.129 .. 227.624.5 16.9 10.2 t..l ~.5 2.5 1.<;1 1.1 .3 -.0 -.4 
29.828.2 31.3 10.3 27.4 26.2 20 .. <;1 14.0 9.9 7.5 4.6 2.<;1 2.0 1.7 1.3 
30.932.831.029.1 29.6 29.0 27.0 24.420.3 15.4 11.2 8.7 6.c 4.9 4.3 
10.1 32.5 30.3 32.032.4 29.829.428.5 28.6 26.1 22.6 19.2 It:.l 13.6 10.9 
29.8 30.5 29.7 30.9 29.1t 31.5 32.4 31.0 30.it 2<;1.it 28.6 21.8 26.11 U.2 24.7 
29.530.730 .. 630.229.531 .. 630.62901 29.9 29.8 2~.6 31.1 29.9· 211.9 29.0 
29.0 29.9 30.3 30.3 n.1t 31 .. 3 29.6 31.5 30.9 29.5 28.3 28.5 29.4 2<;1 .. 1 29.3 
28.2 2'1.5 30.1 29.6 30.2 30.1 31.0 30.9 30.1 30.7 :H.5 31.8 10.0 29.2 28.6 
24.0 26.6 29.6 29.630.129.829.929.930.331.1 30.3 29.9 30.1 31.1 31.1 
8.8 20.8 26.227.2 28.4 29.9 29.0 29.7 31.4 29.8 31.2 32.8 30 .. 8 30.9 30.it 
-.8 2.1 13.5 22.6 26.3 28.5 28.6 30.4 30.0 30.031.531.1 30.729.231.7· 
-.5 -.8 -.5 3.1 12.9 22.2 25.3 28.3 26.6 28.5 28.6 28.0 29.9 29.5 30.2 
-.3 -.8 -1.1 -.6 -.1 1.9 8.6 16.9 21.9 25.3 26.9 28.5 29.2 28.2 28.<;1 
-.7 .2 -.4 -.<;1 -1.0 -1.0 -1.1 .. 2 1.<;1 6.7 13.1 17.9 20.3 22.1t 24.9 

.1 -.1 -.2 .3 -.1 .2 -.3 -.6 -.2 -.5 -.4 -.1 1.~ 3.0 4.2 

.0 -.0 .8 -.1 .5 -.1 .1 -.5 .2 .3 -.2 -.4 -.8 -.5 -.8 
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-.7 -.It -.It .:...7 -.8 -.5 -.8 -.4 -.2 .3 .2 -.5 .1 -.7 .~ 
5.6 6.5 b.5 5.~ 4.2 3.0 1.5 -01 -.4 -.5 -.2 -.t. -.3 .2 -.1 

25.724.4 24.4 2~.7 24.<; 22.4 20.317.913.1 6.7 1.9 .2 -1.1 -1.0 -1.0 
28.828.7 2&.7 25.8 28.9 28.2 29.2 28.5 26.c;l 25.3 Zl.Q 16.9 S.t i.q -.7 
2e;.3 30.5 30.529.3 JO.2 2'1.529.<;1 28.0 28.6 28.5 U.6 28.3 25.322.2 12.<; 
30.029.329.330.031.729.230.7 liol 31.5 30.030.0 30.4 28.t 28.5 26.3 
31.2 32.3 32.3 31.Z 30.4 30.9 30.8 32.9 31.2 2..,.831.4 Zq.7 2c;l.O 2'>.9 28.4 
)0.931.731.730.<;1 31.3 31.1 30 .. 1 2<; .. 9 30.331.130.320;.<; 29.9 2c;l.6 "30.1 
28.928.6 2a.6 28.9 28.6 29.2 30.0 31.8 31.5 30.7 30.130.931.0 30.1 "30.2 
2<;1.8 2<;1.5 29.5 2<;.8 29.3 2<;1.1 29.4 28.5 28.3 29.5 30.<; 31.5 29.t- 31.3 31.4 
28.12803 28.328.12'1.0 2<;.9 2<; .. 9 31.1 29.0 2c.8 29 .. <;1 2<;1.1 3C.t 31.6 2 c .5 
22.9 22.5 22.5 22.'7 24.7 20.2 26.9 27.8 28.629.430.431.0 32.431.5 29.4 
11.6 10.0 10.0 H.6 10.9 13.6 16.1 lCj.2 22.t: 26.1 28 .. 628.5 29.4 29.8 32.4 
4.0 3.8 3.8 ~.O 4.3 4.<; t:.6 8.7 H.2 1~.4 20.3 24.4 27.020;.0 2 Q .6 
1.2 1.6 1.6 1.2 1.3 1.7 2.0 2.9 4.6 7.5 '?9 14.0 20.<;1 26.2 27.4 
.7 -.0 -.0 .7 -.4 -.0 .3 1.1 1.1? 2.! 4.5 t..l 10.2 1t..<;1 24.; 
.1 -1.7 -1.7 .1 -.7 -.9 .3 .2 -.4 .6 1.5 3.3 4.2 f:.814.7 

-1.4 -1.7 -1.7 -1.4 -1.8 .3 -.6 -1.3 -1.1 -.8 -.4 .4 3.0 4.4· 7.4 
-1.9 -1.2 -1.2 -1.<; -.1 -.1 -.9 -1.3 -1.5 -1.5 -.5 .5 1.3 2.3 ~.2 

.6 -.<; -.9 .6 -.4 -2.2 .0 -.6 -1.5 _l.c -.8 .2 -I.! .2 2.5 

.3 .8 .8 .3 - .. 7 -.1 -l.J -1.1 -.3 -.l'I -.5 -1 .. 4 -1.1 -.1 .2 
4.1 7.<;1 7.9 4.7 3.2 1.1\ .2 -.7 .3 .6 -1.3 -1.~ -1.1 -1.1 -l.~ 

21.621.8 21.8 21.6 17.7 13.2 ~.4 3.2 .5 -.4 -.8 -1.4 -l.! -1.4 .2 
28.8 28.3 28.3 28.8 26.9 25.0 20.6 13.3 J.b -.1 -.4 -.8 -1.3 -.5 -.8 
29.22<;1.6 2'1.629.2 30.8 32.028.0 23.5 16.8 4.6 -.1 -.4 .6 -.8 -1. c 
30.1 30.730.730.1 32 .. 9 31.930.727.9 2401 16.8 3.6 .5 .3 -.3 -1.5 
31.42<;1.82<;1 .. 831.432.529.431.930.127.923.513.3 3.2 -.7 -1 .. 1 -.6 
30.430.830.830.432.029.830.731.<; 30.7 28.0 20.6 t..4 .2 -1.3 .0 
30.0 33.9 33.9 30.0 31.5 31.5 2c;l.8 29.4 31.9 32.0 2~.0 13.2 1.8 -.1 -2.2 
31."730.830.831.728.331.532.0 32.5 32.930.8 2b.c;I 11.7 3 .. 2 -.7 -.4 
3301 Z8.5 28.5 33.1 31.7 30.030.431.430.1 29.226.8 21.6 4.7 .3 .t 
l8.5 21?8 29.8 28.5 30.8 33.<;1 30.8 2'1.8 30.7 2c;1.b 28.3 21.8 7.c; .8 -.9 
28.5 2'1.8 29.8 28.5 30.8 33.'7 30.8 29.8 30.7 29.t: 28.3 21.8 7.9 .8 -.9 
33.1 28.5 28.533.1 31 .. 7 30.0 30.431.4 30d 29.228.821.6 4.7 .3 .6 
31.730.830.831.728.331.5 32 .. 0 32.~ 32~<;I 30.8 26.9 l7.7 3.2 -.7 -.4 
30.0 33.'1 33.<;1 30.0 31.5 31.52'1.8 29",:431.9 32.0 25.0 13.2 1.8 -.1 -2.2 
30.430.8 30.8 30.432.0 29.8 30.7 31.0; 30 .. 7 28.0 20.6 6.4 .2 -1.3 .0 
31.429.82'1.831 .. 432.529 .. 431.930.127.<;1 23.513 .. 3 3.2 -.7 -1.1 -.6 
30.110.730.7 lO.l 32.9 31.'1 30.7 27.'124.1 It..8 3.6 .5 .3 -.3 -1.5 
2'1.22<;1.629.629.230.832.0 28.0 23.5 16 .. 8 4.6 -.1 -.4 .6 - .. 8 -1.'7 
28.8 28.3 28 .. 328.826.9 25.0 20.6 13.3 3.6 -.1 -.4 -.8 -1.3 -.5 -.8 
21.621.821.8 21.6 17.7 13.2 6.4 3.2 .5 -.it -.8 -l.it -1.5 -1.4 .2 
~.7 7.9 7.9 4.7 3.2 1.8 .2 -.7 .3 .6 -1.3 -1.5 -1.1 -1.1 -1.5 

.3 .8 .8 .3 -.7 -.1 -1.3 -1.1 - .. 3 -.8 -.5 -1.4 -1.1 -.7 .2 

.6 -.~ -.9 .6 -.4 -2 .. 2 .0 -.6 -1.5 -1.9 -.8 .2 -1.5 .2 2.5 
.... 1.9 -1.2 -1.2 -1.9 -.1 -.1 -.9 ~1.3 -1.5 -1.5 -.5 .5 1.1 2.3 3.2 
-1.4 -1.7 -1.7 -1.it -1.8 .3 -.8 -1.3 -1.1 -.8 -.4 .4 3.0 it.4 7.4 

.1 -1.7 -1.7 .. 1 -.1 _.CI .3 .2 -.4 .6 1.5 3.3 4.2 8.814.7 

.7 -.0 -.0 .7 -.4 -.0 .3 1.1 1.9 2.5 4.5 6.1 10.216.924.' 
1.2 1.6 1.6 1.2 1.3 1.7 2.0 2.9 4.6 7.5 9.9 lit.O 20.l? 26.2 27 .. 4 
4.Q 3.8 3.8 4.0 4.3 4.9 b.6 8.7 11.2 15.4 20.3 24.~ 27.0 29.0 29.6 

11.6 10.0 10.0 11.6 10.<;1 13.b lb. 1 1'1 .. 222.626.1 28.6 28.5 29.429.8 32.1t 
2Z.9 22.522.5 2Z.9 24.7 ·26.2 U.9 27.8 28 .. 6 29.4 30.4 31 .. 0 32.431.529.4 
28.1 28.328.328.1 29.0 29.929.931.1 2'1.6 29.8 29.'1 29.1 30.t- 31.6 29.5 
29.829.529.529.8 2C:.3 29.1 29.~ 28.5 28.3 20;., 10.9 31.5 2c;1.6 31 .. 3 31.4 
28.'128.628.628.928.629.230.0 31.8 31 .. 5 30.7 30.1 30.c;I H.O 30.130.2 
30.931.731.730.931.3 31.1 30.1 29.<;1 30.3 31.1 30.3 2<;1 .. 9 29.': 29.8 3001 
31.2 32.3 32.3 31.2 30.4 30.9 30.8 32.8 31.2 29.8 31.4 29.7 29.0 29.9 28.it 
30.0 2<;1.3 29.l 30.0 31.7 29.230.131.1 31.530.0 30.0 30.4 28.1: 28.' 26 .. 3 
2<;1.3 30 .. 5 30 .. 5 29.3 30.2 2<;1.5 29.9 28.0 28.6 2f1.~ U..6 28.3 25.3 22.2 12.9 
28.8 28.7 28.7 28.828.<;1 28.2 29.2 Z8.5 26.9 25.3 21.'1 1b.9 8.6 1.9 -.7 
25.724.424.425.714.9 22.420.317.'1 13.1 6.7 1.9 .2 -1.1 -1.0 -1.0 

.::* ~:! ~:! ::* ~:~ ~:~ ~:: ::! ::~ -:; -:~ ::~ -:i -:~ -:; 

-.1 .. 8 -.0 .0 .4 .5 .4 .9 .5 .6 .1 1.2 -.5 1.1 .1 
.3 -.2 -.3 .1 -.8 .2 -1.1 .4 -1.4 .2 -1.1 .3 -1.5 -.0 -.9 

-.9 -.4 .2 -.7 .2 -.3 .1 .8 -.2 1.1 -.2 .'7 .1 .'7 .~ 
-.6 -1.1 - .. 8 -.3 .0 -.0 .5 -.6 -.3 -.9 -.9 -.8 -.!!' -.7 -.6 
3.1 -.5 -.8 -., -.2 - .. 3 -1.0 -.6 .2 -.3 1.4 .3 1.1 -.1 .3 

22.6 13.5 2.1 -.8 -1.0 -.9 -.5 .4 -.2 .2 .4· -1.7 -.2 -1.5 -.1 
27.2 26.2 20.8 8.8 -.3 -.6 -1.0 -.5 -.3 -.2 -.6 -.1 1.t: -.2 1.1 
29.6 29.6 26.6 24.0 15.7 2.5 -.9 -.2 -.3 .2 -.3 .5 -.1 -1.7 .1 
29.b 30.1 29.528.227.020.1 4.7 -.3 -.7 -.5 -.1 -.3 -.t- .4 1 .. "-
30.3 30.3 29.9 29 .. 0 2<;1.0 27.8 22.2 7 .. 5 -.5 -.5 -.5 .2 -.2 .2 -.3 
30.2 30.6 30.7 29.5 30.5 29.1 26.9 22.t- 7.4 -.5 -.7 -.3 -.3 -.2 .2 
30.9 29.7 30.5 29.8 30.8 2'1.3 28.8 27.7 22 .. 6 7.5 -.3 -.2 -.5 .4 -.6 
32.0 30.3 32.5 30.1 ll.4 30.9 29.<;1 28.8 26.<;1 22.2 4.7 -.<;1 -1.0 -.5 -1.0 
29.1 31.0 32.8 30.9 31.3 31.6 )c.e; 2'1.3 29.1 21 .. 8 20.1 2.5 -.6 -.9 -.3 
30.3 31.3 28.2 2<;1.e 28.'1 31.3 31.4 30.8 30.5 29.0 27.0 H.7 -.3 -1.0 -.2 
27.629.230.1 33.4 2C:.8 30.930 .. 129.8 21?5 29.0 28.2 24.0 8.8 -.8 -.5 
21.8 27.6 2'1.830.1 28.2 n.8 32.5 30.5 30.7 29.9 29.5 26.6 20.8 2.1 -.8 
12.522.2 27.6 29.2 31.1 31.0 30.3 2<;1.7 30.6 30.3 30.1 2'9.6 It .. 2 13.5 -.! 
6.7 12.521.827.6 lO.3 29.1 32.0 30.9 lO.2 30.3 20:;.6 2<;1.6 27.2 22.6 301 
3.2 7.4 14.724.5 27.4 2<;1.632.4 2<;1.4 2C1.5 31.430.230.1 28.426.3 l.l.e; 
2.3 4.4 8.8 16.<;1 2b.2 2<;1.029.831.5 31.6 31.3 30.1 2c;l.e 20;.0; 2A.S 22.2 
1.3 3.0 .4.2 10.220.9 27.029.432.430.629.631.0 29. 0 2C;.0 28.t: 25.3 
.5 .4 3.3 6.1 14.0 Zit.4 28.5 31.0 2'1.1 31.530.0; 29.<;1 211 .. 730.428.3 

-.5 -.4 1.5 4.5 <;1.<;1 20.3 28 .. 6 30.4 29.<;1 30.9 "30.1 30 .. 3 3l .. ~ 30.0 26.6 
-1.5 -.8 .6 2.5 7.5 15.426.129.429.82<;1 .. 530.731.1 l<:.8 30.0 28.5 
-1.5 -101 -.4 1.9 4.6 11.222.628.629.6 28.3 31.5 30.3 31.2 31.5 28.6 
-1.3 -1.3 .2 1.1 2.9 8.7 1<;1.2 27.8 31.1 28.5 31.~ 2<;1.(1 32.8 31.1 28.0 

. -.9 -.8 .3 .3 2.0 6.6 16.1 26.9 29.9 29.430.0 30.1 30.830.7 29.e; 
-.1 .3 -.9 -.0 1.7 4.9 13.6 26.2 29.<;1 20;.1 29.2 31.1 30. e 29.2 2<;.5 
-.1 -1.8 -.7 -.4 1.3 4.310.<;1 24.7 29.0 2<;1.3 28.6 31.3 10.4 31.7 30 .. 2 

-1.9 -1.4 .1 .7 1.2 4.0 11.6 22.<;1 28.1 29.8 28.e; 30.<;1 31.2 30.0 29.3 
-1.2 -1.7 -1.7 -.0 1.6 3.8 10.0 22.5 28.3 29.5 28.6 31.7 32.329.3 3D.!' 
-1.2 -1.7 -1.7 -.0 1.b 3.8 10.0 22.5 28.3 29.5 28.6 31.7 32.3 29.330.5 
-1 .. 9 -1.~ 01 .7 1.2 4.0 ll.b 22.9 28.1 29.8 28.9 30.9 31.2 30.0 2<;.3 
-.1 -1.8 -.7 -.4 1.3 4.310.924.72<;1.0 29.3 2R.6 11.3 30.10 31.7 30.2 
-.1 .3 -.'1 -.0 1.7 4.'1 13.6 26.2 2<;1.9 29.1 2<;.231.1 50 .. 9 2C;.2 2<;.5 
-.9 -.8 .3 .3 2.0 6.6 16.1 26.9 29.9 29 .. it 30.0 30.1 30.8 30.7 29.9 

-1.3 -1 .. 3 .2 1.1 2.9 8.71<;1.227.831.128.531.829.932.8.31.128.0 
-1.5 -101 -.4 1.9 4.6 11.2 22~6 28.6 2'1.6 28 .. 3 31.5 10.3 31.2 31.5 2£1.6 
-1.5 -.8 .6 2.5 7.5 15.426.1 29.4 2<;.8 2<;1.5 30.7 ll .. 1 29.830.0 28.!!, 
-.5 -.4 1.5 4.5 9.9 20.3" 28.630.429.9 30.9 30.1 30.3 31.4 30.0 26.6 

.5 .4 3.3 6.1 14.0 24.it 28.5 31.0 29.1 31 .. 5 30.9 2<;1.0; 2~.7 30 .. 4 28.3 
1.3 3.0 it.2 10.2 20.9 27.0 2<;1.4 32.it 30.6 29.6 31 .. 0 29.9 2~.0 28.6 25.3 
2.3 4.4 8.8 16.c;l 26 .. 2 29.0 29.8 31.5 31.6 31.3 30.1 20;.8 2g.9 28.5 22.2 
3 .. 2 7.4 14.724.5 27 .. 1t 2c;l.6 32.4 2<;1.4 2<;1.5 31.4 30.2 30.1 28.4 2b.3 12.<;1 
6.7 12.5 21.8 27.6 30.3 29.1 12.0 30.9 30.2 30.3 29.6 2<;1.6 27.2 22.6 301 

12.522.2 27.6 29.2 31.3 31.0 30.3 29.7 30.t 30.3 30.1 2C:.6 26.2 13.5 -.5 
21.8 27.6 29 .. 830.1 28.2 32.8 32.5 30.5 30.7 29.9 2e .5 26.6 20.P 2.1 -.8 
27 .. 6 2'1.2 30.1 l3.1'0 29.8 30.9 30.1 29 .. 8 2<;-.5 29 .. 0 ze.2 24.0 8 .. 8 -.8 -.5 
30.3 31.l 28.2 Zo;.8 28.'1 31 .. 331.430.830.529.0. 27.0 15.7 -.3 -1.0 -.2 
2<;1.1 31.0 32.8 30.9 31.3 31.6 30.9 2Q .. 3 2<;1.1 27.8 20.1 2.5 -.t. -.<;1 -.3 
32.0 30.3 32.5 30.1 31.4 30.9 29.9 28.8 26.1? 22.2 '+.7 - .. 9 -1.0 -.5 -1.0 
30 .. 9 29.7 30.5 29.8 30.8 29.3 28.8 21.7 22.6 1.5 -.3 -.2 -.5 .4 -.6 
30.230.630.7 29.5 30.5 29.1 26.9 22.6 7.4 -.5 -.7 -.3 -.3 -.2 .2 
30.3 10.3 2'1.0; 2<;1.0 29.0 27.8 22.2 7.5 -.5 -.5 -.!; .2 -.2 .. 2 -.3 
2<;1.630.1 29.5 28.2 27.0 20.1 4.7 -.3 -.1 -.5 -.1 -.l -.6 .4 1.4 
2'1.6 2<;1.6 26.6 24.0 15.7 2.5 -.9 -.2 -.3 .2 -.3 .5 -.1 -1.7 .3 
27.226.220.8 8.8 -.3 -.6 -1.0 -.5 -.3 -.2 - .. 6 -.1 1.6 -.2 1.1 
22.6 13.5 201 -.8 -1.0 -.9 -.5 .4 -.2 .2 .4 -1.7 -.2 -1.5 -.1 

3.1 -.5 - .. 8 -.5 -.2 -.3 -1.0 -.b .2 -.3 1.4 .3 1.1 -.1 .3 
-.b -1.1 -.8 -.3 .0 -.0 .5 -.6 -.3 -.9 -.9 -.8 -.5 -.7 -.6 
-.9 -.4 .2 -.7 .2 -.3 .1 .8 -.2 1.l -.2".'1 .1 .9 .S 

.3 -.2 -.3 .1 -.8 .2 -1.1 .. 4 -1 .. 4 .2 -1.1 .3 -I.!!' -.0 -.<;1 
-.1 .8 -.0 .0 .4 .5 .4 .9 .5 .6 .1 1.2 -.5 ·1.1 .1 
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.2 1.2 -.7 ." -1.3 -.3 -l.S -.7 

.1 1.2 -.3 1.2 
-101 .1 -1.3 .2 
-.b .5 -.; 01 
-.7 ., -.0 1.1 
-.3 .1 -1.5 -;5 
- .s .9 "' 1.2 - ., -.2 -101 .1 -., 1.1 .2 .b -. , -.2 -1.4 .5 
-.b .s ." ., 

.5 01 -1.1 ." 
- .0 -.3 .2 .5 

.0 .2 -.s ." -., -.7 .1 .0 
- .s .2 -., -.0 

-1.1 -." -.2 .s 
-.b -.9 .3 .-.1 
-.7 -1.0 -.1 .5 
1.9 -1.0 .2 -.7 
S.b -1.1 -.J .1 

16.9 .2 -.b -.5 
21.9 1.9 -.2 .2 
25.3 b.7 -.5 .3 
U,.9 13.1 -." -.2 
28.5 17.9 -.1 -." 
29.2 20.3 1.5 -.S 
28.2 22.4 '.0 -.~ 
28.9 24.9 4.2 -.S 
28.8 25.7 5 •• -.7 
28.7 24.4 b.5 -." 
Z8.7 24.4 b.5 -." 
28.8 25.7 5.b -.7 
28.9 24.9 "_2 -.S 
28.2 22.4 3.0 -.5 
~9. 2 20.3 1.5 -. S 
28.5 17.9 -.1 - .. 
2b.9 130l -." -.2 
25.3 b.7 -.5 .3 
21.9 1.9 -.2 .2 
16.9 .2 -.b -.5 
S.b -1.1 -.3 .1 I.' -1.0 .2 -.7 
-.7 -1.0 -_1 .5 
-.b -.9 .3 -.1 

-1.1 -.. -.2 .S 
-.S .2 -.3 -.0 -., -.7 .1 .0 

.0 .2 -.S .4 
-.0 -.3 .2 .5 

.5 .1 -1.1 .. -.. • S ." .9 
-.3 -.2 -1.4 .5 -., 1.1 .2 .. -., -.2 -1.1 .1 
-.S .9 .3 1.2 
-.5 .1 -1.5 -.5 
-.7 .9 -.0 1.1 -.. .5 -.9 .1 

-1.1 .I -1.3 .2 
.1 1.2 -.3 1.2 

-1.3 -.3 -1.8 -.7 
.2 1.2 -.7 .. 

9. Examples 11,12 - Attenuation Correction Assuming a Constant 
Attenuation Coefficient 

Examples 11 and 12 show how to code a program that reconstructs 
emission projection data with attenuation compensation implemented 
by assuming a constant attenuat.ion coefficient. The simulated emission 
data are first reconstructed giving an approximate reconstruction 
using the subroutine GRADY in statement E11.062. The projection and 
back-projection subroutines PRF and BRF are used in this example. The -, 
attenuation factors are then evaluated by EVATU in statement El1.089 
with the constant attenuation coefficient ATENL equal to 0.075 (in units 
of inverse pixel width). The object-to-background ratio XLEV is used 
for the automatic border-searching routine and is set to 3.5 here. 
The subroutine EVATU first does a boundary search on the approximated 
reconstructed image B and then displays the object with an array plot 
showing the distribution of· the constant attenuation coefficient ATENL. 
The user can vary XLEV until the desired object shape is obtained. 



The corrected transverse section is then reconstructed in statement 

Ell. 099. The projection and back-projection subroutines PRFA and BRFA 
attenuation with one of the 
only after the subroutine EVATU 

should only be used when correcting 
iterative routines (GRADY or CONGR) 
has been implemented. 

for 
and 

Example 11 uses the subroutine GETUM to input simulated projection 
concentration of 30 and an data for an elliptical source phantom with a 

attenuator of the same size, which has 
This is the same phantom reconstructed 

elliptical 
of 0.075. 

an attenuation coefficient 
in Example 8 where a 

transmission study was first reconstructed to determine the distribution 
of attenuation coefficients. If the attenuation coefficient is constant 
and if the source has the same distribution domain as the 

good results without 
attenuator, 
a separate then the following program will give 

transmission study. 

PROGRAflit ATENUX 1 INPUT ,OUrP lIT ,TAPE3, TAPE4-0UTPUT) 

EXAMPLES 11 AND 1Z 

THE PROGRAM ATENUX RECONSTRUCTS ATTENUATED DATA ASSU"lNG 
A CONSTANT ATTENUATION COEFFICIENT AND USI"G ATTENUATJON 
FACTORS WHICH ARE EvALUATED AFTER DETERMINING TH~ BOUNDARY OF 
THE OBJECT BY AN APPROXTMATED RECONSTRUCTION. 

DIMENSION B(40961,AGI72t 
COM~oN wORKf 18000) 

COMMONI QUTCOJl4/LUNOUT, 180132 

LUNOUT - OUTPUT FILE 

DO 10 J-l.NDIJI4U 
1 sue I_NMAT_J*NDI"'U+KKI 
I SUB2-N"'AT-J*NO I"'U+KK2 

10 WRITE (4,201 (Sn"I-ISU81,ISU821 
KK1-KK2+1 

12 CONTI HUE 

EVALUATE THE ATTENUAT ION FACTORS ASSUMING A CONSTANT 
ATTENUATION COEFFICIENT 

XLEV-3.5 
ATENL-.075 

CALL EVATU (8,XLEV,ATENU 
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El1~076 

El1~On 
El1.078 
Ell.079 
El1 ~080 
Ell.081 
Ell.082 
Ell.Oel 
E 11 .. 084 
Ell.085 
Ell.086 
E11.087 
Ell.088 
E11.089 
E11.090 

180132 - OUTPUT L1 NE LENGTH FLAG 

Ell.OOl 
Ell.002 
Ell.003 
Ell.OOlt 
Ell.005 
Ell.OOb 
E11.007 
Ell.00B 
E 11.009 
Ell.010 
Ell.Oll 
Ell.OIZ 
Ell. on 
Ell.DI4 
Ell.015 
Ell.Olb 
Ell.017 
E11.018 
Ell.019 

RECONSTRUCTION OF THE TFtANSvER:SE SECTIONS FOR AN EMISSION SCAN Ell~091 

-0 EACH UNE WILL BE WITHIN 80 CHARACTEctS 
IOTHERwlSE 132 CHARACTERS) 

COMlltONI PARMI I PAR. C 12., PAR f 3' Ell.020 
Ell.021 

EQUIVA.L.ENCE lNOIMU ,IPAR( lJ),UCIR ,tPAIH 2JltttGEOM tIPAA.( 31), Ell.022 
1 (NANG ,JPAR( o\",IMQOANG,IPARI 511,(KDJMU ,tPIroRC 61), Ell.023 
2 (HUT ,tPAR( 711,fNWQRK ,IPAR( 81',CNFlQAT,1PARI 91), E11.02'" 
3 I ISTORE, IPARI 101 I, I IPRlNT, I PARI 11. I, CLUNAlN, 1 PARI 121 J, Ell.02S 
" (PWIO ,PARe 1I1,cUlSU t PARe 2J"CR.FA~ , PARI 3Jl Ell.OU 

EXTERNAL BRF,PRf,BRFA,PRFA 

LUNDUT-", 
180132-0 

THE TNPUT PActAMETERS ARE 

NDIMU;;b4 
ICIR."'l 
IGEOM-O 
NANG-n 
MODANG-!5 
KDlMU-lOO 
I"\lT-O 
NwORK-18000 
NFLOAT-l 
1 STORE-a 
lPRtNT-S 
LUNATN-3 
PwID-l. 
AXISU"'O.5 
RfAN-O. 

CALL SETUP (JPAR,PAR,AG) 

'l.ECONSTRUCTtoN OF THE TRANSVE~SE SECTION WITH NO CORRECTION 
FOR ATTENUATION 

ISTP .. 15 
IRLX-l 

"IERRIIO 
llER-O 

CALL GRADY (B,PRF,BRF,ISTP,IR.LX,IERR,IZERI 

WRITE 14,ZZI 
CALL ARRAY IB,!I4DIJI4UI 

PRINTouT THE VALuES FOR THE APPROXI~ATED qECONSTRUCTI)~ 

NMATmNDIMU*·2 
KK1"1 
K'-""ND1/11U/15+1 
00 12 K"'l,KU 
PilRITE (4tl81 
KKZ-15·K 
IF (KI(2.GT.NOIMUI KK2cNOIMU 

ELl.Ol7 
Ell.OlB 
EU.OZ9 
Ell.030 
Ell.03l 
El1.032 
Ell.033 
Ell.030\ 
Ell.035 
Ell.03b 
Ell.037 
ElI.03B 
Ell.039 
Ell.040 
Ell.041 
Ell.042 
Ell.043 
Ell.044 
Ell.045 
Ell .046 
Ell.047 
Ell .. 048 
E11.049 
Ell.050 
Ell.OS1 
E11.052 
E 11.053 
Ell.054 
Ell .. 05~ 
E11.056 
E11.057 
E11.05e 
E11.059 
E 11 .. 060 
E11.061 
E11.062 
E11.0~3 
Ell.064 
Ell.Ob5 
E11.066 
Ell.061 
E11.068 
E 110069 
Ell .010 
E 11.071 
E 11.072 
Ell.0n 
Ell.074 
Ell.075 

WHICH IS CORRECTED FOP. ATTENUATION El1.09Z 

ISTP-15 
IRLX-l 
IERR-O 
IZER-O 

CALL GRADY (8, PRFA, BR FA, I S TP, 1 RLX, IERR. I ZER I 

WRITE 14,2",1" 
CALL ARRAY (8,NoIMU) 

PRINTOUT THE VALUES FOR THE CORRECTED RECO"CSTRUCTtON 

KKl"l 
KU-NDIMU/l!+1 
00 16 K-l,KU 
wRITE (4,l81 
KK2"lS*K 
IF (KKZ.GT .. NOIMUI KKZ-NDIMU 
DO 14 J-l.NDIMU 
I SU8 l"NMAT-J*NDIMU+KK 1 
I SUBZ.,NMAT-J *NDIMU+KKZ 

1ft WRITE (1",20) 18fIJ,I-ISUBl,ISUB21 
KK l"I(.K2+ 1 

16 CONTINUE 

E11.093 
E11.0~4 
E11 .. 095 
Ell.096 
Ell.091 
Ell .Oqa 
E11.099 
Ell.lO\) 
Ell.101 
Ell.102 
Ell.103 
Ell.104 
Ell.l05 
E110106 
E11.l07 
Ell.108 
E 11.109 
Ell.110 
Ell.ll1 
E11.11Z 
E11 .. ll3 
Ell.lllt . 
Ell.115 
£11.116 
E 11.117 
Ell.118 
Ell.llq 
Ell elZD 
Ell.121 1 8 FORMA TI 1XIIIIII /) 

20 FORMATUX,15F5.ll 
Z2 FORMAT (lX1153H THE APPROXJ MATEO RECONSTRUCTION FOP. 

INJ 

E11.122 
AN EM1SSION SCA ElI.1n 

Ell.12ft 
24 FORMATIlXII63H RECONSTRUCTION FOR THE 

1ATTENUA nON I 
EMISSION SCAN CORRECTED FOR EH.1Z!\' 

END 

SUBROUTINE GETUM {M,DATA,ERIU 

EXAMPLE 11 

THE SUBROUTINE GETU,,", GIVES SIMULATED PPOJECTlON DATA FOR 
AN ELU PICAL SOURCE PHANTOM AND ELLIPICAL ATTENUATDR OF THE 
SAME SIZE. 

OIMENSIOO OATA(lI,ERRIlI 
DIMENSION lTYPE( 21, l( 21, Xl (ZI, Yl (ZI ,A1 (21 ,BU 21 ,PHI 121 
DATA lTYPE/l,-11 
DA TA lI30.,. 0751 
DATA Xl/O.,O.1 
DATA VI/0.,0.1 
DATA AI/40 .. 40.1 
DATA 81/60.,60.1 
DATA PHI/O.,O.I 

CALL PHANl 12,ITYPE,Z,Xl,Yl,A1,81,PHI,DATA,~1 

RETURN 

END 

E11.126 
E11.121 

E HoIZ8 
E11.129 
E11.130 
E11.131 
E110132 
E11.133 
Ell.134 
Ell.135 
E11.136 
Ell.137 
Ell.138 
Ell.139 
E11oUO 
E 11.1ftl 
E11 .. UZ 
Ell.lIt] 
Ell.llt4 
Ell.US 
E 1l.1/Kl 
Ell0141 
Ell.lIt8 
E 11.149 
Ell .. 150 
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555 
5 

555 
5 

555 

EEEEE , 
EE' , 
eEeee 

TTTTT U U pppp 
T 'U U P P 
T U U pppp 
T U U P 
T UUU P 

INTEGER PARAMETER ARRAY IIPAR) 

I PARI II 

6. 
1 
a 

DESCRIPTION 

LINEAR DIMENSION OF THE RECONSTII:UCTION ARRAY 
RECONSTRUCT 1'4 A SQUARe ARRAY 
GEO~ETRY FLAG 
PARALLEL BEA .... GEOMETRY 
"lUMBER OF pA.OJECTION ANGLES 12 

5 MODE FOR PROJECTtOt.l ANGLE INPUT (SEE FOLLOWING LINESI 

100 
a 

ANGLES GENERATED BETWEEN ZERO AND 2r;sPl 
STARTING AT zeRO 
NU/IIflER OF RAYS FOR EACH PROJECTION 
EMISSION DATA 

9 
10 
11 

lS000 
1 
a 
5 

01 ME N$I ON OF T HE fLOAT 1 NG PO INT us ERS BL ANt< .CO"",ON BLOCK 
NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
EXECUTE THE RECONSTRUCTION INOT JUST STORAGE SIZE TEST! 
PRINT FLAGS (OPTIONS SELECTED ARE ON THE FOLLOwiNG LINES) 
PRINT REQUIRED FLOATING POINT BLANK COMMON WHENEVER CHANGED 
PPINT SETUP vAlUES FRO'" I PAR AND PAP ARRAYS 

12 LOGICAL UNIT ~O. FOR .aTTENUATION F.aCTOR STORAGE 

FLOATING. POINT PARAMETER AltfUY C PARI 

PAR( I) DESCRI PTioN 

PIXEL WIDTH IN UNITS OF PROJECTION BIN WlOTH 1.000 
50.500' 

a 
LOCATION OF THE '!.OTATION AXIS IN THE PROJECTION ARRAY 

NA NOT APPLICABLE (NOT FAN BEAM GECMHRYI 

SLAf'I( COMMON REQUIREO 12 1101 

BL ... NK COMMON REQUI RED 220' 

BLANK COMMON REQUIRED 216 3301 

BLANK COMMON REQUIRED "6 60401 

BLANK COMMJN REQUIRED ,.. ( l0401 

A TOTAL OF 92 C 5 THRU 961 OF THE 100 USER P!\!)JECTJON BINS WILL. BE USED 

92 PROJECTION BINS wILL BE USED ·OF WHICH 0 HAVE BEEN ZEROED BY THE PROGRAM 

MAXJfI4UM SIZE OF BLANK COMMON TI-IUS FAR. 544 FlOAT]NG P'JINT W!)RDS. 

EEEEE ~ N 0000 SSS EEEEE TTTTT U U pppp 
E NN NO 0 SET U UP P 
EEE N N N 0 0 SSS EEE T U U pppp 
E N NNO a SE T U UP 
EEEEE N N DO~~ SSS EEEEE T UUU P 

GGG RRRR AU 0000 Y Y 

ISTP -
IRl)t -
IERR -
IlER -

G GR RA Aa 0 YY 
G ~RFR A A a 0 Y 
G GG R Q. AAAU a 0 Y 

GGGG R R A A DODD 

PARAMETERS FOR SUMOUT INE GR~OY 

DESCRIPTION 

15 
1 
a 
a 

NU"'IBER OF ITERATION STEPS 
ITERATIVE RELAXATION I14En-IOO 
DO NOT USE ERROR ARRAY 
INITIAL SOluTION I S ZERO 

BL.ANK COM",a~ REQUIRED 61. ( 1150) 

BLANK CO .... MO . .." REQUIRED l226 ( 2312' 

BACKPROJECTION ANa PROJECTION/CONVOLUTION/FILTER ROUTINES 
PERFORM THE FOLLOWING FUNCTIONS 

ARG FUNCTION PAY WEIGHTING nTE~UATtON 

BeK BACKPROJECTlO~ UNIFORM SQUARE NO 
PRJ PROJECTION UNIFOFM SQUARE NO 

BLANK COMMON REQUIRED 1410 ( 2602) 

BLANK (O"'MON REQUIRED 5506 ( 126021 

SLAf'I( COMMON REQUIRED 9602 ( 2U021 

BLANK COMMO'\! REQUIRED Bb98 ( 326021 

BL.A NK COMMON REQUIRED 137H ( 32E-22 1 

BLANK COMMON REQUIRED 13698 ( 32602) 

FAN BEAII4 
NO 
.0 

FOR CONGR AND GRADY FCN IS THE VALUE OF THE CHI-SQUARE 
FOR ENTPY FCN IS EVALUATED BY THE SUBROuTINE DUlFC 
ITER 0 FCN .4S4E+09 
ITER 1 FCN .371E+08 
ITER 2 FCN .132E+08 
ITER 3 feN .108E+08 
ITER 4 FCN .936E+07 
ITER 5 FCN • 844E. 07 
ITER FCN. 779E.07 
ITER feN. 730E.07 
IT ER FCN. 693E+ 07 
ITER 9 FCN .664E.07 
ITER 10 FeN .6ItlE.07 
ITER 11 FCN .622E+07 
ITER 12 FCN .606E+07 
ITER 13 FCN .593E.07 
ITER 14 FCN .582E+07 
ITER 15 FCN .572E.07 

BLANK COMMON REQUIRED 13514 I 32312) 

BL.ANK COMMON REQUIRED ( 22312) 

BLANK COMMON REQUIRED 5322 C 123121 

8LANK COMMON REQUIRED 12260 ( 23121 

MAXIMUM SIZE OF BlANI( COMMON THUS FAR· 137H flOATING POiNT WORDS. 

EEEEE N N 0000 
E NNNDO 
EEE N N NOD 
E N NN D 0 
EEEEE N N 0000 

GGG RRRR "'AA 0000 Y Y 
GGRRAADOYY 
G RRRR A ADD Y 
G GGR II; A ........ 0 0 

GGGG R R A A DODD 

THE APPROXIMATED RECONSTRUCTION Fall: AN EJlISSJON SCAN 

)tMIN. -.36E.Ol )(MAX· • 15E·02 XSUM • .184-lE.O!S 

............................................................................ 
'" .-•• --•• -.-.--------, lZAAZI J.----.-.-.. - .. -.. 
• +D ••• __ ._ •• _._. __ • __ •••• I11 ... _ ...... M+ ••• --.--.-.-.---•••••• ...... _ •••• _._. ____ .'A ............... A'. __ ._._ ••• +-.++.+ •• • ...... -... _.-.-._.H--.e.-... ...... M.-.. -·-·-.··+-••••• • • 
•• 1 •••• - •• - ....... - ............... _ ••••• H .... ' ._.-+ •• -•• -•••• , .• 
···.··.··+-+-·-··'1 ........................... 1.··-·-+-+_·.··+.·. 
.+-++·.+-·...;+.+ •• +l ................... nn.i ••••• _.-.t .•• -+. 
• ,.· .... ···+·.·.··X ........ H .................. x.·.· •.• • •• -••• ,. 
·J+-···J···.·++IHU~ ••• H.n ............ l.·-···J· •• -.,· 
." •• I· •• -·.·'Iee&e ...... H .................. .,1 ) ••• -.+-,.+,) • 
• , I J ••• + ..... 1 ............... 9988990"" ............ 1 ........... J I ) • 
• J.JI ••••• +.IZH ........ IB.BBBBBgeBeB.91IlIl~Z)+.·.·.·,J.). 
.1 I •••••• ). I 1" .......... I •• Bgee99899999.0 .......... 'll· '.·· .... 11 • 
• , ) •••••• I.'19 ........ MlBB99eeBe99969991 ..... 1UeHB11.J+.·.+., J • 
• 11.-••• ' I+.Z_ •• aeeee99BBElB99B88eElS9 ........ _Z.+' ' •• +-+1) • 
• 1.' •• , •• " .X...-ettl .. BBBBBBBBBB99BeeeeB .......... X. I'·. ) •• 1.1. 
., ,.) •• J •• J.M ... H ... ll8eee898eBBBBSBe99S8e ............. 1 +.' •• '.J I. 
.),).1 •• '.11 M .. .....aeeeeeeeeM8988Me&&eeee~ ... ,l.' •• ,., J J. 
.1 ,. I •••• +.Z ......... etlll999B89Be8MMeeeeeeeee ...... HHAZ •• + ••• )., 1-
.1 ).', •• +++. ZA ......... I8BB89BBBBIIIMeee999986i1 •• II .... nAZ·.+++.)., 1. 
• J J J .)+.,-1 J M_ ... IlIlBIBB999SBMe899M89Be99Qeeee ...... ' 1- , •• ,. J J I. 
*1 '.J++'''.J .MeH .... Il.lSeeeeeB9BeeeSBB898se ........ HM.' •• J •• '.,' • 
• 1") +. } •• ,) .X ....... 91 .. e998889998eeeeeeeeeletll' .... X.II •• , •• '.1. 
• '1.-••• ' , •• Z •••• MetNMilIB8BBBBBBB888eeeeee .......... Z++II·.+-.I) • 
• 1 •• + • .,+.'.118 ... H ...... eeeeBB98BBB889B9811 ... ...-.eII.'.+ •••• ,I. 
.11 ........ 1.,IA.H .... I~BBBB9BBBB999uee8HeMII .. 'l'·1 ••• •• -11. 
.,., 1 ...... +.)ZIl ........... aeI98e98ge99B.e.eeflll .. H •• Z' ..... +.1 1-1. 
.1 I , •• + ..... +1 A ... HHH.H ••• ee.I9Bn .... It ... IH •• A 1.·· •••• ··1 , J. 
.) 1 •• ) •• +-••• ' 18 ............. ' .. nl •• I ... ~1 ) ••• - ••• } •• ". .1.-... , ...•.. +1" ......................... _1 •...... , .. +-.) • 
• , •• +-••••• + •••• X __ ........................... X •••••••••• - ••• I. 
·+-+.·,+-·-.· .. ·.1 • .....-~.I .......... l ••••• +-·-.).+.-•• 
•••• • •••• +-- ..... - •• ,1 ................ 8.....-1' .. -.-+-+ ••••• + ••• 
•• , + ••• - •• - •• _.-•• , ......... " ........... 01'·_.-••• -.·· •• ·., •• • ·.··.·-.·.·-·-·-·_.M ......... H ... H ....... ·-.·-·--•• ·.-••••••• 
••••••• _ ••• - ••• ----. 1 A. __ H ••• "'A I· -----.-.. - ••• _ ••••• + • 
•••••• -.-•• -. -.-•• _ ••• +MM ........ M.· .. -.--.-.-•• -.-•••••• 
•• - •• --... -.-.-----------. IIZAAZl) .----------.-.-•• - •• - •• 
..................................................... 0 •••••••••••••• *. 

• I 1 
-.3646E.Ol -.2261E+Ol -.2311E+00 .6917£+00 .1338E.Ol .2076E+Ol .2814E+Ol 

Z X A M B • " 
.30460E.Ol .3922E+Ol .04383E.Ol .S398E.Ol· .t:413E.Ol .7059E+Ol .7798E.Ol 

• • • • • • • • 8+44E.Ol .9828E+01 • 1149E·02 .1241E+02 .1315E.02 .1389E.02 .U!S3E.02 

• .10481E.02 

. . 



181 

.. .2 1.2 1.0 .1 -1.0 .6 • 2 -.8 .. .1 -1.0 -.0 -.7 -1 .. 3 -1.7 -2.6 -2.6 -1.7 -2.2 -3.<\ -3.6 -2.3 -1.7 -1.8 -2.1 -2.2 -2.4 -2.8 -1.5 

.0 -.8 .1 .3 -.4" -1.2 -.2 -.2 -1.1 -.2 -.4 -1.3 -.1 -1.0 -1.3 1.6 2.' 2 •• 1.6 1.' .9 -1.2 -Z.O -1.1 -1.2 -1.3 -1.4 -1 .. 9 -2.2 -1.1 
1.1 .3 .7 1.1 .. -.' .1 .6 -.. .3 .3 -.8 .. -.. -.' 12.b 12.5 12.' 12.6 11.1 8.2 6.0 2.3 -.2 .3 -.2 -.6 -1.0 -1.3 -1.3 
1.0 .2 .1 .7 • 3 -.6 -.6 .. -.8 -.2 .1 -.8 • 2 -.. -.0 14.2 13.9 13.9 14.2 1 •• 2 H.0·13.7 1l.~ 6.' .. .. .6 .2 -.' -I.) 
1.0 .. -.3 .. .7 .0 -.' 1.1 .1 • 2 .. -.7 .. -.6 .1 12.9 l3.3 13.3 12.9 13.8 13.4 U.4 14.0 1401 10.9 4.0 2.' .1 -1.0 -1.4 
1 •• 1.1 .0 .8 .7 -.0 -1.1 .7 -.0 .1 .6 -.3 .7 -.. -.1 ll.9 tl.b 11.6 11.9 12.7. lZ.1 12.9 14.1 H·.7 14.6 13.3 7.0 3.6 1.1 -.7 .. .8 '.1 .. .. .. -.. .8 .2 .0 .7 -.6 .0 -1.2 -.2 lloOO 11.4 11.4 U.O 11 • .2 11.) ll.S 13.2 13.1 13.3 14.8 13.7 8.' ... .3 .. 1.6 .7 .. 1.2 .7 -.. .2 -.1 -1.0 • 3 -.. .. -.' .8 1001 10.3 10.3 10.1 10.3 10.5 10.5 11.2 11.9 12.It U.3 1401 13 .. 6 '.0 4.3 

.1 1.' .8 -.' .. • 1 -.8 -.3 .. -.2 .8 .0 1.1 -.3 .1 '.1 '.0 '.0 '.1 '.1 ... '.B 10.7 ll.4 11.3 11.8 13.1 14.3 13.6 '.2 
-.3 .1 .. -.3 .7 1.2 .2 . -.3 • 7 -.2 1.' -.2 .2 -.8 .. B •• B.8 8.8 8 •• 8.' 8.' ..2 '.3 ... 10.4 11.5 12.1 12.6 14.4 13.4 

.7 ., 1.8 .4 .2 .. .8 .0 1.2 -.6 .3 -.6 .6 .7 .6 8.2 8.2 8.2 8.2 8.' 8.8 8.' '.3 '.3 '.8 10.4 10.6 12.0 13.3 13.6 
1.3 -.2 .. .8 .7 1.' .• 8 ·.8 • 3 ·.7 .8 .. 1.1 .2 .6 7.8 7.8 7.8 7.8 8.0 8.6 8.2 8.6 8.' '.3 10.0 10.4 11.8 12.4 13.1 
I.' .8 1.0 1.2 .1 .6 .1 -.7 .8 .3 1.2 .1 .8 .. -.2 7.8 7.5 7.' 7.8 7.3 7.' 8.0 8 .. 8.1 B.8 9.6 9.7 10. !5 H.I 13.1 
2.1 1.0 -.1 .9 -.' .7 1.0 .0 • 8 .6 .6 .. .8 .6 .2 7.5 7.3 7.' 7.' 7.1 7.' 7.6 7.8 8.0 B.' 8.7 8.8 9.8 10.7 11.7 
1.8 .6 -.8 1.0 1.0 .6 1.' • 7 .1 .. 1.2 .2 .. .. 2.1 6.7 7.2 7.2 6.7 7.1 7.2 7.3 7.1 7.8 8.' 8.' 8.7 '.2 10.0 10.6 
1.3 1.5 .6 .1 1.' .8 1.' ., -.1 1.1 .1 .6 .. 1.8 •• 2 6.6 7.0 7.0 6.6 6.7 6.7 7.' 7.2 7.' 7.7 7.7 8.1 8.5 '.5 10.1 
1.7 1.6 • 8 .1 1.' .. 1.0 1.1 -.3 .. .. -.0 1.8 2.7 6.2 6.8 6.' 6.' 6.8 6.' 6.' 7.1 6.7 6.' 7.6 7.7 8.' 8.' ... 10.0 

.8 2.1 1.' .1 .. .7 1.' .9 -.' 1.1 -.1 1.2 1.8 1.7 '.6 6.3 6.3 6.3 6.3 6.3 6.' 7.0 6.7 7.0 7 •• 7.3 7.7 8.' 8.6 ... 
1.8 1.7 1.' .1 .. 1.6 .. 1.0 .. -.0 .. 1.3 2.6 '.7 12.3 6.2 6.' 6.5 6.2 b.' 6.' 6.6 6.' 6.6 7.0 7.2 7.' B.O B.3 e.7 
I.' .5 1.' 1.' ·.0 .7 .6 1.' -.2 .7 1.0 1.7 2.' 6.' 13.0 6.3 6.0 6.0 6.' 6.' 6.2 6.3 6.' 6.' 6.7 7.2 7.1 7.!,: B.2 8.7 
1.' 1.0 I.B I.' -.' .. .B .. .. .. I.' 2.1 3 •• '.2 13.8 '.B 5.' ... 5.B 5.6 6.0 6.2 6.3 6.5 6.B 7.1 7.0 7.3 7 •• B.' 
2.B 1.6 • 1 1.1 1.1 .0 .. 1.1 1., .3 1.' 2.7 .4.3 11.0 13.4 6.0 6.2 6.2 6.0 6.0 6.2 ... '.B 6.' 6.7 6.7 6.' 7.0 7.5 B.O 
2.6 I.' -.0 I.B 1.3 -.' 1.1 1.3 I.' .. 1.3 2.' 5.' 12.1 13.3 6.0 5., , .. 6.0 5.' 6.1 6.0 6.6 6 •• 6.' 6.7 6.5 7.0 7.3 7.7 
1.1 1.6 1.7 .3 .6 .7 .B .8 1.8 .8 1.6 2.6 7.1 13.2 12.9 5.' '.7 5.7 5.' 5.8 6.0 5.8 6.2 5.' 6.2 7.2 6.B 7.0 7.5 8.0 
1.' 2.2 I.' -.. 1.' 1.2 .2 1 •• I.' 1.0 I.' 3.0 B.' 11.9 13.1 5.6 5.6 5.6 5.6 ... 6" . .. 6.0 >.0 6.1 >., >.6 7.1 7.' 7.' 
2.6 1.2 .7 1.2 .6 1.6 .. 1.3 I.' 1.6 .. 2.8 10 .. 0 13.8 12.2 5.6 '.7 '.7 5.6 6.1 6.0 5.' 5.8 6.1 6.1 6.0 6.' > •• 7.2 7.2 
2.2 .3 1.8 1.' .6 1.7 1.0 .. 1.7 1.6 1.' '.8 11.2 13.8 11.'" '.6 5.5 '.5 5.6 5.' '.5 6.0 '.8 , .. 6.1 6.' 7.0 6.3 7.0 7 •• 
1 •• 1.8 .8 1.8 1.1 .8 1.6 -.0 1.6 I.' 1.1 •• 7 12.0 13.5 11.6 5.6 '.6 '.6 5.6 ... ... •• B 6.0 6.1 6.1 6.0 6.3 6 •• 7.0 7.1 
2.' 1.7 1.0 1.' 1.2 .7 1.' .8 .8 2.2 .7 '.7 12.1 13.0 11.4 5.' 5.8 5.8 5.5 5.7 5.7 '.5 5.6 '.1 6.0 6.3 6.' 6.' 6.7 7.2 
1.7 I.' 1.8 .6 I.' 1.2 .7 I.> .2 2.' 1.6 5 •. 0 12.e 12.1 11.'" '.8 '.6 '.6 5.8 5.' 5.8 ... 6.0 6.1 6.2 6.2 6.' '.6 6.' 7.' 
2.0 1.6 1.8 1.0 1.3 1.' .. 1.' .7 1.2 2.' '.2 14.1 13.3 10.1 6.0 ... 5 •• 6.0 ,.B 5.6 ,.7 '.7 '.7 5 •• 6.1 6.' 6.6 6.5 7.' 
2.6 1.7 1.0 1.6 .8 1.2 1.' • 8 1.' .. 3.' •• 1 13.1 13.0 11.3 5.' 5 •• , .. 5.' 5.5 5., '.7 '.b 5.B 5.B 6.0 6.3 6.a 6.5 7.1 
2.6 1.7 1.0 1.6 .• 8 1.2 1.5 • 8 1.' .. 3.5 •• 1 13.1 13.0 11.] 5.3 5 •• , .. 5.3 5.' . .. 5.7 5.6 5.8 5.8 6.0 6.3 6.8 6.' 7.1 
2.0 1.6 1.8 1.0 I.' 1.' .. 1.' .7 1.2 2.' •• 2 14.1 13.3 10.1 6.0 5 •• 5 •• 6.0 5.8 5.6 ,.7 5.7 '.7 ... '.1 6.' 6.6 6.' 7.4 
1.7 I.' 1.8 .6 I.' 1.2 .7 1.6 .2 2.3 1.6 '.0 12.6 12.1 11.4 5.8 '.6 '.6 5.8 5.' '.8 ... 6.0 6.1 6.2 6.2 6.3 6.6 6.3 7.' 
2.' 1.7 1.0 1.' 1.2 .7 1.' .8 .8 2.2 .7 •• 7 12.1 13.0 11.4 5.5 '.8 '.8 ... 5.7 5.7 5.' '.6 6.1 6.' 6.3 b.5 6.6 6.7 7.2 
I.' 1.8 .8 1.8 1.1 .B 1.6 -.0 1.6 I., 1.1 ,.7 12.0 13.5 11.6 5.6 '.6 '.6 5.6 5.' , .. •. 8 6.0 6.1 6.1 6.0 6.3 6.0 7.0 7.1 
2.2 .3 1.8 1.' .6 1.7 1.0 .. 1.7 1.6 1.' 3.8 11.2 13.8 11.4 5.6 5 •• '.5 '.6 5.' 5.' 6.0 5.8 5.' 6.1 6.' 7.0 6.' 7.0 7 •• 
2.6 1.2 • 7 1.2 .6 1.6 .. I.' 1.' 1.6 .. 2.8 10.0 13.8 12.2 5.6 '.7 5.7 '.6 6.1 6.0 5.' '.8 6.1 6.1 6.0 6.' ... 7.2 7.2 
1.' 2.2 1.3 -.' 1.' 1.2 .2 1.' I •• 1.0 1.1 3.0 8.' 13.9 13.1 5.6 '.6 '.6 '.6 5.' 6.1 5.' 6.0 6.0 6.1 6.2 6.6 7.1 7.3 7., 
1.1 1.6 1.7 ., .. .7 .8 .8 1.8 .8 1.6 2.6 7.' 13.2 12.9 5.' '.7 '.7 5 •• 5.8 6.0 5.8 6.2 , .. 6.2 7.2 6.8 7.0 7.5 8.0 
2.6 1.3 -.0 1.8 1.3 -.' 1.1 1.3 I.' .. 1.3 2.' 5 •• 12.1 13.3 6.0 5.' , .. 6.0 , .. 6.1 6.0 6.6 6.' 6 •• 6.7 6.5 7.0 7.3 7.7 
2.8 1.6 • 3 1.1 1.1 .0 .. 1.1 1.' ., 1.' 2.7 .. , 11.0 13.'" 6.0 6.2 6.2 6.0 6.0 6.2 ,.9 '.8 6.' 6.7 '.7 6.' ·7.0 7 •• B.O 
1.' 1.0 1.8 1.1 -.' .. • 8 .. .. . . 1.3 2.1 ... '.2 13.8 5.8 ... 5 •• 5.8 '.6 6.0 6.2 6.3 6.5 6.8 7.1 7.0 7.' 7.' 8.' 
I., .. 1.' 1.' -.0 .7 .6 1.' -.2 .7 1.0 1.7 2.' 6.' 13.0 6.3 6.0 6.0 6.3 6.' 0.2 6.3 6.' 6 •• 6.7 7.2 7.1 7.' 8.2 8.7 
1.8 1.7 1.' .1 .. 1.6 .. 1.0 .5 -.0 .. 1.3 2.6 0.7 12.3 6.2 6.5 6., 6.2 6.' 6.' 0.6 6.' 6.6 7.0 7.2 7.' 8.0 8.' 8.7 

.8 2.1 1.' .1 .. .7 1.' .. -.' 1.1 -.1 1.2 1.8 3.7 9.6 6.' 6.3 6.3 6.3 6.' 6., 7.0 6.7 7.0 7 •• 7.3 7.7 8.' 8.6 .. , 
1.7 1.6 .8 .1 1.' .. 1.0 1.1 -.' .. .9 -.0 1.8 2.7 6.2 6.8 6 •• 6 •• 6.8 6.' 6.' 7" 6.7 6.' 7.6 7.7 8.3 8 •• ... 10.0 
1.3 1.' .6 .1 1.' .8 1.' ., -.1 1.1 .1 .6 .5 1.8 '.2 6.6 7.0 7.0 6.6 6.7 6.7 7.' 7.2 7 •• 7.7 7.7 8.1 8.' ... 10 .. 1 
I.B .6 -.8 1.0 1.0 .6 1.' .7 .1 .. 1.2 .2 .9 ., 2.1 6.7 7.2 7.2 6.7 7.1 7.2 7.3 7.1 7.8 8.' 8.' 8.7 9.2 10.0 10.6 
2.1 1.0 -.1 .. -.' .7 1.0 .0 .B .6 .6 .. .8 .6 .2 7 •• 7.3 7.1 7.' 7.1 7.3 7.6 7.8 8.0 8.' 8.7 8.8 '.8 10.7 11.7 
1.3 .8 1.0 1.2 .1 .6 .1 -.7 .8 ., 1.2 .1 .8 ., -.2 7.8 7.5 7.' 7.8 7.3 7.' 8.0 8.1 8.1 B.8 '.6 •• 7 10.5 U.l 13.1 
1.' -.2 .. .a .7 1.' .a -.8 .1 -.7 .8 .. 1.1 .2 .6 7.8 7.8 7.8 7.8 e.o· 8.6 8.2 8.6 8 •• '.3 10.0 10.'" 11.8 12.'" 13 .. 1 

.7 .3 1.8 .. .2 .. .8 .0 1.2 -.6 .. -.6 .6 .7 .6 8.2 8.2 8.2 8.2 8.' 8.8 8.' '.3 9.3 9.B 10.4 10.6 12.0 13.3 13.6 -.. • 1 .. -.3 .7 1.2 .2 -.3 .7 -.2 1.' -.2 .2 -.8 .. 8., 8.8 8.8 8.' 8.' 8.' '.2 .. , ... 10.4 11.5 12.1 12.6 1"'.4 13.4 

.1 1.' .8 -.. .. .1 -.8 -.3 .. -.2 .8 .0 1.1 -.' .1 '.1 '.0 '.0 '.1 •• 1 ... 9.8 10.7 11.4 11.3 11.8 13.1 14.3 13.6 '.2 .. 1.6 .7 .. 1.2 .7 -.. .2 -.1 -1.0 .. -.. .. -.' .8 10.1 10.3 10.3 10.1 10.3 10.5 10.5 11.2 11.9 12.4 13.3 14.1 13.6 '.0 ... .. • 8 .1 .. .. . . -.' .8 .2 .0 .7 -.0 .0 -1.2 -.2 11.0 11.4 11.4 11.0 l1.Z 11.3 11.8 13.2 13.1 13.3 1"'.8 13.7 8.' ... .3 
1 •• 1.1 .0 .8 .7 -.0 -1.1 .7 -.0 .1 .6 -.' • 7 -.. -.1 11.9 11.6 11.6 11.9 12 .. 7 12.1 12.9 14.1 14.7 14.6.13.3 7.0 3.t 1.1 -.7 
1.0 .. -.1 .. .7 .0 -.' 1.1 .1 • 2 .. -.7 .. -.6 .1 12.9 13.3 13.3 12.9 13.8 13.4 104.4 104.0 14.1 10.9 '.0 2.' .1 -1.0 -1.04 
1.0 .2 .1 .7 .. -.6 -.6 .. -.B -.2 .1 -.B .2 -.. -.0 14.2 13.9 13.9 14.2 14.2 104.0 13.1 11.5 6.' .. .. .6 .2 .. ' -1.3 
1.1 ., .7 1.1 .. -.' .1 .6 -.' .3 .3 -.8 .. -.' -.' 12.6 12.5 12.5 12.6 11.1 8.2 6.0 2.' -.2 .3 -.2 -.6 -1.0 -1.3 -1.3 
.0 -.B .3 .1 -.4 -1.2 -.2 -.2 -1.1 -.2 -.' -1.3 -.1 -1.0 -I.) 1.6 2.' 2.' 1.6 1.' .9 -1.2 -2.0 -1.1 -1.2 -1.3 -1.4 -1.9 -2.2 -1.1 .. .2 1.2 1.0 .1 -1.0 .6 .2 -.8 .. .1 -1.0 -.0 ".7 -1.3 -1.7 -2.6 -2.6 -1.7 -2.2 -3.4 -3.6 -2.3 -1.7 -1.8 -2.1 -2.2 -2.'" -Z.8 -1.5 

-.6 -z.o -1.1 -1.4 -1.5 ·-z.e -Z.4 -2.2 -2.1 -1.8 -1.1 -Z.3 -3.6 -3.04 -2.2 -1.4 -1.1 -2 .. 0 -.6 -1.3 -.7 -.0 -1.0 .1 .. -.8 .2 .. -1.0 .1 
-.1 -Z.Z -1.1 -1.0 -1.1 -2.Z -1.9 -1.4 -1.3 -1.2 ';"1.1 -2.0 -1.2 .. 1.' -1.0 -1.1 -2.2 -.7 -1.3 -1.0 -.1 -1.3 -.. -.2 -1.1 -.2 -.2 -1.2 -.. 
-.' -1.6 -.7 -.6 -1.3 -1.3 -1.0 -.6 -.2 ., -.2 2.1 6.0 8.2 11.1 -.6 -.7 -1.6 -.' -.' -.. .. -.8 .3 .3 -.. .6 .1 ..' .. 
-.4 -1.0 -.' -.0 -1.' -.' .2 • 6 .. .. 6.' 11-5 13.7 14.0 104.2 -.0 -.' -1.0 ·-.4 -.0 -.. .2 -.8 .1 -.2 -.8 .. - .. -.6 ., 
-.2 -.6 .0 -.4 -1.4 -1.0 .1 2.' '.0 10.9 14.1 14.0 14.4 13 .. 4 13.8 .. ' • 0 -.6 -.2 .1 -.6 .. ;.. .. 7 .. .2 .1 1.1 -.' .0 .7 
-.8 -1.1 -.6 -1.2 -.7 1.1 •• 6 7.0 U.3 14.6 14.1 14.1 12.9 12.1 12.1 -1.2 -.6 -1.1 -.8 -.1 -.' .7 -.' .6 .1 -.0 .7 -1.1 -.0 .• 7 

-1.2 -.2 .9 -.6 .3 ... 8.' U.7 .... 8 13.3 13.1 13.2 11.8 11.3 11 .. 2 -.6 .9 -.2 -1.2 -.2 -1.2 .0 -.6 .7 .0 .2 .8 -.' ., .. 
-.' .2 -.2 .. .. , '.0 13 .. 6 14.1 13.3 12.4 11.9 11.2 10.5 10.5 10.3 .. -.2 .2 -.' .8 -.. .. ..' .3 -1.0 -.1 .2 -.. .7 1.2 

-1.4 1.1 .7 2.7 '.2 13.6 14.) 13.1 11.8 11.3 11.4 10.7 '.8 9.' '.1 2.7 .7 1.1 -1.4 .1 -.3 1.1 .0 .8 -.2 .. -.3 -.8 .1 .5 
.1 1.' 1.0 8.2 13.4 14.4 12.6 12.1 11.5 10.4 ... •• 3 '.2 8 •• 8.9 8.2 1.0 1.' ., '.' -.B .2 -.2 1.' -.2 .7 -., .2 1.2 .7 
.2 1.7 '.7 12.5 13.6 13.3 lZ.0 10.6 10.04 9.8 ,.3 •• 3 8.' 8.8 8.' 12.5 •• 7 1.7 .2 .6 .7 .6 -.. ., -.6 1.2 .0 .8 .. .2 

1.0 2.' 11.0 14.0 13.1 12.4 11.8 10.04 10.0 .. , 8 •• 8.6 8.2 8.6 8.0 14.0 11.0 2.' 1.0 .6 .2 1.1 .. .8 -.7 .1 -.8 .8 1.' .7 
·2.2 7.5 U.8 1.3.8 13.1 11.1 10.5 '.7 •• 6 8.8 8.1 8.1 8.0 7.' 7.3 13.8 13.8 7.' 2.2 -.2 .. .8 .1 1.2 ., .8 -.7 .1 .6 .1 
'.8 12.5 14.2 12.6 11.1 10.7 ,.8 8.8 8.7 8.' 8.0 1.8 7.6 7.3 7.1 12.6 14.Z 12.5 '.8 .2 .6 .8 .5 .6 .6 .8 .0 1.0 .7 -.. 
7.7 13.1 13.5 12.3 10.6 10.0 ,.2 8.7 8.' 8.' 7.8 7.1 7.' 7.2 7.1 12.3 13.5 13.1 7.7 2.1 .5 .. .2 1.2 .. .1 .7 1.' .6 1.0 

12.0 14.0 12.9 11.4 10.1 ... 8.' 8" 7.7 7.7 7.' 7.2 7.' ,6.7 6.7 11.4 12.9 a.o 12.0 '.2 1. B .. .6 .1 1.1 -.1 .3 I.' .B 1.' 
13.2 13.7 12.2 10.04 10.0 ... 8.' 8.' 7.7 7.6 6.' 6.7 7.1 6.' 6.' 10.4 lZ.2 13.7 13.2 6.2 2.1 1.8 -.0 .. ., -.3 1.1 1.0 .. 1.' 
14.1 U.O 11.2 10.0 ... 8.6 B.' 7.7 7 •• 7 •• 7.0 6.7 7.0 6.' 6.3 10.0 11.2 13.0 14.1 ... 1.7 1.8 1.2 -.1 1.1 -.5 .. 1.' .7 .. 
13 .. 5 11.8 10.6 '.6 8.7 8.' 8.0 7 •• 7.2 7.0 6.6 6.' 6.6 6.' 6.' '.6 10.6 11.8 13.' 12.3 '.7 2.6 1.3 .. -.0 ., 1.0 .. 1.6 .. 
12.8 11.8 10.5 '.1 8.1 8.2 7.' 7.1 7.2 6.7 6.' 6.' 6.3 6.2 6.' '.1 10.5 11.8 12.8 13.0 6.' 2.' 1.7 1.0 .7 -.2 1.5 .6 .7 -.0 
12.5 11.5 9.8 '.0 8.' 7., 7.' 7.0 7.1 6.8 6., 6.3 6.2 6.0 5.6 '.0 9.8 11.5 12.5 13.8 '.2 3 •• 2.1 I.' .. .. .. .8 .. .. ' 
11.04 10.5 '.8 '.0 B.O 7.' 7.0 6.' 6.7 6.7 6.' ,.8 ... 6.2 6.0 '.0 '.8 10.5 1l.4 13.'" 11.0 '.3 2.7 1.' ., 1.' 1.1 .. .0 1.1 
11.'" 10.6 '.2 8.' 7.7 7.3 7.0 6., 6.7 6.' 6.' 6.6 6.0 6.1 ... 8 •• '.2 10.6 11.4 13.3 12.1 . .. 2.' 1.3 .. 1.3 I.' 1.1 -.' 1.3 
11.0 10.0 8.' 8 •• 8.0 7.' 7.0 6.a 7.2 6.2 ... 6.2 '.8 '.0 '.8 8.' B •• 10.0 11.0 12.9 13.2 7.3 2.6 1.6 .8 1.8 .8 .8 .7 .6 
11.1 10.0 '.1 8.2 7.' 7.' 7.1 6.6 6.2 6.1 6.0 6.0 ... 6.1 . .. 8.2 '.1 10.0 11.1 13.1 13.9 8 •• 3.0 I.' 1.0 I.' 1.' .2 1.2 1.' 
10.7 ,.3 8.8 7.8 7.' 7.2 6.' 6., 6.0 6.1 6.1 '.8 ... 6.0 6.1 7.8 8.8 ,.3 10.7 12.2 13.8 10.0 2.8 .. 1.6 1.5 1.3 .. 1.6 .6 
10.3 8.' 8.3 1.8 7.' 7.0 6.' 1.0 6.' 6.1 ... '.8 6.0 ,., ... 7.8 8.3 8.' 10.3 11." 13.8 11.2 3.8 1.' 1.6 1.7 .5 1.0 1.7 .6 
10.8 ... 8.' 7.' 7.1 1.0 6.' 6.' 6.0 6.1 6.1 6.0 '.8 5 •• ... 7., 8.' ... 10.8 11.6 13.5 12.0 '.7 1.1 I.' 1.6 -.0 1.6 .8 1.1 ... 8.7 8.7 8.2 7.2 6.7 6.6 6.' 6.' 6.' 6.1 ,.6 5.' '.7 '.7 8.2 8.7 8.7 9.' 11.4 13.0 12.7 '.7 .7 2.2 .8 .8 1 •• .7 1.2 ... '.3 8.0 7.7 7.' 6.' 6.6 6.' 6.2 6.2 6.1 0.0 ... '.8 5.' 7.7 8.0 '.3 ... 11.4 12.7 12.6 '.0 1.6 2.1 .2 1.6 .7 1.2 I.' 
'.6 ,.3 8.0 7.' 7.' 6., 6.6 6.' 6.1 ... '.7 5.7 '.7 '.6 5.8 7.5 B.O '.3 '.6 10.7 13.3 1 .... 1 '.2 2.' 1.2 .7 1.5 .. 1 •• 1.3 

10.2 8.7 8.0 7.8 7.1 6.' 6.8 6.' 6.0 '.8 ,.8 '.6 '.7 ... .. , 7.8 8.0 .e.7 10.2 11.3 13.0 13.7 '.1 3.5 .4 1.' .8 1.5 1.2 .8 
10.2 8.7 8.0 7.8 7.1 6.' 6.8 6.3 6.0 '.8 '.8 ,.6 •• 7 ... ... 7.8 8.0 8.7 10.2 11.3 13.0 13.7 4.1 3.' .. 1.' .8 1.' 1.2 .8 
'.6 '.3 8.0 7.' 7.' 6., 6.6 6.' 6.1 5 •• '.7 •• 7 '.7 '.6 '.8 7.5 B.O '.3 '.6 10.7 13.3 104.1 '.2 2.' 1.2 .7 1.5 .. 1.' 1.3 ... '.3 8.0 7.7 7.' 6.' 6.0 6.3 6.2 6.2 6.1 6.0 ... , .8 ... 7.7 8.0 '.3 ... 11.4 12.7 12.6 '.0 1.6 2.3 .2 1.6 .7 1.2 I.' 
9.9 8.7 8.7 8.2 7.' 6.7 6.' 6.5 6., ... 6.1 ... '.5 '.7 •• 7 8.2 8.7 8.7 ... 11." 13.0 12·.1 5.7 .7 2.2 .8 .8 1 •• .7 1.2 

10.8 ... 8.' 7 •• 7.1 7.0 6.' 6.' 6.0 6.1 6.1 6.0 5.8 , .. ... 7.' 8.' ... 10.8 11.6 13.5 12.0 4.7 1.1 I.' 1.6 -.0 1.6 .8 1.1 
10.) 8 •• 8.3 7.8 7.' 7.0 6.' 7.0 6.' 6.1 ... ..8 6.0 ... '.9 7.8 8.3 B., 10.3 11.4 13.8 11.2 3.8 1.' 1.6 1.7 .. 1.0 1.7 .6 
10.7 9., 8.8 7.8 7.2 7.2 6.' 6.' 6.0 6.1 6.1 •• 8 ... 6.0 6.1 7.8 8.B '.3 10.7 12.2 13.8 10.0 2.8 .. 1.6 1.' 1.3 .. 1.6 . . 
11.1 10.0 '.1 8.2 7.' 1.' 7.1 6 •• 6.2 6.1 6.0 6.0 , .. 6.1 , .. 8.2 '.1 10.0 11.1 13.1 U.9 8 •• '.0 1.3 1.0 I.' 1.' .2 1.2 1.' 
11.0 10.0 8.' 8 •• 8.0 7.' 7.0 6.8 7.2 6.2 ... 6.2 5.8 6.0 '.8 8 •• 8.' 10.0 11.0 12.9 13.2 7.3 2.6 1.6 .8 1.8 .8 .8 .7 .6 
11.4 10.6 '.2 8.' 7.7 7.' 7.0 6.' 6.7 6.' 6.' 6.6 6.0 6.1 ... 8.' '.2 10.6 11.4 13.) 12.1 5.5 2.' I.' .. I.' 1.3 1 .. -.. I.' 
11.4 10.5 '.8 '.0 8.0 7. , 7.0 6., 6.7 6.7 6.' •• 8 ... 6.2 6.0 '.0 '.B 10.5 H.04 13." 11.0 '.3 2.7 1.' .3 1.' 1.1 .. .0 1.1 
12.5 11.5 '.8 '.0 8.' 1 •• 7.3 7.0 7.1 6.8 6.' 6.' 6.2 6.0 '.6 '.0 '.8 11.5 12.5 1.3.8 '.2 3.' 2.1 1.3 .. .. .. .8 .. ..' 
12.8 11.8 10.5 '.1 8.7 8.2 7.' 7.1 7.2 6.7 6.' 6.' 6.3 6.2 6 •• '.1 10.5 11.8 12.8 13.0 6 •• 2.' 1.7 1.0 .7 -.2 1.' .6 .7 -.0 
13.5 11.8 10.6 ... 8.7 8.' 8.0 7 •• 7.2 7.0 6.6 6.' 6.6 6.' 6.' '.6 10.6 H.8 13.5 12.3 '.7 2.6 1.3 .. -.0 .. 1.0 .4 1.6 .. 
14.1 13.0 11.2 10.0 ... 8.6 8.' 7.7 7.3 7 •• 7.0 6.7 7.0 6.' 6.3 10.0 11.2 13.0 1 .. .1 ,.6 '.7 I.B 1.2 -.1 1.1 -.. .. 1.' .7 .. 
13.2 13.7 12.2 10.04 10.0 ... 8.' 8.~ 7.7 7.6 6.' 6.7 7.1 6.' 6.' 10.4 12.2 13.7 13.Z 6.2 2.7 1.8 -.0 .. .. -.' 1.1 1.0 .. 1.' 
12.0 1 •• 0 12.9 11.4 10.1 ... 8.5 8.1 7.7 7.7 7.4 7.2 7.' 6.7 6.7 11.'" 12.9 14.0 12.0 4.2 1.8 .5 .6 .1 1.1 -.1 ., 1.4 .8 1.' 
7.7 13.1 13.5 12.3 10.6 10.0 ,.2 8.7 8.' 8.' 7.8 7.1 7., 7.2 7.1 12.3 13.5 13.1 7.7 2.1 .5 .. .2 1.2 .. .1 .7 1.' .6 1.0 
'.8 12.5 104.2 12.6 11.7 10.l . '9.8 B.8 8.7 B •• 8.0 7.8 7.6 7.3 7.1 12.6 1 •• 2 12.5 '.8 .2 .6 .8 .5 .6 .6 .8 .0 1.0 .7 -.5 
2.2 7.5 ll.8 ll.8 13.1 11.1 10.5 ,.7 '.6 8.8 8.1 8.1 8.0 7.' 7.' 13.8 13.8 7.5 2.2 -.2 .. .8 .1 1.2 .3 .8 -.7 .1 .6 .1 
1.0 2.5 11.0 14.0 13.1 12.04 11.8 10." 10.0 '.3 8.' 8.6 8.2 8.6 8.0 104.0 11.0 2.5 1.0 .6 .2 1.1 ., .B -.7 .3 -.8 .8 1.' .7 

.2 1.7 •• 7 12.5 13.6 13.3 12.0 10.6 10.4 '.8 .. , •• 3 B.' 8.8 8.' 12.5 '.7 1.7 .2 .6 .7 .6 -.6 .3 -.6 1.2 .0 .8 .9 .2 .. 1.' 1.0 8.2 13.4 14 ... 12.6 12.1 11.5 10 •• ... '.3 '.2 8 •• 8.~ 8.2 1.0 1.5 .3 .5 -.8 .2 -.2 1.' -.2 .7 -.3 .2 1.2 .7 
-1.04 1.1 .7 2.7 9.2 13.6 104.3 13.1 11.8 11.3 11.4 10.7 '.8 9., 9.1 2.7 .7 1.1 -1." .1 -.3 1.1 .0 .8 -.2 .. -.3 -.8 .1 .5 
-.5 .2 -.2 .. ..3 '.0 13.6 14.1 13.3 12.4 11.9 11.2 10.5 10.5 10.3 .. -.2 .2 -.5 .8 -.5 .5 ·.5 .3 -1.0 -.1 .2 -.. .7 1.2 

-1.2 -.2 .. -.6 • 3 ... 8.' 13.7 104.8 13.3 13.1 13.2 11.8 11.3 11.2 -.6 .. -.2 -1.2 -.2 -1.2 .0 -.6 .7 .0 .2 .8 -.' .5 .. 
-.8 -1.1 -.6 -1.2 ·.7 1.1 3.6 7.0 13.3 14.6 104.1 14.1 12.9 12.1 12.7 -1.2 -.6 -1.1 -.8 -.1 -.. .7 -.' .6 .1 -.0 .7 -1.1 ·.0 .7 
-.2 -.6 .0 -.04 -1.4 -1.0 .1 2.' '.0 10 .. 9 14.1 14.0 14.4 13.4 13.8 -.4 .0 -.6 ·.2 .1 -.6 .4 -.7 ., .2 .1 1.1 -.' .0 .7 

-.' -1.0 -.' -.0 -1.3 -.5 .2 .6 .. .. 6.' 11.5 13.1 14.0 1"'.2 - .0 -.5 -1.0 -.4 -.0 -.. .2 -.8 .1 -.2 -.B .. -.6 -.b ., 
-.3 -1.6 -.7 -.6 -1 • .3 -1.3 -1.0 -.6 -.2 .3 -.2 2.3 6.0 8.2 11.1 -.6 -.7 -1.6 ·.3 -~5 -.' .5 -.8 .3 .3 -.5 .. .. -.' ., 
-.1 -2.2 -1.1 -1.0 -1.1 -2.2 -1-9 -1.4 -1.3 -1.2 -1.1 -2.0 -1.2 .. 1.' -1.0 -1.1 -2.2 -.7 -1.3 -1.0 -.1 -1.3 -.. -.2 -1.1 -.2 -.2 -1.2 - .. 
-.6 -2.0 -1.1 -1 •• -1.5 -2.8 -Z.04 -2.2 -Z.l -1.8 -1.7 -Z.3 -3.6 -3.'" -2.2 -1.4 -1.1 -2 .. 0 -.6 -1.3 -.7 -.0 -1.0 .1 .. -.8 .2 .6 -1.0 .1 
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1.0 1.2 
.3 .3 

1.1 .7 
.7 .1 .. -.3 
.a • 0 .. .1 .. • 7 -.. • a 

-.3 .. .. 1. a 
.6 .. 

1.2 1.0 .. -.1 
1.0 -.a 

.1 .. 
o! • 8 
01 I.' 
o! 1.' 

1.' I.' 
1.3 1.8 
1.1 • 3 
1.a -.0 

• 3 1.7 

-.' 1.3 
1.2 .7 
1 •• 1.a 
1.8 .8 
1.4' 1.0 .. 1.8 
1.0 1.a 
1 •• 1.0 
1 •• 1.0 
1.0 1 .. 8 .. 1.8 
1.' 1.0 
1.8 .a 
1.' 1.8 
1.2 .7 

-.' 1.3 
• 3 1.7 

1.a -.0 
lo! • 3 
1.3 1.8 
1 •• I.' 
.1 1.' 
.1 I.' 
o! .a 
o! .. 

1.0 -.a .. -.1 
1.2 1.0 
.a .. .. 1.8 

-.3 .. -.. .a . , .7 
.4 .1 
.8 .0 . , -.3 
.7 .1 

1.1 .7 ., .3 
1.0 1.2 

XLEIJ -
ATENL -

.2 .. 
-.a .0 

.3 1.1 

.2 1.0 .. 1.0 
1.1 1.' 
.a . . 

1 •• . . I.' .1 
.1 -.3 
.3 .7 

-.2 1.3 
.a 1.3 

1.0 2.1 .. 1.8 

I.' 1.3 
1 •• 1.7 
2.1 .8 
1.7 l.~ .. I.' 
1.0 1.' 
1 •• 2.8 
1.3 2 •• 
1 •• 1.1 
2.2 1.' 
1.2 2 •• 
.3 2.2 

1.8 1.3 
1.7 2.4 

I.' 1.7 
1 •• 2.0 
1.7 2 •• 
1.7 2 •• 
I •• 2.0 

I.' 1.7 
1.7 2.' 
1.8 1.3 

.3 2.2 
1.2 2 •• 
2.2 1.' 
1 •• 1.1 
1.3 2 •• 
1 •• 2.8 
1.0 1.4 .. I.' 
1.7 1.a 
2.1 .a 
1 •• 1.7 

I.' 1.3 .. 1.a 
1.0 2.1 
.a 1.3 

-.2 1.3 
.3 .7 
• 1 -.3 

I.' .1 
1 •• .. 

.. 8 .. 
1.1 1.4 .. 1.0 
.2 1.0 ., 1.1 

-.'8 .0 
.2 .. 

EEEEE II II UA TTTTT U 
E I/VAATU 
EEE V V A A T U 
E II V AAAAA T U U 
EEEEE V A A T UUU 

PARAMETERS FOR SUSROUT INE EVATU 

3.500 
.075 

OESCfI: IPTION 

THE TARGET-TO-NONTARGET RATIO 
ATTENUATION COEFFICIENT 

BlA NK COMMON REQUIRED 5322 ( 123121 

BLANK COMMON REQUIRED .9418 ( 223121 

)tHIN .. XMAX .. .75E-Ol XSUM .. .1",94E+03 

'II ................................................................ . 

. .. 

.............. 
A ....... n •••••••• , ._._u ..... 

.................... 0 .. 
1 •••• I.ul _____ .. lon1 
•••• n .................. ..... 

... no.a ...... n •••• o ....... . 

........... o.o •••• u ..... __ 
.. __ ...... u ............. . 

•• uo •• n ........................... , 
.......... nu .................. .. 

.O ••• __ .. IO .. U ........ __ ••• 
• ••••• u ...... __ .... uu ... oo 
0 .......................... ____ 
0 ....... 0 .. 0 ................. .... ••• _ •••• __ ....... n ...... ..... 

............... nn.n ....... ___ 

...................... nu ... ......... 

................... _ .. u.nno ... .. 

................... u •••• u .. u ........ . 
•••• 0 ......... 0 .................. ...-
................. _ .. nn ...... ....... 
•• n ••• o .......... o ................. . 
...................... 0 .......... . 
................ 0 .... 0 ••••• 0 •••••• 
n ............ n ...... o.o .... nn. 
I ............................. U ••• I 
................. n ••• n .... ..... 
................... n ....... .. 
•• u •• MUI .... au ••• n •• -..n • 

.... 0 ... _ •••• 010 ... 
l .............. nn •• n.nl 
._ •• --.. •• n ...... 

H .......... n •••••••• 
A .. o ...... n ••••• A ............. .................................................................. 

• I 1 
o .5625E-02 .. DS8E-01 .116)E-01 .2025E-01 .2325E~OL .2625E-01 

l X AM 8 I 9 
.2887E-01 .307'E-01 .3263E-01 .3675E-01 .4088E-Ol .4350E-01 •• 650E-Ol 

• • • • • • • .4913E-01 .5475E-01 .6150E-01 .6525E-Ol .68l5E-01 .71l'E-Ol .. 7388E-01 

• .7500E-01 

BL.ANK CllMMON REQUIREO 5322 C 113121 

MAXIMUM SIZE OF BLANK COMMON THUS FAR_ 13714 FLOATtNG POINT MOROS • 

EEEEE N N ODOD EEEEE V V AU TTT7T U 
E NN NO D E VVAATU 
EEE N N NOD EEE V v A A T U 
E N NNO D E V V AAAAA T U U 
EEEEE N N DODD EEEEE V A A T UUU 

GGG RRRR AU DODD V V 

"ISTp -
IRl.x -
IERA. -
IlER -

GGRRAAO YV 
G RRRR A A 0 V 
G GG' R R AAAAA 0 0 V 

GGGG R R A A 0000 

PARAMETERS FOR SUBROuTINE GRADY 

oESCR 1 PTION 

" 1 
o 
o 

NUMBER OF ITERATION STEPS 
ITERATIVE RELAXATION METHOD 
00 NOT USE ERROR ARRAY 
INITIAL SOLUTION IS lERO 

BACKPROJECT 1 DN AND PROJECT 1 ONI CONYOLUT ION/f IL TER ROuTINES 
PERFORM THE FOLLOWI NG FUNCTIONS 

.OG FUNCTION RAY WE IGHTt NG ATTENUATION 
BeK 8ACKPROJECTlON UNIFORII( SQUARE YES 
PRJ PROJECTtON UNIFORM SQUARE vES 

BLANK COMMON REQUIREO 5506 C 12602' 

8LANK. COM/I40N REQUIRED 9602 C "22602 I 

8LANK COMI'IDN REQUIRED 13698 C 32602' 

BLANK COI'II'ION REQUIRED 17794 C 426021 

BLANK COMI'ION REQUIRED 17810 C 426221 

BLAt« COMMON IIEQUIREO 17794 ( .2602. 

FOR CONGR AND GRADY FCN IS THE VALUE OF THE CHI-SQUARE 
FQR ENTPY FCN IS EVALUATED 8Y THE SU8ROUTINE OULFC 
ITER 0 FCN .1t84E+09 
ITER 1 FCN .596E+08 
ITER Z FCN • 186E+08 
ITER 3 FCN .115£+08 
ITER 4 FCN .758E+01 
ITER 5 FCN .52BE+01 
ITER 6 FCN .385E+01 
ITER 7 feN .295E+07 
ITER 8 FCN .234E+07 
ITER 9 feN • 192E+07 
ITER 10 FCN .16lE+07 
ITER 11 FCN .139E+07 
ITER 12 FCN .122E+07 
ITER 13 feN .108E+07 
ITER 14 FCN .967E+06 
ITER 15 FCN .. 876E+06 

BLANK. COMMON REQUIRED 17610 ( 423121 

" BLANK COMMON REQUIRED 13514 ( 323121 

8LANK" COM"ION REQUIRED C 223121 

BL.ANK COMMON REQUIREO 5322 ( 123121 

FAN SEAM 
NO 
NO 

MAXIMUM SIZE OF BLANK COMMON THUS FAR_ 17810 FLOATING POINT WORDS • 

EEEEE N N 0000 GGG RRRR UA DODO Y Y 
E NN NO 0 GGRRAAOOVV 
EEE N N N 0 a 
E N NNO 0 

G RRRR A ADO V 
G GG R" II AAUA 0 D Y 

EEEEE N N DODO " GGGG R R A A DODO 



RECONSTRUCTION FOR. THE EMISSION SCAN CORRECTED FOR. ATTENUATION 

XHIN. -.30E+01 XMAX • • 36E+02 xSU~ • 

.................................................................. · -- -- -- - - --- --- -.......... - --- -- - - -- -- -- . 
• - -- - -- ---- -- -----19 .......... 81----- .-- ---- -- - ----. 
.-- - - -- - -- -- -+MH.H ..... H .... "'+- -- -- - -- - -- --. 
• - --- ---- - -- -18 .............. 0 •• 91- -- - --- --- - • 
• -- - - - - - -M ........... HH ...... 1'4- - - - - - -- • 
• - -- - - - - --9 ......... H •••••••••••• aee-- - - - - -- - • 
• ----- -" •••••••••• 0 ............. "1- ----- • 
.- - -- --- - +QtI .......................... O •• + - --- -- - -. 
.- ---- -- -9 ........ 0 ...................... 9- -- ---- -* 
.-- - -- - -1 .................. 8 ........... 1- - -- - --. 
• -- --- -"' ................... H ....... O.,,,- --- --. 
• "-- - - - -froI ................................ HM- - - - -"- • 
.-- -- -- --+ ••• " ••••• OOH ..................... +-- -- -- --. 
.-- -- --- -X .................................... X- --- -- --. · -- -- -- "'....................................... - -- -- . 
.- -- - - -11 ....... 0 •• H ................... ".I111- - - -"- -. 
.-- -.;,-- -- 1.o ....... n ............ " ........ O .... 1 -- --- --. 
• -- -- - --lH ............... " ... 8 ...... " ........ I-- - -- -- • 
*---- ---- -1 ............ UH ........... H.Hn •••• Hl- ---- ----. *---- ---- -l ........... H ......................... l- ---- ----. 
• - -- - --I ............ U ... H ••• "O ............ I-- - -- -- * 
*-- ---- -- 11 ......... 0 ••• " ............. 0_1 -- -- --. 
*- -- - - -II ....... H ........ " •••••• II •• H ......... - - - -- -. 
• --, -- -- "' .............................. 0 •••• 104 -- -- -- • 
*-- -- --- -x ........... uO.O ........... UH.-.x- --- -- --. 
.-- -- -- --+ ............. H ••• nH .......... .-.+-- -- -- --. 
• -- - - - -~ ................ H" ......... M- - - - -- • • -- --- -·.n __ .H .... HI ... H ........... ·- --- --. 
.-- .. -- - -1 ......................... " ...... 1- - -- - --. 
.- ---- -- -9 .............................. 8- -- ---- -. 
.- - -- ---.. + ..... n .. HH ......... H ....... + - --- -- - -. 
• ----- -" •• U •• H .................. ,- ----- • 
* --- ------a •••• u ............ H •• nee------ ---. 

- - - - -"' ............ H ...... H~- - - - - - -- • 
• - --- -- - -- -19 ................... 91- -- - ---- --- - • 
.-- -- - -- - -- -- -+"' ........ u ..... "' .. - - -- - -- - - --. 
.- -- - -- --- - -----leIl0 ...... 91--- -- ---- --.. ----. ..........................................................•....... 

• I 1 
-.2975E+Ol -.58S0E-Ol •• 219E+Ol .616U"01 .7525E+Ol .9080e"01 .106.e"02 

Z X A 104 e •• 
• 1200H02 .1297E+02 .139.E+02 .1608£+02 • 1822E+02 .1958E+02 .2114E+02 

• • • • • • • .2230E+02 .25ft1E+02 .2891E+02 .3086E+02 .3241E+02 .3397E+02 .3533E+02 

• .3591E+02 

.3 -.1 1.2 1.0 -.2 -.8 1.2 .3 -.3 1.0 .7 -.3 1.2 .2 .0 
-.ft -1.2 .0 .1 -.6 -1.3 .1 -.1 -1.0 •• -.1 -.9 .8 -.5 - .. 3 
1.3 -.1 .9 1.2 .5 -.3 .7 .9 -.2 .9 .7 -.4 1.3 .1 .2 
.6 -.5 -.3 .5 -.1 -1.1 -.6 .3 -1.1 .0 .1 -.7 .8 -.1 .7 
.6 -.0 -.6 .8 .7 -.2 -.2 1.3 -.1 .7 .6 -.6 .8 -.3 .7 

1.1 .8 -.6 .7 .5 -.6 -1.3 .7 -.3 .ft .. 8 -.2 1.2 -.1 .1 
-.3 .3 -.6 .3 .9 .2 -.5 1.0 .2 .ft .7 -.8 .0 -1.2 -.3 
-.2 1.3 .3 .3 1 .. 2 .ft - .. 8 -.1 -.6 -1.2 .3 -.6 .6 -.3 1.1 
-.9 1.0 .1 -1.1 .0 -.5 -1.3 -.4 .1 -.11- .7 -.1 1.2 -.3 -.It 

-1.6 -.8 -.3 -1.0 .. 7 1.0 -.ft - .. 6 .5 -.1 1.5 - •• -.2 -1 .. 3 .1 
-.ft -.2 1.5 -.3 -.1 .7 .ft .1 1.0 -·.9 -.1 -1.1 .3 .7 .0 
-.1 -l.ft .3 .2 .4 1.2 .2 -1.4 - .. 4 -1.0 .oft .2 .7 -.ft -.5 

.2 -.1 .7 .8 -.7 .2 -.7 -1.2 .ft .1 1.1 -.7 .4 -.5 -1.7 
1.0 -.1 -.9 .3 -1.5 .6 .5 -.5 .8 .1 .2 -.1 -.0 -.8 -1.0 

•• -1.1 -2.0 .7 .3 .2 1.1 .1 -., -.2 1.0 -1.1 -.4 -1.9 .0 
-.0 ., -.3 -.8 .8 .3 .9 -.7 -.8 ., -.9 -.3 -1.6 -.8 2.9 

.7 ., -.2 -.o1t 1.2 -.ft .8 .6 -.9 -.3 .3 -1.8 -.1 .4 10.4 
-.8 1.3 .6 -.9 -.4 -.2 1.1 -.1 -1.4 .1 -1.1 -.0 .5 2.817.1 

.2 .9· .ft -1.1 -.1 .8 -.2 .. 3 -.3 -1.2 .2 -.2 I.e A.225.5 
- .. 0 -1.0 .8 .5 -1.0 -.1 -.2 .9 -1.3 -.1 .1 -.3 1.1t 13.3 28.5 
-.4 -.4 1.0 .4 -1.5 .3 -.3 -.~ -.0 -.2 .4 .5 2.7 17.4 30.8 
1.4 .2 -.9 .4 .ft -.7 -.7 .5 .8 -.9 .5 2.1 7.923.9 31.ft 

.9 -.2 -1.4 1.2 .1 -2.1 .3 .8 .2 - •• -.1 1.5 u.s 21.4 32.2 
-.8 .6 •• -.7 -.2 -.3 .3 -.2 1.1 -1.0 -.6 .4 14.2 29.1 32.6 
-.7 1.2 .1 -1.8 .8 .5 -.7 .3 1.3 -.1 -2.1 -.1 15.329.833.3 

.5 -.3 -.4 -.0 -.1 .9 -.8 .7 .5 -.1 -3.0 -1.2 17.2 30.5 32.3 

.1 -1.7 1.0 .3 -.5 .7 .0 -.9 .9 -.3 -2.0 2.0 19.931.2 30.7 
-.5 .5 -.3 1.0 .0 .3 .8 -1.1 .7 .7 -., 8.3 25.1 32.0 31.8 

.9 .3 -.3 .8 .2 -.1 .3 -.1 -.4 1 •• -.ft U.6 29.1 31.8 32.2 
-.ft .7 .7 -.8 1.4 .0 -.2 .6 -1.2 1.5 .6 10.3 28.5 31.8 33.0 
-.2 .4 .7" -.3 .7 .3 .1 .3 -.4· -.3 2.2 9.031.1· 34 .. 031.5 
1.0 -.0 -.1 .9 -.6 .5 .ft -.1 .ft "1.5 2.8 9.1 30.332.832.8 
1.0 -.0 -.1 .9 -.6 .5 .4 -.1 '.4 -1.5 2.8 9.1 30.3 32.8 32.8 
-.2 .4 .7 -.3 .7 .3 .1 .3 -.oft -.3 2.2" 9.0 31.1 34.031 .. 5 
-.4 .7 .7 -.8 1.4 .0 -.2 .6 -1 .. 2 1.5 .6 10.3 28.5 .31.8 33.0 
.9 .3 -.3 .s .2 -.1 .3 -.1 -.It 1.1t - .. 4 11.6 29.1 31.8 32.2 

-.5 ., -.3 1.0 .0 .3 .8 -1.1 .7 .7 - .. 5 8.325.1 32.0 31.S 
.1 -1.7 1.0 .3 -.5 .7 .0 -.9 .9 -.3 -2.0 2.01';.$ 31.2 30.7 
.3 -.3 -.4 -.0 -.1 .9 -.S .7 .5 -.1 -3.0 -1.2 17.2 30.5 32.3 

-.7 1.2 .t -1.8 .8 .5 -.7 .3 1.3 -.7 -2.1 -.1 15.3 29.8 33.3 
-.8 .6 .4 -.7 -.2 -.3 .3 -.2 1.1 -1 .. 0 -.6 .4 14.229.1 32.6 

.9 -.2 -l.ft 1.2 .1 -2.1 .3 .8 .2 - .. ft -.1 1.5 11.5 27.ft 32.2 
1.4 .. 2 -.9 .ft .4 -.7 -.7 .5 .8 -.9 ., 2.1 7.9 23.9 31.4 
-.4 -.ft 1.0 .4 -I.' .3 -.3 -.5 -.0 -.2 .ft .5 2.7 17.1t 30.8 
- .. 0 -1.0 .8 .5 -1.0 -.1 -.2 .9 -1.3 -.1 .1 -.3 l .. ft 13.3 28.5 

.2 .9 .4 -1.1 -.1 .8 -.2 .3 -.3 -1.2 .2 -.2 1.6 8.2 25.5 
-.8 1.3 .6 -.9 -.4 -.2 1.1 -.1 -1.4 .1 -1.01 -.0 .5 2.817.7 

.7 .5 -.2 -.It 1.2 -.4 .8 .6 -.9 -.3 .3 -1.8 -.1 .4 10.4 
-.0 .S -.3 -~8 .8 .3 .9 -.7 -.8 .5 -.9 -.3 -1.6 -.8 2.9 

.4 -1.1 -2.0 .7 .3 .2 1.1 .1 -.5 -.2 1.0 -1.1 -.4 -1.9" .0 
1.0 -.1 -.9 .3 -1.S .6 .5 -.5 .8 .1 .2 -.1 -.0 -.8 -1.0 

.2 -.1 .. 7 .8 -.7 .2 -.7 -1.2 .. 4 .1 1.t -.7 .4" -.5 -1.7 
-.1 -1.4 .3 .2 .It 1.2 .2 -1.4 -.4 -1.0 .ft .2 .7 -.4 -.5 
-.ft -.2 1.5 -.3 -.1 .7 .4 .1 1.0 -.9 -.1 -1.1 .3 .7 .0 

-1.6 -.6 -.3 -1.0 .7 1.0 -.4 -.6 .5 -.1 1 .. 5 - .. 4 -.2 -1.3 .1 
-.9 1.0 .1 -1.1 .0 -.5 -1.3 -.ft .1 -.ft .7 -.1 1.2 -.3 -.It 
-.2 1.3 .3 .3 1.2 •• -.8 -.1 -.6 -1.2 .3 -.6 .6 -.3 1.1 
-.] .3 -.6 .3".9 .2 -.5 1.0 .2 .ft .7 -.8 .0 -1.2 -.3 
1.1 .8 -.6 .7 .5 -.6 -1.3 .7 -.3 .4 .8 -.2 1.2 -.1 .1 
.6 -.0 -.~ .8 .7 -.2 -.2 1.3 -.1 .7 .6 -.6 .8 -.3 .. 7 
.6 -.5 -.3 .5" -.1 -1.1 - .. 6 .3 -1.1 .0 .1 -.7 .8 -.1 .7 

1.3 -.1 .9 1.2 .5 -.3 .7 .9 -.2 .9 .7 -.4 1.3 .1 .2 
-.4 -1.2 .0 .1 -.6 -1.3 .1 -.1. -1.0 .ft -.1 -.9 .8 -.5 -.3 

.3 -.1 1.2 1.0 -.2 -.8 1.2 .3 -.3 1.0 .7 -.3 1.2 .2 .0 
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.7 -.6 .5 .5 .4 ';'1.0 -.5 - .. 2 .2 .6 .6 -.3 -1.8 -2.1 -1 .. 2 

.2 -1.1 .2 .6 .4 -.8 -.ft .1 .1 .1 -.1 -1.5 .4 2.CI 2.2 

.ft -.7 .3 .6 -.2 -.ft -.2 .2 .5 .s -.5 3.8 12.017.021.3 

.4 -.2 .5 1.0 -.3 .6 .7 .9 .9 .2 lZ.3 21.9 28.2 20;:.8 29.9 

.6 .2 1."4 .6 -1.0 -1.3 -1.1 2 .. 7 7.8 20.6·Z8.3 29.8 31.8 30.9 31.e 
-.5 -1.1 -.1 -.9 .4 1.ft 3.8 12.2 26.1 30.5 32.3 32.1 31.730.532.4 
-.9 .1 1.7 -.! 1.5 9.716.2 27.5 32.2 30.8 32.5 33.6 31.e 31.4 31.5 
-.ft -.1 - .. 9 -.2 t;.4 20.329.5 31.7 32.0 31.1 31.9 31.3 31.031.932.2 

-2.3 .5 -1.2 2.0 17.9 30.1 32.432.2 31.2 31.S 33.0 32.6 31.330.329.7 
-.4 .6 -.7 Ift.3 27.1 32.731.5 32.5 33.0 31.5 30.2 30.2 30.8 31.2 31.2 

-1.5 -.3 8.8 25.1 30 • .3 33.4 31.8 31.0 32.1 31.ft 32.5 33.0 31.932.2 32.1 
-1.0 .120.6 29.6 30.7 32.5 34.1 32.1 33.1 32.0 31.6 31.4 3lol 32.0 30~.9 

1.8 13.2 27.531.934.2 31.7 32.1 31.t; 32.9 31.5 31.8 30.9 31.7 32.t 29.2 
8.9 2b.3 31.2 30.6 32.7 32.632.3 31.5 32.3 31.9 32.4 31.ft 31.5 30.7 29.9 

15.0 28.1 32.1t 33.0 31.3 32.8 31.9 31.CI 32.4 33.! 32.4 29.6 31.It 30.3 31.2 
22.2 30.4 32.5 32.3 31.9 32.1 31.2 31.5 30 .. 8 31.8 31.3 29.1 32.629.5 30.e 
26.4 32.2 32.5 31.4 33.4 33.431.3 33.1t 32.1 32.531.729.7 32.e 29.6 31.6 
30.632.1 32.231.5 33.0 32.3 32 .. 2 31.4 31.7 31.9 31.2 29.1 31.<; 31.1 29.0 
31.6 31.7 32.3 32.431 .. 933.033.1 31.ft 33.2 31.6 31.0 30.C; 31 .. 4 33~4 30.8 
31.433.) 33.3 31.932.5 32.1 31.7 31.0 33.1 H.7 30.0 31.5 30.1 29.C/ 30.7 
32.233.4 12.ft 32.ft 32.5 32.3 31.3 31.3 32.8 31.7 30.8 30.9 30.5 28.6 2B.5 
31.ft 32.7 33.6 33.2 32.ft 32.4 31.Z 31.7 32.1 32.5 32.2 29.3 30.1 31.9 30.3 
31.733.633.132.332.232.231.031.133.03101 32.7 31 .. B 2 .... 730.930.1 
31.7 32.'>1 31.0 32.3 32.6 32.8 31.5 31.8 35.'>1 30.2 30.2 30.7 ZO.3 31.1 30.0 
32.733.334.3 32.7 32.1 32.632.1 32.0 31.030.2 31.0 31.0 30.8 31.9 29.it 
32.9 32.4 33.6 31.8 31.4 32.3 31.3 3ft.6 30.9 30.7 31.ft 29.5 31.331.0 33.3 
32.8.31.33.3.132.532.732.0 2C;.1 34.3 32.4 31.6 30.2 29.2 30.<; 20;:.3 30.1 
H.5 33.1 35.0 32.'>1 31.632.430.'>1 32.3 31.7 31.7 31.8 32.1 31.227.9 )2.0 
32.631.2 3ft.2 34.131.5 )0.1 31.5 32.4 33.0 32.2 32.7 29.4 ze.e 2<;.7 )0.4 
12.733.8 ]2 .. 2 33.4 33.2 29.611.832.8 32.0 31.3 31.6 2'>1.731.<;- 29.6 28.2 
31.9 34 .. 2 32.932.633.6 29.7 32.6 32.9 31.531.430.7 30.5 29.2 29.6 29.6 
34.031.'>1 32.5 34.0 31.1 29.9 13 .. 6 32.5 31.1 30.0 31.6 28.8 31.<; 32.2 2'0.4 
3ft.0 31.9 32.5 )4.0 31.7 29.933.632.5 32.1 30.031.828.8 31.932.2 29.4 
ll.9 34.2 32 .. 9 32.6 33 .. 6 29.7 32.6 32.9 H.5 31.4 30.1 30.5 29.22'>1.8 29.6 
32.73.3.832.233.433.2 2'>1.631.832.832.031.331.6 2'>1.7 31.," 29.6 28.2 
32.631.234.2 3ft.7 31.530.1 U.5 32.ft 33.0 32.2 32.7 29.4 28.8 29.7 30.4 
34.533.1 35.0 32.9 31.6 32.4 )0 .. 9 32.3 31 .. 7 31.7 31.8 32.1 31.2 27.C; 32.0 
32.8 31.3 33.1 32.~ 32.732.029.734.332.431.6 30.2 29.2 30.C; 2'0.3 30.1 
32.9 32.ft 33.6 31.8 31.4 32.3 31.3 34 .. 6 30.9 30.731 .. 429.531.331.033.3 
32.733.3 31t.) 32.7 32.1 32.632.1 3Z.0 31.0 30.2 31.0 31.0 30.8 H.9 29.ft 
31.732.933.0 32.3 32.6 32.8 31.5 31.8 35.9 30.2 30.2 30.7 2'>1.331.1 30.0 
31.733.6 31.1 32.3 32.2 32.2 31.0 31.1 33.031.1 32.7 31.8 29.730.91001 
31.1t 32.7 33.6 33.Z 32.4 32.4 31.2 31.7 3Z.7 32.5 32 .. 2 29.3 30.1 31.C; 30.3 
32.2 33.ft 32.ft 32.4 32.5 32.331.3 31.3 32.8 31.7 30.830.'>1 10.5 28.6 28.5 
31 .. 1t 33.3 13.3 31.9 32.5 32.7 31.7 31.0 33.1 31.7 30.0 31.5 30.7 29.9 30.7 
31.631.732 • .3 32.ft 31.9 33.0 33.131.433.231.631.030.0; 31.ft 31.430.8 
30.632.1 32.231.5 33.0 32.3 32.2 31.ft 31.7 31.9 31 .. 2 29.7 31.C; 31.1 29.0 
26.432.232.' 31.4 33.4 33.ft H.l 33.ft 32.1 32.531.7 29.7 32.8 29.6 31.6 
22.2 30.ft 32.5 32.3 31.9 32.1 31.231.530.831.831.329.712.1; 29.5 30.6 
15.0 28.1 32.ft 33.0 31.3 32.8 31.9 31.9 32.4 33.5 32.4 29.6 H.ft 30.3 31 .. 2 
8.9 26.3 31.2 30.6 32.7 32.632.3 31.5 32.3 31.9 32.4 31.ft 31.5 30.7 29.'>1 
1.813.227.5 H.9 3ft.2 31.7 32.1 31.9 32.9 31.5 31.8 30.9 11.732.12'>1.2 

-1.0 .720.6 29.f:, 30.7 32.5 34.1 32.1 33.1 32 .. 031.6 31 ... 31.1 32.030.9 
-1.5 -.1 8.825.130.333.431.831.032.131.432.533.031.912.232.1 
-.4 .8 -.7 14.3 27.1 32.7 31.5 32.5 :33.0 31.5 30.2 30.2 30.6 31.2 31.2 

-2.3 .5 -1.2 2.0 17.9 30.1 32.4 32.2 31.2 31 .. 5 33.0 32.6 31.3 30.3 210.7 
-.4 -.1 -.9 -.2 9.420.329.531.732.031.7 31.9 31.3 31.0 31.9 32.2 
- .. 9 .1 1.7 -.5 1.5 9.716.227.5 32.230.832.533.631.831.431.5 
-.5 -1.1 -.1 -.9 .ft 1.4 3 .. 8 12.2 26.130.532.3 32.1 31.730.532.4 

.6 .2 1.4 .6 ---1.0 -1.3 -1.1 2.7 7.8 20.628.32'>1.831.830.931.8 
.It -.2 .5 1.0 -.3 .6 .7 .9 .9 .2 12.3 21.9 28.2 2c;'1.8 29.'" 
.ft -.1 .3 .6 -.2 -.4 -.2 .. 2 ., .8 -.5 3.8 l2.t 17.021.3 
.2 -1.1 ;2 .6 .ft -.8 -.4 .1 .1 .1 -.1 -1.5 .4 2.9 2.2 
.7 -.6 .5 .5 .4 -1.0 -.5 -.2 .2 .6 .6 -.3 -1.8 -2.1 -1.2 

-1.0 -2.8 -2.8 -1.0 -1.2 -2.1 -1.6 -.3 .6 .6 .2 -.2 -.5 -1.0 .4 
2.0 2.9 2.9 2.0 2.2 2.9 .4 -1.' -.1 .1 .1 .. 1 -.4 -.8 .ft 

23.2 22.7 22.7 23.2 21.3 17.0 12.6 3.8 -.5 .8 .5 .2 -.2 -.4 -.2 
29.529.029.029.529.9 29.8 28.2 21.9 12.3 .2 .9 .C;'I .7 .6 -.3 
30.131.1 31.1 30.331.830.931.829.8 28.3 20.6 7.8 2.7 -1.1 -1.3 -1.0 
30.930.230.2 30.932 •• 30.531.73201 32.3 30.5 26.7 12.2 3 .. 8 1.4 .4 
31.7 33.0 33.0 31.7 31.~ 31.ft 31.8 33 .. 6 32.5 30.8 32.2 21.5 It .. 2 "'.1 1.5 
31.2 32.2 32.2 31.2 32.2 31.931.0 31.3 31.q 31.7 32.0 31.7 2C;.5 20.3 q.ft 
30.229.729.730.229.7 10 • .3 31.3 32.6 33.0 31.5 31.2 32.2 32.4 30.1 17.9 
31.63101 31.1 31.6 31.2 31.2 30.8 30.2 30.2 31.533.0 32.5 11.~ 32.727.1 
30.631.531.5 30.6 32 .. 1 32.231.933.032.531.432.1 31.031.8 33.ft 30.3 
30.6 30.4 30.ft 30.6 30.9 32.03101 31.4 11.6 32.0 33.1 32.1 34.1 32.5 30.7 
32.030.130.7 32.0 29.2 32.1 31.7 30.9 31.8 31.5 32.9 31.9 32.1 31.7 3ft.2 
32.0 30.9 30.9 32.0 29.9 30.7 31.5 31.ft 32.4 31.9 32.3 31.5 32.3 32.6 32.7 
29.3 3101 31.1 29.3 31.2 10.3 31.ft 29.6 32.4 33.5 32.4 31.'>1 31.9 32.8 31.3 
29.3 31.3 31.329.330.629.532.6 2q.7 31.3 31.8 30.8 31.5 31.2 32.1 31.9 
31.929.629.631.9 31.t 29.6 32.8 29.7 31.7 32.5 32.1 33.ft 31.3 33.4 ]3.4 
29.9 29.1 29.1 29.929.031.1 31.9 29.7 31 .. 2 31.9 31.7 31.ft 32.2 32.3 33.0 
29.631.1 31.1 29.6 30.8 33.4 31.ft 30.9 31.0 31.6 33.2 3l.1t 33.1 33.031.9 
31.5 29.ft 29.ft 31.5 10.7 29.930.7 31.S 30.0 31 .. 7 33.1 31.0 31.7 32.7 32.S 
29.1 29.1 29.1 29.1 28.5 28.630.530.9 30.8 31.7 32.8 31.3 31.3 32.3 32.5 
30.2 31.831.8 30.2 30.3 31.9 10.1 29.3 32.2 32.5 32.7 31.7 31.2 32.1t 32.4 
29.53001 30.1 29.' 30.1 30.92'0.731.8 32.7 31.1 33.031.1 31.0 32.2 32.2 
10.029.229.2"30 .. 0.30.0 3101 29.3 30.7 30.2 30.2 35.9 31.831.532.832.6 
29.3 28.4 28.4 29.3 29.ft 31.9 30.8 31.0 31.0 30.2 31.0 32.0 32.1 32.6 32.1 
Z8.3 29.3 29.3 28.3 33.3 31.0 31.3 29.~ 31.1t 30.7 30.9 3ft.6 31.3 32.3 31.4 
28.026.5 28.5 28.030.1 29.330.929.2 30.231.6 32.434.) 2'>1.132.032.7 
30.2 28.8 28.8 30 .. 2 32.0 27.9 31.2 32.1 31.8 31.731.1 32.3 30.t; 32.ft 31.6 
28.430.3 30.3 28.4 30.4 29.7 28.8 29.ft 32.7 32.2 33.0 32.4 31.5 30.1 31.5 
30.729.729.730.728.2 29.6 31.9 29.7 31.6 31.3 32';0 32.8 31.8 29.6 33.2 
32.1 26.3 2b • .3 32.1 29.6 2'0.8 29.2 10.5 30.7 31.4 31.5 32.9 32.6 29.7 33.6 
10.027.821.830.029.432.231.9.28.831.830.032.1 32.5 33.6 29.9 31.7 
30.027.827.830.0 29.ft 32.2 31.9 28.8 31.8 30.0 32.1 32.5 33.6 29.'0 31.7 
32.1 26.3 26.3 32.1 29.6 29.8 29.2 30.5 30 .. 7 31.ft 31.5 32.'>1 32.6 29.7 33.1; 
30.729.729.730.728.229.631.929.731.631.332.032.831.8 29.6 33.2 
28.ft 10.3 30.3 28.ft 30.429.728.629.4.32.732.233.032.431.530.131.5 
10.2 28.8 28.8 30.2 3Z.0 27.9 31.2 32.1 31.8 31.7 31.7 32.3 10.9 32.ft 31.6 
28.028.528.528.030.129.330.929.230.231.632.4·34.3 29.7 32.0 32.7 
28.3 29.3 2'>1.3 28 .. 3 33.3 31 .. 0 31.3 29.5 31.4 30.7 30.9 3ft.6 31.3 32.3 H.ft 
29.328 •• 28.429.329.431.930.831.031.030.2 31.0 .32.0 32.1 32.6 32.1 
30.02'>1.229.2 30.030.031.1 2'>1.3 30.1 30.2 30.2 3!'i.9 31.8 31.0~ 32.6 32.6 
29.530.130.129.' 30.1 30.929.731.832.731.133.03101 31.032.232.2 
30.2 31.8 31.8 30.2 30.3 ll.9 30.1 29.3 32.2 32.5 3Z.7 31.7 31.2 32.432 •• 
29.1 29.1 29.1 2'>1.1 28.5 28.6 30.5 30.9 30.8 31.7 32.8 31.3 31.3 32.3 32.!' 
31.5 29.ft 29.431.530.729.930.731.530.031.7 33.t 31.0 31.7 32.732.5 
29.631.1 31.1 29.630.8 33.ft 31.4 30.'>1 31.0 31.6 B.2 31.4 33.1 33.0 31.9 
29.929.129 .. 129.929.031.131.929.731.231.9 :31.7 31.ft 32.2 32.3 B.O 
31.929.6 29.6 31.9 31.6 29.6 32.8 29.7 31.7 32.5 32.1 33.431.3 33.4 33.ft 
29.331.3 31.3 2'7.3 30.6 29.5 32 .. 6 29.7 .31.3 31.830.631.531.232.1 1I.9 
29.331.1 1I.1 29.3 31.2 30.3 31.4 29.6 32.4 33.5 32.ft 31.9 31.C; 32.8 31.3 
.32.030.9.30.932.029.9 30.731.5 31.4 .3Z.4 31.9 32.3 31.5 32.3 32.6 32.7 
32.0 30.7 30.7 32.0 29.2 32.1 31.7 30.Q 31.8 31.5 32.9 31.9 32.1 31.714.2 
30.630.430.430.630.932.031.131.431.632.033.132.1 34.1 32.5 30.1 
30.631.5 31.530.632.1 32.2 31.9 33.0 32.5 31.ft 32.1 31.0 31.8 33.4 30.3 
31.~ 31.1 31.1 31.631.2 31.2 30.8 30.2 30.2 31.5 33.032.5 31.5 32.7 27.1 
]0.2 2~.7 29.7 30.2 29.7 30.3 31.3 32.6 33.0 31.5 31.Z 32.2.32.4 30.1 17.9 
31.2 32.2 32.2 31.2 32.2 31.q 31.031.3 31.9 31 .. 7 32.0 31.7 2c;.5 20.3 9.4 
31.733.033.031.731.531.431.8 33.6 32.5 30.8 32.2 27.5 H.2 '>1.7 1.5 
30.930.230.230.932.430.531.732.1 32.3 30.5 26.7 12.2 3.8 1.4 .ft 
30.331.131.130.331.830.931.829.828.320.6 7.8 2.7 -1.1 -1.3 -1.0 
29.529.029.029.529.929.826.221.'>1 12.3 .2 .9 .'7 .7 .6 -.3 
23.2"22.722.723.221.3 17.0 12.6 3.8 -.5. .B .5 .2 - .. 2 -.4 -.2 
2.0 2.9 2.9 2.0 2.2 2.9 .4 -1.5 -.1 .1 .1 .1 -.ft -.B .4 

-1.0 -2.6 -2.8 -1.0 -1.2 -2.1 -1.6 -.3 .6 .6 .2 -.2 -.5 -1.0 .4 
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.5 .5 -.6 .7 .0 .. 2 1.2 -.3 .7 1.0 -.3 .3 1.2 -.8 -.z 

.6 .2 -1.1 .2 -.J -., .8 -.9 -.1 .4 -1.0 -.1 .. 1 -1.3 -.b 

.. 6 .3 -.1 .4 .2 .1 ,1.3 -.4 .7 .9 -.2 .9 .1 -.3 .5 
1.0 .5 -.2 .4 .7 -.1 .8 -.7 .1 .0 -1.1 .3 -.t -1.1 -.1 

.6 1.4 .2 .b .7 -.3 .8 -.6 .. 6 .1 -.1 1.3 -.2 -.2 .7 
-.9 -.1 -1.1 -.5 .1 -.1 1.2 -.2 .8 .4 -.3 .7 -1.3 -.6 .5 
-.5 1.7 .1 -.9 -.J -1.2 .0 -.8 .. 7 .4 .2 1.0 -.5 .2 .9 
-.2 -.9 -.1 -.4 1.1 -.3 .6 -.6 .3 -1.2 - .. 6 -.1 -.8 .4 I.Z 
2.0 -1.2 .S -2.3 -.4 -.3 1.2 -.1 .1 -.4 .1 -.4 -1.3 -.5 .0 

14.3 -.7 .8 -.4 .1' -1.3 -.2 -.4 1.5 -.1 .S -.6 -.4 1.0 .1 
25.1 8.a -.) -1.5 .0 .7 .3 -1.1 -.1 -.9 1.0 .1 .4 .1 -.1 
29.620.6 .1 -1.0 -.5 -.4 .7 .2 .4 -1.0 -.4 -1.4 .2 1.2 .4 
31.927., 13.2 1.8 -1.7 -.5 .4 -.1 hI .1 .4 -1.2· -.1 .2 -.7 
30.b 31.2 26.3 8.9 -1.0 -.8 -.0 -.1 .2 .1 .8 -.5 .5 .~ -l.5 
33.032.428.1 15.0 .0 -1.9 -.4 -1.1 1.0 -.2 -.5 .1 1.1 .2 .3 
32.3 32., 30.4 22.2 2.9 -.8 -1.6 -.3 -.9 .5 -.8 -.7 .9 .3 .8 
31.4 32.5 )2.2 26.4 10.4 .It -.1 -1.8 .3 - .. 3 -.9 .6 .8 -.4 1.2 
31.532.232.130.617.7 2.8 .5 -.0 -1.1 .1 -1.4 -.1 1.1 -.2 - .. 4 
32.432.331.731.625.5 8.2 1.6 -.2 .2 -1.2 -.) .3 -.2 .8 -.1 
31.933.3 33.3 31.4 28.5 ll.3 1.4 -.3 .1 -.1 -1.3 .9 -.2 -.1 -1.0 
32.4 3Z.4 33.4 32.2 30.8 17.4 2.7 .5 .4 -.Z -.0 -.5 -.3 .3 -1.5 
33.233.632.731.-431.423.9 7.9 2.1 .5 -.9 .8 .5 -.7 -.7 .4 
32.333.133.631.7 32.2 27.4 11.5 I.' -.1 -.4 .2 .8 .3 -2.1 .1 
32.333.0·32.931.732.6 29.1 14.2 .4 -.6 -1.0 1.1 -.2 .) -.3 -.2 
32.73-4.333.332.733.329.815.3 -.1 -2.1 -.1 1.3 .3 -.7 .5 .8 
H.8 33.6 32.4 32.9 32.3 30.5 17.2 -1.2 -3.0 -.1 ., .1 -.8 .9 -.1 
32.' 33.1 31 • .3 3Z.S 30.7 31.2 19.9 2.0 -2.0 -.3 .9 -.9 .0 .7 -.5 
.32 .. 935.033.1 3-4.5 31.8 32.0 25.1 8.3 -., .7 .7 -1.1 .8 .3 .0 
3-4.734.231.232.632.2 31.S 29.1 1l.6 -.4 1.-4 -.4 -.1 .3 -.1 .2 
33.432.2 U.S 32.7 33.0 31.S 2S.5 10.3 .6 1.5 -1.2 .6 -.2 .0 1.4 
32.632.934.231.931.53-4.0 31.1 9.0 2.2 -.3 -.4 .3 .1 .3 .7 
34.032.531.934.0 32.8 32.8 30.3 9.1 2.S -1.5 .4 -.1 .4 .5 -.6 
3-4.032.531.93-4.032.8 32.8 30.3 9.1 2.8 -1.5 .4 -.1 .4 .5 -.6 
32.632.934.2 31.9 31.5 34.031.1 9.0 2.2 -.3 -.4 .3 .1 .3 .7 
33.432.233.832.7 33.() 31.S 2S.5 10.3 .6 1.5 -1.2 .6 -.2 .0 1.4 
34.134.231.2 32.6 32.2 31.829.1 11.6 -.4 1.4 -.4 -.1 .3 -.1 .2 
32.935.033.1 34.5 31.8 32.025.1 8.3 -.5 .7 .7 -1.1 .8 .3 .0 
32.533.131.3 3Z.8 30.7 31.7. 19.9 2.0 -z.o -.3 .9 -.9 .0 .7 -.5 
31.833.6 32.432.932.3 30.5 11.Z -1.2 -3.0 -.1 .s .1 -.S .9 -.1 
32.734.333.332.733.329.815.3 -.1 -2.1 -.7 1.3 .3 -.7 .5 .B 
32.333.032.931.7 3Z.6 29.1 14.2 .4 -.6 -1.0 1.1 -.2 .3 -.3 -.2 
3Z.3 13.1 33.6 31.1 3Z.2 27.4 U.5 1.5 -.1 -.4 .Z .8 .3 -2.1 .1 
.33.233.6 3Z.1 31.4 31.4 23.9 7.9 2.1 .5 -.9 .S .5 -.7 -.7 .4 
32.4 3Z.4 33.4 32.Z 30.8 11.4 2.7 .5 .~ -.2 -.0 -.5 -.3 .3 -1.5 
31.9 33.) 33.3 31.4 28.5 13.3 1.4 -.3 .1 -.1 -1.3 .9 -.2 -.1 -1.0 
3Z.~ 32.3 31.7 31.6 25.5 8.2 1.6 -.Z .2 -1.2 -.3 .3 -.2 .8 -.1 
31.5 32.2 32.1 30.6 17.7 2 .. 8 • !Ii .... 0 "'1.1 .1 -1 .. 4 -.1 1.1 -.Z -.4 
31.11> 32.5 32.2 26.4 10.4> .4 -.1 -1.8 .3 -.3 -.9 .6 .8 -.4 1.2 
32.3 32.5 30.4 22.2 2.9 -.9 -1.6 -.3 -.9 .5 -.8 -.7 .9 .3 .8 
33.0 32.4 ZS.l 1~.0 .0 -1.9 -.4 -1.1 1.0 -.2 -.5 .1 1.1 .. 2 .3 
30.631.226.3 8.9 -1.0 -.B -.0 -.1 .Z .1 .8 -., .5 .6 -1.5 
31.927.5 11.Z 1.8 -1.7 -.5 .4 -.7 1.1 .1 .4 -1.2 -.7 .Z -.1 
29.6 20.6 .1 -1.0 -.5 -.4 .1 .2 .4 -1.0 -.4 -1.4 .2 1.2 .4 

·25.1 '8.8 -.3 -1.5 .0 .7 .3 -1.1 -.1 -.9 1.0 .1 .4 .1 -.1 
14.3 -.7 .8 -.4 .1 -1.3 -.2 -.4 1.5 -.1 .5 -.6 -.4 1.0 .7 

2.0 -1.2 .5 -2.3 -.4 -.3 1.2 -.1 .7 -.4 .1 -.4 -1.3 -.5 .0 
-.2 -.9 -.1 -.4 1.1 -.3 .6 -.6 .3 -1.2 -.6 -.1 -.S .4 1.2 
-.5 1.7 .. 1 -.9 -.3 -1.2 .0 -.8 .7 .4 .Z 1.0 -.5 .2 .9 
-.9 ~.1 -1.1 -.5 .1 -.1 1.2 -.2 .S .4 -.3 .7 -1.3 -.6 .5 

• 6 1.4 .Z .6 .7 -.3 .8 -.6 .6 .1 -.1 1.3 -.2 -.2 .7 
1.0 .s -.2 .4 .7 -.1 .8 -.7 .1 .0 -1.1 .3 -.6 -1.1 -.1 
.6 ".3 -.7 .4 .2 .1 1.3 -.4 .1 .9 -.Z .9 .7 -.3 .5 
.6 .2 -1.1 .Z -.3 -.5 .8 -.9 -.1 .4 -1.0 -.1 .1 -1.3 -.6 
.s .5 -.6 .7 .0 .2 1.2 - .. 3 .7 1.0 -.3 .3 1.Z -.8 -.2 

1.0 1.2 
.1 .0 

1.2 .. .. -.3 
.S -.. 
.7 -.' 
.3 - .. 
.3 .3 

-1.1 .. 
-1.0 -.3 
-.3 1.5 

.2 .3 

.S .7 

.3 -.' 
• 7 -Z.o 

-.S -.3 
-.4 :-.2 
- .. .. 

-1.1 .. .. • 6 .. 1.0 .. - .. 
1.2 -1.4 
-.7 .. 

-1.8 .t 
-.0 -.4 

.3 1.0 
1.0 -.3 

• S -.3 
-.S .7 
-.3 .7 .. -.t .. -.t 
-.3 .7 
-.S .7 

.8 -.3 
1.0 -.3 

.3 1.0 
-.0 -.4 

-1.8 .1 
-.7 .. 
1.2 -1.4 .. - .. .. 1.0 .. .6 

-1.1 .. 
-.. .. 
-.. -.2 
-.s -.3 

• 7 -2.0 
.3 -.. 
.S .7 
.2 .3 

-.3 1., 
-1.0 -.3 
-1.1 .t 

.3 .3 

.3 -.' 

.7 -.' 
• S -.. .. -.) 

1.2 .. 
.1 .0 

1.0 1.2 

-.1 .3 
-1.2 -.4 
-.1 1.3 -.. .. 
-.0 .. 

.S 1.1 

.3 -.3 
1.3 -.2 
1.0 -.. 
-.S -l.t 
-.2 -.' 

-1.4 -.1 
-.1 .2 
-.1 1.0 

-1.1 .. .. -.0 
.5 .7 

1.3 -.S .. .2 
-1.0 -.0 -.. -.. 

.2 1.' 
-.2 .. .. -.S 
1.2 -.7 
-.3 .. 

-1.7 .1 .. -.' 
.3 .. 
.7 -.' 
.4 -.2 

-.0 1.0 
-.0 1.0 .. -.2 
.7 -.' 
• 3 .. .. -.. 

-1.1 .1 
-.3 .. 
1.2 -.7 .. -.S 
-.2 .. 
.2 1.' 

-.. -.. 
-1.0 -.0 .. .2 

1.3 -.S 
.S .7 .. -.0 

-1.1 .. 
-.1 1.0 
-.1 .2 

-1.4 -.1 
-.2 -.4· 
-.s -1.6 
1.0 -.' 
1.3 -.2 

.3 -.3 

.S 1.1 
-.0 .. 
-.S .. 
-.1 1.3 

-1.2 -.' 
-.1 .3 

Example 12 uses the same program ATENUX as Example 11 to reconstruct 
simulated projection data for a phantom with a circular annulus and 
a central circular source, which is attenuated by a circular attenuator. 
This example was also reconstructed in Example 10, where the distribution 
of attenuation coefficients was determined 
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c 
c 
c 
c 
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SUBROUTINE GETUM "",DATA,ERRI E1Z.12B 
E1Z.129 

EXAMPLE 12 E12.130 
El2.131 

·THE SUBROUTINE GETUM GIVES SIMULATED PROJECTION DATA FOR E12.132 
A PHANTOM WITH" CIRCULAR ANNULUS AND A CENTRAL CIRCULAR SOURCE EIZ.ll3 
WHICH IS ATTENUATED 8Y A CIRC"",AR ATTE!4UATOR.. ~g:g; 

DIMENSION DATAI1J,ERR(l) Et2.ll6 
Dt MENSI~ I TYPEI4) ,Ie 41 ,Xl (4),Yl (41, Al C41, Bl(4) ,PI (4) E 12.131 
DATA ITYPE/-1,1,1·,ll E1Z.U8 
DATA 11.07',30.,-30.,30.1 El2.13~ 
DATA xl/O.,O.,o.,o./ E12.11tO 
DATA Yl/O.,D.,O.tO.1 El2.141 
DATA Al/60.,60.,40.,20.1 E12.142 
DATA 81/60.,60.,40.,20.1 E12.lIt3 
DATA PHIIO.,O.,O.,O .. I EIZ.1" 

El2.145 
CALL PHANL. 1It,ITYPE,Z,Xl,Yl,Al,BL,PHI,DATA,M, El2.146 

El2.147 
RETURN ELZ.148 

E12.U9 
END . E12.~50 • 7 

S 

• 
10 
II 

12 

by a transmission study. 

SSS EEEEE "TTT U U PPPP 
S E TUUPP 

SSS EEE T U U PPPP 
SET U U P 

SSS EEEEE T UUU P 

INTEGER PARAMETER ARRAY {IPAR I 

IPARI II 

•• 1 
o 

72 

• 
.100 

o 
18000 

1 
o 
• 

DESCRIPTION 

LINEAR DIMENSION OF THE R€CONSTRUCTTON ARRAY 
RECONSTRUCT IN A SQUARE ARPAY 
GEOMETRY FLAG 
PARAllEL BEAM GEOMETRY 
NUM8ER OF PROJECTION ANGLeS 
MODE FOR PROJECTION ANGLE INPUT ISEE FOLLOWING L1NESI 
ANGLES GENERATED BETWEEN ZERO AND 2.PI 
STARTING AT ZERO 
NUMBER. OF RAYS FOR EACH PROJECTION 
EMISSION DATA 
DIMENSION OF THE FLOATING POINT USERS 8LANK COMMON BLOCK 
NUMBER OF "'OROS FOR A flOATING POINT VARIABLE 
EXECUTE THE RECONSTRUCTION INOT JUST STORAGE SIZE TES1I 
PRINT FLAGS (OPTIONS SELECTED ARE O~ THE FOLLOWING LIfIIESI 
PRINT REQUIRED FLOATING POINT 8U'NK COMMON WHENEVER CHANGED 
PRJ NT SETUP VALUES FROM IPAR AND PAR ARRAYS 
LOGICAL UNIT NO. FOR ATTENUATION FACTOR STORAGE 

FLOATING POINT PAII:AMETEA ARRAY IPARI 

PARe J) 

1.000 
50.500 

o 

DESCRIPTION 

PIXEL WIDTH IN UNITS Of PROJE'CTIOt.j BIN "'10TH 
LOCATION OF THE ROTATION AXIS IN THE PPOJECTtON ARRAY 

NA NOT APPLICABLE CNOT FAN SEAM GECMETRYI 

,., 
'if;..: 

~:iP 



BLANK COMMON REQUIRED 12 lt~) 

BlAr« COMMON REQUiRED 144 ZZO. 

BlAM( COMMON REQUIRED "6 3301 

BLANK CDM"ION REQUIRED 41b 6401 

BLANK COMMON REQUIRED 544 f 10401 

A TOTAL OF 9Z ( 5 THRU 961 OF THE 100 USER PROJECTION BINS WilL BE USED 

9Z PROJECT ION BINS Will BE useD (IF WHICH 0 HAVE BEEN ZERoeD BY THE PR.OG"AM 

MAXIMUM SI ZE OF BLANK COMMON THUS FAR· 544 flOATING POINT WORDS. 

EEEEE N N DODD SSS EEEEE TTTTT 1I U PPPP 
E NNNOO SET U U P P 
EEE N N NOD SSS EEE T U U PPPP 
E N NND 0 SET U U" 
EEEeE N N DODO SSS EEEEE T UUU P 

GGG P F.RR UA 0000 Y Y 
GGRRAAODYY 

ISTP -
IRLX -
IERR -
I ZER -

G RRRR A ADD Y 
G GG R R AUAA 0 0 Y 

GGGG R R A A DODD 

PARAMETERS FOR SUBROUTINE GRADY 

15 
1 
o 
o 

DESCRIPTION 

NUMBER OF ITERAltON STEPS 
ITERATIVE RELAXATION "'ETHOD 
DO NOT USE ERROR ARRAY 
INITIAL SOLUTI eN IS ZEII:O 

BLANK COMMON REQUIq,ED bib C 11501 

BLANK COMMON REQUIRED 1226 f Z31Z1 

eACKPROJECT ION AND P"DJECTION/CONVOLUT IDN/FtL TER ROUTINES 
PERFORM THE FOLLOWING FUNCTIONS . 

ARG FUNCTION RAY WEIGHT ING ATTENUATION 
BeK BACKPROJECTJON UNIFORM SQUARE NO 
PRJ PROJECT ION UNIFORM SQUARE NO 

BLANK COM/lilON REQUIRED 1410 , Z6021 

BLAt« COMMON REQUIRED 5506 , lZ60Z' 

BLANK COMMON REQUIRED 960Z , ZZ60Z' 

BLANK COMMON REQUIRED 1369B , 3Z602' 

BLANK COMMON REQUIRED 13730 , 3264Z I 

BLANK COMMON REQUI RED 13698 I 3Z6021 

FOR CONGR AND GRADY FCN IS THE VALUE OF THE CHI-SQUARE 
FOR ENTPY FCN I S EVAlUATED BY THE SUBROUTI NE oULFC 
ITER 0 feN .392E+09 
ITER I FCN .360E+08 
ITER Z FeN .102E+OB 
ITER 3 FCN .67BE+07 
ITER FCN. 497E+07 
IT ER. feN. 390E+07 
ITER FeN .315E+07 
ITER. FeN .Z6ZE+07 
ITER FCN .ZZ3E+07 
ITER 9 FCN .19ZE+07 
ITER 10 FeN .. 168E+07 
ITER 11 FCN .149E+07 
ITER IZ FCN • 133E+07 
ITER 13 FeN .120E+07 
ITER 14 FCN .I09E+07 
ITER 15 FCN .99IE+06 

BLANK COMMON REQUIRED 13514 ( 323121 

BLANK COMMON REQUIRED 9418 ( Z2HZ I 

BLANK COMMON REQUIRED 53Z2 ( 1Z31Z1 

BLANK COMMON IlEQUIREo 12Z6 ( Z31Z 1 

FAN 8EAM 
NO 
NO 

MAXIMUM SIZE OF BLANK COMMON THUS FAR.. 13730 FLOATING POINT WORDS. 

EEEEE N N DODD GGG RR~R AAA DODD Y 
E NN NOD GGRR~ADOYY 
EEE N N NOD G RIl:RR A A 0 0 Y 
E N NNO 0 G GG R R /iAAAA 0 0 Y 
EEEEE N N DODO GGGG R R A A DODO Y 

THE APPROXIMATED RECON~TRUCTI!JN FOR Af.! EMISSION SCAN 

,J,MIN m -.13E+01 XMAX • .14E+02 XSUM ., • 17'14E+05 
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.. ---M ....... 1I8eX·-------------------------------·XeElIIIH •••• "'---. 
·--- ...... lIftIeElMA+----------------------------tAMfI ... IH .... ---. 
.----11 ..... 1I88E1"'1. --------------------------1 '180" ..... '----. 
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• - - -- -----+HII.n .......................... _---- -- - - • 
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-.1282E+Ol -.1431E+00 .15Z7E+OI .2Z81E+01 .28IBE+Ol .34HE+Ol .4033E+Ol 

Z X A MS. II 
.4565E+Ol .4945E+OI .53Z4E+OI .6160E+Ol .6995E+Ol .75ZbE+Ol • 8134E+Ol 

• • • • • • • • 8665E+OI .9804E+OI .1117E+OZ .1193E+OZ .lZ54E+OZ • 131!'€+02 .13~8E+02 

• .139lf+OZ 

.1 -.5 
-.5 -1.3 

.9 -.0 

.2 -.1 
-.1 -.B 

.b -.1 -., -1.0 

.1 .1 

.1 -.b 
.2 -.0 
.2 -.9 
.4 .1 
.2 -.9 
.1 -.0 
.2 -.b 

-.3 -.1 
-.1 -.4 

.3 -.2 
-.0 .1 

.3 • 1 
-.4 .5 

• 3 .. 
.1 .1 
.1 1.2 
.9 1.2 

1.0 1.B 
1.1 2.3 
1.1 3.1 
1.4 3.9 
1.5 4.3 
1.1 5.2 
1.9 5.5 
1.9 5.5 
1.1 5.2 
1.5 •. 3 
1.4 3.' 
1.1 3.1 
1.1 2.3 
1.0 1.8 

.9 1.2 

.7 1.2 

.1 .1 
• 3 .. 

-.4 • 5 
.3 • 1 

-.0 .1 
.3 -.2 

'.1 -.. 
-.3 -.1 

.2 -., 

.1 -.0 

.2 -.9 .. .1 

.2 -.9 
.2 -.0 
.1 -.< 
.1 .1' 

-.3 -1.0 
.b - ~ 1 

-.1 -.B 
.2 -.1 
.9 -.0 

-.5 -1.3 
.1 -.3 

.9' .2 
- .0 - .1 
1.1 ., ., -. ~ ., -., 
.b -., 
• 0 - .. ., -.5 

-.2 - .1 
.b -.b 

-.1 -., 
.b -.4 

-.1 .1 
-.1 -.1 

.2 .2 
- .. .1 

.4 .0 

.1 .4 

.2 1.2 .. I.B 

.8 3.3 
1.4 b.3 
2.5 lO.O 
3.5 11.9 
5.5 13.t 
B.4 13.4 

10.4 13.7 
11.2 13.7 
12.1 lZ.8 
13.Z 13.0 
13.5 12.<; 
12.7 12.7 
12.7 lZ.7 
13.5 1Z.9 
13.Z 13.0 
12.1 1Z.8 
li.:.:- D.1 
10.1., 13.7 
8.4 13.4 
5.5 13.1 
3. ~ 1l.9 
2.5 10.0 
1.' •• 3 .. 3.3 .. I.' 

.2 1.2 

.1 .4 

.4 .0 
-.' .1 

.2 .2 
-.1 -.1 
-.1 .1 

.b -.4 
-.1 -.S ., -.b 
-.2 -.1 

.5 -.5 

.0 - .4 

.b -.3 

.3 -.3 

.3 -., 
1.1 .3 
-.0 .... 7 

.9 .2 

-.1 .b -.3 
-.8 -.1 -1.0 ., .b .0 -., -.3 -.4 
-.0 -.1 .5 
-.I -.9 -.2 

.5 -.2 .9 

.1 -1.1 -.1 

.1 .0 -.4 
-.2 -.1 -.I 

.1 -.1 -.2 
-.4 .. .1 
-.5 -.0 .. 

.1 .2 1.2 

.2 .b 2.3 

.5 l.b b.1 
1.0 3.4 11.6 
2.0 8.1 13.3 
'.1 12.4 12.8 
B.3 13.3 lZ.6 

lZ.2 13.5 lZ.3 
13.1 12.<1 U.Z 
13.S 12.7 10.9 
lZ.4 11.9 10.8 
lZ.7 1l.5 10.0 
lZ.5 11.6 10.1 
11.7 11. Z 10.3 
lZ.1 10.7 9.3 
11.4 9.' 9.3 
1l.1 10.7 9.1 
11.2 9.9 9.1 
ll.~ 9.8 9 •• 
ll.~ 9.B 9 •• 
1l • .2 9.9 9.1 
11.7 10.7 9.1 
11.4 9.8 9.3 
12.1 10.7 9.3 
11.7 11. Z 10.3 
lZ.5 11.6 1001 
12.7 11.5 10.0 
H.4 11.9 10.8 
13.9 12.7 10.9 
13.1 12.9 11.Z 
IZ.2 13.5 1Z.3 
'.3 1.3.3 lZ.6 
'.1 12.4 lZ.8 
2.0 8.1 13.3 
1.0 3.' 11.6 

.5 1.b b.7 

.2 .6 2.3 

.I .2 1.2 
-.5 -.0 .4 
-.4 .. .1 

.1 -.1 -.2 
-.2 -.1 - .1 

.1 .0 -.4 

.1 -1.1 -.1 

.5 -.2 .0 

-.I -.9 -.2 
-.0 -.1 .5 
-.3 -.3 -.. 

.3 .b .0 
-.B -.1 -1.0 
-.1 .6 -.3 

.1 .1 .2 .2 .4 .2 .1 .2 

.1 -., -.0 -.9 .1 -., -.0 -.b 

.5 -.2 .b -.1 .b -.1 -.1 .2 -., -.1 -.b -., -.4 .1 -.1 .2 
.1 .1 -.2 .1 -.4 -.5 .1 .2 

-1.1 .0 -.1 -.1 .. -.0 .2 .b 
-.1 -.. -.1 -.2 • 1 .. 1.2 2.' 

.1 -.2 .. .3 .B I.' ,.B '.5 
-.2 -.0 .1 .1 1.9 '.5 1l.3 13.7 

.4 .I .B 1.9 '.0 lZoi 13.6 13.0 ., .1 1.9 5.8 12.2 13.1 12.7 12.0 

.B 1.9 '.0 12.2 13.7 1Z.7 11.4 10.~ 

1.3 4.' lZ.1 13.1 lZ.7 U.t- 10.7 10.Z 
3.B 11.3 13.6 lZ.7 1l.4 10.7 < .9 9.1 
9.5 13.7 13.0 lZ.0 10.9 10.Z 9.1 1.9 

IZ.7 13.Z 11.9 10.9 9.B ~.I 8.5 1.9 
lZ.9 lZ.7 l1 .. Z 10.3 9.1 9.0 8.5 1.0 
13 .. J. ll.6 10.4 9.5 8.5 8.1 1.1 1.3 
lZ.Z 10.8 9.9 8.9 8.2 1.9 1.1 
11.5 10.1 9.5 '.2 1.1 1.B 1.0 
10.7 9.1 9.1 8.' 1.B 1.0 ,., 
10.0 9.' 8.2 8.0 1.1 b.8 b.l 4.' 
9.1 B.9 B.' 1.4 1.1 6.' :.3 2.9 
9.4 8.5 8.1 1.4 1.0 b •• '.3 2.0 
9.2 8.3 1.5 7.1 6.b 5.1 3.2 l.b 
8.' 8.5 1.1 t.' 6 .. 5 4.B 2.3 1.0 
8.b B.3 1.1 1.2 b.2 4.0 1.1 .1 
8.3 1.1 1.2 •• 8 5.9 3.3 1.' .t 
s.! 1.b 1.0 b.' 5.' 2.8 1.0 .t 
8 •• 1.4 1.1 '.5 5.2 2.2 .9 .5 
B.3 1.4 1.1 '.3 4.' 2.3 .9 .5 
8.5 1.3 1.0 ,.4 4.8 2.0 .9 .1 
8.5 1.3 7.0 ... 4.8 2.0 ., .1 
B.3 1.4 1.1 <'3 4.' 2.3 ., .S 
B.4 1.4 1.1 6.! 5.2 2.2 .< ., 
'.5 1.6 1.0 ... 5.B 2.B 1.0 .b 
B.3 7.7 .2 '.B 5.9 3.3 1.' ., 
'.b B.3 1.1 1.2 "2 '.0 1.1 .1 
B.9 8.5 1.1 '.9 b.S '.B 2.3 1.0 
9.2 B.3 1.5 1.1 b.b 5.1 3.2 I.' 
9.4 8.5 B.l 1.4 1.0 b.4 4.3 2.0 
9.1 B.9 8.' 1.4 1.1 <.4 5.3 2.9 

10.0 9.4 B.2 B.O 1.1 '.B b.l 4.' 
10.7 9.1 9.1 8 •• 1.B 1.0 b.b '.8 
ll. ! 10.1 9.5. P..Z 1.1 1.B 1.0 '.1 
lZ.Z 10.8 , .9 B.< 8.2 1.' 7.1 6.17 
13.1 1l.6 10.4 <;.5 8.5 B.l 1.1 1.3 
lZ.9 lZ.7 11.2 10.3 9.1 '.0 8.5 1.0 
lZ.7 13. Z 11.0; 10.9 9.B 9.1 •• 5 1.9 
9.5 13.7 13.0 lZ.0 10.9 10.Z 9.1 1.9 
3.8 11.3 13.6 IZ.7 11.4 10.7 ,., 9.1 
1.3 4.5 lZ.1 13.1 lZ.7 11.6 10.7 10.2 

.B 1. 0 '.0 1Z.Z 13.7 lZ.7 11.4 10.9 
.3 .1 1.9 5.' 12.2 13.1 lZ.7 12.0 
.4 .1 .8 1.9 b.O lZ.1 13.0 13.0 

-.2 -.0 .1 .1 1.9 4.5 11.3 13.7 
.1 -.2 .4 .3 .B 1.3 3.8 9.5 

-.1· -.' -.1 -.2 .1 .. 1.2 2.3 
-1.1 .0 -.1 -.1 .. -.0 .2 .b .. .1 -.2 .1 -.. -.5 .1 .2 
-.5 -.1 -.6 -.5 -.4 .. -.1 .2 

.5 -.2 .b -.1 ., -.1 -.1 .2 

.1 -.b -.0 -.9· .1 -.9 -.0 -.' 

.1 .1 .2 .2 .4 .2 .1 .2 
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-.3 -.1 .3 -.0 .3 -.' • 3 01 .7 .. 1.0 1.1 1.1 1.' 1.5 - .0 .3 -.1 -.3 • 2 .1 .2 .. .2 .2 01 .7 -.3 .. -.1 
-01 -.4 -.2 .1 .1 • 5 .. .7 1.2 1.2 1.8 2.3 3.1 3.9 •• 3 .1 -.2 - .. -01 -.. -.0 -.. .1 - .. -.0 -.. .1 -1.0 -.1 -.8 
- .. .. .1 .2 .. • 8 1 •• 2.5 3.5 5.5 '.4 10.4 11.2 12.1 13.2 .2 .1 .. -.' • 2 -01 -01 .. -.1 .. -.2 .5 .0 .. .3 

.1 .0 .. 1.2 1.8 3.3 •• 3 10.0 11. C; 13.1 13.~ 13.7 13.1·ll.8 13.0 1.2 ·.4 .0 .1 .2 -.1 01 -.' -.5 -.. -.7 -.5 -.' -.3 -.3 

.5 1.0 2.0 '01 8.3 12.2 13.1 13.9 12.4 12.7 12.5 1l.7 12.1 11.4 11.7 .01 2.0 1.0 .5 .2 .1 -.5 -.' .1 -.2 .7 .1 .5 -.1 -.0 
I .• 3.4- 8.7 12.4 13.3 13.5 12.9 12.7 11.9 U.S 11.6 11.2 10.7 9.8 10.7 12.4 8.7 3.' 1.' .. .2 -.0 .. -.1 -.l .0 -1.1 -.2 -.' -.l 
•• 7 11.6 13.3 12.8 12.6 12.3 1l.Z 10.9 10.8 10.0 10.1 10.3 9.3 9.3 9.1 12.8 13.3 11.6 6.7 2.3 l.2 .. .1 -.2 -.1 -.' -.1 ., -.2 .5 

12.1 12.9 D.I 12.2 11.5 10.7 10.0 '.7 9 •• '.2 8.' 8 •• 8.3 8.5 8 ~4 12.2 13.1 12.9 12.7 '.5 3.8 1.3 .8 .3 .. -.2 .1 -.1 -1.1 .l 
13.2 12.7 11.6 10.8 10.1 9.'7 ... 8.' 8.' '.3 ,., 8.3 7.7 7 •• 7.' 10.B 11.6 12.7 13.2 13.7 11.3 .. , I.' .7 01 -.0 -.2 -.' .0 .7 
!l.9 11.2 10.4 ... 9.5 . 9.1 8.2 8 •• 'S.l 7.' 7.1 7.1 7.2 7.0 7.l 9.9 10.1t 11.2 11.9 13.0 13.6 12.1 •• 0 I.' .. .1 .. -.1 -.1 -.2 
10.9 10.3 9.5 8.' 8.2 8.' •• 0 7.' 7 •• 7.l ... 7.2 !i.8 ..8 •• 5 ... ,., 10.3 10.9 12.0 12.7 13.1 12.2 5 •• 1.' .7 .3 -.2 -.1 .l 

9.8 9.1 8.5 8.2 7.7 7.8 7.7 7.1 7.0 ... 6.5 '.2 S.C; 5 •• 5.2 8.2 •• 5 '.l '.8 10.9 11.4 12.7 13.7 12.2 •• 0 I.' .8 .1 .. -.' 
9.1 '.0 8.l 7.' 7.8 7.0 6.8 ... ... 5.7 '.8 •• 0 3.3 2.8 2.2 7.' 8.l '.0 '.l 10.2 10.1 ll.b 12.7 13.1 12.1 •• 5 1.3 .. - .0 -.5 
8.5 8.5 7.7 7.l 7.0 ... .01 5.3 '.3 3.2 2.3 1.7 1.. 1.0 .9 7.1 7.7 8.5 8.5 '.1 .. , 10.7 11.4 12.7 13.6 it.) 3.8 1.2 .2 .l 
7.9 7.0 7.3 •• 9 '01 5.8 ... 2.' 2.0 I •• 1.0 .7 .6 .. .5 •• 9 7.3 7.0 7.9 7.' '.1 10.2 10.9 12.0 13.0 13.7 •• 5 2.3 .. .2 
•• 2 7.l ... ..2 5.3 3 •• 1.9 l.3 1.0 .7 • 7 .. . . .. .. •• 2 . .. 7.1 . 8.2 7.9 •• 5 9.1 9 •• 10.9 11 .. 9 13.2 12.7 •• 7 l •• .5 
7.1 ... •• 3 . .. 3.0 1 •• .9 .. .. .5 .. .. . . . . .5 '.8 ..3 ... 7.1 7.0 8.5 '.0 '.1 10.3 ll.2 12.7 12.9 ll.b 3 •• l.O 
'.8 •• 3 '.7 2.5 1.~ ., .9 • 5 .. .5 • 3 .3 .5 .. .3 2.5 •• 7 •• 3 ... 7.3 7.7 801 8.5 '.5 10.4 11.6 13.1 13.3 8.7 2.0 
•• 2 ... 2.5 1.3 .. • S .. .5 • 5 . . • 3 .3 .S .. .5 1.3 2.5 •• 8 •• 2 .. , 701 7.' 8.2 •• 9 9.' 10.8 12.2 12.8 12.4 •• 1 
5.3 3.0 1.5 .. .. • 5 .3 .5 . . .3 .3 .5 .. .4 .5 .. 1.5 3.0 5.3 '.1 7.0 7 •• 7.7 ..2 9.5 10.1 11.5 12.t 13.3 8.3 
3 •• 1 •• .9 . . • 5 .3 .. .4 .4 .5 .5 .. .4 .5 .5 .8 .9 1 •• 3 •• 5.8 •• 6 7.0 7.8 8.4 '.l '.7 10.7 12.3 13.5 12.2 
I.' .. .9 .. .3 .. .5 .. • 4 . . . , .5 .. .a l.O .. .9 .9 1.9 '.4 •• 1 •• 8 7.7 •• 0 •• 2 S.ft 10.0 11.2 12.9 13.1 
l.3 .8 .5 .5 .5 .4 .. .3 .5 .. .7 1.0 1.' 2.2 2 •• .5 .5 .8 1.3 2.' 5.3 ... 7.1 7 •• 8 •• 1',.9 '.7 10.9 12.7 13.9 
1.0 .. .4 .5 .4 .4 .4 .5 • 6 .. 1.0 2.2 2.9 3.4 3 •• .5 .4 .. l.O 2.0 '.3 ... 7.0 7 •• '.1 8.5 9.4 10.8 11.9 12.4 

.7 .5 .5 .. .3 • 5 .. . . .. 1.2 2.5 3.3 3.7 401 4.0 .. .5 .5 .7 I •• 3.2 5.7 ..6 7.l 7.5 •• 3 '.2 10.0 11.5 12.7 

.7 .4 .3 .3 .3 • S .. .7 l.O 2.5 3.' 3 •• '.0 '.1 •• 2 .3 .3 .4 .7 1.0 2.3 '.8 •• 5 .. , 7.1 8.5 ... 10.1 11.6 12.5 .. .. .3 .3 .S .. .5 1.0 2.2 3.3 3.b 3 •• '.1 3.' •• l .3 .3 .. .. .7 1.7 4.0 •• 2 7.2 7.1 '.3 ... 10.3 11.2 11.7 .. .. .5 .5 .5. .. .. 1.4 2.' 3.7 4.0 4.1 4.0 3 •• .01 .5 .5 .. .. .. l.' 3.3 5.' •• 8 7.2 7.7 8.3 <.3 10.7 12.1 

.4 .. .. .. .. .5 • 8 2.2 3 •• '.1 '.l 3.8 3 •• 4.0 '.0 .. . . .. .. .. 1.0 2 •• 5 •• ..8 7.0 7 •• •• 5 '.3 9.S 11.4 

.4 .5 .3 .5 .5 • 5 1.0 2 •• 3 •• •• 0 '.2 4.1 •• 1 '.0 3.8 .5 • 3 .5 .4 .5 .9 2.2 5.2 •• 5 7.1 7 •• a •• '.1 10.7 11.1 

.5 .5 .• 3 .4 .. .. 1.3 3.0 3 •• 3.' 3.9 •• 0 3.e; 3.' 4.0 .. .3 .5 .5 .5 .. 2.3 4.' •• 3 7.1 7.' 8.3 9.1 .. , 11.2 .. .3 .3 .4 .5 • 7 I •• 301 3.7 3".8 3.' 3.' 3.9 4·~ 2 3.9 .4 .3 .3 .. • 7 .9 2.0 ... •• 4 7.0 7.3 •• 5 9.4 ... 11.5 .. .3 .3 .4 .S .7 1.' 3.1 3.7 3.8 3.' 3.' 3.9 •• 2 3.9 .4 • 3 .3 .. .7 .. 2.0 ... ... 7.0 7.3 •• 5 '.4 , .. 11.5 

.5 .5 .3 .. .. .. l.3 3.0 3 •• 3.9 3. ~r 4.0 3.S 3.~ •• 0 .4 .3 .5 .5 .5 .9 2.3 ... ..3 701 7 •• 8.3 l?1 9.' 11.2 
.5 .) .5 .5 • S l.O 2 •• 3 •• 4.0 4.2 '.1 '.1 '.0 3.8' .5 .3 .S .. .5 .9 2.2 5.2 •• 5 7.1 7.' •• 4 '.1 10.7 11.7 

.4 • 4 .. .. .4 .5 .8 2~2 3.' 4.1 '.1 3 •• 3 •• 4.0 4.0 .. .. .. .. .. l.O 2.8 5.a •• 8 7.0 7 •• 8.5 '.3 'iI.S· 11.4 .. .. .5 .S .5 .. .. 1.4 2.9 3.7 4.0 ..1 4.0 3.8 4.1 .5 .S .. . . .b 1.4 3.3 !.9 ... 7.2 7.7 8.3 9.3 10.7 12.1 .. .. .3 .3 .S .. .5 l.O 2.2 3.3 3 •• 3.8 '.1 3 •• 4.1 .3 .3 .. .. .7 l.7 '.0 •• 2 7.2 701 8~ 3 ... 10.3 11.2 11.7 

.7 .4 • 3 .3 .3 • S .. .7 l.O 2.5 3.' 3 •• '.0 •• 1 •• 2 .3 .3 .. .7 1.0 2.3 4 •• •• 5 . .. 7.1 8.5 8.' 10.l H.6 12.5 

.7 .5 .5 .. .3 • 5 .. .b .. l.2 2.5 3.3 3.7 •• 1 4.0 .. .5 .5 .7 I •• 3.2 5.7 6. • 7.1 7.5 8.3 •• 2 10.0 11.5 12.7 
1.0 .. .. .S .. • 4 • 4 .5 .. .. 1.0 2.2 2.' 3 •• 3 •• .5 .. .. 1.0 2.0 4.3 ... 7.0 7.4 8.l 8.5 , .. 10.S ·11.9 12.4 
1.3 .8 .. .. • 5 .. .. .3 .5 .. .• 7 l.O l.' 2.2 2.' .5 .5 .. 1.3 2.9 5.3 •• 4 7.1 7.' 8.4 8.' '.7 10.9 12.7 13.9 
1.' .. ., .. .3 .. • 5 .. .. .. .. .5 .. .8 1.0 .. .. .9 I.' 4.4 .01 .. . 7.7 ..0 8.2 ... 10.0'11.2 12.9 13.1 
3 •• 1.8 .. .. .5 .3 .4 .4 .. .5 .5 .4 .. .5 .5 .. .9 l.8 3 •• 5 •• . .. 7.0 7 .. 8 ... '.1 1';1.7 10.7 12.3 13.5 12.2 
5.) 3.0 1.5 .. .. .5 .3 • S .. .3 .3 .5 .. .4 .5 .8 1.5 3.0 5.3 '.l 7.0 7 •• 7.7 ..2 '.5 10.1 11.5 12.6 13.3 8.3 
•• 2 •• 8 2.5 1.3 .8 .8 .. .S .5 .. .3 • 3 ., .. .5 1.3 2.5 '.8 •• 2 .. , 701 7.' •• 2 .. , .. , 10.S 12.2 12.S 12.4 '.1 ... •• 3 ..7 2.5 l.' ., .. .. .. .5 .3 .3 .5 .. .3 2.5 •• 7 •• 3 ..8 7.3 7. '7 8.l 8.5 , .. 10,"4 11.6 ·13.1 13.3 8.7 2.0 
7.l ... •• 3 '.8 3.0 1 •• .. • 8 .. ;5 .. .. .. .. .5 . .. ..3 ... 7.1 7.0 8.5 '.0 9.l 10.) 11.2 12.7· 12.9· 11.6 3.' l.O 
8.2 7.1 ... '.2 5.3 3 •• I.' 1.3 1.0 .7 .7 .. .. .. .4 •• 2 . .. 7.1 8.2 7 •• 8.5 9.l '.8 10.9 11.9 13.2 12.7 •• 7 l •• .S 
7.' 7.0 7.3 ... ..1 5 •• ... 2.9 2.0 l.' 1.0 .7 .. .. .5 b.' 7.) 7.0 7 •• 7 •• 9.1 10.2 10.9 12.0 13.0 13.7 '.5 2.3 .. .2 
8.5 8.5 7.7 7.1 7.0 ... .01 5.3 '.3 3.2 2.3 1.7 l.' 1.0 .. 7.1 7.7 8.5 8.S '.l ,., 10.1 11.4 12.7 13.6 11.3 3 •• l.2 .2 .l 
'01 '.0 801 7.9 7.8 7.0 •• 8 ... •• 4 5.7 ... '.0 3.3 2.8 2.2 7.' 8.1 '.0 '.1 10.2 10.7 11.6 12.7 13.1 12.1 4.5 1.3 .. -.0 -.5 
9.8 9.1 •• 5 •• 2 7.7 7 •• 7.7 7.l 7.0 . .. •• 5 ..2 S •• 5 •• 5.2 •• 2 8.5 '.l 9.8 10.9 11.4 12.7 13.7 12.2 •• 0 I.' .8 • 1 .. -.It 

10.9 10.3 9.5 8.' 8.2 8 •• 8.0 7.' 7 •• 7.1 f".9 7.2 , .. ... ..5 8.9 '.5 10.3 10.9 12.0 12.7 13.1 12.2 5 •• 1.' .7 .3 -.2 -.1 .1 
11.9 11.2 10.4 '.9 9.5 9.1 8.2 8.' 8.1 7.5 7.1 7.L 7.2 7.0 7.1 , .. 10.4 11.2 11.9 13.0 13.6 12.1 •• 0 1.' .. .1 .. -.1 -.1 -.2 
13.2 12.7 11.6 10.8 10.1 9.7 , .. . .. ..5 •• 3 •• 5 8.3 7.7 7 •• 7.' 10.8 11.6 12.7 13.2 13.7 11.3 "'.5 1.' .7 .1 -.0 -.2 -.' .0 .7 
12.7 12.9 13.1 12.2 11.5 10.7 10.0 '.7 ... '.2 .. , 8.6' 8.3 •• 5 8.4 12.2 13.1 12.9 12.7 '.5 3.8 1.3 .8 .3 .. -.2 .L -. L -1.1 .1 
6.7 11.6 13.3 12.8 12.6 12.3 11.2 10.9 10.8 10.0 10.1 10.3 '.3 9.3 9.1 12.8 13.3 11.6 •• 7 2.3 1.2 .. ·.l -.2 -.1 ·-.4 -.1 .9 -.2 .5 
l •• 3 •• ..7 12.4 13.3 u.s 12.9 12.7 11.9 11.5 11.6 11.2 10.1' ... 10.7 12.4 •• 7 3 •• I •• . . • 2 -.0 .. -.1 -. L .0 -1.1 -.2 -.' -.1 
.5 1.0 2.0 4.1 8.3 12.2 13.1 13.9 12.4 12.7 12.5 11.7 12.1 H.1t 11.1 '.1 2.0 1.0 .S .2 .1 -.5 -.' .1 -.2 .7 .1 .5 -.1 -.0 
.1 .0 • 4 1.2 1 •• 3.3 •• 3 10.0 11.9 13.1 13.ft 13.7 13.7 12.8 13.0 l.2 .. .0 01· .2 -.l ol -.' -.. -.. -.7 -.5 -.' -.3 -.3 

- .. .4 .l .2 .. .. 1 •• 2.5 3.5 5.! ... 10.4 11.2 1201 13.2 .2 .1 .4 -.' .2 -.1 -.1 .. -.l .. -.2 .. .0 .. .3 
-01 -.. -.2 .1 .1 .5 .. .7 1.2 l.2 1.8 2.3 3.1 3.9 •• 3 .1 -.2 -.' -.1 - .. -.0 -.' .1 -.' -.0 -.b .1 -1.0 -.1 -.8 
-.3 -.1 .3 - .0 .3 -.. .3 .1 .7 .. l.O 1.1 1.1 1.' 1.5 -.0 .3 -.l -.3 • 2 .l .2 .. .2 • 2 .l .7 -.3 .. -.1 

~. 

\.;r~ 

l.7 I.' I.' 1.7 1.5 1.4 1.1 101 l.O .9 .7 .1 .3 -.. .3 .2 .9 -.5 .1 
5.2 5.5 5.5 5.2 4.3 3 •• 3.1 2.3 1.8 l.2 l.2 .7 .4 .5 .l -.7 -.0 -1.3 -.5 

13.5 12.1 12.7 13.5 13.2 12.1 11.Z 10.4 ... 3.5 3.5 2.5 1.4 .. .4 .3 1.l -.0 .9 
"Z.9 12.7 12.7 12 .. 9 13. a 12.8 13.7 13.7 13.4 13 .. 1 11.9 10.0 •• 3 3.3 1.8 -.5 .) -.7 .2 
11.2 11.5 11.5 11.2 11.7 11.4 lZ.1 11.7 12.5 12.7 12.4 13.9 13.1 12.2 8.3 -.3 .3 -.8 -.1 ,., 9 •• '.8 .. , 10.7 , .. 10.7 11.2 11.6 11.5 11.9 12.7 12.9 13.5 13.3 -.3 .. -.1 .. 

9.1 '.4 9.' 9.l 901 9.3 '.3 10.3 10.1 10.0 10.8 10.9 11.2 12.3 12.6 -.' .0 -1.0 -.3 
•• 3 8.S •• 5 • • 3 ... 8.5 •• 3 ... 8.9 '.2 Q., •• 7 10.0 10.7 11.5 -.5 .5 .1 .7 
7 •• 7.3 7.3 7 •• 7.4 7 •• 7.7 •• 3 8.5 8.3 •• 5 8.' , .. 9.7 10.1 -.7 -.2 -.b .1 
7.1 7.0 7.0 7.1 70l 7.0 7.2 7.1 70l 7.5 '.l 8.' 8.2 '.l 9.5 -.. .. -.0 .2 
•• 3 ... ... •• 3 ... •• 8 ... 7.2 ... 701 7 •• 7 •• 8.0 8.' ..2 -.5 -.1 -.' .2 
4.9 4.8 .4.8 .. , 5.2 5.8 5.9 •• 2 •• 5 ... 7.0 7.1 7.7 7.8 7.7 -.4 .. • 1 .. 
2.3 2.0 2.0 2.3 2.2 2.8 3.3 '.0 '.8 !.7 ... ... ..8 7.0 7 •• .1 .-.1 -.9 .2 

.9 ., .. .. ., 1.0 I.' 1.7 2.3 3.2 4.3 5.3 •• 1 ... 7.0 -.l -ol -.0 .l .. .7 .7 • S .5 .. .. .7 L.O l.b '.0 2.' '.4 !' .8 '.1 • 2 .2 - .. .2 

.5 .. .. • 5 .. .. .. .. .7 .7 1.0 1.3 1.9 3 •• 5.3 .1 -.. - .1 - .3 

.5 .3 .3 • 5 • 5 .. .. .. .. .5 .. .8 .9 1 •• 3.0 • 0 .. -.. -.1 
.3 .3 .) .3 .3 .. .5 .3 .3 .5 .. .5 .9 ., l.5 .. .l -.2 .3 
.4 .. • 4 .. .5 .. .. .3 .3 .. .5 .5 .. .8 .8 1.2 .2 .1 -.0 .. .5 .5 .6 .5 .. .5 .5 .3 • 3 . . .5 .3 .S .8 l •• .. • 1 .3 .. .7 .7 .. .5 • 5 .. .. .5 .5 .4 .. . . .3 • 5 3.3 .8 .5 -.4 

1.3 I .• I •• 1.3 1.0 • 8 .. .5 .. . . .. .. .S .. .3 •• 3 l.' .. .3 
3.0 30l 3.1 3.0 2 •• 2.2 1.4 l.O • 7 .. .S .3 .. .4 .5 .10.0 2.5 .7 01 
3.8 3.7 3.7 3.8 3 •• 3.' 2.9 2.2 1.0 .. .. .. :. .4 .. 11.9 3.5 1.2 .7 
3.' 3 •• 3.8 3.9 '.0 •• 1 3.7 3.3 2.5 l.2 .. .. . . .5 .3 13.1 5.5 1.2 .. 
3.' 3.9 3.9 3.' '.2 '.1 4.0 3 •• 3.4 2.' 1.0 .7 .6 .. .3 13.4 8.' 1 •• 1.0 
4.0 3.' 3.9 •• 0 '01 3.8 •• 1 3 •• 3 •• 3.3 2.2 1.0 .5 .. .5 13.7 10.4 2.3 l.l 
3.9 3.9 3.9 3.9 '.l 3.8 '.0 4.1 '.0 3.7 2.~ 1.' .. .4 .5 13.7 11.2 3.l 1.1 
3.' 4.2 '.2 3.9 4.0 '.0 3.8 3.8 4.1 4.1 3.' 2.2 .8 • 5 .. 12.8 12.1 3 •• 1.4 
4.0 3.' 3.9 4.0 3 •• •• 0 '.1 '.l '.2 4.0 3 •• 2 •• 1.0 .5 .S 13.0 13.2 '.3 1.5 
'.2 3.7 3.7 4.2 4.0 3.' 3.' '.0 3.' 3.' '.8 3.0 1.3 .. .. 12.9 13.5 5.2 1.7 
3.7 3.' 3.8 3.7 3.' '.2 3.~ 3.9 3 •• 3.8 3.7 3.1 1 •• .7 .5 12.7 12.7 5.5 I.' 
3.7 3.8 3 •• 3.7 3.' 4.2. 3.' 3.' 3.9 3.8 3.7 3.1 l •• .7 .. 12.7 lZ.7 5.5 1.9 
•• 2 3.7 3.7 4.2 4.0 3.9 3.' '.0 3.' 3.' , .. 3.0 1.3 .. .. 12.9 13.S 5.2 lo7 
•• 0 3.9 3.' •• 0 3.8 '.0 4.1 4.1 '.2 •• 0 3 •• 2 •• 1.0 .5 • 5 13 .. 0 13.2 '.3 1.3 
3.' 4.2 '.2 3.9 '.0 4.0 3.8 3.8 .01 4.l 3.' 2.2 .8 .5 .4 12.8 12.1 3.9 l.' 
3.' 3.' 3.' 3 •• 4.1 3.8 4.0 '.L 4.0 3.7 2.' I.' .. .4 .S 13.7 B.2 '.1 1.1 
'.0 3.9 '.9 •• 0 401 3 •• .01 3.8 3 •• 3.3 2.2 1.0 .5 .. ., 13.7 10.4 2.3 l.l 
3.9 3.9 , .. 3.' '.2 4.1 4.0 3 •• 3.4 2.5· l.O • 7 .. .5 .3 13.4 8 •• 1.8 1.0 
3.9 3.8 3.8 3.' •• 0 4.l 3.7 3.3 2.5 l.2 .. .. .. .5 .3 13.1 5.5 1.2 .. 
3 •• 3.7 3.7 3 •• 3 •• 3 •• 2.' 2.2 1.0 .. .. .5 .. .. .. 11 .. 9 3.5 1.2 .7 
3.0 3.1 3.1 3.0 2 •• 2.2 1.4 1.0 .7 .. .. • 3 . . .. .S 10.0 2.5 .7 .1 
1.3 I •• 1.' 1.3 1.0 • 8 . . • 5 .. .. .. .4 .5 .4 .3 •• 3 1.' .4 .3 .. .7 .7 .. .S • 5 .4 .. .5 .5 .4 . . .4 .3 .5 3.3 .8 .5 -.' .. .5 .5 .. • 5 .. .. .5 .3 • 3 • 4 .5 .3 .5 .. l •• .4 .1 .3 

• 4 .. .4 .. .S .. .. .3 .3 .. .5 .5 . . .. • 8 l.' .2 .1 -.0 
.3 .3 .3 ·.3 • 3 .. .5 • 3 .3 .5 .. .5 .0 ." 1.5 .4 .1 -.2 .3 
.5 .3 .3 .S .5 .4 .. .4 .4 .5 • 6 .. 1 •• 3.0 .0 .4 -.' -.1 
.; .. .. . ; .. .4 .. .. .7 .7 1.0 l.3 1.9 3 •• ~. 3 .1 -.4 -.1 -.3 
.5 .7 .7 .5 • S .. .. . 7 1.0 I •• 2.0 2.' 4.' 5 •• ..1 .2 .2 -.. .2 .. • 9 . . .. .9 1.0 1.4 1.7 2.3 3.2 •• 3 5.3 •• l ... 7.0 -.1 -.1 -.0 .l 

2.' 2.0 2.0 2.3 2.2 2.' 3.3 4.0 ... 5.7 ... ..4 . .. 7.0 7.8 01 -.1 -.9 .2 '.9 4.8 4.8 4.' ~ .2 " 5.8 5.' •• 2 •• 5 ... 7.0 7.1 7.7 7 •• 7.7 -.4 .. .1 .. . .) b.' ... •• 3 6.S ... ... 7.2 ... 7.1 7.' 7.4 8.0 8.4 8.2 -.5 -01 -.' .2 
701 7.0 7.0 7.1 701 7.0 7.2 7.1 7.1 7.5 8.l 8 •• 8.2 9.1 0:;.5 -.. .. -.0 .2 
7.4 7.3 7.3 7.4 7.4 7 •• 7.7 8.3 8.5 8.3 •• 5 8.' , .. '.7 10.1 -.7 -.2 - .. .l 
8.3 •• 5 •• 5 8.3 ... •• 5 •• 3 8 •• •• 9 '.2 9.4 9.7 10.0 10.7 11.5 -.5 .5 .1 .7 
'01 '.4 9.4 9.1 9.1 '.3 '.3 10.3 10.1 10.0 10.8 10.9 11.2 12.3 12.6 -.' .0 -1.0 -.3 ... 9 •• 9.8 9.9· 10 .. 7 '.8 10.7 11.2 11.6 11 .. 5 11.9 12.7 12.9 13.5 13.3 -.3 .. -.l .. 

1l.2 11.5 11.5 11.2 11.7 11.4 12.1 11.7 12.5 12.7 12.4 13.9 13.1 12.2 8.3 -.3 .3 -.. -.1 
12.9 12.7 12.7 12.9 13.0 12 .. 8 13 .. 7 13.7 13 .. 4 13.1 11.l? 10.0 •• 3 3.3 l.8 -.5 .3 -.7 .2 
13.5 12.7 12.7 13.5 13.2 1201 11.2 10.4 8.' 5.5 3.5 2.5 l.' .. .4 .3 101 -.0 .9 
5.2 5. ~ 5.5 5.2 4.3 3.' 3.1 2.3 1 •• 1.2 l.2 .7 .. .5 .1 -.7 -.0 -1.3 -.5 
1.7 l.9 1.9 l.7 l.S 1.4 1.1 1.l loO .. • 7 .1 .3 -.' .3 .2 .9 -.5 .l 
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PARA"IETEII.S FOR SUBROUTINE EIIATU 

OESCR IPT ION 

XLEV -
ATENL -

3.500 
.075 

THE TARGET-Ta-NONTARGET RATTIJ 
ATTENUATION COEFFICIENT 

BLAf'f<. COMMvN REQUllI:ED 5322 ( 123121 

BLANK COMMON REQUIRED I 223121 

XMIN ., XMAX .75E-01 XSUM ., .226se.03 

....................................................................... 
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o ................... n •••••••••••• 
AA ••• U ...................... AA 

........ 0 .......... .. 
----••• 0 ••• 0 •• ---................................................................... 

• I 1 
o .5625E-02 e1388E-01 .1763E-Ol .2025E-Ol .2325E-Ol .. 262SE-Ol 

z X A M 9 8 IJ 
• 2887E-Ol .3075E-Ol .3263E-Ol .. 3675E-Ol .4088E-Ol .~350E-01 .~6S0E-Ol 

• • • • • • • • ~913E-Ol • 5475E-Ol .USOE-Ol .652SE-Ol .6825E-01 .7125E-Ol e73aSE-Ol 

• • 7500E-Ol 

BLAI« COMMON REQUIRED 5322 I 123121 

MAXIMUM SIZE OF BLANK COMMON THUS FAR- 13730 FLOATING POINT WORDS. 

ISTP -
lUX -
IERR -
IZER. -

EEEEE N N DODD EEEEE II . II AU TTTTT U 
E NN NO D E II'IAATU 
HE N N NOD EEE V V A A T U 
E NNNOD E V II AAAAA T U U 
EEEEE N N DODO EEEEE II A A T UUU 

GGG RRPR AAA 0000 Y Y 
G GR RA AD 0 VV 
G RRRR A ADD Y 
G GG R R AAAAA a a y 

GGGG R R A A DODD, Y 

PARAMETERS FOR SUBROUT INE GRADY 

DESCRIPTION 

15 
1 
o 
o 

NUMBER OF ITERATION STEPS 
ITERATIVE ~ElAXATION METHOD 
DO NOT USE ERROR ARRAY 
IN IT IAL S OLUTI ON I S ZERO 

BACKPROJEeTloN AND PROJECTION/CONVOLUTION/FILTER ~OUTtNES 
PERFORM THE FOllOWING FUNCTIONS 

'RG 
BC' 
PRJ 

FUNCTI ON 
BACKPROJ Eel ION 
PROJECTJ ON 

RAY WE IGHT ING 
UNIFO~M SQUARE 
(JNIFORM SQUARE 

4TTENUAl tO~ 
YES 
YES 

FAN SEAM 
NO 
NO 

BLANK COMMON REQUIRED 5506 ( 12602 ) 

B L4 NI( C O"''''ON REQUIRED 11602 ( 226021 

BLANK eO"'''ION REQUIFlEO 1369S ( 326021 

BLANK COMMON REQUIRED 17794 ( 426021 

e.LANK CO"'''40N REQUIRED 17B26 ( 42b421 

BLANK COMMON REQUIRED 1770;>4 ( 42b021 

FOR CONGII: AND GRADY FCN IS THE VALUE OF THE CHI-SQU.6.RE 
FOR ENTPY FCN IS EVALUATED BY lHE SUBR.OUTI".IE DULFC 
I TER a FCN • 392E+ 09 
ITER 1 FCN .b09E.OS 
I TEp, 2 Fe"! .17SE.OS 
ITER. 3 FeN .102E.OS 
ITER 4 FCN .b4SE.07 
ITER 5 FCN .451E.07 
ITER 6 FeN .328E.07 
ITER 7 FCN .250E.07 
ITER 8 FCN .197E.07 
ITER 9 FCN .161E.07 
ITER 10 FCN .135E.07 
ITER 11 FCN .116E.07 
ITER 12 FCN .101E+07 
ITEp, 13 FeN' .893E.Ob 
ITER 14 FCN .800E.06 
ITER 15 FCN .723E.06 

BLANK COMMON REQUIREO 17tl0 I 423121 

BLANK COM .... ON R.EQUIREo 13514 ( 323121 

BLANK CO ...... ON REQUIRED 9418 I 223121 

BLANK COM'40N REQUIRED 5322 I 123121 
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MA)(I~U"4 SIZE OF BLANK COMMON THUS FAR .. 17826 flOATING POINT wnRos. 

EEEEE N N 0000 
E NN NO 0 
EEE N N NOD 
E N. NN 0 0 
EEEEE N N DODD 

GGG RRRR AU DODD Y Y 
GGRRAAOOYY 
G RRII:R A ADD Y 
G GG R P AAAAA 0 0 Y 

GGGG R R A A OOD~ Y 

RECO~SlRUCTJON FOR THE EMISSION SCAN COPRECTEO F,.,R ATTENUATION 

X"IIN. -.51E.Ol XMAX = .36E.02 XSU'" .. .6106E+O!': 
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• --------------------------11 Z XAM'4AXZ 11--------------------------. 
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.-I'UOU."Z=- - --Hft.O ........... II-- - -=ZHH ...... l- • 
• -II ......... M=- - - -1 ............. 0 ••• 1- - - -=1010 ........ 1-• 
• --1_""1--- - -x ................ X- - ---1818 •• nOe--• 
• --X .......... '" 1-- ---+9"HH"'H'9+--- --I~ .......... X-- .... 
.--........... HX .. --- ---11>8 ...... 'Al--- ---·XH ......... +-- • 
• ---X ••••••• H •• X"'-- - ---•••• --- - --.X ••••••••••• X---. 
.... ----, ........... "'.--- - - ---·"" ..... 0.08----· 
.----•••••••• H •• 1I61.--- ---.. lGHt1 .......... ---. 
.----- ••••••••••• U.81 ... -- -- - - -- --.".le ............ +----. 
.------I ............. X 1.--------------.1 X6 ... H •••• O ... I------• 
• -------." ............. H&'oIAl, •••• ++ 11AMII •••••••••••• 0.,.-------. ·---------Z ........... n ............................... Z---------· 
·---------;8 ............ H ...................... 0.89 .. ----------· 
·------------.H ......... U ... O_ .............. 8_-----------· .--------------.M ..... n ........................ M.--------------. 
.----------------- J .lot ••••••••••••••••• I ••••• HtI~ 1-----------------• 
• --------------------.. Z 11.0 .............. '11 Z.., --------------------. 
.-------------------------- J lZXAMMAXl 11--------------------------.. ................................................................... 

I I 
-.5107E.Ol -.2034E.Ol .2474E+Ol .4523E.Ol .S9S7E+Ol e7S96E+Ol .<:.235£.01 

Z X A M e ~ • 
• 1067E.02 .1l69E.02 • 1272E.02 .1~97E.02 .1723E.02 .1866E.02 .2030E.02 

, . . . . . . 
.2173E.02 .2481E.02 .2850E.02 .3054E+02 .321SE"02 .33S2E+02 .3526E+02 

• .3587E.02 
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.3 -.7 1.3 .0 .1 .8 -.4 .9 .1 .4 .3 .6 .2 .2 .3 
-.7 -1.6 -.0 -1.2 -.8 -.2 -1.2 .1 -.8 .1 -1.3 .3 -1.1 .1 -.t 
1.3 -.0 1.5 .2 .6 .8 .2 .7 -.2 .8 -.1 .7 .0 - .. 2 .4 

.0 -1.2 .2 -1.0 -.4 "-.! -.2 -.7 -.1 -.7 -.4 -.6 .3 -.1 -.0 
.1 -.S .6 -.4 .3 -.1 1.0 .3 1.2 -.2 .1 -.5 -.7 -.1 -.1 
.8 -.2 .8 -.5 -.1 -1.2 -.1 -1.4 .2 .1 -.3 .3 -.2 -.0 -.0 

-.4 -1.2 .2 -.2 L.O -.1 L.6 .1 -.4 -.2 -.4 -.4 -.7 1.2 4.2 
.9 .1 .7 -.7 .3 -1.4 .1 .5 -.3 .0 -.7 -.8 -.3 6.621.'9 
.1 -.8 -.2 -.7 1.2 .2 -.4 -.] ·-.5 -1.0 -1.5 - .. 6 1.~ H.9 32.5 
.4 .1 .8 -.7 -.2 .1 -.2 .0 -1.0 -1.6 -1.1 10.626.232.3 33.8 
.3 -1.3 -.1 -.4 .1 -.3 -.4 -.7 -l.5 -1.1 10.1 26.431.2 33.2 34.ft 

'.6 .) .7 -.6 -.5 .3 -.4 -.8 -.6 10.6 U.1t 31.9 33.1 33.3 34.2 
.2 -1.1 .0 .3 -.7 -.2 -.7 -.3 7.926.2 31.2 33.1 33.934.2 34.3 
.2 .1 -.2 -.1 -01 -.0 1.2 6.6 24.'3 32.3 33.2 33.3 34.2 33.9 33.7 
.3 -.6 .4 -.0 -.1 -.0 1t.2 21.9 3Z.~ 33 .. S )4.1t 34.2 H.3 33.7 31 .. 3 

-.0 -.0 -.4 -.3 -.9 .2 13.5 29.c )3.1 32.732.632.632.333.031.6 
01 -.3 .J -1.2 -1.0 5.2 25.S .31.8 )4.1 3).7 34.2 33.3' 34.534.830.4 
.7. -.4 -.6 -1.5 - .. 0 17.1 31.2 34.2 ).3.7 33.2 33.2 31.6 32.1 32.4 32.7 

-.2 -.2 -1.0 -1.1 5.926.732.533.733.333.7 32.'? 33.4 34 .. 3 31.031.9 
.0 -.3 -1.4 -.7 16.2 31.0 33.3 34 .. 4 33.1 34.1 31.7 H.) 33.7 30.5 28.4 

-.6 -.3 -.7 4 .. 9 26.9 33.5 34.4 33.5 33.1 33.8 33.6 33.3 31.5 30.5 27.6 
-.0 -.4 .4 12.630.433.4 33.2 33~6 33.7 31.8 32.2 33.7 30.0 27.9 21.0 
-.5 .1 4.522.633.635.113.533.233.733.531.132.430.024.914.0 
-.1 -.0' 7.0 28 .. 2 31.7 34.3 34.9 32.6 32.7 32.9 31.4 31.8 29.1 20.4 9.0 
-.4 -1.9 10.6 31.1 33.8 33.9 33.3 34.0 32.5 31 .. 8 )0.9 30.9 26.t 15.0 6.1t" 
-.7 ~.9 15.9 32.033.635.2 33 .. 832.8 33.430.031.2 28.9 23.1 10.1 2.9 

.6 3.123.533.832.434.935.931.534.0 29.6 32.7 28.9 11;.1 8.j 1.3 
.6 6.226.634.634.034.333.732.1 )l.7 31.0 30.628.215.5 4.6 1.0. 
.1 7.5 28.433.5 33.5 32.433.733.631.0 30.7 31.6 26.6 12.7 3.5 .1 

-.s 7.9 30.8 34.0 34.4 35.0 33.0 33.6 30.5,31.0 29.9 25.2 9.8 2.9 .2 
-1.4 9.431.233.733.533.234.0 32.8 30.8 31.429.123.111.0 2.3 -.6 
-1 .. 3 10.2 29.7 33.5 3!.1 32.335.1 33.8 30.1 30.829.722.7 9.2 1.8 .2 
-1.3 10.2 29.7 33.5 35.J 32.335.1 33.8 30.1 30.829.7 22.7 9.2 1.8 .2 
-1.4 9.431.2 33.7 33.5 33.234.0 32.8 30.8 31.4 29.1 23.1 n.o 2.3 -.6 
-.8 7.9 30.8 34.034.4 35.0 )3.-0 33.6 30 .. 5 31.0 29.9 25.2 9 .. 8 2.9 .2 

.1 7.5 28.4 33.5 33.5 32.433.733.631.0 30.7 31 .. 6 26.60 12 .. 7 3.5 .1 

.6 6.226.634.634.034.3 33.732.1 31.7 31.0 30.6 28.2 15.5 4 .. 6 1.0 

.6 3.1 23.533.8 32.4 34.9 35.~ 31.5 34.0 2e;.6 32 .. 7 28.9 1':>.1 8.3 1.3 
-.7 -.9 15.932.0 33.6 35.2 33.8 32.8 33.430.0 31.2 28.9 23.1 10.1 2.9 
-.4 -1.9 10.6 3Ll 33.8 33.9 33.3 34.0 32.5 31.8 30.9 30.9 U:.6 15.0 6 •• 
-01 -.0 7.0 28.2 31.7 34.334.932.6 32.7 32.9 31.4 31.S 29.1 20 •• e;.o 
-.5 .1 4.522.633.635.133.533.233.733.531.132.410 .. 0 24.914.0 
-.0 -.4 .4 12.630.4 33.433 .. 233.633.731.832.233.730.027.921.0 
-.6 -.3 -.7 4.9 26.933 .. 5 H.4 33.5 33.1 33.8 33.6 33.3 H.!' 30.5 27.6 

.,) -.3 -1.4 -.716.231.0 33.3 34 .. 4 33.134.131.731.333.730.5 2E1.4 
-.2 -.2 -1.0 -1.1 5.9 2b.7. 32.533.733.3 33.7 32.~ 3].434.331.0 31.9 

.7 -.4 -.6 -1.5 -.6 17.1 31.2 34.2 33.7 33.2 33.2 31.6 32.1 32.432.7 

.1 -.3 .3 -1.2 -1.0 5.2 25.8 31.8 )4.1 33.734.233.3 34.5 34.8 30.4 
-.0 -.0 -.4 -.3 - .. CJ .2 l3.05 29.6 ]3.1 32.732 .. 6 32.6 32.3 33.0 31.t 

.3 - .. 6 .It -.0 -.1 -.0 4.221.932.533.834.434.234.333.731.3 

.2 .1 -.2 -.1 -.1 -.0 1.2 t.6 24.9 32.3 33.2 33.3 34.233.933.7 

.2 -101 .0 .3 -.7 -.2 -.-1 -.3 7.9 U.2 31.2 33.1 33.9 34.234.3 

.6 .3 .7 -.6 -.5 .3 -.4 -.8 -.6 10.6260.431.93).1 33 .. 3 34.2 

.3 -1.3 -.1 -.4 .1 -.3 -.4 -.7 -1.5 -1.1 10.1 26.4 31.2 33.2 34.4 

.4 .1 .8 -.7 -.2 .1 -.2 .0 -1.0 -1.6 -101 10.6 26.2 32.3 33.8 

.1 -.8 -.2 -.7 1.2 .2 -.4 -.3 -.5 -1.0 -1.5 -.6 7.924.1'; 32.5 

.9 01 .. 1 -.-7 .3 -1.4 .1 '.5 -.3 .. 0 -.7 -.8 -.3 6.621.9 
-.4 -1.2 .. 2 -.2 1.0 -.1 1.6 .1 -.4 -.2 -.4 -.4 -.7 1.2 1t.2 

.8 -.2 .8 -.5 -.1 -1.2 -.1 -1.4 .2 .1 -.3 .3 -.2 -.0 -.0 

.1 -.8 .6 -.4 .3 -.1 1.0 .3 1.2 -.2 .1 -.5 -.7 -.1 -.1 

.0 -1.2 .2 -1.0 -.4 -.5 -.2 -.7 -.7 - .. 7 -.4 -.6 .3 -.1 -.0 
1.3 -.0 1.5 .2 .6 .8 .2 .7 -.2 .8 -.1 .7 .0 -.2 .4 
-.7 -1.6 -.0 -1.2 -.8 -.2 -1.2 .1 -.8 .1 -1.3 .3 -1.1 .1 -.6 

.3 -.7 1.3 .0 .1 .8 -.It .9 .1 .4 .3 .6 .2 .2 3 

-.0 .1 .7 -.2 .0 -.6 -.0 -.5 -.1 -.4 -.7 .6 .6 .1 -.8 
-.0 -.3 -.4 -.2 -.3 -.3 -.4 .1 -;.0 -1.9 -.~ 3.1 6.2 1.5 7.9 
-.4 .3 -.6 -1.0 -1.4 -.7 .4 4.5 7.0 10.6 15.9 23.5 26.6 28.4 30.8 
-.3 -1.2 -1.5 -1.1 -.1 it.9 12.6 22.6 28.2 31.1 32.0 33.8 34.t 33.5 34.0 
-.9 -1.0 -.6 5.~ It.2 26.9 30.4 33.6 31.7 33.8 )).6 32.4 34.0 33.5 34.4 

.2 5.217.126 .. 131.033.533.435.134.333.935.234.9 3't.3 32.4 35.0 
13.5 25.8 31.2 32.5 33.334.433.2 33.5 34.9 33.3 33.8 35.9 33.1 33.7 33.0 
2CJ.6 31.8 34.2 33.7 34.433.533.6 33.2 )2.6 34.0 32.8 31 .. 5 32.1 33.6 33.6 
33.1 H.1 33.733.333.133.133.731.732.732.533.434 .. 031.731.030 .. 5 
32.-7 33.733.2 33.7 34.1 33.8 31.8 33.5 32.9 31.8 30.0 29.6 31.0 30.7 31.0 
32.634.233.232.931.733.632.231.131.430.9 H.2 32.7 30.6 31.6 29.9 
32 .• 6 33.3 31.6 33.431.333.333.732.431.830.928.928.928.226.625.2 
32.3 34.5 32.1 34.3 33.731.5 30.0 30.0 29.1 26.623.1 19 .. 1 15.~ 12.7 t;.8 
33.0 34.8 32.431.0 30.5 30.5 27.924.9 20.1t 15.0 10.1 8.3 4.6 3.5 2.9 
31.6 30.4 32.7 31.9 28.4 27.6 21.0 14.0 9.0 6.4 Z.9 1.3 1.0 .1 .2 
35.1 31.429.928.724.816.9 9.5 5.2 3.1 .4 .3 -1.2 -2.1 -2.4 -2.~ 
31.431.7'28.1 22.9 14.2 8 .. 2 2.3 2.3 -.1 -.5 -2.6 -.3 -1.7 -2.1 -2.t 
29.9 28.1 22.2 12.2 t.l 3.3 1.0 -.8 -3.4 -2.4 -3.9 -2.8 -3.6 -1.8 -3.9 
28.7 22.9 12.2 5.7 1.8 .9 -.5 -1.4 -2.0 -2.9 -2.7 -3.4 -2.3 -1.1 -1.4 
24.8 14.2 6 .. 1 1.8 101 -1.8 -3.4 -1.8 ~2.7 -4.4 -4.0 -1.8 -1.9 -5.1 -2.5 
16.9 8.2 3.3 .9 -1.8 -2.6 -2 .. 9 -2.7 -1.9 -2.8 -1.9 -1.6 -3.0 -1.3 -1.5 
9.5 2.3 1.0 -.5 -3.4 -2.9 -3.4 -3.3 -3 .. 7 -1.3 -2.1 -3.3 -1.4 -.1 1.3 
5.2 2.3 -.8 -1.4 -l.S -2.7 -3.3 -2.8 -2.0 -1.8 -1.1 2.7 6.013.0 18.7 
3.1 -01 -3.4 -2.0 -2.7 -1.9 -3.7 -2.0 -2.0 -1.9 2.3 13.019.424.1 28.8 

.4 -.5 -2.4 -2.9 -4.4 -2.8 -1.3 -1.8 -1.9 3.6 It.4 25.3 29.5 )J.4 30.2 

.j -2.6 -3.e; -2.7 -4.0 -1.9 -2.1 -1.1 2.316 .. 4 U.S 28.1 30.8 33.531.1 
-1.2 -.3 -2.8 -3.4 -l.S -l.b -3.3 2.7 13.6 25.3 2S.1 33 .. 0 33.3 30.7 33.8 
-2.1 -1.7 -3.6 -2.3 -1.9 -3 .. 0 -1.4 6.0 1<;.4 29.5 30.8 )).3 30.6 31.4.35.5 
-2.4 -2.1 -1.8 -1.1 -~.l -1.3 -.1 13.0 H.l 33 ... 33.5 30.7 H.It. 30.0 31.6 
-2.5 -2.6 -3.9 -1.4 -2.5 -1.5 1.3 18.7 2S.8 30.2 31.1 33.8 35.5 31.6 28.1 
-1.0 -1.0 -3.6 -).1 -1.1 -.11 4.321.829.930." 33 .. 1 32.3 2e;.3 3101 32.7 
-2.2 -301 -4.2 -2.4 -2.8 -.1 6.6 21.4 30.4 30.4 30.9 32.2 30.S 35.6 32.4 
-2.2 -3.1 -4.2 -2.4 '-2.8 -.1 6.6 21.4 30.4' 30.430.9 32.2 30.835.632.4 
-1.0 -:1.0 -3.6 -3.1 -1.1 -.!l 4.3 Zl.S 29.9 30.4 33 .. 1 32.3 2q.3 31.1 32.7 
-2.5 -2.6 -3.9 -1.4 -2.5 -1.5 1.3 18.728.8 30.2 31.1 33.835.531.6 2801 
-2.4 -201 -1.8 -1.1 -!.l -1.3 -01 13.0 24.1 33.433.5.30.731.430.0 31.6 
-2 .. 1 -1.7 -3.6 -2.3 -1.9 -3.0 -1.4 6.0 19.4 29.5 30.8 33.3 30.t 31.435.5 
-1.2 -.3 -2.8 -3.4 -l.S -lot -3.3 2.713.625.328.133.0 33.3 30.7 33.8 

.3 -2.6 -3.9 -2.7 -4.0 -1.9 -2.1 -101 2.316.422.828.1 30.S 33.~ 31.1 
.4 -.5 -2.4 -2.9 -4.4 -2.8 -1.3 -1.8 -1.9 3.6 It,,,4 25.3 2Q .. 5 33.430.2 

3.1 -.1 -3.4 -2.0 -2.7 -1.9 -3.7 -2.0 -2.0 -1.9 2.3 13.~ 19.4 24.1 28.8 
5.2: 2.3 -.S -1.4 -1.8 -2.7 -3.3 -2.8 -2.0 -1.8 -1.1 2.7 6.0 13 .. 0 18.7 
9.5 2.3 1.0 -.~ -3.4 -2.9 -3.4 -3.3 -3.7 -1.3 -2.1 -3.3 -1 .. 4 -.1 1.3 

It-9 B.2 3.3 .9 -1.8 -2.6 -2.9 -2.7 -1.9 -2.8 -1.9 -1.6 -3.0 -1.3 -1.5 
24 .. 8 14.2 0.1 1.8 1.1 -1.8 -3.4 -1.8 -2.7 -4.4 -4.0 -1.8 -1.9 -5.1 -2.5 
28.722.9 12.2 !.7 1.8 .9 -.5 -1.4 -2.0 -2.9 -2.7 -3.4 -2.3 -1.1 -1.1t 
29.9 28.1 22.2 12.2 t.l 3.3 1.0 -.8 -3.4 -2.4 -3.9 -2.8 -3.6 -1 .. 8 -3.9 
31.431.7 2801 22.914.2 8.2 2.3 2.3 -.1 -.5 -2.6 -.3 -1.7 -201 -2.6 
33.1 31.4 29.9 28.7 24.8 16.e 9.5 5.2 3.1 .4 .3 -1.2 -2.1 -2.4 -2.5 
31.6 30.4 32.731.928.427.621.0 14.0 9.0 'j.4 2.9 1.3 1.0 .1 .2 
33.0 34.S 32.4 31.0 30.5 30.527.924 .. 9 20." 15.0 10.1 8.3 4.6 3.5 2.~ 
32.3 34.5 32.1 34.333.731.5 )0.0 30.0 29.1 26.623.1 19.1 15.5 12.7 9.8 
32.033.3 31.0 33.4 31.3 3303 33.732.4 31.B 30.9 28.9 28.9 28 • .2 26.6 2!.2 
32.634.2 33.232.<; 31.7 33.6 32.2 31.1 31.430.9 31.i 32.7 30.631.6 2e;.9 
32.7 33.1 33.2 33.734.1 33.8 31.8 33.5 32.9 31.8 30.0 29.6 31.0 30.7 31.0 
33.1 34.1 33.7 33.3 3301 33.1 33.7 33.7 32.7 3Z.~ 33.434.0 31.7 31 .. 030.5 
29.0 31.8 34.2 33.734.433.533.633.2 32.t 34.0 32 .. 8 31.5 32.1 33.633.6 
13.525.831.232.533.334.4 33.2 33.~ 34.9 33.3 33.8 35.9 33.733.733.0 

.2 5.217.126.731.033.333.435.1 34.333.17 35.2 34.9 34.3 32.4 3!.0 
-.9 -1.0 -.f:. 5.9 16.226.930.433.631.7 "33.833.632.434.0 33 .. 534.4 
-.3 -1.2 -1.5 -1.1 -.7 4.9 12.6 22.t 28.2 3101 32.0 33.8 34.t 33.5 34.0 
-.4 .) -.6 -1.0 -1.4 -.7 .4 4.5 7.0 10.6 15.9 23.5 26.6 2E1.4 3e.s 
-.0 -.3 -.4 -.2 -.3 -.3 -.4 .1 -.0 -1.9 -.9 3.1 6.2 7.5 7.e; 
-.0 .1 .7 -.2 .0 -.f. -.0 -.5 -.1 -.4 -.7 .~ .f. .1 -.8 

-1.4 -1.3 -1.3 -1.4 -.S .1 .6 .6 -.7 -.4 -.1 -.5 -.0 -.6 ·.0 
9.4 10.2 10.2 9.4 7.e; 7.5 6.2 3.1 -.9 -1.9 ·-.0 .1 -.~ -.3 -.3 

31.229.729.131.2 30.S 28.426.623.5 15.9 10.6 7.0 4.5 .4 -.7 -1.4 
33.733.533.533.7 H.O 33.534.633.832.031.128.222.612.6 4.<; -.7 
33.5 35.1 35.1 33.534.4 33.5 34.0 32.4 33.6 33.8 31.7.33.630.426.9 16.2 
33.2 32.3 32.3 33.2 35.0 32.434.3 34.9 35.2 33.9 34.3.35.1 33.433.5 31.0 
34.0 35.1 35.1 31t.0 33.0 33.7 33.735.933.8 33.3 3 ... 9 33.5 33.2: 34.4 33 .. 3 
32.8 33.8 33.8 32.8 33.6 33.63201 31.5 32.8 34.032.633.2 33.t 33.5 34.4 
30.8 30.1 3001 30.8 30.5 31.031.7 lIt.O 33.4 32.5 32.7 33.7 33.7 33.1 33.1 
31.4 30.8 30.8 31.4 31.0 30.7 31.0 29.t 30.0 31.8 32.<; 33.531.833.8 34.1 
29.1 29.729.7 29.1 29.9 31.6 30.6 32.7 31.2 30.9 31.4 31.1 32.2 33.6 31.7 
2301 22.722.723.1 2!.2 26.6 2~.2 28.9 28.9 30.9 31.832.433.733.331.3 
11.0 9.2 9.2 11.0 9.8 12.7 15.5 19.1 23.1 26.629.1 30.0 30.0 31.5 33.7 

2.3 1 .. 8 1.8 2.3 2.e; 3.5 4.6 8.3 1001 15 .. 0 20.4 24.9 27.930.5 30.5 
-.6 .2 .2 -.6 .2 .1 1.0 1.3 2.9 6.4 9.014.0 21.0 27.6 28.4 

-1.0 -2.2 -2.2 -1.0 -2.5 -2.4 -2.1 -1.2 .3 .4 3.1 5.2 9.5 16.924.8 
-1.0 -3.1 -3.1 -1 .. 0 -2.6 -2.1 -1.7 -.3 -2.6 -.5 -.1 2.3 2.3 8.214.2 
-3.6 -4.2 -4.2 -3.6 -3.9 -1.8 -3.6 -2.8 -3.9 -2.4 -3.4' -.8 1.0 3.3 6.1 
-3.1 -2.4 -2.4 -3.1 -1.4 -1.1.-2.3 -3.4 -2.7 -2.9 -2 .. 0 -1.4 -.5 .9 1 .. 8 
-1.1 -2.8 -2.8 -101 -2.5 -5.1 -1.9 -1.8 -4.0 -4.4 -2.7' -1.8 -3.4 -1.8 101 
-.8 -.1 -.1 -.8 -1.5 -1.3 -3.0 -1.6 -1.9 -2.8 -1.9 -2.7 -2.e; -2.6 -1.8 
1t.3 6.6 6.6 4.3 1.3 -.1 -1.4 -3.3 -2.1 -1.3 -3.1 -3.3 -3.4 -2.9 -3.4 

21.8 21.421.421.8 18.7 13.0 6.0 2.7 -1.1 -1.8 -2.0 -2.8 -3.3 -2.7 -1.8 
29.9 30.4 30." 29.9 26.824.1 le;.4 13.6 2.3 -1.9 -2.0 -2.0 -3.7 -1.9 -2.7 
30.4 30.4 30.4 30.4 30 .. 2 33.4 29., 25.3 16.4 3.6 -1.9 -1.8 -1.3 -2.8 -4.4 
?>3.1 30.<1 30.9 33.1 31.1 33.530.828.122.8 It-4 2.3 -1.1 -2.1 -1.9 -4.0 
32.3 32.2 32.2 32.3 33.8 30.7 33.3 33.0 28.1 25.3 13.6 2.7 -3.3 -1.6 -1.8 
29.] .30.8 30.8 29.3 35.5 31.4 30.6 33.3 30.8 29.5 19.4 6.0 -1.4 -3.0 -1.9 
H.1 35.635 .. 6'31.131.630.031.430.733.533 .. 42"'.113.0 -.1'-1.3 -5.1 
32.732.432.432.7 28.1 31.635.5 33.8 31.1 30.2 28.8 18.7 1.3 -1.5 -2.5 
33.7 28.2 28.2 33.7 32.7 31.1 29.3 32.3 33.1 30.42<;.9 21.8 4.3 -.8 -1 .. 1 
28.2 H.9 31.9 2S.2 32.4 35.6 30.S 32.2 30.9 10.4 30.4 21 •• 6.6 -.1 -2.8 
28.2 31.<1 31.9 28.2 32.4 35.6 30.8 32.2 30.9 30.4 30 .. 4 21.4 f.6 -.1 -2.8 
33.7'28.2 Z8.2 33.7 32.7 31.1 29.J" 32.333.130.4 2t;.9 21.8 4.3 -.8 -1.1 
32.732.432.432.728.131.635.' 33.8 31.130.228.818.1 1.3 -1.5 -2.5 
31.1 35.635.631.1 31.6 30.031.430.7 33.533.424.1 13.0 -.1 -1 .. 3 -501 
2e;.3 30.B 30.S 29.335.5 31.1t 30.633.3 30.8 29.~ 1'?4 6.0 -1.4 -3.0 -1.9 
32.3 32.232.2 32.333.8 30.733.333.028.1 25.3 13.6 2.7 -3.3 -1.6 -1.8 
33.130.'130.933.131.133.530.8 2S.1 22.816.4 2.3 -1.1 -2.1 -1.9 -4.0 
30.4 30.4 10.430.4 30 .. 2 33.4 29.5 25.3 16.4. 3.6 -1.9 -1.8 -1.3 -2.8 -4.4 
29.9 30.1t 30.4 29.9 28.8 24.1 19.4 1.3.6 2.3 -1.9 -2.0 -2.0 -3.7 -1.9 -2.7 
21 .. 8 21.421.421.8 18.7 13.0 6.0 2.7 -1.1 -1.8 ':'2.0 -2.8 -3.3 -2.7 -1.8 
4.3 6.6 6.6 4.3 1.3 -.1 -1.4 -3.3 -Z .. l -1.3 73.7 -3.3 -3.4 -2.9 -3.4 
-.8 -.1 -01 -.8 -1.5 -1.3 -3.0 -1.6 -1.9 -2.8 -1.9 -2.7 -2.9 -2.6 -1.8 

-1.1 -2.8 -2.8 -1.1 -2 .. 5 -5.1 -1.9 -1.8 -4.0 -4.4 -2.7 -1.8 -3.4 -1.8 1.1 
-3.1 -2.4 -2.4 -3.1 -1.4 -1.1·-2.3 -3.4 -2 .. 7 -2.9.-2.0 -1.4 -.5 .9 1.8 
-3.6 -4.2 -4.2 -3.6 -3.9 -1.8 -3.6 -2.8 -3.9 -2.4 -3.4 -.8 1.0 3.3 6.1 
-1.0 -3.1 -3.1 -1.0 -2.6 -2.1 -1.7 .-.3 -2.6 .-.5 .... 1 2.3 2.3 8.2 U.2 
-1.0 -2.2 -2.2 -1.0 -2.5 -2.4 -2.1 -1.2 .3 .4' 3.1 5.2 9.516.924.8 
-.6 .2 .2 -.6 .2 .1 1.0 1.3 2.9 6.4 9.0 14.021.027.628.4 
2.3 1.8 1.8 2.3 2.9 3.5 4.6 8.3 10.1 15.0 20.4 24.9 27.9 30.5 30.5 

11.0 9.2 9.2 11.0 9.8 12.7 15.5 19.1 23 .. 1 26.6 29.1 30 .. 0 30.0 31.5 33.7 
23.1 22.722.723.1 25.2 26.6 28.2 28.9 28.9 30.9 31.8 32.4 33.7 33.3 31.3 
2901 29.729.729.129. 0 31.630.632 .. 131.230.931.431.132.2 33.631.1 
31.430.8 30.S 31.'" 31.0 30.7 31.0 29.6 30.0 31.8 32.9 33.' 31.8 33.8 ]4.1 
30.8 30.1 30.1 30.8 30.5 31.0 31.7 34.0 33.4 32.5 3Z.7 .33.733.733.1 33.1 
32.833.833.832.833.633.632.1 31.5 32.8 34.0 32.6 33.2 33.633.5 )4.4 
34.v 35.1 3j.1 34.0 33.0 33.7 33.735.933.8 33.3 34.9 33.5 )3.Z 34.4 33.3 
33.2 32.332 .. 3 33.2 35.0 32.4 34.3 34.9 35.2 33.9.34.3 35.1 33.it 33.5 31.0 
33.5 35.135.133.534.433.514.032.433.633.831.7 33.6 30 •• 26.9 16.2 
33.733.533.533.734.0 33.5 34.6 H.8 32.0 31.1 28.2 22.6 12.6 4.9 -.7 
31.229.729.731.230.828.426.623.515.910.6 1.0 4.5 .4 -.7 -1.4 
9.4 10.2 10.2 9.4 7.9 7.5 6.2 3.1 -.9 -1.9 --.0 .1 .... 4 -.3 -.3 

-1.4 -1.3 -1.3 -1.4 -.8 .1 .6 .6 -.7 -.4 -.1 -.5 -.0 -.6 .0 

-.2 .7 .1 -.0 .3 .2 .2 .6 .3 .4 .1 .9 -.4 .8 .1 
-.2 -.4 -.3 -.0 -.~ .1 -1.1 .3 -1.3 .1 -.8 .1 -1.2 -.2 -.8 

-1.0 -.6 .3 -.4 .4 -.2 .0 .7 -.1 .S -.2 .7 .2 .8 .6 
-1.1 -1.5 -1.2 -.3 -.0 -.1 .3 -.6 -.4 -.7 -.7 -.7 -.2 -.5 -.4 

5.9 -.6 -1.0 -.Cj -.1 -.1 - .. 7 -.5 .1 -.2 1.2 .3 1.0 - .. 1 .3 
26.1 17.1 5.2 .2 -.0 -.0 -.2 .3 -.3 .1 .2 -1.4 -.1 -1.2 -.1 
32.531.2 25.8 13.5 4.2 1.2 -.1 -.4 -.4 -.2 -.4 .1 1.6 -.1 1.0 
33.734.231.8 29.621.9 6.6 -.3 -.8 -.7 .0 '-.3 .5 .1 -1.4 .3 
33.3 33.73401 33.1 32.5 24.9 1.9 -.6 -1.5 -1.0 -.5 -.3 -.4 .2 1.2 
33.7 33.2 33.7 32.7 33.8 32.3 26.2 10.6 -1.1 -1.6 -1.0 .0 -.2 .1 -.2 
32.9 33.2 34.2 32.6 34.4 33.2 31.2 26.4 10.1 -1 .. 1 -1 .. 5 -.7 -.4 -;3 .1 
33.4 31.6 33.3 32.6 34.2 33.3 33.1 .31.9 26.4 10.6 -.6 -.8 -.4 .3 -.5 
34.3 32.1 34.5 32 .. 3 34.3 34.2 33.9 33.1 31.2 26.2 7.9 -.3 -.7 -.2 - .. 7 
31.032.434.833.033.733.934.233.333.232.324.9 6.6 1.2 -.0 -.1 
31.932.730.431.631.333.734.334.234.433.832.521.9 4.2 -.0' -.1 
28.7 29.931.435.1 31.6 33.032.332.6 32.6 32.7 )).1 29.6 13.5 .2 -.9 
22.928.1 31.731.1, 30.4 34.8 34.5 33.3 34.2 33 .. 7 34.1 31.825.8 5.2 -1.0 
12.222.2 2S.1 29.9 32.7 32.4 32.131.633.233.233.734.231.217.1 -.6 
5.7 12.222.928.731.931.0 34.3 33.432.933.733.333.732.526.7 5.9 
1.8 60.1 14.22,,-.828.430.533.731.3 31.734.1 33.1 34.433.331.0 16.2 

.9 3.3 8.2 16.927.630.5 31.5 33.3 33.6 33.8 33.1 33.5 34.433.5260.9 
-.5 1.0 2.3 9.5 21.0 27.~ 30.0 33.1 32.2 31.8 33.7 33.6 33.2 33.4 30.4 

-1.4 -.8 2.3 5.i!: 14.0 24.930.0 32.4 3101 33.5 33.7 33 .. 2 33.! 35.1 33.6 
-2.0 -3.4 -.1 3.1 '?o 20.429.1.31.8 31.4 32.9 32.7 32.6 H.e; 34.3 31.7 
-2.9 -2.4 -.5 .4 6.4 15.0 26.630.9 30.9 31.8 32.534.0 33.3 33.9 33.8 
-2.7 -3.9 -2.6 .3 2.9 10.1 23 .. 1 28.9 31.2 30.0 33.4 32.8 33.8 35.2 33.6 
-3.4 -2.8 -.3 -1.2 1.3 8~3 It;.i 28.<; 32.1 29.6 34.0 31.5 35.9 34.9 32.4 
-2.3 -3.6 -1.7 -201 1.0 4.615.528.230.631.0 31.7 32.1 33.7.34.334.0 
-1.1 -1.8 -2.1 -2.4 .1 3.5 12.7 26.t 31.630.731.0 33.6 33.7 32.4 .33.5 
-1.4 -3.9 -2.6 -2.5 .2 2.9 9.8 25.2 29.9 31.0 30.5 33.6 33.0 35.0 34.4 
-3.1 -1.6 -1.0 -1.0 -.6 2.311.0 23.1 29.1 31.43(1.8.32.8 34.033.2 33.5 
-2 .. 4 -4.2 -301.-2.2 .2 1.8 9.2 22.7 29.7 30.S 30.1 33.8 3501 32.3 35.1 
-2.4 -4.2 -3.1 -2.2 .Z 1.8 9.2 22.7 29.7 30.8 30.1 33.8 35.1 32.3 3~.1 
-3.1 -3.6 -1.0 -1.0 -.6 2.311.0 23.1 29.1 31.430.832.8 34.033.233.5 
-1.4 -3.9 -2.6 -2.5 .2 2.9 9.825.2 29.9 31.0 30.5 33.6 33.0 35 .. 0 34.4 
-1.1 -1.8 -2 .. 1 -2.4 .1 3.5 12.726.631 .. 6 30.731.0 33.6 33.7 32.4 33.5 
-2.] -1.0.-1 .. 7 -2.1 1.0 4.6 15.5 28.2 30.6 31.0 31.7 32.1 33.7 34.3 34.0 
-3.4 -2.8 -.) -1.2 1.3 8.319.128.932.729.634.0 31.5 35.9 34.9 32.4 
-2.7 -3 .. 9 -2.6 .3 Z.9 10.123.1 28.9 31.2 30.0 33.432.8 33.8 35.2 33.6 
-2.9 -2.4 -.5 .4 6.4 15.0 26.6 30.9 30.~ 31.8 32.5 34.0 33.3 33.9 33.8 
-2.0 -3.4 -01 3.1 <;.0 20.4 29.1 31.8 31.1t 32.9 .32 .. 7 32.6 34.934.3 31.7 
-1.4 -.8 2.3 5.2 14.0 24.9 30.0 32.4 31.1 33.5 33.7 33.2 33.5 35.1 33.6 
-.5 1.0 2.3 9.5 21.0 27.<;: 30.0 33.7 32.2 31.8 33.7 33.t 33.2 33.4 30.4 

.9 3.3 S.2 16.9 27.6 30.5 31.5 33.3 33.6 33.8 33.1 33.5 )4.433.526.9 
1.8 60.114.224.828.430.533.731.331.734.133.134.433.331.0 16.2 
5.712.222.928.731.931.0 34.3 33.4 32.9 33.7 33.3 33.7 32.5 26.7 5.9 

12.222.228.129.932.732.432.131.633.233.233.734.2 31.2 17.1 -.6 
22.928.1.31.731.430.434.834.533.3.34.233.734.131.8 25.8 5.2 -1.0 
28.7 29.931.43501 31.6 33.0 32.3 32.6 32.6 32.7 )).1 29.6 13.5 .2 -.9 
31.932.130.431.631.333.734.334.234.433.832.521.9 4.2 -.0. -.1 
31.0 32.1t 34.8 33.0 33.7 33.9 34.2 33.3 .33.2 32.3 24.9 6.6 1.2 -.0 -.1 
34.3 32.1 34.5 32.3 34.3 34.2 33.9 33.1 31.2 26.2 7.9 -.3 -.7 -.2 -.7 
33.4 31.6 33.3 32.6 34.2 33.333 .. 1 31.9 26.4 10.6 -.6 -.8 -.4 .3 -.5 
32.9 33.234.2 32.634.433.231.2 26.4 10.1 -101 -1.5 -.7 -.4 -.3 .1 
33.7 33.2 33.7 32.7 33.8 32.3 26.2 10.6 -1.1 -1.6 -1.0 .0 -.2 .1 -.2 
33.333.734.133.132.524.9 1.9 -.6 -1.5 -1.0 -.5 -.3 -.4 .2 1.2 
33.734.231.829.621.9 6.6 - .. 3 -.8 -.7 .0 -.3 .5 .1 -1.4 .3 
32.531.225.8 13.5 4.2 1.2 -.7 -.4 -.4 -.2 -.4 .1 1.6 -;1 1.0 
26.7 17.1 5.2 .2 -.0 -.0 -.2 .3 -.3 .1 .2 -1.4 -.1 -1.2 -.1 
5.9 -.6 -1.0 -.9 -.1 -.1 -.7 -.5 .1 -.2 1.2 .3 1.0 -.1 .3 

-1.1 -1.5 -1.2 -.3 -.0 -.1 .3 -.6 -.4 -.1 -.7 -.7 -.2 -.5 -.4 
'-1.0 -.6 .3 -.4 .4 -.2 .0 .7 -.1 .8 -.2 .7 .2 .8 .6 

-.2 -.4 -.3 -.0 -.6 .1 -101 .3 -1.3 .1 -.8 .1 -1.2 -.2 -.8 
-.2 .7 .1 -.0 .3 .2 .2 .6 .3 .4 .1 .9 -.4 .8 .1 



.0 1.3 -.7 .3 
-1.2 -.0 -1.6 -.7 

.2 1.' -.0 1.3 
-1.0 .2 -1.2 .0 

.... It .6 -.8 .1 
-.5 .8 -.2 .8 
-.2 .2 -1.2 -.It 
-.7 .7 .1 .9 
-.7 -.2 -.8 .1 
-.7 .8 .1 .oC!o 
-.4 -.1 -1.3 .3 
-.6 .7 .3 .6 
.) .0 -1.1 .2 

-.1 -.2 .1 .2 
-.0 .4 -.6 .3 
-.] -.4 -.0 -.0 

-1.2 .3 -.3 .1 
-1.5 -.6 -.4 .1 
-1.1 -1.0 -.2 -.2 
-.7 -1.1t -.3 .0 
4.9 -.7 -.3 -.6 

12.6 .4 -.4 -.0 
22.6 1t.5 .. 1 -.5 
28.2 7.0 -.0 -.1 
31.1 10.6 -1.9 -.It 
32.0 15.9 -.9 -.7 
33.8 23.5 3.1 .6 
H.b 26.6 6.2 .6 
33.5 28.4 7.S .l 
34.0 30.8 7.9 -.8 
33.7 31.2 9.4 -1.4 
33.5 29.7 10.2 -1.3 
33.5 29.7 10.2 -1.3 
33.731.2 9.4 -1.4 
H.O ·30.B 7.9 -.8 
33.5 2B.4 1.S .1 
34.6 26.6 6.2 .6 
33.8 23.5 3.1 .6 
32.0 15.9 -.9 -.7 
31.1 10.6 -1.9 -.4 
28.2 7.0 -.0 -.1 
22.6 4.5 .1 -.5 
12.6 .4 -.4 -.0 
4.9 -.7 -.3 -.6 
-.7 -1.4 -.3 .0 

-1.1 -t.O -.2 -.2 
-1.5 -.6 -.4 .7 
-1.2 .3 -.3 .1 

.... 3 -.4 -.0 -.0 
-.0 .~ -.6 ~3 

- .. 1 -.2 .1 .2 
.3 .0 -1.1 .2 

-.6 .7 .3 .6 
-.~ -.1 -1.3 .3 
-.7 .8 .1 .4 
-.7 -.2 -.8 .1 
-.7 .7 .1 .9 
-.2 .2 -1.2 -.~ 
-.5 .8 -.2 .8 
-.~ .6 -.8 .1 

-1.0 .2 -1.2 .0 
.2 1.5 -.0 1.3 

-1.2 -.0 -1.6 -.7 
.0 1.3 -.7 .3 

10. Example 13 - Orthogonal Polynomial Expansion 

The program XMARR reconstructs projection data for a ring detector 
using the algorithm developed by R. Marr for representing the reconstructed 
image as an expansion of orthogonal polynomials. The simulated data for 
Example 13 are for a ring detector of 64 crystals, which is equivalent 
to 64 projection angles. The reconstructed image has a polynomial 
expansion with maximum degree equal to 62 (statement E13.053). 

The user should study the description of GETUM in section 111.4 
before using the MARR reconstruction algorithm. The MARR algorithm 
requires that the data are input first for adjacent detectors, then for 
detectors spaced 2 a~art, and so forth. This data format is illustrated 
in the printout given in this example. 
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PROGRAM X"IARR 1 IIIIPUT,QUTPUT,TAPEl,TAPEZ-=OUTPUTI 

EXAMPLE 13 

f13.QOl 
Ell .002 
E 13.003 
El3 .004 

THE PROG1O:AM XMAPR RECONSTPUCTS PROJECTION DATA FOR A I:I.JNG Ell.OOS 
DETECTOR UStNG'THE AlGOPITHM DEVELOPED BY MAI;l;R FOR REPRESENTING ED.006 
THE RECONSTRUCTED IMAGE AS AN EXPANSION OF ORTHOGONAL Ell.D07 
POLYNOMIALS. E 13 .OOS 

OI"4E'~SION 6140<;f.1 
COMMON WORI«( 30001 

COMMON/OUTCOM/LUNOUT, I BO 13 2 

LUNOUT - OUTPuT FILE 
I B0132 - OUTPUT LI NE LENGTH FLAG 

=0 EACH LINE WILL BE WITHIN 80 CHARACTERS 
IOTHERWISE 132 CHAOACTERSI 

C OMMONI PARMIl PA~ 1121, P AR 13 , 

E13.00q 
E 13. 010 
Ell.Cll -
E 13.012 
E13.013 
En.GI4 
E 13. 015 
E13.016 
E 13.017 
En.OIB 
En .. Olc 
E13. 020 

EQUIVALENCE INOIMU ,IPAR( 1JI,(ICIR ,IPARI 2IJ,(IGE('tM ,IPARI 31), 
ED.021 
ED.022 
En.Ol3 
El3 .024 
E13.02~ 

E13 .. 026 
E13.021 

I (NANG ,JPAR( 411,CMOOANG,IPAll.1 ~11,(l(otMU ,JPACl.1 ell, 
2 ftMIT ,IPAPI 111,INWORK ,IPARC SlItiNFLOAT,IPARI C;)l, 
3 «I STORE, IPAR (lOll, I IPR INT, IPARI 111 I, (LUNATN, IPA~11,) I, 
It IPwID ,PARI lll,IUISU·, PAI'l 211dRFAN , PARI 311 

LU"lOUT=2 
180132=0 

THE INPUT PARA"'ETERS AR E 

NDIMU=64 
ICI R=O 
IGEQM=3 
NANG"64 
MOOANG"S 
KOI"4U" 100 
I MIT .. 1 
NWORK"3000 
NFLOU"l 
I STORE"O 
IPRINT .. 7 
LUNATN=oO 
PI"4.*ATANll.) 
PW ID- FLOAT I NANG' I II' I*FLOAT (NO IMU II 
AXISU"SO.5 . 
RFAN"O. 

~ALL SETUP (JpAR,PAR,AGI 

NOEG"'62 
CALL MARA. I B,NOEG' 

CAll ARRAY I a, NDIMU I 

PRINTOUT OF THE VALUES FOR THE RECONSTC!.UCTeo nlV1SVERSE 

NMAT"NOIMU**Z 
KKl"l 
KU"NOIMU/1S'-l 
00 12 K"'l,KU 
WRITE 12tl4J 
KK2"lS*1( 
IF IKK2.GT.NOIMUI KK2 c NOIjo'·U 
DO 10 J-l,NOIMU 
15UB1"'NMAT -J*NOtl'lLI"KK 1 
I SUB2"N~AT-J*NOI MU"KK2 

10 WRITE 12,161 ISIII,1=ISUBltlSua21 
KKl=KKZ"l 

12 COIIITlNUE 

14 FORMATtlXlIlIlIl1 
10 FORMATe lX,tSF5.1I 

'NO 

SUaA.OUTINE GETUM IM,O,E) 

EXAMPLE 13 

EIl.02e 
En.oze 
El3. 030 
E13.031 
En .032 
En.033 
En .034 
E13.035 
E13.Q3t: 
Ell.037 
E l3.038 
El3.03C? 
E 13. 040 
E13.041 
El).04Z 
E 13.043 
Eu.a44 
Ell.D4S 
E13.046 
Ell .041 
E13.046 
E13.049 
En.osc 
El3.0St 
El3.0!-2 
E13.(,:53 
E13 .. 05(> 
Ell .O~! 
En.O!6 
E13.051 

SEC T! ON E 13. 05a 
E13.05c; 
Ell.ot-a 
EIl.Obi 
E13.062 
E13.063 
EL3.064 
E13.065 
F.1.3.066 
E13.067 
E13.068 
El3.069 
El3 .010 
E13. en 
E13.012 
El3.073 
E13.o74 
EI3.07~ 
E13.01t: 
El3.0n 
E13.01E1 

El3.07~ 
E13.0eo 
El3.081 
El3.0BZ 

THIS GETUI'I SUBROUTINE GENERATES PROJECTt"JN DATA FOR A ClING El3.083 
DETECTOR OF A CHEST PHANTOM CONSISTING ')F A HEA~T, LUNGS Af'.lO En .. OB4 
SURROUNDING TISSUE.. E13.0S~ 

C OMMONI OUTCOM/L UNOUT , IB0132 

LUNOUT - OUTPUT FILE 
I B0132 - OUTPUT LI Ne LENGTH FLAG 

=0 EACH LINE WILL BE WIlHH! 80 CHARACTERS 
I OTHERW IS E 132 CHARACTERS I 

COMMON/PARM/IPAR IlZ I, PARI 3) 

El3 .. 086 
E13.087 
ED.OBS 
El3.0S9 
E 13.090 
E13.091 
E 13 .. 092 
El3.0'?3 
El3.09,. 
E13 .. 09S 

EQUIVALENCE 
1 

INOIMU ,IPAR( UI,nCIR ,IPAR{ Z))'(IGEOM ,IPAIU 3JJ, El3.0~f. 
INANG ,IPARI 4JJ,(p.t.OOANGtlPAiH 511,(J(OIMU',tpAR( 6)1, E13.0'?7 

2 III'ItT ,JPAC!.( 11J,CNWQRK ,IPARI SI),(NFLOAT,IPAR( 9J1, El3.09B 
3 

• 
I I STORE, !PARI 10) I, I J pq I NT, I PAR (111), I LUNATN, IpARI12)), E13.099 
(PWIO ,PARI 11l,cAXISU I PAId 2JJ,IRFAN , PARI 31) .E13 .. 100 

DI"4ENSION Dlll,ECl),B214096) 
01 MENSI ON AtSI, SI5 I ,X 15' ,Y t 51 IIi! I t PHit 5 I, t"fYPEI 5) 
DATA NPHAN/4/, 

lA/itO., LO., 14., 14./, 
2B/40.,10.,10. ,10./, 
3X/0., 0.,10. ,-10.1 f 
4Y/0., -10., o. ,0.1, 
SIIS., 21. ,-4. ,-4.1. 
6PHI/0., 0., o. ,0.1 f 
1I TYPE 11,1,1,11 

DATA IFLG/OI 

IF (IFLG.NE.OI GO TO 12 
IFLG=1 
PI"4.*ATANl1.) 
PH[(3)"PII2. 
PHI 141=PII2. 

SCALE PHANTOM PARAMETeRS T(I SIZE OF PING 

FAC=FLOAT (NoI ~u 1/64. *PWI 0 
0010 l=l,NPHAN 
A(llcAIII*FAC 
811 1= BI II*FAC 
XItI"XUI*FAC 
YII';;YI11*FA,C 

10 CONTINUE 

E13.101 
E13.10Z 
E13.103 
Ell.I0L. 
E13.10~ 
E 13.106 
El3.l07 
E13.10a 
El3.109 
ED.110 
E 13.111 
El3.ll2 
E13.113 
E 13.114 
E13.tl5 
El3.llt
E13.ll1 
E13.llS 
E13.119 
E13.1Z0 
En.lZl 
E 13.l22 
Et3.123 
E13.124 
E13.125 
E13.12C 
E13.121 
El3.12B 
E13.129 

b 

7 

PWIJTH=pWIO 
IF (IMIT.EQ.OI PWIOTH"'-PWIO 
CALL PHA:~ I NPHAN, 10, I TyoE, Z ,x ,v ,A, ~ ,PHI, 82 ,NOt '"'-u, PW lOT HI 
CALL Aq,R,AY ISZ,I'WI"4UI 

12 CALL. PHANL (NPHA~,ITYPE,Z,X,YtA,a,PHI,o,"O 

RETURN 

END 

sss EEEEE TTTTT 
S , 

SSS EEE 
S, 

SSS EEHE 

U PPPP 
U' , 
U ppop 

U U P 
UUU P 

INTEGER PARAMETER A~RAY I IPAtI) 

IPARIII 

6' 
0 NA 
3 

6. 
S NA 

lOO NA 
1 

DESCRIPTION 

LINEAR DIMENSION OF THE RECGNSTRUCTtON APRAY 
NOT APPLICABLE IRH!G GEOMETRY I 
GEOMETRY FLAG 
RING DETECTOp GEO~'ETRY 
NUMBER. OF PROJECTION &.~GLES 
IEQUAL TO NUMBEP OF CRYSTALS) 
NOT APPLICABLE IFlING GECMF.TRY) 
NOT APPLICA~lE IRING GEOMETRY) 
TP.ANSMISSIO,"" DATA 

E 13.130 
E13.131 
E13.132 
Ell .133 
E13.134 
E 0.135 
El3.136 
E13.137 
E 13.138 
Ell.13° 
E13.140 

, 
9 

3000 
1 

OIMENSIO~ OF THE FLannlG POt""T USERS BLANK COMMa,"" SLOCK 
NUMBER OF WORDS Frl~ A FLOATING POINT VAOlA8LE 

10 
11 

0 
7 

!:XECUTE THE RECONSTRUCTIO,"" IN'JT JuST STORAGE S HE TEST I 
PRINT FLAGS IOPTIC'N5 SELECTED ARE ON THE FOLLJwlNG LINES. 
PRINT REQUIRED FLOATING POINT BLANK CO"MON WHENEVER CHANGED 
P~lNT P"-!JJECTION OATA AND UNCECITAINTIES 
PI\INT SETUP VALUES FROM IPAR AND PAil AUAYS 

12 0 NA NOT APPLICABLE IRING GEOMETR'tJ 

FLOATING POINT PAlI:A/I4ETER t..RRAY IPn.) 

oESCR IPT ION PARI I , 

.31B 
50.500 

o 

PIXEL WIDTH t~ UNITS :IF PROJECTION 8IN 'rIIDTH 
NA NOT APPLlCA8LE IRING GEO"lETI<Yi 
NA NOT ApoliCABlE IPING GEO~ETRY' 

8LANK CCOMMON REQUIRED 12. zoo. 

PLANK COM"40N REQUIRED 256 ~OOI 

8lANK COMMON REQUIRED "4 6001 

8LANK CO~MON REQUIR.EO 10001 

"IAXIMUM SIIE OF HANK COMMON THUS FAR- 512 FLOATING P<JINT WOPOS. 

EEEEE N N 0000 
E NN NO 0 
EEE N N N 0 

SSS EEEEE TTTTT U 
SET U 

S5S HE T 

U PPPP 
U P P 
U PPPP 

E N NNO 0 S , T U U P 
EEEEE N N DODD S$S EEEEE T 

M M AAA QRRR, RRRR 
"4M MM A A i\ C!. ~ 't. 
M M M A A RRRR RRH 
M M AAAAA R R R R 
tot M A APR R 't. 

PARAMETERS FOR SU8ROUT JNE "4ARR 

DESCRIPTIO,"" 

~4 NUMB ER OF C RYS T ALS NXUL -
NDEG - ~2 OEGCl.EE [IF THE POLYNO~! AL 

8LANK COM!~ON REQUIRED 252B I 47401 

Blt.NK COM/I10,~ REQUIItEO 2656 !1401 

BLANK CCHMot' REQUIRED Z718 I !:Z361 

B LA NK COMMON REQUIRED 2180 I !3341 

B LA NK C QM"40N REQUIRED 2812 I 53741 

eLAN!( COMMON Cl.EOUIR·EO ZB44 I 5~·341 

UUU I' 

~. 



PHANTOM GENERATED 

PPPP H H AAA "I 
PPHHAANN 
PPPP HHHHH A ANN.'oj 
P H AAAAA N ~I~ 

H A A N ~ 

ARRAY SIZE 6J,.x 64 INTEGRATION FACTOR., 10 SCALING FACTOR .. 
NUM8ER OF ELIPSES AND/OR RECTANGLES.. 4· 
THE PAiU:'IETERS FO~ THE ELLIPSE S AND/OR. RECTANGLES ARE 

X.Y - CENTER. 
1..8 - LENGTH OF AXIS OR SIDE A AND e 
PHI - ANGLE OF AXIS OR SlOE A 
DENS - INT'E:NSITY 

THE PARENTHESIS INDICATES THE SCALED VALUE 
!TYPE X Y A • 

XMIN ., 

1 - ELLIPSE 0 t 

- ELLIPSE 
01.1 
o • 
Olof 

- ELLIPSE 3.18, 

- ELU PSE 
( 10.001t I 

-3.18 • 
I -10.00I,f 

EEEEE N N 0000 
E NN NO 0 
EEE N N "I D 0 
E N NNO 0 
EEEEE N N DODO 

o 
Oil 

-3.18 
-10 .. 001 f 

o 
0)( 
o 
0)( 

12.73 • 
J,O.OOJ,I 

3.18 , 
10.001, f 
4.46 , 

14.001. f 
4.4t • 

14.001,1 

12.73 
40.001 

3.18 
10.001 
3.18 

10.001 
3.18 

10.001 

.PPPP H H AAA N 
PPHHAANNN 
PPPP HHHHI-I A ANN N 

H H AAAU N "IN 
1-1 A A N "I 

XMAX ., .10E+02 XSUM • .2395E+04 

PHI 

1.57 

1.57 
I 

I 

................................................................... 

--+H"'''_-------------X ........ X--------------
-----~-----.......... -----------------------.......... --------------------e ........ e---------

------AnnUA--------

. ................................ "' ................................ . 
+ I 1 

3.142 

OENS 
5.00 
1.591 

27.00 
8.S<;1 

-4.0C. 
-1.271 
-4.00 
-1.271 

0 .7639E+00 .1884E+Ol .2394E+Ol .2750E+Ol .3158e+Ol .3565E+Ol 

Z X A • • • • .3<;22E+Ol ./t176E+Ol • 4431E+Ol .49~IE+Ol .55;IE+Ol .5908E+Ol .6315E+Ol 

• • • • • • • • .6672E+Ol .7436E+Ol .8352E+Ol .8862E+Ol • ~269E+Ol .9677E+Ol .1003E+02 

• .1019E+02 

alA NI( C 014140"4 REQUiRED 2876 ( 54141 

RING DATA FOR· DETECTORS SPACED 1 APART 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 
0 
0 
0 
0 
0 
0 

RI"IG DATA FOR DETECTORS SPACED 2 APART 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
a 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 

RING DATA FOR DETECTORS SPACED 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

PING DATA FOR DETECT('I" S SPACEO 
0 0 
0 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

RING DATA FOR OETECTORS SPACED 
0 C 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 

RING DATA FOR DETECTORS SPACED 
0 0 
0 0 
0 0 
0 0 
0 G 
0 0 
0 0 

0 
0 
0 
0 
0 
0 

RING DATA FOR DETECTORS SPACED 
0 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

RHIG OATA FOR DETECTORS SPACED 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 '0 
0 0 
0 
0 
0 
0 

FING DATA FOR. DETECTORS SPACED 
0 0 
0 0 
0 0 
0 0 
0 c 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 

"It-lG DATA FIJR DETECTC'RS SPIoCEO 
0 0 
0 0 
0 0 

c 
0 
0 
0 
0 
0 
0 
0 
0 
0 

RJNG DATA FUR DETECTQRS SPACED 
0 0 
0 0 
0 0 

0 
0 
0 
0 
0 
0 
0 
0 

.0 

3 AP.t.RT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4 A PA~T 
0 
0 
0 
G 
0 
0 
0 
0 
0 
0 
0 
0 
0 

~ APART 
0 
0 
0 
0 
0 
0 
0 
0 

6 APART 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

7 APART 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

6 APART 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o t.,Pt'l.T 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 bPAOT 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
c 
0 
0 

11 AP.llH 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o 
o 
O. 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

o 
o 
o 
o 
o 
o 
o 
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RING OATA FOR DETECTORS SPACED 12 APART RI NG DATA FOR DETECTORS SPACED " APA",r 

0 0 0 .355Et-Ot .355E+Ol .355E+OL .355E+01 .355E+Ol 

0 0 0 .355E+QL .355E+Ol .355f+Ot .3S5E+Ol .355£-+ 01 

0 0 0 .355E+Ol .355E+Ol .3~5E·Ol .355et-Ol .355E+Ol 

0 0 0 .355f+Ol .355E+Ol .355E+Ol .355E+Ol .35SE+Ol 

0 0 o . .355E+Ol .3~5E·Ol .355E+Ol .355f+Qt .355f+Ol 
0 0 0 .35SE+Ol .355E+Ot .355f+Ot .355E+Ol .355F+Ol 

0 0 .355E+Ol .355f+Ot .35SE+Ol .355f+at .355E+Ol 
0 0 .355f+Ot .355E+Ol .355f+Ol .355f+Ot .355E+Ol 
0 0 .355f+Ot .355E+OL • 35~E+Ol .355f+Ot .355f+Ol 

0 .355f+Ot .355E+Ol .355E+Ol .355E+Ol .355f+Ot 
·0 .355E.Ol .355f+Ot .355E+Ol .355E+Ol .355E+Ol 

0 .355E+Ol .355E+OL .355f+Ot .355f+Ot • 355f+ 01 
.355E+Ol .355f+Ot .355E+OL .355f+Ot 

RING DATA F'JR DETECTORS SPAceD 13 APART RING DATA FOR OETECTn~s SPACfO 22 4PART 
0 0 0 0 .410E+Ol .410E+Ol .410E+Ol .410E+Ol .4tOEt-Ot 

0 0 0 0 .410E+Ol .410E+Ol .410E+Ol .410E+Ol .410E+Ot 
0 0 0 0 .410E+Ol .410E+Ol .410E+Ol .410E+Ol .410E+Ol 
0 0 0 0 .410E+Ol .410E+Ol .lj.l0E+Ol .410E+Ol· .410E+Ol 
0 0 0 0 .41 OE +01 .410E+Ol .410E+Ol .410E+Ol .410E+Ol 
0 0 0 0 .410E+Ol .410E+Ol .41OE+Ol .410E+Ol .410E+Ol 
0 0 0 .410E+Ol .410E+Ol .410E+Ol .lj.l0E+Ol .410E+Ol 
0 0 0 ."10E+Ol .410E+Ol .410E+Ol .410E+Ol .410E+Ol 
0 0 0 .410E+Ol ."10E+Ol .410E+Ol .410E+Ol .410E+01 
0 0 0 .410E+Ol .410E+Ol .410E+Ol .• 410E+Ol .410E+Ol 
0 0 .410E+Ol .410E+Ol .UOE+Ol .410E+Ol .410E+Ol 
0 0 .410E+Ol .410E+01 .410E+Ol .410E+01 .410E+Ol 
0 0 .410E+Ol .410E+Ol .410E+01 .410E+01 

RING DATA FOR. DETECTORS SP4CED ,- APAH RING DATA FOIt DETECTORS SPACED 23 APART 
0 0 0 .456E+Ol .456E+Ol .456E+Ol .45H+01 .45ee+Ol 
0 0 0 .4;6E+Ol .456E+Ol .4-56E+Ol .456E+Ol .456E+Ol 
0 0 0 .456E+Ol .456E+Ol .4!s"6E+Ol .456E+Ol .423E+Ol 
0 0 0 .392E+Ol .373E+Ol .358E+Ol .:H·8E+Ol .341E+01 
0 0 0 .3)8E+Ol .338E+Ol .34lE+Ol .348E+Ol .358E+Ol 
0 0 0 .373E+Ol .392E+01 .423E+Ol .456E+Ol .1t56E+Ol 
0 0 0 .456E+Ol .456E+Ol .169E+01 .896E+Ol .966E+Ol 
0 0 0 .101E+02 .102E+02 .102E+02 .101E+02 .'\I66E+Ol 
0 0 0 .896E+Ol .7MIE+Ol .. 1t5tE+Ol .456E+Ol .456E+Ol 
0 0 0 0 .456E+Ol .423E+Ol .392E+Ol .373E+Ol .358E+Ol 
0 .0 0 0 .348E+Ol .341E+Ol .338E+Ol .338E+Ol .341E+Ol 
0 0 0 '0 .348E+Ol .358E+Ol .373E+Ol .392E+Ol .423E+Ol 
0 0 0 .456E+Ol .456E+Ol .456E+Ol .456E+Ol 

RING DATA FOR DETECTORS SPACED 15 APART RING. DATA FOR DETECTORS SPACED 2~ APART 
0 0 0 0 .494E +01 .494E+Ol .494e+Ol .1t9.ftE+Ol .. 494£+01 
0 0 0 0 .494E+Ol .494E+01 .494E+Ol .494E+Ol .494f+Ol 
0 0 0 0 .494E+Ol .447E+Ol .419E+Ol .399E+Ol .383E+Ol 
0 0 0 0 .370E +01 .359E+Ol .350E+Ol .343E+Ol .33QE+Ol 
0 0 0 0 .338E+Ol .339E+Ol .343E+Ol .• 350E+Ol .359E+Ol 
0 0 0 0 .310E+Ol .383E+Ol .399E+01 .419E+Ol .809E+Ol 
0 0 0 0 .102E+02 .111E+02 .117E+02 .12LE+02 .123E+02 
0 0 0 0 .124E+02 .125E+02 .124E+02 .123E+02 .121E+02 
0 0 0 0 .117E+02 .lllE+02 .102E+02 .809E+Ol .41ge+Ol 
0 0 0 0 • 39ge+Ol • 383£+01 .370e+Ol .359E+Ol .. 350E+Ol 
0 0 0 0 .343E+Ol .339E+Ol .336E+Ol .339E+Ol .343E+Ol 
0 0 0 0 .350E+Ol .359HOI .]70£+01 .383E+Ol .399E+Ol 
0 0 0 .419E+Ol .447E+Ol .494E+Ol .494E+Ol 

II. (NG DATA FOR DETECTORS SPACEO 16 APART RING OATA FOR DETecTORS SPAC·ED 25 APART 
0 0 0 0 0 .526E+Ol .526E+Ol .526E+Ol .526£+01 .526E+Ol 
0 0 0 0 0 .• 526E+Ol .526£+01 .526E+Ol .497E+Ol .459E+Ol 
0 0 0 0 0 .437E+Ol .• 420E+Ol .,.06E+Ol .393E+Ol .383E+OI 
0 0 0 0 0 .374E+Ol .366E+Ol .360E+Ol .356E+Ol .354E+Ol ttl 
0 0 0 0 0 .354E+Ol .356E+Ol .360E+01 .366E+Ol .374E+Ol 
0 0 0 0 0 .383E+Ol .616E+Ol .897E+Ol .104E+02 .114E+02 I:l.~ 

0 0 0 0 0 .122E+02 .129E+02 .134E+02 • 135E+02 • 136E+02 .. 
0 0 0 0 0 .136E+02 .136E+02 .13tE+02 • 135E+02 • 134E+02 
0 0 0 0 0 .129E+02 .122E+02 .114E+02 .10"E+02 .S97E+Ol 
0 0 0 0 0 .616E+01 .383E+Ol .374E+01 .366E+Ol .360E+Ol 
0 0 0 0 o. .356E+Ol .354E+Ol .354E+Ol .356E+Ol .360E+Ol 
0 0 0 0 0 .366E+Ol .374E+Ol .383E+Ol .393E+Ol .406E+Ol 
0 0 0 0 .420E+Ol .437£+01 .459E+Ol .497E+Ol 

RING DATA FOR DETECTORS SPACED 17 APART RING DATA FOR DETECTORS SPACED 2t APART 
0 0 0 .507E+Ol .553E+Ol .553E+Ol .553E+Ol .553E+Ol 
0 0 0 .553!: +01 .507E+01 .471E+Ol .458E+01 .443E+Ol 
0 0 0 .430E+Ol .420E+Ol .410E+Ol .402E+Ol .395e"01 

0 0 .390E+Ol .385e"01 .383E+Ol .381E+Ol .380E+Ol 
0 0 .381E+Ol .383E+Ol .3.85E+01 .390E+Ol .736E+Ol 
0 0 .963E+Ol .109E+02 .118E+02 .123E+02 .127E+02 
0 0 .130E+02 .132E+02 .135E+02 .139E.02 .139£+02 
0 0 .139E+02 .139E+02 .139E+02 .135e+02 .13ZE+02 
0 0 .130E+02 .127E+02 .123E"02 .118E+02 .109E+02 
0 0 .963E+Ol .736E"01 • 390E+Ol .385E+Ol .383E+Ol 
0 0 .381E+Ol .380E+Ol .381E+Ol .383E+Ol .385£+01 
0 .390E+Ol .395E+Ol .402E+Ol .410E+Ol .420E+Ol 
0 .43JE+Ol .443E+Ol .458E+Ol .,,"77E+Ol 

RING DATA FOR. OETECTO~S SPACED 18 APART II.I~G ·DAH FOR ;lETECTQRS SPACED 27.VART 
0 0 0 0 .4~6E"01 .521E+Ol .576E+01 .576E+Ol .523E+Ol 
0 0 0 o· .496E+Ol .478E+Ol .46ItE+Ol .453E+Ol .444E+Ol . 

0 0 0 .,,"36E+Ol .1t30E+Ol .425E+Ol .421E+Ol .419E+Ol 
0 0 0 .418E+Ol .418E"01 .419E+01 .419E"01 .1t19E .. Ol 
0 0 0 .419E+Ol .418E+01 .817E+Ol .102E+02 .1l4E+02 
0 0 0 .121!:+02· .125E+02 .128E+02 • 12'\1E"02 • 129£+02 
0 0 0 .128E+02 .127E+02 .127£+02 0129E+02 .133E .. 02 
0 0 0 .133E+02 .129E+02 .127E+02 .127E+02 .128E+02 
0 0 0 .129E+02 .129E+02 .128E+02 .125E+02 • 121E"02 
0 0 0 .114E .. 02 .102E"02 .817E"01 .418E+Ol ."19E+Ol 
0 0 0 .419E+01 .419E+Ol .419E+Ol .418E+Ol .U8E+Ol 
0 0 0 .""19E+01 .421E+Ol .,.25E+Ol .430E+Ol .436E+Ol 
0 0 .4It4E+Ql .453E+Ol .464E+Ol .478E+Ol 

RING DATA FOR DETECTORS SPACED 1<; APAIn RI"IG DAr., FaA. OETECTJRS SPACED 28 foPA,A.T 
.189E+Ol .189E+Ol .189E+Ol .189E+Ol • 18<;E+Ol .495!: +01 .511E"01 .481E+Ol .511E+Ol .495E+Ol 
.189E+Ol .189E"01 .189E+Ol .189E+Ol .18~E+Ol .462E+01 .413E+Ol .1t65E+Ol .459E+Ol .454E+Ol 
.189E+Ol .18"1E+Ol .189E+Ol .189E+Ol .189E+Ol .451E+ol .450E+Ol .451E+Ol .453E+01 .458E+Ol 
.189E+Ol .189c+Ol .189E+Ol .189E+Ol .189E+Ol .46~E +01 .471E+Ol .476E+Ol .478E+Ol .476E+Ol 
• 18'\1E+Ol .189E+ 01 .18C:E+Ol .189E+Ol .16~E+Ol .904E+Ol .109E+02 .120£+02 .126E+02 .129E+02 
.189E+Ol .18<;/E·Ol • 18'\1E+Ol .18QE+Ol .189E+Ol .129;-+02 .128E+02 .126£"02 .123E+02 • 119E"02 
.189E+Ol 0189E+Ol .18I1E+Ol .18'\1E+Ol .189f+01 .115E+02 .111E+02 .109E+02 .108E+02 .10,,"E+02 
.189E+Ol .189E+Ol .\89E+Ol .169E+Ol .169E+Ol .106E+02 .109E+02 .111E+02 • 115E+02 .119E+02 
.189E +01 .189E+Ol .16'\1£+01 .IBf7E+Ol .189E+Ol .123£+02 .126E+02 .128E+02 .129E+02 .129E+02 
.189E+Ol • 18'\1E"01 .189E+Ol .189E+Ol .169E+Ol .126E+02 .120E+02 .109E+02 .904E+Ol .476E+Ol 
.189E+Ol ol89E+Ol .189E+Ol .189E+Ol .18<";E+Ol .478E+Ol .476E+Ol .471E+01 .464E+Ol .458E+Ol 
.169E+Ol .18'\1E+Ol .18'H+Ol .189E+Ol .1Bf7E+Ol .453£+01 .451E+Ol .~50E+'ll .451E+Ol ."4E+'ll 
•. 18ge+Ol • 189E+Ol .189E+Ol .169E+Ol .ItHE"OI .465E+Ol .473E+Ol .482E·Ol 

RING DATA FOR DETECTORS SPACED 20 APART. ,1"4G JAH FJR DETECTORS SPACED 29 APART 
.28tE+Ol .2861:+01 .286E+Ol .28tlE+Ol .286E+Ol ."38E+Ol .,,"24£+01 .~24E+Ol .438E+Ol .488£+'l1 
.286E+Ol .286E+Ol .286E+Ol .28U"Ol .2!'6E+Ol .481E+Ol .477E+Ol .1t14E+Ol .473E+Ol .4HE+Ol 
.28tE+Ol .286£+01 .286E+Ol .286f"01 .28M+Ol ."77E+Ol • 484E+Ol .4Q5E+Ol .511E+Ol .534E+0\ 
.286E+Ol .286E+Ol .286E+Ol .2UE+Ol .286E+Ol .569E+Ol .608E+Ol .!l08E+Ol .106E+02 .125E+02 
.286E+Ol .286E+Ol .266E+Ol • 28~E"01 • 26tE·,)l • 132E+02 .135E+02 .135E+02 .134£+02 .130E+02 
.286E+01 .286E+Ol .28te+Ol .2BH+Ol .2':1~E+Ol .125::;+02 .118E*02 .110E+02 .101E+02 .894£+01 
.286E+Ol .28tE+Ol .286E+Ol .286E+Ol .28t:E+1J1 .760E+Ol ."88E+Ol .438E+Ol .424E+Ol .424E+01 
.286E+Ol .286(+01 .28tPOI .28tlE+Ol .266E+Ol .438E+Ol .,..88E+Ol .760E+Ol .894E+ol .101E+02 
.286E+Ol .286E+Ol .Z8H+Ol .2e6E"01 .286E+Ol .l1JE+02 .118E+:)2 .125E+02 .130E+02 .134E+02 
.286E+Ol .286E+01 .286E+Ol .286E+Ol .2SH+Ol .L35E"02 .135E+02 .132E+02 .125E+02 .106E+02 
.286E+Ol .286E+C1 .286£+01 .286E+Ol .286E+Ol .!l06E+ol .608E"01 • 569E+Ol .534E+Ol .511E+:n 
.286E+Ol .286E+(j1 .28H+Ol .286E+Ol .286E"01 .495E+Ol .484E+Ol .1t71E+Ol .474E+Ol .473E"01 
.286E"'01 .286E"01 .286E+Ol .286E+Ol .47ftE+Ol .477E+01 .481E+Ol .488E"01 
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.. I ~ G )ATA FO' DETECTJRS SPAC.ED 30 APAlI.r 0 0 0 0 
.391f+Ol .394E+Ol .391ft-Ol .401ft-Ol .~29E+Ol 0 0 0 0 
.488ft-Ot .489ft-Ol .491ft-Ol .497ft-Ot .508ft-Ot 0 0 J 0 
• SlltE +01 .553etOI .H7EtOI .617e*Ol .~l7E+Ol 0 0' 0 0 0 
.617:+01 .1IOE+Ol .127Et02 .1 J8EtOZ .UItE+02 0 0 0 0 0 
.146: .. 02 .145':+02 .142E+02 .129E+OZ .i17E+02 0 0 0 0 0 .1 
.1031:+02 .831Et-Ot .491ft-Ol .489ft-01 ,,,,88Et-Ol 0 0 0 0 0 0 0 .1 -.0 
."29f+vl .407f."Ot .391f+O! .394f+Ot .397f+Ot 0 0 0 0 0 0 .0 .1 .1 .0 
• 407::*01 .429ft-Ol .488ft-Ol .489Et-Ol .491E+0l 0 0 0 0 0 0 -.2 .1 .1 .. .0 
,a)lE+Ot .103E+02 -.117E+02 .129E+02 .142f+OZ , 0 0 0 0 -.2 -.0 -ol -.0 .1 .1 
.145EtOZ .14e,E+02 .144Et-02 .138E+02 .127E"02 0 0 0 0 .0 .0 -.1 -.1 .0 .1 .0 
.11OE+02 .617Et-Ot .617Et-Ol • b17E+Ol .. !I17f+Ol 0 0 0 0 0 .2 .1 -.1 -.1 .0 .0 '.1 -.1 
.S53E+0l .524f+Ol .508e*OI •• 'HE+Ot .4C)lE+Ol 0 0 0 0 0 .1 .0 -.1 .0 .0 -.1 -.1 -.0 
.489f+Ot .468ft-Ot .ItZ<;E+OL .'t07E+Ot J 0 , 0 -.0 .1 .0 .1 ol '.1 '.2 '.1 .1 

0 u 0 0 0 ., -.0 .0 .1 .1 .0 -.1 -.1 .0 .1 
iU'4G OAf A FO. DETECTORS SPACED 31 APUT 0 0 a 0 0 ·.1 .0 .0 01 01 -.0 -.0 .1 .1 -.0 

.380E+Ot .380E+OI .36H1-01 .3 Q 4EtOl .HIE+Ol 0 0 0 a .1 -.0 .0 -.' .0 .0 .0 .1 .1 .0 -.2 

.440E 1-01 .511E1-;)1 .523E.Ol .545E+Ol .59LE+Ol 0 0 0 -.3 -.1 .1 -.1 -.1 .0 .0 .0 .1 .1 -.0 -.2 

.623E+Ol .623£+01 .!:23E+Ol • 754E +01 .113E+02 0 ) 0 .0 .1 .0 -.1 .0 .0 -.0 .0 .1 .1 -.1 -.1 

.12:;E+02 .139E+02 .1451:+02 .147E+02 .145E1-02 0 a 0 -.2 ., -.1 -.1 .1 -.0 -.1 .0 .1 .0 '.1 .1 

.14IE+02 .133£+02 .121E+02 .103E+02 .59IE1-01 , 0 .1 '.1 .0 -.2 .1 .1 -.1 -.1 .0 .J -.0 -.0 .2 

.545f+Ol .523E+Ol • ~ lLE +01 ."40E+Ol ./t11f+Ol 0 0 -.2 .1 -.1 '.1 .1 .0 '.2 '.1 .0 .0 '.1 .0 ., 

.394f+Ol .384f·Ot .380E.Ol • 380E tOI .394E+Ol 0 ., -.1 .1 -.2 -.0 .1 -.1 -.1 - .0 .1 -.J - .1 .1 .7 

.394E+Ol .411E+Ol .440E+Ol .511 E.Ol .~ 2lE.Ol , .2 .1 .0 -.1 .1 .0 -.1 -.1 .1 .1 -.1 -.1 .3 1.0 

.S!t5E·Ol .591E+Ol .103E+02 .121E.02 .133E+02 , .1 .2 .0 .0 .1 -.0 -01 .0 • 1 -.0 -.1 .0 .. 1.3 

.141E.02 .145E+02 .147E.02 .145£"+02 0119E+02 0 .1 .1 .1 .1 .1 -.0 .0 .1 . 1 -.1 -.1 .2 I .• 

.129E+02 • lL3E.02 .754E+Ol .b23E+Ol .~2)E+Ol .1 .1 .0 .2 .1 .0 .0 .1 .1 -.0 '.1 .0 ., 1.2 1.' 

.623E .01 • 591f·Ol .545E+Ol .523E+Ol .511E+Ot - ., .0 -.1 .2 • 1 -.0 .1 .2 .1 -.1 -.1 .2 .. 1.' 1 •• 
.440E.Ol .411f+Ol • ~94E.Ol .384E.Ol ·.3 -.1 -.2 .1 '.0 -.1 .1 .2 .0 -.2 -.1 .3 1.0 ... 1.9 

-.2 -.2 -.2 .0 '.1 -.1 • 1 .2 -.0 -.2 -.1 ., 1.1 1 •• 1 •• 
:u ~G QATA FO. OETEeTJ~S SDAe£') " ADAU '.1 -.2 -.2 -.0 '.2 -.2 .1 .1 -.1 -.2 -.0 .. 1.1 1 •• 1.7 

• )75E.Ol .377E+Ol .383E+Ol .)9,.E.Ol .411 E1-01 -.1 -.1 -.1 -.0 -.2 -.2 .0 .0 -.1 '.2 -.0 ., 1.1 I.' 1.7 
.439E+Ol .487E+Ol .625E+Ol .625E+Ol .t75E+:JI •• 0 .0 .0 .0 -.2 -.2 -.0 -.0 -.2 -.2 -.0 .. 1.0 1.5 1.7 
.625E+Ot .:;06E+Ol .117E.02 .131E+02 .140E.02 .0 .1 .1 .1 '.1 -.1 -.0 -.1 -.1 -.2 -.0 .3 .9 1.' 1.' 
.145E+02 .141E+02 .llt5E+02 .l/tOE+02 .131£·02 .1 ., .1 • 1 .1 .0 -.0 '.1 -.1 -.1 -.1 .2 .. 1.' 1.9 
.1l7E +02 .90H+()1 .~2!:E.Ol • 625E+Ol .625E+Ol .2 - .0 .1 .0 .1 .1 .0 -.0 -.0 -.0 -.0 .1 .7 1.' ... 
• b25E+Ol .4B7E+OL .lt39E.Ol .41LE.Ol .3 Q ltE.Ol .2 -.1 01 -.1 .1 .2 .0 -.0 .1 .1 -.0 .0 .5 1.3 1.9 
.383E.Ol .377E+Ol ... -.2 .1 ·.2 .0 .2 .0 -.0 .1 .2 • 0 -.0 .. 1.1 1.' , -.2 .2 -.1 -.1 .2 .0 -.1 .1 .2 .1 -.1 .2 .9 1.7 , -.1 .2 -.0 -.1 .1 .0 '.1 .0 .2 .1 -.1 .1 .7 1.' 

BLtr.N'< e,M-'ON REOU I ~EO "'0 15341 0 .2 .1 .1 -.1 .1 .0 -.' -.1 .1 .0 -.2 -.1 ., 1.2 , -.2 -01 .1 -.1 .0 .0 -.2 -.1 .1 -.0 -.2 -.2 .3 1.0 
0 0 -.2 .0 -.1 -.0 .0 -.2 -.1 .0 .0 -.2 -.3 .1 .7 

SLAN<. COM"IO/ll REQUHEO 732 13341 0 .0 -.1 -.1 -.0 .1 -.1 -.1 .1 .1 -.1 -.3 -;1 .. 
0 0 -.1 -ol ·.1 .1 -.1 -.1 .1 .2 .0 -.3 '.2 .1 
0 0 -.1 .0 -.1 .1 .0 -.1 .0 .2 .2 -.1 -.) -.1 

8JLUII( :O"'.MON REQUIRED <70 12361 0 0 .2 .2 ·.1 .0 .1 -.1 -.1 .1 .2 .0 -.2 -.2 
0 0 0 -.1 .1 -.1 .2 .0 -.2 -.0 .2 .1 -.1 -.2 
0 0 0 0 .2 -.1 .0 .1 -.1 -.2 '.0 .1 .0 -.1 

~LAN( cO ... "'O~ REQutUO .0' , 11401 0 0 0 , -.2 .1 -.2 .1 .1 -.1 -.1 ·.0 -.0 -.0 
0 0 0 0 -.1 -.1 -.1 .1 -.0 -.1 -.0 -.0 -.1 
0 0 0 0 0 .0 -.1 -.0 .0 -.0 .1 .1 '.1 

8LAN( :::I)M"IO'~ REQutqEO ,76 I 11001 0 0 0 0 0 -.0 .1 .0 .0 -.J .0 .2 .1 
0 0 0 0 0 0 .0 .0 .1 .0 -.1 .0 .2 
0 0 0 0' 0 0 0 .1 -.1 .2 .1 -.2 -.1 

8L"NI( eOM"I:JN qEQUtitED ,44 10401 0 0 Q 0 0 0 0 0 .2 -.2 .1 .1 -.2 
0 0 0 0 0 0 0 0 -.2 -.2 .0 .2 
0 0 0 0 0 0 0 0 0 0 .1 -.2 

"I";(I"IU"I SIze " eLA~K :014"'0"1 r .. ws FAD. 28B FLOATt .. G P)I~T "'JADS. 0 0 0 0 0 0 0 0 0 0 ., 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

EEEEE " N DODO " " A .. ~RRII' q"lI'lI; 0 0 0 0 0 0 0 0 0 0 
E " 

, 0 0 ., 
'" • • • • , • 0 0 0 0 0 0 0 0 0 0 

EEE N , N 0 0 " 
, 
" . . q""ft A; II A; A. 

E , 
" 0 0 " " A.uU · • • • EEEEE , , DODO • A • • • , 

X'4J ~ -.51E+OO X10IAX . .t 2E+02 XSUM · .n9H.04 

0 0 0 0 0 0 0 0 0 0 0 -.. .2 .2 .1 
0 , 0 0 0 0 0 -.3 .2 -.0 -.2 -.1 -.1 '.0 .1 
0 , 0 0 0 .2 -.3 -.2 .1 .3 .3 .2 -.0 -.2 '.2 .................................................................... , 0 -.2 .1 -.0 .1 .1 .0 -.0 -.1 -.1 -.2 '.2 '.2 .,\ , -.1 -.1 .2 .2 -.0 -.2 - ., -.1 .0 .1 .2 .2 .2 .2 

-.2 -.' .1 -.0 -.1 -.1 .0 .1 .2 .1 .1 01 -.0 -.1 -.1 

-.' -.1 -.1 -.0 .1 .2 .2 .1 '.1 -.1 -.' -.2 -.2 -.2 -.2 
-.1 -.1 .0 .1 .1 .0 '.1 -.2 -.2 -.1 -.1 .0 .1 .1 .2 ., .0 .0 -.0 -.1 -.1 -.1 -.0 .1 .2 .2 .2 .2 .2 .2 
.1 -.0 -,\ -.1 -.1 .0 .1 .2 .2 .2 .1 -.0 -.1 -.2 -.' 

'.0 -.0 -.0 .0 .1 .1 ,\ .1 .0 -.1 -.2 -.' -.3 '.3 -.3 
---------------- -.J .1 .1 .1 .1 -.0 -.1 - .2 '.2 '.2 .,\ -.0 .1 .2 .3 

------" .. ---- -- ..... ------ .1 .2 .1 .0 -.1 -.2 -.2 -.2 -.0 .2 .. .7 .9 1.1 1.2 
----- ... --------------.. ----- .1 .1 -.0 -.1 -.2 -.1 .0 .2 ., ., 1.1 I.' 1.. 1.7 1.7 

__ --- c--· __ ••• __ .... _____ a _____ -.0 -.1 -.2 -.1 .0 • 3 .. ., 1.2 I.' I •• 1.7 1.5 1.7 1.7 
----------- -... - - - - ... ,,- - ---------- -.2 -.2 -.1 .1 . , .. 1.2 I.' 1 •• 1.7 1.7 1.7 1 •• 1 •• I.!: 

- -- ... ,,--- -- - ------------------.... --- -.2 -.1 .1 .5 .9 1.' 1.' 1.7 1.7 1.7 1 •• 1 •• I.' 1.5 1.' __ IE., "" __________________________ It •• __ 

'.1 .1 .5 • 9 1.3 1.5 1.7 1.7 1.7 1 •• 1.. I.' 1 .• 1 •• 1 •• 
--... -------- ..... ~ ......... "''''--------.... -- .1 • 5 .9 1.2 1.' 1 •• 1.7 1.7 1 •• 1 •• 1 •• 1 •• 1.7 1.' I.' 

-- .... -------- - --." ----., .-----------... -- .. .9 1.2 1.5 1 •• I •• 1 •• I.' 1.. 1 •• 1 •• 1.7 1.7 1.' 1.' 
-------------- .7 1.2 1 •• 1.7 1.7 1.7 1.7 1 •• 1.. 1.5 1. ~ 1 •• 1 •• 1 •• 1.' ---- ........ ,,---- 1.1 1 •• 1.' 1.' 1.7 1.7 1 •• ... 1 •• 1.5 1.5 1.' 1.' 1.5 1.' 

----........ ---- I.' 1.' 2.0 1.9 1.7 1 •• 1 •• 1 •• 1.' 1.' 1.' .. , 1 •• 1 •• 1.' 
---.---- ----- ------- ---------- ____ c ___ 

"7 2.0 2.0 1.7 1.5 1.' 1.' 1.5 1.5 1.5 1 •• 1.7 .. , I.. 1.7 
---- ---------------- 1.' 2.0 1.' 1.5 1.2 1.1 1.' 1.3 I.' 1.5 1 •• I.' ·1.9 2.0 1.9 

--·.'111.·-- .. ---.. -- 1.' 1.9 1.5 1.1 .9 ., .9 1.0 1.1 1.3 1.' 1.7 1.. 1.9 1.9 
- ... ------ --IAS .... SAI-- ------... - 1.9 1.7 1.3 • 9 ., .. .. .7 .. .9 1.1 I.' 1.' 1.7 1.' 
-- •• ----- -- -- J "' ••• n ••• ~ 1---------... -- 1.9 1 •• 1,\ • 7 • 5 .. .3 • 3 .. .5 .7 1.' 1.3 I.' I.' 
------ ••• --- .xl ••••••••• x+---· .. " ------ ". 1.' 1.0 . 7 .. .3 .2 .1 • 0 .1 .. .. 1.' 1.' 1.5 
---- •••• --- + A' •• n •••• tlA4o---·""" .---- 1.7 1.3 1.0 .7 .5 .3 .1 -.0 -.1 .0 .. .5 1.3 1 •• 1.7 
---- .... ---·18.n .... eel·---···---- I.' 1.3 .9 .7 ., .3 .2 .1 .0 ., .5 1.0 1.5 I.' 2.0 

--- ••• - - -.) "' •••••• MI .---.... --- 1.. 1.' • 9 .. .. .3 .3 ." • 3 .. .. 1.2 1.' 1.9 2.0 
-- ••• -- -- -Illli J • ____ e •• __ 1 •• 1.2 .. ., .3 .3 " .. . , .. .. 1.1 ". "5 1 •• 

--- .------------------ 1.7 1.3 .7 .3 • 1 .2 .. • 5 .. .. • 7 .. . . 1.0 1.1 
--- --------------- 1.8 1 •• .7 .2 -.0 .1 " .5 • 5 .. .. .. .. . . 1.0 

"0 1.5 .. .2 .0 ., .. .. .3 ., .1 .3 • 7 1.2 I •• 
2.1 1.7 1.0 .. .3 .. .5 .. ., .0 • 1 .. 1.' 2.' 3.3 
2.1 1.' 1.2 • 7 .. • 7 .. .. .2 .1 .. 1.3 2.7 ..1 5.' 
'.0 1.' 1.' 1.1 1,\ 1.2 1.1 .. .. .. 1.0 2.3 '.1 •• 0 7 •• 

1.' I.' 1.5 I •• 1.5 1 •• 1.' 1.1 .7 .. 1.7 3.3 , .. 7.5· 9.1 
1.7 1.7 1 •• 1 •• 1.7 1.9 1.7 1.3 1.0 1.2 2.2 '.1 ... •• 5 10.1 
1.5 1.' ... 1.7 1.9 2.0 1.' 1.' 1 ~ 1 1.' ". ... .. , 9.0 10.5 .................................................................. 1.) 1.5 1.' 1.7 1.9 2.0 I.' 1.' 1.1 1.' 2 •• '.7 7.0 9.1 10.& 
1.0 1.3 1.' 1 •• 1.9 2.0 I.' 1 •• 1.0 1.1 2.2 4 • .;: .. , '.7 10.3 .. .9 1.2 1 •• 1.' 2.0 1.' ". • 9 .. 1 •• 3.3 ,., 7.7 ... 

+ I 1 .2 .5 .7 1.1 1.!: 1.' 2.0 1 •• 1.0 .7 1.0 2.1 3.9 5 •• 7 •• 
-.5HSE+JJ .3438E+00 .1619E.01 .2286E·Ol .2711E·Ol .3191E·Ol .3683E+Ol '.1 .1 • 3 .. 1.1 1.7 2.0 .. , 1.' .. .7 1.2 2.3 3.' 5.2 

-.1 -.1 - .1 .1 .5 1.2 1.' /.0 1.8 1.3 .9 .. 1.2 2.0 2.9 
'.1 -.1 -.1 -.2 .0 .5 1.2 I.' 2.0 1.' 1 •• 1.1 .. 1.1 1.' 

l X " • • • .0 .1 .0 -.1 ·-.2 -.1 .. 1.0 1 •• 1.' I.' 1.' 1.3 1.1 1.1 
.HoeE·Ol .4411E+Ol .41l5'=+Ol .5382:+01 • 6050E·Ol .~lt15E+Ol .b9~1 E.Ol -.J .1 .2 .1 -.1 -.3 -.2 .2 • 7 1.2 1.5 1 •• I.' 1.1t . 1.3 

'.1 -.0 • 2 .3 .2 -.0 . -.3 -.3 -.1 .2 .. ., 1.1 1.3 1.3 
-.1 -.2 - .1 .1 .3 .3 .1 -.2 -.. -.' -.) -.1 .2 ., .7 

• • • • • • • .2 -.1 -.2 -.2 .1 .3 .3 .2 -.1 -.' -.' -.' -·.4 -.3 -ol 
• H8bE·01 .8296E"01 • 9389E"01 .999bE+Ol .1'J48P02 .1097E.02 • 1139E"02 .2 .2 .0 -.2 -.2 -.0 ., .3 .3 .1 -.1 -.3 -.' -.. -.. 

-.2 .1 .3 .2 -.1 -.2 -.2 •• 0 .1 .2 .3 .2 .1 .1 .0 
'.1 -.3 -.0 ., .3 .1 -.' -.3 -.3 -.1 .0 .2 .3 .3 .3 

• .3 .1 -.2 -.1 .1 .2 ., -.0 -.2 -.3 -.3 -.2 -.1 .0 .0 
.1157E.02 -.3 .1 .3 .0 -.2 -.1 ., ., .2 .1 -.0 -01 '.1 '.2 -.2 , .1 -.3 .2 .2 -.1 -.' -.2 -.0 .1 ., .2 .2 ol .1 

0 , -.5 .0 -.2 .1 .2 -.0 -.1 -.2 -.1 -.0 -.0 .0 ,.1 
0 0 0 0 0 .2 -.2 -01 .1 .2 ol .0 -ol '01 -.1 
0 0 0 0 0 0 0 -.2 .1 -.1 -.1 -.0 .1 .1 .1 
0 0 0 0 0 0 0 0 0 0 0 -.2 .1 01 '.0 
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.0 .1 ol .0 .1 .2 .2 -.b 0 0 0 0 0 0 0 

.2 .3 .) .2 ., -.0 -., -., -.2 -.0 .2 -.3 0 0 0 
- .2 -ol -ol -.2 -.2 -.2 -.0 ., • 3 .. ol -.2 -.. .,' 0 0 
-.0 ., ., -.0 -ol -.2 -.2 -.2 -ol -ol -.0 .0 .1 ol -.0 0 

.2 .2 .2 .2 .2 .2 .2 .2 ., .0 -. , -.2 -.2 -.0 .2 0 
-.2 -.2 - .2 -.2 -ol -. , -.0 ., ., ., .2 ol .0 -., -., 0 
-.2 -.2 -.2 -.2 -.2 -.2 -.2 - .2 -.2 -., -ol ol .2 .2 ., 0 
.2 ., .2 .2 " ol ., .0 -., -. , -.2 -.2 -., .0 ., 0 ., ., .2 .2 .2 ., .2 .2 .2 .2 ol -.0 -. , -., -., 0 

·.2 -.2 -.2 -., -., -., -ol -.0 ol .2 .2 ., ., .0 -., 0 
-.3 -., -., -.. -.3 -.3 -.3 -.3 -.2 -ol .0 ., ol ., ., 0 .. .. .. .. .3 .2 ., -.0 -., -.2 -., -., -. , -.0 ., 0 ,., ,., '.2 ,., ,., ,., ., .7 .. ., -.0 -., -., -., -ol J 0 
'.7 '.7 ,.7 , .7 i.7 '.7 '.b , .. ,., .. ., ., .0 -., -., 0 
'.7 '.b ,., '.7 ~l. 7 1.7 , .. '.7 ,., , .. ,., . , .. .. .0 0 , .. , .. , .4 , .. 1.S 1.' 1.b '.7 '.7 '.7 ,., , .. l.l .. • 5 0 0 
'.4 '.4 ... '.4 , .. 1.5 '.5 , .. "b l.7 '.7 ,.7 I.'; , .3 ., 0 0 
l.' ,., 1.' '.b l.e ,., ,., ,., ,., 1.' 1.7 '.7 1.7 '.5 1.' -.. 0 
1.' '.7 '.7 , .. 1.' , .. 1.7 '.b , .b 1.b 1.b 1.7 1.7 '.b ,.5 .0 0 0 
'.7 1.' '.b '.7 1.' 1.' '.7 '.7 '.b 1.' , .. 1.' 1.' , .. , .. -., 0 0 0 
I.' , .4 I.' '.5 , .. '.b '.b '.b 1.5 1.5 '.b 1 •• 1.7 1.7 .. 7 -., ., 0 0 
1,) ,., ,., 1.3 , .. 1.5 1.5 l.!: '.5 1.5 '.b 1.b ,.b '.7 ,.7 ol -., 0 0 
1 •• , .. '.3 1.' 1.5 1.' '.b ,., 1.5 1.5 '.5 ,., l.b ,., ,.7 ., -. , .0 0 ,., ,., , .. 1 :~6 ,.7 , .. , .. 1.7 '.b , .. '.5 1.5 I.' , .. '.5 .0 ol .2 0 , .. '.7 '.7 I.' 1.' '.0 I.' , .. '.b , .. , .. , .3 ,.2 ,., 1.' .0 ., ., 0 

I.' ,.7 '.7 , .. ,. , ,., , .. '.7 , .. '.3 1.' '.0 ., .. . , ., ., ., 0 , .. , .. , .. I., , .. 1.7 , .. '.4 ,., . , .. .7 .t .b .b .2 .0 ., ., 
'.3 '.2 1.2 1.3 I.' I.' 1.3 1.0 . , • 5 .. .3 .3 .. .5 .2 -ol .0 -., 
1.4 1,) 1.3 1 •• 1.5 I.' 1.' .. .. .1 .0 .1 .2 .3 .4 .1 -., -.1 -.3 
1.7 1.7 1.7 1.7 1.' 1.b 1.3 ,.a .4 .0 -.1 -.0 .1 .. • s .0 -. , -.2 -., 
'.0 2.0 2.0 , .0 2.0 I.' I.' 1.0 .. .2 .0 • 1 .2 .. .. -.0 -.2 -.2 -.1 
2.0 '.0 2.0 , .0 2.0 I.' 1.b 1.2 • a .. .. . , .3 .3 .. - .0 -.1 -ol -.1 
1.' 1.b 1.b 1.b 1.b I.' 1.4 lol • a ., .5 .. .3 .3 .3 .0 .0 .0 -.0 
1.1 1.1 1.1 lol lol 1.0 ., .a .7 .b • b .5 .. .2 .1 ., .1 ol .0 
1.0 1.1 1.1 1.0 1.0 • a .b .4 .. • 4 .. .5 .3 .1 -.0 ol .1 .0 .1 
2.0 '.1 2.1 '.0 1.' 1.2 .7 .3 .1 .2 • 3 .4 .. ., .0 .0 .1 -.0 .2 
3.' '.2 4.2 3.' 3.3 , .. 1.4 .b .1 .0 • 2 .. .S .4 .3 -.1 .1 -.1 .2 , .. ,.a 6.B , .. S.4 'ol 2.' 1.3 .. ol ., ., .B .7 .6 -.2 • 1 -.2 -.. 
B.' '.2 9.2' B., 7., '.0 '.1 2.3 1.0 .. .. .B lol 1.2 1.1 -.1 ., -.2 0, 

10.l 10.1 10.7 10.2 '.1 7.5 ... 3.3 1.7 .a .7 1.1 1.5 1.' 1.5 -.0 ., -.1 0 
11.0 11.4 11.4 11.0 10.1 B.' , .. ..1 2.' 1.' 1.0 1.3 1. , .. , 1.7 .1 .1 ., 0 
H.l 11.5 11.5 11.l 10.5 '.0 b.' .. , 2.b I.' 1.1 1.' 1.B 2.0 I.' ., -.1 -., 0 
11.3 11.& 11.6 11.3 10.6 '.1 7.0 4. ? 2.b 1.' 1.1 1 •• 1.a 2: .0 I.' .0 -., 0 0 
1l.Z U.5 11.5 11.2 10.3 B.7 ,., .. , 2.2 1.1 1.0 1.' 1. B 2.0 I.' -.1 .0 0 
LO.5 11.0 11.0 10.5 '.4 7.7 ... 3.3 1."6 .B . , 1 •• I.' '.0 1.a -., 0 0 

B.B , .. , .. a.B 7 •• 5.' 3.' 2.1 1.0 .7 1.0 1.6 2.0 I.' I.' -.1 0 0 
'.3 6.' ,., ,.3 .. , 3.B 2.3 1.2 .7 .a 1.' 1.' 2.0 1.7 1.' .2 0 0 
3.7 '.1 •• 1 3.7 2.' 2.0 1.2 .B ., 1.3 1.B 2.0 1.B 1.' ., 0 0 0 
1.B 2.0 2.0 1.B 1.4 1.1 ., 1.1 1.' 1.B 2.0 loB 1.2 .5 .0 0 0 0 ,., '.2 '.2 'ol '.1 1.' 1.3 ,., 1.B '.B 1.' '.0 .. -.1 -., 0 0 0 
1.3 1.3 1.3 '.3 '.3 ·1.4 I.' 1., 1.5 '.2 . , .2 -.2 -.3 -.1 0 0 0 , .. , .. 1 •• 1 •• 1.3 , .. 1.1 ., ., .2 -., -.3 -.. -.0 .2 0 0 

.B ., ., .B .7 ., .2 -., -.3 -.0 -.. -., . , .. .3 0 0 
• 0 . , .1 .0 -.1 -.3 -.. -.. -.. - .. -ol .2 .3 .3 .1 0 0 

-.3 -.3 -.3 '-.3 -.. -.. -.. -.3 -ol .1 .. .. .2 -.0 -., 0 0 
-.0 -.0 -.0 -.0 .0 .1 .1 .2 .3 .2 ., -.0 -.2 -.2 -., 0 0 .. • 3 .3 .3 .. .. .3 .2 .0 -.1 -.3 -.3 -.2 ol .3 0 0 

.0 .0 .0 .0 .0 .0 -. , -.2 -.3 -.3 -., -.0 .2 .2 ol 0 0 
-.2 -.2 -.2 -.2 -.2 -.2 -.1 -., -.0 .1 .2 .2 .0 -., ·-.Z 0 0 

ol .0 .0 ., ., ol .2 .2 .2 .1 -.0 -.2 -.2 -., .2 0 0 ., ., ., ol ., .0 -.0 -.0 -., -.2 -.1 -.0 .2 ., -., 0 0 -. , -ol -.1 -., -., -., -ol ,.0 .1 .2 .1 -.1 -.2 .2 0 0 0 ., 01 ., .1 01 .1 .1 -.0 -.1 -., ., -.2 0 0 0 0 0 -.. -.0 -.0 -.0 -.' .1 .1 ': .Z 0 0 0 0 0 0 0 • , 
"':~ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0' 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 

.1 -.2 0 0 0 0 0 0 0 0 0 0 0 0 0 

.2 -ol -.1 0 0 0 0 0 0 0 0 0 0 0 0 
-.0 .1 -.0 -.2 01 0 0 0 0 0 0 0 0 0 0 
-.0 -., -.1 -.0 -.0 .1 0 0 0 0 0 0 0 0 0 ., .0 - ~ 1 -01 .0 01 01 .0 0 0 0 0 0 0 0 
-.0 .0 .0 .0 .0 .0 .1 ., -.2 0 0 0 0 0 0 
-.1 -.1 -.0 .1 .1 .1 -.0 -.1 -.0 -.:z 0 0 0 0 0 

.0 -.0 -.0 -.0 .0 .1 .0 -.1 -., .0 .0 0 0 0 0 

.1 ;, .1 -.0 -.1 -.1 .0 .0 -.1 -.1 .1 .2 0 0 0 

.0 .1 .2 .1 -.0 -01 -. , .0 .0 -.1 .0 .1 0 0 0 -., -.0 .1 .1 .1 -.1 -.2 -.1 .1 ., .0 ., -.0 0 0 
-01 -.2 -01 -.0 ., .0 -., -.1 .0 .1 ., .0 -.0 .0 0 

.1 -., -.2 -.2 -.0 ., .1 -.0 -.0 ., .1 .0 .0 -., 0 

.S .1 -01 -.2 -.2 .0 .1 ., .0 .0 .0 -.0 .0 -.0 ol ., .. 01 -., -.2 -.0 .1 ., .0 .0 .0 -., -. , ., -.1 
'.2 ., ., .1 -.1 -.1 .1 .1 .0 -.0 .0 .0 -., .0 ., ,., 1.2 ., .. .1 -01 .0 .. .0 -01 -.0 ., -.1 -., .2 
1.7 ,., '.2 ., .2 -.0 -.0 .0 .0 -., -.1 ., .1 -.2 .0 
1.B 1.B 1.b 1.' ., .0 -.1 .0 .0 -.1 -.2 .0 .1 -.1 -. , 
1.' 2.0 1.B . l.~ . , 01 -.1 -.0 ., -.0 -.1 -.1 .1 -.0 -.2 
1.7 2.0 2.0 1.7 '.0 .3 -.1 -.1 .1 ., -.1 -.1 .0 .1 -ol 
1.' l.B 2.0 1.B '.3 .6 .0 -., -.0 .1 .0 -ol -.0 ., .0 
1.1 1.' , ., I.' 1 .• 6 ., .2 -.1 -. , .1 01 .0 -.0 01 ol ., '.3 1.' I.' '.B '.2 .. .0 -.1 -.0 ., ., .0 .0 .1 
.7 1.' 1.' ,., ,., , .. .B .2 -., -.1 01 .2 .1 -.0 ol 
.7 , .. , .. , .B ,., 1.' '.0 .3 -.1 -.2 .0 .2 ., -. , -.0 
.7 1.0 1.3 ,. , 1.B 1.b 101 ., -. , -.2 -.0 .2 .1 -., -., 
.7 .. '.3 1.' 1.7 l.b 1.' .. -.0 -.2 -.1 .1 .1 -.2 -.2 
.6 ., '.2 I.e '.7 I.! '01 .. -.0 -.2 -., .. .0 -.2 -.2 .. .S 1.2 1.' 1.7 1.' 1.0 .. ' -.0 -.2 -.2 -.0 -.0 -.2 -.2 
.3 .7 ,.3 ,.7 '.B 1.' ., .3 -.0 -.2 -.1 -., -.0 -., -.1 
.2 .1 , .. 1.B I.' , .. .B .2 -., -.1 -., -.1 -.0 .0 .1 
.2 .B , .. 2.0 I.' , .. ., .1 -.0 -.0 -.0 -.0 .0 ., 01 .. 1.0 '.7 2.1 1.' 1.' .. .0 -.0 ., ., -.0 .0 .2 ., 
.7 1.2 , .B 2.' '.B 1.1 .. -.0 .0 .2 01 -.0 .0 .2 .0 

'.1 1 •• 1.' 2.0 1.7 ., .2 -., ., .2 .1 -.1 .0 .2 -.1 , .. 1.5 1.B 1.B '.0 .7 .1 -.1 .1 .2 .0 -., .0 01 -.1 ,., 1.' 1.' 1. , '.2 ., -., -.2 .0 ., -.1 -.2 .0 .1 -., 
1.1 1.' '.b 1.' 1.0 .3 -.2 -.2 -.0 ., -.1 -.2 .0 .0 -., 
'.7 '.6 I.!! '.J .7 ol -.3 -.2 .0 .0 -., -.2 .0 . -.0 -ol 
'.b , .. 1.3 1.0 .. -.1 -.3 -.1 .1 .1 -., -.1 .1 -.0 -ol , .. 1.2 ., .6 .1 -~ 2 -.. .0 .2 ., -.1 -.1 -.l -.1 -.1 
1.1 .7 .. .2 -., -.3 -., .2 .2 .. -., .0 .1 -., .0 
.b .3 • 1 -01 -.2 -.2 .0 .2 .1 -.1 -01 .1 .0 -.1 .2 
01 -.1 -.1 -.1 -;Z -.1 01 .2 -.0 -.2 .0 .2 -01 .1 -.1 

-.2 -.1 -. , -.1 -.1 .0 .1 -.0 -.2 -. , ol .0 -. , .2 0 
-.1 .0 .1 .0 -.0 -.0 -.0 -.1 -.1 ., .1 -.2 ., -.2 0 

.1 .2 ., -.0 -.1 -.0 -.0 -.1 -.0 .1 -.1 -.1 -., 0 0 .. .2 -.0 -., -., .1 .1 -.0 .0 -.0 -.1 .0 0 0 0 

.1 -., -.2 -.1 .1 .2 .0 -.0 .0 .0 ., -.0 0 0 0 
-.2 -.2 -01 .2 .2 .0 -.1 .0 ., .0 .0 0 0 0 0 
-.2 .0 .2 .2 -.1 -.2 .1 .2 -.1 ., 0 0 0 0 0 

.2 .3 01 -.2 -.2 ., • 1 -.2 .2 0 • 0 0 0 0 

.2 -.0 - .. -.1 .2 .0 -.2 -.2 0 0 0 0 0 0 0 
-.1 -.2 .1 .3 -.2 .1 0 0 0 0 0 0 0 0 0 

.0 .3 .1 -.3 ., 0 0 0 0 0 0 • 0 0 0 

.2 -.3 01 0 0 0 0 0 0 0 0 0 0 0 0 

.0 -. , 0 0 0 0 0 0 0 0 0 • 0 0 0 
0 0 0 0 • 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



11. Example 14 - Maximum Entropy 

The program XENTPY reconstructs parallel-beam projection data by 
maximizing the entropy of the reconstructed image while satisfying 
projection constraints. This method of reconstruction should be used 
for projection data samples that give a system of linear equations 
that are underdetermined. Also, due to the computer time requirements, 
this method of reconstruction is best for small array sizes and sample 
sizes (cf. section VIII). For the example given below, the array 
size NDIMU is equal to 21 and the number of angles NANG is equal to 
4. The maximum number of iterations LIMITX allowed for the determination 
of the optimum solution is set to 1000 
convergence criterion ERENTX is set to 

in statement E14.052 and the 
10-6 in statement E14.053. 

The convergence criterion is satisfied 
the user may want to vary 

in 127 iterations; 
LIMITX and ERENTX to obtain the 

therefore 
best results 
the entropy within certain computer time requirements. The value for 

of the reconstruction, subject to the constraints, is 5.79. 

The subroutine GETUM gives simulated projection data for two 
rectangular phantoms within a circular disk of a higher intensity. 
The data are projected using the subroutine PJECT to assure that the 
data give a system of linear equations that are consistent. 

PROGRAM XENTPV I1NPuT t DUTPUT,rAPEZ-OUTPUTI 

EXAMPLE 14 

TIiE p,,::tG""'''' XE~TPY RECONSTRUCTS PUALLEl SU" PROJECTION 
DUA BY ~AXPUlING fHE ENTROPY OF THE RECO,",STlw:TED IIIIA.GE. 

OI"'ENSIO'14 BCltltlJ,AGIIt) 
CO"M),", WO~K1l5001 

C OMMONI OUTCOM/LUNOUT, 180132 

LUNOUT - OUTPUT FILE 
180132 - OUTPUT LINE LENGTH FLAG 

-0 EACH LI'4E WILL BE WITHIN 80 CHARACTERS 
IOTHERWISE 132 CHARACTERS I 

CO"''''ONI PARMI I PAR 1121 ,PAR 131 

ElIt.OOl 
EU.002 
ElIt.D03 
E 14.004 
EH.lJS 
E 14.0060 
fllt.OOl 
Ellt.009 
E 14. 009 
ElIt.He) 
El't.Oll 
E14.01Z 
EH.013 
Eilt.Ollt 
ElIt.ai5 
ElIt.OIt 
£14.017 
E14.018 

. E 11t.019 
EQUIYALENCE (\I:)1"IU tiPAA,( lIJ,tlCtR ,IPARt 21J,IIGEOM ,IPAA.I 31" fllt.Ola 

LU.,.OUT·2 
180132,"o. 

(NANG ,IPARC 411t1MODANG,IPARI 511.II(OlfilU ,IPARI 6)1, Elit.aZI 
11'41T tIPARI 111,INWORK ,tPAA.( ~1I,t"'FLo .. r,tpAR.f 911, ElIt.022 
I J STJA.E, IPAR 11 all, I JPII.INT, I PARII U I, tlUNATN, I PAR 11211. EH,.023 
IPwtO ,PARt Ul,tAXISU , PARI 2IJ,(R.FA"4 ,PARI 311 Ellt.021t 

E14.025 

THE I'I4PUT PUA"IETERS AU 

El4.0l6 
EU.027 
E14.02S 
E 14.02CJ 
El't.:n:J 
E14.Q31 
Ellt.032 

~DI"U·21 
ICIR·O 
IGEO ... ·O 
'4ANG .. lt 
MODANG"'4 
KOI"'U·25 
I'" IT"I 
NwORK-1500 
NFL,OAT·l 
ISTJH·O 
IPRI'U-23 
LUNATN·O 
PWIO·l. 
AXISU·13. 
RFAN-O. 

CALL SETUP IIPAR,PAR.,AG. 

Ellt.on 
fllt.031t 
ElIt.03S 
E 14.03b 
Elft.037 
E 14.03B 
Elft.:J39 
E IIt.040 
E Ift.041 
Elft.042 
Ellt.043 
E14.J44 
E14.045 
E IIt.Oltb 
E14.0it7 
E 14.04B 
E14.049 
E 14.050 
E Ift.051 

LI"'ITX-IOOO 
ERE"tTX-.OOOOOl 

CUL E'I4TPV IB,PRF,BRF,LHHTx,EREr-tTXI 

CALL URAV (B,1401."'UI 

PU'l4TJUT THE VUUES F1H THE ~EcbNSTRUCTED TRANSVER.SE SECTION 

'l4MAT"'tiDI"IU··Z 
KK1·1 
KU·NOIMU/15+1 
00 12 K"I,KJ 
WRITE IlUNOUTd4) 
KK2-15·K 
IF (KK2.GT.NOI"tUI KK2-NDI"IU 
00 10 J-l,NOIMU 
I SUB I.NMAT-J.NOI MU+KK I 
ISUBI -NMAT -J.NOJ MU+KK 2 

'10 WRITE I LUNIJUT,lbl (BII),I·ISUBl,ISUB21 
KI(1"KK2+1 

12 CO'4T1 NuE 

14 FOR",U(1XI/IIIIII 
1b FJR'IATIIXt15F5.t I 

END 

SUBROUTINE GETUM (""DATA,ERRI 

C EXAMPLE 14 
C 
C THE SUB:t.:)UTINE GElUM GIVES SIMULATEo PP:JJECTION OATA FOR 
'c A CIRCULAR PHA"TOM wITH fWD RE:UNGUlAR. HOLES. 

DIMENSION OATAIlI,EPR(lI 
DIMENSION BI4411 
OI"lENSIO~ I TYPEI31 ,Xl( 31 ,V1I31.A1I3. ,Bl 131 ,PHI(3), U 31 

CO"lMON/OUTCOflll/LU"IJUT,IBOl32 

LUNOUT - JUfPUT F 1\..: 
180132 - :)UTPUT LINE LENGTH FLAG 

-0 EACH U'IE WILL BE wJT'-IIN 90 CHARACTERS 
IOTHElhl1SE 132 CHARACTERS) 

195 

EU.052 
ElIt.053 
El .... 05ft 
EH.055 
E 1 .... 056 
El'l-.OS7 
E l4.05B 
E14.059 
Ellt.JbJ 
Ellt.:)6l 
Elft .Obl 
E IIt.Ob3 
EH.:)blt 
E 14. 065 
Ellt.Obb 
Ellt.067 
E IIt.068 
El4.t>69 
E 14.070 
Ellt.on 
Ellt.on 
E14.t>73 
EI4.074 
E14.01S 
E11t.076 
El4.0n 
E 14.078 
E14.079 

E14.090 
E 14.091 
E14.092 
Ellt.OS3 
E14.094 
E14.0SS 
E14.0Sb 
E14.087 
E 14.088 
Elft.OB9 
E14.0ClJ 
E14.0n 
E14.092 
EU·.093 
E 14.091t 
E14.Q95 
E 14.096 
ElIt.097 



196 

c 
c 
c' 

• 7 
8 , 
" 11 

12 

l' 
2 , 

EJoJIVAL E~CE 
1 

(\j)PIU ,JPARI 1I1,IICIII: ,"IPAfU 2JI,IIGE:J'" ,IPAitC 3)1, 
INA~G "PMI 'IJ,IMODANG,IPAA.( 5JI,IICDIM'J rIPU( bll, 
lI~JT ,IPA'U 711,PIWORK ,tPARI 8)I,(NFLSAT,tPAQ.( 911. 
(IST:lItE, IPa,~ fl01) ,IIP;"INT,IPA'I: flU I ,( UJNATN, I PAA.(lZ) I, 
IPIofID ,PA"-( UJ,IAXISU , PARI ZJI,cHA.~ , PARI 311 

2 , 
• 

C)o.U ITVPEIl,Z,Z/ 
OArA )(1/0.,-3.,2./ 
)ATA HI.). ,0 •. ,-2.1 
DATA AI/ZO •• 3.,S.1 
DATA !HIZO •• 7 •• 3.1 
DAB. PHIlO., 0.,0.1 
DATA Zf20 •• -1S •• -15.1 
!:iA TA NPHAN, I "ITG/3 ,I 01 

exTERNAL P~F 

IF.. '''1.\1£'11 GO TO L4 

IF II!'IIT."IE.OI PWIHIi_pwf) 
IF (J"'IT.EQ.OJ PWIDTH--pwID 
C4LL PHAlli I NP-iAN, I HG, HyPE,Z, )(1,., 1 ,AI, B1, PHI, p., ~o ''''u. PofIDTH) 

CALL ARR.AY IB,NDI"IUJ 

PUNTQUT THE VALUES FJ~ THE Pl-lANTO"1 

\lMA.T"NDIMU··Z 
1("1_1 
<u .. 'wt"lU/15+-1 
DO 12 i<."l,l(U 
WRIfE ILUNQUTd6J 
1(1(2" 15*1<. 
IJ: (KI(Z.GT.NOIMUI I(K2"'NOI"1U 
DO 10 J"l,NDI"IU 
1 SUBl"~ MAT-J.NOt MU.KK 1 
I SU32 ·N~AT -J.ND I MU.KK2 

1:) "~ITE ILU~DUr,l81 (Bfll,x-tsUB1,{SUB2) 
KK1 .. 1<1<2·1 

12 CJ~TI ~uE 

H CALL PJEeT 18,DATA,M,PRF' 

h Fa~'lt4T( 1XI/lllln 
18 FOR"'ATUXtl5F5.11 

.. 0 

SSS EEEEE TTTTT U U pppp 
SET U U P P 

SSS EEE T U U PPPP 
SET U U P 

SSS EEEEE T UUU P 

INTEGER PARAMETER AIUU.Y IIPU) 

I PARI I I 

21 
o 

OESCPIPTION 

LI~EA~ DtMEMSIO"l JF T'"IE RECONSTRUCTION ARRAY 
RECONSTRUCT t'-' A CIA.CUlAR ARF..AY 
GEOItETPY flAG 
PARALLEL 8EA"4 GEOMETRy 
NUMBER OF PPOJECTION ANGLES 
"'OOE F,]R PF..;)JEC.TIO~ A"GlE INPUT ISEE FOlLCiwlNG LINES) 
ANGLES GE~EPArEO BETWEEN ZERO AND PI 
STAP,Tt"t; AT ZERC 
tiU"1BER JF A.AYS FOR Ea::H PROJECTtO'" 
TRANSMISSION DATA 

El/t.0913 
E 14.099 
€l~.lQO 

ElIt.10l 
ElIt.l02 
E1\-.103 
Ellt.l04 
Ellt.l05 
Ellt.lOb 
€l4.107 
Ellt.l:>13 
Ei4.l09 
El4.11J 
EH.111 
E14.112 
E14.111 
E14.114 
ElIt.ll~ 
E14.1H 
E14.117 
EH.119 
E14ol1c;t 
E14.12:) 
E14.121 
EU.122 
El4.IH 
EI4.124 
EU.125 
E14.12~ 
E 14.127 
Ellt.12B 
E140120; 
EI4.13:) 
E14.131 
E14.132 
fllt.1B 
E140134 
ElIt.13!! 
E 14.136 
ElIt.l37 
E14.139 
E14.139 
E14.140 
E14.141 
E 14.U2 
EH.U3 
ElIt.!4'" 
EI4.US 
ElIt.14~ 
Elft.147 
E14.14B 
EH.149 
Ea.150 

2. 
1 

15:)0 
1 
o 

Dt'"lENSION OF THE FLOATING POINT USE~S BLA\jK COMMON .l:llOCK 
NU"'l~ER OF WOPOS FOR A FLOATING P01"'1T vARIABLE 

" 
EXECUTE THE ~ECONSTRU:TtON omr JU5T STORAGE StzE TESTl 
PRINT FLAGS OPTIONS SHECTED ARE ON THE FOlL'JwING LlNE~1 
PRI"'IT il..EQUIREO FLOATI"IG P.lINT BLANK C)"I"1)" ~HE"'IE"Eil ::HA'(GEO 
PRI"IT PROJECTION JATA AND UNCERTAINTIES 
PP.I"4T SETUP vALUES F~iJM IPAQ a"4D PAR ARRAYS 
DA.I'H VALUES !=OR THE LAGRANGE MULTIPLIEA.S A"'ID THE GRADIENT 

F·JF.. THE FH:TtO'( :JF LAGRANGE MULTIPLIERS FOR T"'E ENTROPY 
RECONSTRUCTION 

LOGICAL UNIT "0. FOR ATTENUATION FACTOR STORAGE 

FLOATING POI>(T PARAMETER ARA.AY (PARI 

PA~{ I' 
1.000 

13.000 
o NA 

DESCRIPTION 

PIXEL WIDTH I~ UNITS OF PROJECTION B!" Wt;)TH 
LJCATIH JF T'iE ~OTATION oUlS IN TIo4E PROJECTION AUA't' 
'lOT ~DP~ICAI3LE {NOT FAN BEAM GEOMETRYI 

BLAN .. COM"101\l REQUIUD .. 
BL4.NK :OM"'ION P.EQUIRED 10' 

BL"N .. COMMON REQUIRED 12 1<' 

PLANI( COM"'ION REOUIRED 7<, 

BLANK C0"4"10N REQUIRED l~O' 

A TOUL OF 25 ( 1 THPU 251 OF THE 25 USER PROJECT1:l'" 91"4S \o!ILL SE USED 

2S P~JJECTJON 8I"S WILL BE USE) OF WHICH 0 ttAVE aEE~ ZEIDED BY THE OqOGRA"'I 

"'1!.X1~U'1 SIZE JF BLANk :ml\,'ltiJN THUS FAR_ 104 FlOATI'IG PLJINT of.J~DS. 

EEEEE N '" DODO SSS EEEEE TTTTT L' U PPPP 
E NN NO D SET U U P 
EEE N ...... 0 0 SSS EEE T U U ppop 
E N NNO 0 SET u 'J 0 
EEEEE N '\I DOOO SSS EEEEE T UUU P 

EEEEE" N TTTTT POPP 't' 't' 
E 'iN N T P P Y Y 
EEE .. N N T PPPP V 
E "NN T P Y 
EEEEE N N T P V 

PAR.AMETERS FC1R SUBROUTINE ENTPY 

iJE SC RI PTI ON 

LIMlTX - 1000 MUt"Uf14 NUMBER OF ITERATIONS ALLowEO TJ "IUI"IJZE THE 
JBJEC TI VE : UNtTl ON FOR THE DUAL PRC'GRAM 

EA.ENTx - .lE-05 TEST V.6.lUE REPRESEtiTING THE EXPECTEO I,BSJLUTE EII;'OR 

BLANK :OMMON REQUIRED 108 154' 

'BUNK COM~ON REQUIRED lJO 

BHKPil::lJECT r J"I A."'O pnJEC TJ ON/CJ"IVOlUrt ON/FIL TE't ROuTINES 
PE9.FOR"I THE FOLLOwING FU"4CTIiJ .. S 

A<G FUNCTIO~ '" we IGHTING ATTE"tUATIO" 
BCK SACI(PROJECTIDN UNIFORM SQJARE '0 
'" PRDJECT10~ UNIFORM SQUARE NO 

BLANK COM'ltLlN ReQUlctED .. , 5431 

BUNK CO~"IJN REQUI A.ED 704 f 1300) 

BLANK COMMiJN ~EQUIRED ,,. 1444) 

BLtr.NK CO .... ON REQUIRED 90. lUO) 

BLANI( CO'lt'ltOIll REQUIttEO 100lt f 1154) 

8L.4.NK C'J."'I"1:JN REQUJltEO 1204 f 2264) 

pppp H H AAA N 
PP'iHAANN 
PPPP HHHHH A A N III III 
p Ii H AUAA t~ 111M 
P HA AN III 

P"'ANTO" GE~ERATED 
4RRII,Y SJlE 21 X 21 I"tTEGUTION FACTOR. 10 
NJMBE~ QF ElIPSES AIfDfJA. rteCUNGlES •. 3 
THE PAU"IETERS FOR TH!: ELLIPSES "NOfOR RECTANGl.ES 

SCAl ING FACTOR 

.RE 
X, Y - CENTER 
A,B - LE"IGTH OF AXIS OR SIDE A A"IO 8 
PHI - ANGLE OF AXIS OR SIDE A 
DENS - INTE"SITY 

THE PARENTHESIS INDICATES THE SCALEO VALUE 
ITYPE V • 8 

20.00 
20.001 
1.00 
1.001 
3.00 
3.001 

X"411f • 

1 ELLIPSE 0 , o 
0)( 
o 
olf 

20.00 , 

RECTA"4GL.E 

RECTANGLE 

01, { 
-3.00 , 

( -3.001'{ 
2.00 , 
2.001, I 

-2.00 
-2.00) { 

20.001, ( 
3.00 , 
3.001, I 
5.00 , 
5.001,1 

EEEEE N N DODD PPPP H H AAA N 

E N" N ° 0 P PH .. A A NN 
fEE N N N 0 a PPPP HHHHH A A"4"4 N 
E N NNO 0 P H H AAAAA N NIII 
EEEEE' III '( DODD PH/' ANN 

X"1AX '" .20E.02 XSUM -

....................... 
· ••••• 0 ••• · 

iii ............. '" • 
• ........... 0.0 •• 
• , ...... 0 •••••• 0.1it • 
• • ............ 0 ....... • 
./II ••••••••• nn •••••• M. 
."' ••••••••• XXXXX ..... "' • 
•••••••••••••••• n ••• •• 
• •••••••••••••••••••• · ....... _ ....... '. 
• M ............. trot • 
• •••• _ ••• + • ....................... 

PH' 

, 1 

FAN BEAM 
'0 
'0 

1.JOO 

oe .. s 
20'.00 

( 20.001 
-15.00 

{ -15.001 
-15.00 

( -15.001 

o .1500E+Ol .3700E+Ol .4100E.01 .5400E+'o1 .6200E+Ol .1000e.01 

Z X A ,.. 8 • II a-
.7700e.Ol .8200E+Ol .B100E.Ol .~BOOE.01 .IOQOE+02 .1160£+02 .12ltOE+02 

•• •••• .1310E.02 • 1460e+02 • 1640E+02 .1740e.02 018::0E.02 .1900E.02 .1910E.OZ 

• • 2000E.02 



o 0 0 1.2 5.8 9.0 10.0 9.0 ~.8 1.2 0 
o ).4 13.2 19.6 20.0 20.0 20.0 20 .. 0 20 .. 0 19.6 13.2 

.0 0.2 9.B 19.f: 20.0 20.0 20.020.020.020.0 20.0 2J.0 2'J.0 
o .2 12.B 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
o 9.8 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.) 20.0 20.0 ~o.o 
a 3.4 19.620.020.020.020.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
J 13.2 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 

1.2 19.6 20.020.020.020.0 5.0 5.0 ~.O 20.0 20.0 20.J 2J.0 2:L0 '::0.0 
5.8 20.0 20.0 20.0 20.0 20.0 5.0 5.0 5.020.020.0 20.0 20.020.020.0 
9.0 20.0 20.0 20.0 20.0 20.0 5.0 5.0 5.0 20.0 20.0 20.0 20.0 2J.0 20.0 

10.0 20.') 20.0 20.0 20.0 20.0 5.0 5.0 5.0 20.0 20.0 20.0 20.0 20.0 20.0 
9.0 20.0 20.0 10.0 20.0 20.0 5.0 5.0 5.0 20.0 5.0 5.0 5.0 5.0 5.0 
5.B 20.0 20.0 20.0 20.0 20.0 5.0 5.0 ~.O 20.0 5.0 5.,) 5.0 5.0 5.0 
1.1 19.6 20.0 20.0 20.0 20.0 5.0 5.0 5.0 20.0. 5.0 5.J 5.0 5.0 5.0 

o 1).220.020.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 
J ).4 19.6 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 2'J.0 
:) 0 9.8 20.0 20.0 20.0 20.0 20.0 10.0 20.020.020.0 20.0 20.0 20.0 
o J .2 U.8 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.) 20.0 2J.O 20.0 
o 0 0 .2 CI.B 19.620.020.020.020.020.0 20.D 20.020.0 ?O.O 
a 0 0 0 ).It 13.2 19.6 20.0 20.0 20.0 20.J 20.0 19.6 D.2 
o J 0 J 0 0 1.2 5.6 9.0 10.0 9.) 5.6 1.2 () 

a 0 0 a 0 
3.It 0 0 0 0 

,19.6 9.8 .2 0 a 
20.020.0 12.8.2 0 
20.020.020.0 9.8 0 0 
20.0 20.0 20.0 19.6 3.lt 0 
20.0 20.0 20.0 20.0 13.2 0 
20.0 20.0 20.0 20.0 19.0 1.2 
20.0 20.0 20.0 20.0 20.0 5.8 
20.0 20.0 20.0 20.0 20.0 9.0 
20.0 20.0 20.0 20.0 20.0 10.0 
20.0 20.020.010.020.0 9.0 
20.0 20.0 20.0 10.0 20.0 5.e 
20.020.020.0 20.0 19.~ 1.2 
20.0 20.0 20.0 20.0 1).2 0 
20.0 20.0 20.0 1';.6 3.4 0 
20.0 10.0 10.0 9.8 0 0 
20.0 20.0 12.8 .2 0 0 
19.6 9.8 .2 0 0 0 

3.1t 0 0 0 0 0 
o 0 0 0 0 0 

pppp 
p p 
PPPP 
p 

J EEEEE eee 
J E e C 

TTTTT 
T 

J EEE e T 
J J E e e T 

p JJJ EEEEE eee T 

BLANK :OMMON REQUIRED 1229 I 2315) 

P~)JECTIJ~ OUA FOR A~GLE '140. 1 o 'lADY ANS a DEGREES 
0 0 .lt20E+02 .172E+03 .2?o9E+03 

.286e+0) .320e+03 .3ItbE+03 .36H+03 .262E+03 

.212E+0) .218E+03 .355E+03 .35lh03 .3t.1E+OJ 

.337E+0) .366E+03 .31t6e+Ol .320E+03 .286E+03 

.23ge+03 .172E+03 .~20e+Ol 0 0 

PROJECTION DATA FOR ANGLE NO. Z .185 RADIANS 45.000 DEGIlEES 
0 .It!lOE+OO .!l10E+02 .lb9E+03 .237E+03 

.279E+03 .]lle+O) .327e+0) .)23E+03 .310E+OJ 
• )30E+03 .351E+0) .358E+03 .)36E+O) .32ltE+O) 
.310e+03 .323E+03 .321f+O) .)llE+O) .279E+03 
.217E+03 .lb9E+03 .530E+02 .450f+ao 0 

POJE:TID"I DATA FOR ANGL E NO. 3 1.571 RADUNS ;0.000 DEGREES 
0 0 .420f+02 .112E+0) .. 2)H+03 

.286E +03 .3Z0E+O) .3ItbE+03 .321E+Ol .l31E+03 
• 347E +03 .353E+03 .355E+03 .398E+03 .2e1HOl 
.271e+Ol .261E+03 .3It6E+O) .320e+03 .286f+03· 
.239E+03 .l72E+Ol .~20E+Ol 0 0 

BL6.NI<. COMMON REQUIREO l201t I 22(4) 

M6.XIMUM SIZE OF 8LANK CQJIIIMON THUS FAIl- 1229 FlOATi'lG PJI'\IT W)It:>S. 

EEEEE "I '14 0000 PPPP J EEEEE CCC fTTTT 
T E NN NO 0 P P 

PPPP 
J E C 

EEE "I "I \I 0 0 J HE C T 
E N "I" 0 0 P J J E T 
EEEEE N \I 0000 P JJJ EEEEE ecc T 

PcnJE:TtD~ DATA FOR ANGLE NO. 
.1t50E+OO 
.3ZlE+03 
.333E+03 
.323E+0) 
.1f:9E+03 

4 2.)56 RADIANS 
o 

.279E+03 
• )62E+03 
.)09E+0) 
.231E+03 

.S30E+02 .l69E+03 
• 31tH +03 .313E+03 
.198f+0) .282E+0) 
.327E+0) .321E+03 
.5l0E+02 .lt50E+OO 

HlTI6.L eSTII04ATE FOR T'"4E LAGRANGE MUlTIPILERS 

THE I'UTIAL SOLUTION F)R XLAGRUI,I-l. 
.17ItE-03 .lHE-03 .. 731E-02 
.lt91E-01 • 556E- 01 .602E-Ol 
.473E-Ol .484E-Ol .618E-Ol 
.586E-01 .63BE-Ol .f:02E-OI 
.416E-Ol .300E-Ol .73lE-02 
.17ttE-03 .783E-OIt .922£-02 
.H6E-Ol .558E-Ol .5b8E-01 
.511tE-01 .6ZlE-Ol .62ltE-01 
.5ltIE-01 .56ZE-01 .568E-Ol 
.1t13E-01 .295E-Ol .922F.-02 
.lHE-O) • 171tE-03 .1HE-02 
.491E-Ol .!556E-Ol .b02E-01 
.603E-Ol .615E-Ol .618E-Ol 
.482!:-01 .455E-Ol .60lE-Ol 
.416E-Ol .300E-01 .131E-02 
.lHE-03 .783E-04 .922E-02 
• lt86E-01 .559E-01 .60lE-01 
.631E-Ol .58GE-Ol .519E-Ol 
.538E-H .S62E-Ol .!l68E-01 
.1t13E-Ol .Z0;5E-Ol .922E-02 

100 
.300E-Ol 
.638E-Ol 
.6l5E-Q1 
.556E-Ol 
.174E-03 
.1C;5E-01 
.562E-01 
.S8tE-01 
.558E-Ol 
.183E-Oft 
.)OOE-Ol 
.560E-Ol 
.69)E-01 
.556E-Ol 
• 17ttE-0) 
.295E-Ol 
.650E-Ol 
."'9lE-Ol 
.558E-01 
.78lE-Olt 

135.000 DEGREES 
.237E"03 
.372E+03 
.300E+O) 
.219E+0) 

.4HE-Ol 

.455E-Ol 

.603E-Ol 

.491E-Ol 

.lHE-OJ 

.. 4I3E-Ol 

.5UE-Ol 

.564E-Ol 

.lt86E-Ol 
.lnE-Ol 
.4HE-Ol 
.58bE-OI 
.499E-Ol 
.".97E-01 
.17H-03 
.413E-Ol 
.647E-Ol 
.522E-Ol 
.48f:E-01 
.174E-03 

o 

THE ESTPu'TE OF THE MtNIMU.'4 IS EST .. 5.8551. 

FOil :JNGR 
FJIl c\lTP't 
ITER 0 
ITER 1 
ITER Z 
I TEll. 3 
HER It 
ITER 5 
HER 6 
ITE!!. 1 
ITER 8 
ITER 9 
ITER 10 
IT Ell. 11 
ITER 12. 
ITER 13 
ITER 14 
ITER 15 
ITER 16 
IT Ell. ·17 
ITER 18 
ITER 19 
ITH 20 
ITER 21 
ITER 22 
ITEQ, 2) 
ITER 24 
ITER. 25 
ITER 26 
ITER 27 
ITH 28 
ITER 29 
ITER 30 
ITER 3I 
ITER 32 
I TEll. 33 
ITER 34 
ITER 35 
ITER 36 
ITER 37 
ITER 38 
ITER 39 
ITER ItO 
ITER 41 
ITER 42 
ITER 43 
ITER ltlt 
ITEq 45 
ITER lt6 
ITER 47 
ITER 48 
ITE R 49 
ITER 50 
ITER 51 
ITER 52 
ITER 5) 
ITER SIt 
ITER 55 
ITER 56 
ITER 57 
ITER ;8 
ITER 39 
ITER 60 
ITER 61 
ITEi!. 62 
ITER 63 
ITER 6". 
ITER 65 
ITER b6 
ITER H 
ITER 68 
J re~ 69 
ITER 10 
ITER 71 
ITER 12 
ITER 73 
ITER 7lt 
ITER 15 
IfER 76 
ITEi 77 
ITER 78 
ITER 79 
ITER 80 
ITER 91 
I TEll. 82 
ITER 83 
ITER 84 
I TEll. e5 
J TEll. 86 
ITER 81 
ITER 88 
ITER 89 
ITeR 90 
ITER 91 
I TEll. 92 
HER 93 
ITER 9". 
ITER 0;5 
ITER 96 
ITER 97 
IT ER 98 
ITER 0;9 
JTERlOO 
ITER1;)1 
ITERI02 
HERl;)) 
I rERlO". 
ITERI05 
ITERI06 
ITERI01 
ITERIoa 
ITEH09 
ITER.110 
ITERlil 
ITERt12 
ITER1l3 
lTERlllt 
HER1l5 
ITE RU6 
ITER1l7 
IT Ell 11 8 
lTER1l9 
lTER120 
fTERl21 
ITERl22 
lTER123 
JTH12lt 
lTER125 
ITEU26 

A"IO GRADY FGN IS THE VAlUE OF Tl-iE CHI-SQUARE 
FC~ IS EVAL'JATEO BY THE SUB~JUTINE OULFC 

FCN .585E+Ol 
FCN .581E+Ol 
FCN .58:lE+Ol 
FeN .580E+01 
FCN .579E+01 
FC,'" .57<;E+Ol 
FeN .!!79E+Ol 
FeN .579E+OI 
Fe\l .519E+Ol 
FeN .519E+Ol 
FC,,", .579E+Ol 
FC.'If .579E+Ol 
FCN .519E+Ol 
FCN .51SE+Ol 
FCN .51'1E+Ol 
FC,,", .57C;E+Ol 
FC\l .51C;E+OI 
FeN .579E+01 
FeN • 57<;iE+ 01 
FCN .579E+Ol 
FeN .579E+01 
Fe... .579E+01 
FCN .n9E+Ol 
Fe.... .57C?E+01 
FCN .579E+Ol 
FCN .579E+Ol 
FCN .5717E+Ol 
FCN .579E+Ol 
Fe.... .HQE+Ol 
FCN .57<;1E+Ol 
FeN .519E+Ot 
FeN .579E+Ol 
FCN .519E+Ol 
Fe,,", • ~79E+01 
FCN .51'?E+Ol 
FCN .57C;E+Ol 
FC.... .!:79E+01 
FCN .57<;E+Ol 
FCN .579E+01 
FCN .519E+01 
FC.... .57~E+01 
FCN .579E+Ol 
FCN .579E+Ol 
FeN .S19hOl 
FeN .519E+Ol 
FCN .S79E+OI 
FCN .S19E+Ol 
FCN .57;e+Ol 
FCN .!!79E+Ol 
FeN .57<;E+Ol 
FCN .S1QE+Ol 
FCN .519E+Ot 
feN .579E+Ol 
FC"I .519E+Ol 
FeN .51ge+01 
FeN .579E+01 
FeN .51<;E+Ol 
FeN .519E+Ol 
FCN .519E+Ol 
FeN .579E+01 
FC\I .519E+Ol 
FCN .5HE+Ol 
FCN .519E+Ol 
FeN .579E"01 
FeN .579E+01 
FCN .519E+Ol 
FCN .579E+Ol 
FeN .579E+Ol 
feN .51se .. at 
Fr.N .579E+Ol 
FCN .579E+Ol 
FeN .579E+Ol 
FeN .579E+Ol 
FeN .H9E+Ol 
FCN .519E+Ol 
FCN .519E+Ol 
FeN .579E+Ol 
FCN .519E+01 
FC"l .579E+01 
FeN .579E+OI 
FC'" • 57'7E+Ol 
FeN .51ge+Ol 
FC'" .519E+Ol 
FCN .57SE+Ol-
FCN .519E+Ol 
FeN .519E+Ol 
feN .57C;>E+01 
FeN .51;E+Ol 
FCN .579E+Ol 
FeN .579E+Ol 
FCN .51fiE+Ol 
FC\I .579E+01 
FCN • 379E+ 01 
FCN .519E+Ol 
FeN .579E"01 
HN .579E+Ol 
FeN .579E"01 
FeN .579E+Ol 
FC"l .!19E"01 
FCN .57ge+Ol 
FC." .5HE+Ol 
FeN .579E+Ol 
FeN .5HE+01 
FCN .579E+Ol 
FCfIl .519E+Ol 
FCN .~19E+01 
feN .579E+01 
FCN .570;E+Ol 
FCN .!519E+Ol 
FCN .579E+Ol 
FCN .579E+Ol 
FCN .579E+Ol 
FeN .519E+Ol 
FCN .519E+Ol 
feN .5 79E +01 
FC\I .519E+Ol 
FCN .579E+Ol 
FCN .579E"Ol 
FC~ • 51<;E .. O! 
FCN .579E+01 
FC"l .579E+Ol 
FeN .51<;1E+Ol 
feN • ~19E+ 01 
FCN .579E+Ol 
FeN .579E+OI 
FeN .519E+01 
FeN .579E+Ol 

197 
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T-IE J'Tl"4UM SOLUTION FOR PiE LAGFANGE ~UI..TIPILER$ 
... 6.5 DETER"tI'IIED 1'1 121 ITERATIO'lS~ 

FI'fAl SOlUTlaN FOR THE LAGRANGe MULTIPILERS 

T-I!: f'iNo'L SOLUTION FOR XlAGR(I),I=l, 
.1 HE-OJ ol74E-03 -.175E+OO 
o62SS:+00 .1t46E+Q(l .ZS!:E+OO 

-.lt22E+QO -.445E+DO -.22H+QO 
-.2HE+JO -.3b5E-Ol .b7bE-OZ 

.;'Z9E+OO .34LE+OO - .. !:91E+QO 
• tHE-D) .ZB2E+Ol -.257Et-Ot 

-.647E+OO -.482E+DO -.425E+OO 
-.790E-Ol .uSE-Ol .135E+OO 

.H9E-Ol .187E+OO .20ZE+OO 

.128::+00 -.930E-Dl -.136E+Ol 

.l7ltE-O) .114E-03 .3HE+QO 
.B21E+OO .tZ6E+OO .437f+OO 

-.75t.E-Oi" -.IS1Et-DO -.2;,oe .. oo 
- .. 593E+OO - .590et-CO -.200Et-OO 

.oDE-OI .212E-02 -.981 etOO 

.l74E-O) -.127ft-Ol -.I11E+Ot 
-.9Z5E-Ol .609E-Ol .198f+OO 

.525::+00 .418E+DO .330E+OO 
.366E+OO .410e .. oo .426f+OO 
.. Z92E+oO -. 3Q4E-01 - .132£+01 

THE voU~E OF THE ""II~I"U"l IS 5.7919 

THE GQ.AO!E'H GRADIII.I-L. 
o 

-.224E-08 
-.18~E-08 

- .289E-OS 
./t62E-OS 

o 
-.11 7E-08 

.541E-I0 

.774E-08 
-.317E-OS 

o 
-.429E-08 
-.590E-08 
-.691E-08 
-.158E-09 

o 
-.294E-08 
-.1I21E-09 

.979E-09 
-.158E-08 

Q 

.207E-09 
-.616E-08 
-.347E-08 

.342E-08 

.178E-08 
-.524E-08 

.722E-08 
-.260E-OB 
-.f>4CiE-08 

o 
-.386E-08 

.382E-08 

.29SE-09 

.761E-08 

.137E-08 

.127E-08 

.422E-08 

.113E-09 
-.365E-08 

'00 
.882E- 08 
.510E-08 

-.925E-09 
.753E-08 

-.366E-I0 
-:659E-08 
-.170E-08 

.700£-1)8 

.644£-09 
-.600E-09 

.488E-08 

.371E-08 
-.336E-09 

.118E-08 
-.70H-08 
-.284E-OS· 
.• 317E-08 
.239E-08 
.270E-08 

-.959E-Oo; 

'00 
.776E+00 
.1l6E+00 

-.2.37E+00 
·.117E+00 
.174E-03 

-.124E+01 
-.322E+OO 

.777E-Ol 

.251E+00 
.502E+01 
.113E+Ol 
.156E+00 

-.l71E+OO 
-.875E-01 

0174E-03 
-.551E+00 

.394E+00 

.245E+00 

.488E+00 

.851E+00 

-.146E-08 
-.187E-09 
-.467E-OS 

.475E-08 
o 

-.125E-08 
.151E-08 
.703E-08 
.323E-013 

- .. 277":-08 
-.259E-08 

.114E-08 
-.'t08E-08 

.708E-08 
o 

-.244E-08 
-.110E-08 

.109E-09 

.271E-08 
-.260E-08 

THE.E~TROP'( OF THE RECO~STRUCTIJN IS 5.1919. 

IH.A.NK C.I"):~""ION REQUIRED 1019 , 20671 

8L 4",K COMH..:Jt.! REQUIRED 730 13321 

PoLAN!( COM"ION REQUI REO 630 , 1H6) 

BLANK COMMON REQUIClEO 530 , 10221 

BL6,NK CO"'''''J~ REQUl RED "0 t.561 

BLANK CO:-4"'10N REQUI RED 230 3461 

.761E+OO 
-.376E+00 
-.2lt3E+00 

.231E+OO 

.174E-03 
-.856E+00 
-.262E+00 

.158E+OO 

.193E+OO 
• 174E-03 
.102E+Ol 
.218E-01 

-.547E+00 
.1S7E-Ot 
.174E-03 

-.245E+00 
.461E+00 
.404E+OO 
.413E+00 
.174E-03 

-.176E-09 
-.837E-08 
-.6l0E-OB 

.423E-08 
o 

-.231E-08 
-.225E-08 
-.139E-09 

.138E-I0 
o 

.539E-09 
'-.7t-3E-09 

-.tllE-OB 
• !::.32E-08 

. 0 
-.266E-08 
-.32bE-08 

.448E-08 
• 144E-08 

o 

"IAXIMU'" SIZE :IF BLANK :OMMON T'"IUS FAR... 1220 FLOATJ\lG PJINT wop os. 

EEHE N N 0000 EEEEE N N TTTTT P.PPP '( '( 
E N'II ~ a 0 E NNNTPPYY 
EEE N N N a a EEE N N 'II T PPPP v 
E . .., Nt.! a 0 E N NN T P '( 
EEEEE N t-I 0000 EEEEE N ,., T' P 

XIII.\! - XMAX '" .21E+02 XSUM .. .574/tE+04 

........................ 
• ZMIU •••• "'I • *. ,,' ••• n •••••• I+ 
• -Xil."t""""."- • 
.. 9 •••• M91 ........ e9 .. 
·" ••••• ZZXII ............ • 
·, •••• exzzes ......... ,· 
·".'.iMI11MXMMMQltI ••• " • 
• -91119 111"'Z 11ZA8'.'8-. 
• e •••• 888.8898I1n... • 
• -AHI&!HIHaeH""'- • 
• +HHH •••••• "' .. 
• J X ell'I"~M 1 ....................... 

o .206OE+01 .50·81E+01 
• I , 

.6454E+Ol .741SE+01 .B51ltE+01 .9612E+Ol 

·z X A M e fI II 
.1057E+02 .1126E+02 .1195E+02 .134bE+02 .1497E+02 .1,93E+02 ol7Cl3e"02 

i • • • • • • 
.1799E+02 .2005E+02 .2252E+02 .2389E+02 .2499E"02 .2609E+02 .2705E+02 

• • 2746E+02 

o 6.6 
J 14.9 

4.8 17.6 
~. 9 20.0 
1.8 22.0 
1.8 23.2 
6.0 17.6 
5.115.9 
3.5 13.6 

J H.O 
o 6.1t 
o 0 
J 0 

o 0 0 4.0 5.2 1.8 1.0 6.9 6.3 4.7 0 
o 0 B.3 12.7 16.3 1t.6 22.820.720.1 18.5 U.B 12.9 
o <;.020.3 IB.1 19.5 20.0 26.1 22.4 21.3 20.6 1'>.1 17.4 

B.O 18.3 23.9 19.4 19.4 20.3 21.5 21.8 20.9 19.B 18.8 19.9 
7.3 15.9 21.0 22.6 17.2 19.0 19.025.422.2 19.8 la.5 19.6 19.3 

17.020.320.020.0 15.1 iLl 17.323.5 20.1t 19.6 19.3 1a.3 18.9 
21.423.720.518.413.313.715.122.219.220.720.018.820.1 
20.720.3 19.7 16.0 10.1 10.6 11.4 16.7 17.7 17.4 l7.7 18.9 17.9 
22.021.5 19.0 16.9 10.3 9.5 10.L 16.4 15.8 17.8.19.1 19.2 19.1 
23.422.1 18.<;0 Ib.3 10.9 <;.4 10.0 14.8 14.1 17.5 19.3 18.8 18.~ 
24.821.9 lS.3 16.1 10.21.1.010.113.814.515.917.118.016.9 
19.2 18.2 15.0 12.7 S.S 8.3 8.1 11.9 10.4 11 .. 1 11.611.8 1).5 
18.3 17.7 15.'3 13.8 B.8 8.5 9.0 12.8 10.3 9.6 9.6 10.7 12.4 
1b.7 16.7 16.8 14.4 9:2 9.4 S.2 12.2 10.7 9.:> 8.9 10.0 1l.3 
21.726.22:4.823.2 1t.3 14.9 14.4 18.3 14.1 15.3 llt.4 14.2 16.6 
18.023.925.6 26.1 11.9 16.7 15.0 16.6 16.3 16.4 16.9 16.2 16.7 

8.2 19.526.727.4 19.0 18.0 1(:.421.5 19.2 18.7 19.020.1 18.5 
o 9.620.925.4 18.6 17.6 18.5 25.6 21.6 21.9 21.7 20.7 20.6 
o 0 8.8 17.9 15.3 17.3 19.0 27.1 24.6 23.7 22.4 20.5 18.3 
o 0 0 6.2 10.1 14.0 Ib.3· 24.823.3 22.2 19.6 16.9 12.5 
o 0 0 0 O· 3.4 5.0 8.1 7.5 7.2 6.3 1t.4 0 

o a 0 0 
6.7 0 0 0 

17.0 8.0 0 0 
21.0 17.6 9.0 0 0 0 
22.1 23.2 18.9 8.7 0 0 
23.423.8 22.5 17.2 6.8 0 
23.3 23.6 22.120.0 1 ... 8 0 
19.819.7 18.7 18.9 16.9 5.0 
19.6 18.5 19.5 20.3 18.5 6.7 
19.8 19.5 20.4 2101 ZO.3 7.6 
20.2 21.8 21.2 22.2 21.3 7.7 
16.2 17.4 18.8 18.5 16.5 5.8 
16.2 17.8 19.3 19.3 15.9 5.2 
15.2 18.2 18.7 18.4 1!,.3 4.0 
21.924.8 27.2 25.1 17.7 0 
20.8 22.8 23.4 20.0 8.5 0 
20 .. 020.5 17.6 9.1 0 0 
19.8 15.2 7.9 0 0 0 
1b.5 1.2 0 0 0 0 

6.5 0 0 0 0 0 
o 0 0 0 0 0 



12. Example 15 - Generalized Inverse 

The sample program XGVERS uses the generalized inverse to 
data and compares the result reconstruct parallel-beam projection 

with the conjugate gradient method of reconstruction. Due to memory 
the generalized inverse 
example, a small matrix 

array WORK in blank common have 

requirements, method 
12 x matrices. For 

can reconstruct only small 
12 (NDIMU = 12) requires 

that the dimens ion 
The reconstructed 
the error matrix 
struction; i.e. 

B is returned in 
equal to 46000. 
E15.055 along with array 

BE, which 
BE(I,J} = 

statement 
gives the statistical errors 
JVAR B(I,J} The printout 

in the recon-
indicates that 

the largest errors are for the reconstructed values in the 
pixels. The chi-square for the conjugate gradient solution 

center four 
after 15 

iterations is equal to 5.23 x 10~4 as compared to a chi-square equal 
(The chi-square to 1.01 x 10-12 for the generalized inverse solution. 

for the generalized inverse is nonzero due to computer rounding.) 

PROGRAM XGIJERS IINPUT I OUTPUT, r AP EZ-OUTPUT I E 15. 001 
E15.002 

EXAMPLE 15 E15.003 
E15.004 

THE PROGRAM XGVERS useS THE GENERALIZED INVERSE T, E15.005 
RECONSTRUCT PARALLEL BEAM PROJECTION DATA "'NO COMPAf\ES E15.00~ 
THE RESULT WITH THE CONJUGATE GRADIENT METHOD OF RECJNS- E15.007 
TRUCTtJ.... E13 .008 

E15.009 
OIMENSIO ... BI1441,BEf144hANGf18. E15.010 
CO"''''ON WORKt460001 EI5.011 

EI5.012 
caMMON/ourcO"'/L U ... )U1 I I 80132 E 15 .Ol3 

E15.01ft 
LUNQUT - ~UTPU'! FILE E15.015 
180132 - JUTPUT L.IN!: LENGTH FLAG E15.016 

-0 EACH LINE WILL BE WITHIN 80 CHAUCTEQ.S E15.017 
(OTHERWISE 1.32 CHARACTERS I E15.018 

E15.019 
.:O"'MONI PARMI I PAR n 21, PAR (3 I E 15.020 

E15.021 

00 10 J"I,NOIMU 
I SUB l"NMAT-J .NO I"'"J +KI( 1 
I SU9l .. "!I4AT-J.NOtMU+KKl 

10 .PUTE Il,261 lellJ,J·ISUBl,ISU6ll 
KKI-KlC,l+1 

Il CQ'lTINUE 

CALL ARRAY IBE,NDI"IUI 

PRI'llTOI.IT THE VALUES FJr;t THE RECONSTR;UCTIO:" ERI:IJitS 

I(Kl"l 
KU .. NOIHU/15+1 
DO 16 K-l,KU 
wr;tITE 12,lll 
KK2_15*1( 
IF (K2.GT."1DI"IUJ Kl(l"NOI"IU 
aD lit J-l,NOt"lU 
I SUB I-NM4 T-J.NOI MUt-IC,K 1 
(SUBl-N"IA T-J.N:> I "'U+KKl 

14 W~ITE 12,261 IBEtI),I=lSUBltISlJB2J 
KKI_IC,K2+1 

16 :Of'H INUE 
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ElS.D10 
El5.Dn 
E IS.072 
E15.073 
E13.074 
E15.015 
E15.JH 
U5.07.7 
EL5.;)T8 
E15.0'r; 
: 15.0aO 
E15.0al 
EI5.0SZ 
E 15.083 
F15.0BIt 
E 15. 08~ 
E15.DB6 
EU.OaT 
ElS.OS8 
E15.0a9 
E15.090 
EL5.091 
E15.0n 

EQUIVAL.Ef'fCE (f'fOI'4U ,IPAR( 111,(ICI" ,IPARI 2,),IIGEOM ,IPARI 3IJ,·ElS.022 
(NA'4G ,IPARI ~1,,(MQDA"G,lPARI 5,),11(01)111101 ,loARI 6)), El5.023 
U"4n ,IPAH 7",INWORI< ,JPARI SIJ,INFlOAT,IPARI 9'" E15.Q2~ 
1 I STORE, IPAR no))' C IPR INT, IPARIIlJ I, (L.UNATN, t P,aR( 1211, E15.025 
(PwtD ,PARI lJ"lAXISU , PARI 2I),(UAN , PUC 3)) E1S.02b 

:OMPARE THE GE'4ERAL.IZEJ INVERSE METHOD WI TH THE CD~JUGATE 

GRADI ENT METHO~ 

ElS.093 
ElS.094 
ElS.O<;' 

EXTERNAL eu,pl.L. 

I.lJ'4JUT-2 
I S013Z-0 

THE t .... PUT PARAMETERS AIlE 

HOI'4U-IZ 
lelR-O 
IGEJ.\4_0 
NANG-L8 
MOOANG-Z 
1<0 IMI..I" 12 
t"'IT"O 
NWORKc46000 
NFL,)AT-l 
ISTORE-O 
I PRINT-7 
I.UNATNm O 
P"'lO-l. 
AXI SU-6.5 
RFA'II-O. 

CAl.I. SETUP (lPAR,PAR,AGI 

IERR-2 

CAU GI/ERS IB,BE,P\..l.,BLL,CHISQ,IERRJ 

"'Rl TE (2,Z41 CHISQ 

::AI.I. ARRAY (B,HOIMUI 

PRINTOUT OF THE VALUES FOR THE RECONSTRUCTeD TU"1SI/EUE SECTIJ"1 

NMAT.,NOI"'U**2 
KKlaL 
KU-NDIMU/15+1 
00 12 Ko:l,KU 
W~ITE IZ,2ll 
KKle15*K 
IF I KK2.GT .NOI"'UI KKZ-NOI'4U 

E1S.027 
E15.02S 
E1S.029 
E15.030 
E15.031 
E15.03Z 
E15.033 
E 15.034 
E15.035 
E 15.036 
E1S.037 
E1S.038 
E1S.039 
E1S.040 
E15.041 
E15.042 
E1S.043 
ElS.0H 
El5.045 
E15.046 
ELS.047 
E 15.048 
E1S.049 
E1S.050 
ELS.051 
E1S.OSZ 
ElS.OS3 
E15.0S'" 
ElS.055 
E1S.0Sb 
E1S.0S7 
El5.058 
ElS.OS9 
ElS.060 
EL5.061 
EU.Jb2 
EL5.0b3 
E 15. Db .... 
E15.065 
E15.06b 
ElS.061 
ElS.Oba 
E15.0b9 

ISfP·15 
IRLX-l 
IHI\·1 
I ZERo:O 

:AlL CJNGR IB,PLl,BLl,tST!),Ir;tI.X,IER.R,IZERI 

CALL ARRAY IB,NDIMUJ 

PRI'llTOUT OF THE VAlUES FOR THE RECONSTRUCTED '!'RA'lSVERSE 

KK1-1 
KU" ... OI MU/1S+1 
00 20 K=l,KU 
WRITE 1 l, 2lJ 
KK2"'15·K 

> IF I<K2.GT.~DI"'U) KK2:NOt"lU 
DO 18 J" 1, NDIMU 
J SUBlaNMAT-J.NDPIU+KKl 
J SUBl .... "'AT-J.NO I MU+KK 2 

IB "'RITE (l,261 IBIIJ,lsISUBl,tSUBll 
K1(1 11 KK2+1 

20 CO ... T INUE 

l2 FJR>4ATI lX111I111I 
l4 FOR'4.ATIlXII9H CHIS:;) s ,EI5.11 
lb FJR"IATllXtl5F5.11 

END 

El5.09~ 
El'.J97 
E 15.098 
EO .099 
E15.100 
E15.101 
El3.L02 
E15 .10~ 
E15.104 
E15.105 

SECTIO'" El5.10~ 
E 15.107 
E15.10a 
FL5.109 
E15.110 
E15.111 
E 15.112 
E150113 
El).lH 
E 13.11!= 
EI3.1l~ 
E15.117 
ElS.118 
E15.119 
E 15.120 
E15.1l1 
E15.l22 
EL5.1l3 
E15.1H 
ElS.125 
EILtH 
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SUSRJUTINE GETU"I ('4,OAU,ERR I 

Ex.'''IPLE 15 

T-iE SUeRJUfI'I1E GETU'" GIVES SIMULATED PROJECTION DATA FOR 
TIoI'J REef A~Gl ES. 

01I1e'iSION DATAl 1I ,E~iU 11 
)J"':~SIO"l SI1441 
)J"'ENS 10"4 Ai (21, B1121 ,x1l2I,Ylf21,PHI 121,IIZ', ITVPEI21 
::. )>4'4)'U'JUTca"l'L'J'OUl, 180132 

lUNOUT - JUTPUT FILE 
180132 - )JTPUr u"!e LENGTH FLAr; 

-0 EACH It''le. "ILL BE WITHIN 80 CHARACTEH 
{OTHERWISE 112 (HAt=lACTERSJ 

C"O ... "'ONI PARII4/I PAR 1121 ,PAR ( 31 

EQJI'IALE"lCE 
1 

INDIMU .IPAIl! 111'{ICIR ,IPARf ZII,(tGEJ'4 ,IPAR,I 3)1, 
('lo,\I[;' ,JPAU 41J ,I MO)l."'G,IPARI 511,1o(OI"'U ,IPARI /)11, 

2 , 
• 

{{MIT .IPARf 711.cNWORK .IPARI 811,CNFL06.T,IPAR( 91), 
(t STORE ,IPARIlOJ I, I IPRINT, IPAR 11111, (LUNAr"" IPARIIZI I, 
(PwID ,PA~I UI,IAXISU , PARI 211,(RF~N I PARI H) 

DATA ITYPE/Z.2I 
DAU 4..1.13.,5.1 
DATA 81/6 •• 4.1 
aoHA xi/-L5,Z.51 
DAU Yl/O. ,0.1 
DATA PHI/O.,O.I 
DATA Z/1.,1.1 

IF IM.NE.l) GO TO 10 

IF I IMIT .~E.OJ pWIoTH::pwID 
IF IIMIToEQ.O) PWIDTH--PWto 
CAll PHAI'i 12,10, I TYP E,Z ,Xl ,Y 1 ,A 1 ,81 ,PHI. B,Not NiU, PlifIDTH I 

10 CALL PHANl IZ,lTYPE,Z,J(l,Y'l,.\l,Bl,PHI,oATA,,''II 

00 12 1-1,12 
IF IOATAU'.GT.O.1 ERIUII"SQRf(OATAlilJ 

12 IF IOATA(J'.LE.:).) ER~IJ)·l. . 

RETU~'II . 

'" 

SSS UEEE TTTTT U U PPPP 
sET U U P P 

555 EEE T U U PPPP 
5 E T U U P 

SSS EEEEE T UUU P 

INTEGER· PARAMETER ARUY «IPAR) 

IPARC t, DESCRIPT 10'" 

12 U"IEAR OI"ENSIO'" JF THE ReCONSTRuCTION AItRA'( 
o RECONSTRUCT III A C lR.CULAR. ARRAY 
o GEOMETRY FLAG 

PARAll EL BEAIo4 GEOMETRY 
18 NUMeER OF PROJECTION ANGLES 

2 M:)OE FJR PROJECTION ANGLE INPUT (SEE FOLLOliflNG LINES) 
ANGLES GENERAT ED f.erlifEEN ZERO AND PI 
STARTING AT THE HALF ANGLE 

II NU"IBER ':IF RAYS FOR EACH PROJECTION 
o EMISSION DATA 

E15.1Z7 
E1S.ll8 
ElS .129 
ElS.1l0 
E1S.13l 
E15.132 
E 15.133 
E1S.1l1t 
E15.135 
E 15.136 
El5.137 
ElS 0138 
EI5.139 
El5.HO 
E 15.141 
E1S.H2 
05.1'43 
E15.144 
EIS.lItS 
E1S.146 
E1S.U7 
E15.148 
E15.149 
E15015.0 
El5.151 
E1S .152 
E15.153 
E 150154 
EI5.155 
E 150156 
E15.157 
ElS 0158 
E15.159 
El5.160 
E15.161 
E15.162 
E15.163 
El50161t 
E15.165 
E15 .16~ 
E15.167 
El5.168 
E15.169 
E15.170 
EI5.171 
E15.172 
E15 .. 173 
E15.1H 
E15.175 

• 
7 
e , ~6000 OI"IE ... S!J'" OF THE FLOATING ·POINT USEIlS 8LA'IIK Cll)lllMON BlOCI( 

10 
11 

12 

1 Nu"'E!EIl OF "'01l)5 FJR A FL'JATJNG POINT VARIABLE 
a EXECUTE THE RECONSTRUCTION INJT JUST STORAGE SIZE TESTI 
7 PIlI'IIT FLAGS ()PTIONS SELECTED ARE ON THE· FOUOliflNG L.INES) 

PRPH REQUPEQ FLOo\TING POINT BlA"K COfllMJN WHENEVER CHA!'iGED 
PRINT PROJECTION DATA. AND UNCERTAINTIES 
PIU"IT SETUP V6,luES FIlOM IPAR AND PAR ARRAYS 
LOGICAL UNIT "'0. FOR ATTENUATION FACTOIl STQRAGE 

FLOATING POINT PARA",ETER ARRAY {PARI 

PARI I I 

1.000 
6.500 

o 

DHCRIPTIO~ 

PIXEL WIDTH III UNITS OF PROJECTION BIN WJ!)TH 
LOCATION JF T!"IE ROTATION AXIS IN THE PROJECTION ARRAY 

NA 'IIOT APPLICABLE (NOT FAN BEAJIII GEO"lETR.'f'1 

BLANK :OM~ON REQUIRED 18 221 

BLANK COMMON REQuIRED 3. 441 

Bl4NK :OM"tON REQUIRED ,. •• I 

Bl4NK COMMON REQUIRED " llbl 

Bl4NK COMMON REQUUEO 102 1 ... 61 

A fOUL ilF 12 ( 1 TH~J 121 OF THE 12 USER PROJECTION BI'IIS Will BE JSED 

16 P~.)JE:TIDN BIIolS wILL BE USE:l OF "HICH 4 HAVE BEEN ZERJEO BY THE. PROGRl'" 

MAXI"'u'1 SIZE )F BL4NK :OMMDro.t THUS FAR.- 102 FLOATING POINT WORDS. 

EEEEE N N DODO SSS EEEEE TTTTT 1..1 U PPPP 
E 'II'" '\I 0 0 SET U ~ P P 
EEE /II N 'II 0 0 SSS EEE T U U PPPP 
E N NI'i 0 0 SET U J P 
EEEEE /II .... DODO. SSS EEEEE T UUU P 

GGG 'I V EEEEE RR.II.R SSS 
G G" v E R CI. S 
G V V fEE "RRR SSS 
G GG V V ERR S 

GGGG V EEEEE R R. SSS 

PARAMETERS FOR. SUBRDunNE GVERS 

DESCRIPTION 

IERR - USE U!llCERU I ... T IES 1. .... 0 CALCULATE EII,RQRS 

B;\CKPR.OJECTION AND PROJECTION/CJNVOlUTION/FILTER ROUTlro.tES 
PERFJ~'1 T'iE FOUOWlro.tG FUNCTIONS 

AR:; FU'IICTIO'" RlY WEIGHTING 
ee< BACKPROJEC TIO~ UNE LENGTH 
PRJ PRJJECTlON LINf LENGTH 

ATTENUATtJII 
NO 
NO 

FA ... SE4"4 
NO 
NO 

BL6,NK :OMMDN REQUIRED 323S8 , 771461 

BLANK COMMON REQUIRED 44902 11275461 

BLANK COM1'IION REQUIRED 45014 1127726) 

8lANK COMMON REQUIRED 451~6 11301061 

BLANK COMMON REQUIRED· "'57Dl 1131206) 

BUNK COM"40N REQUIRED 457H (1J12UJ 

PPPP H H AU N ~ 

P P--t HA ANN~ 

PPPP HHHHH A ANN '"' 
P -t H AUU N NIII 
P HA AN N 

P-iANTOM GE!'iERATEO 
ARRAY SIZE 12 x Il INTEGUTION FACTOR - 10 
NUMBER. OF ELIPSES ANDIOR RECUNGLES - 2 
THE PAiU"4ETERS FOR. THE ELLIPSES ANOIOR. RECTANGLES 

SCALING FACTOR -

ARE 
X, Y - CENTER 
Ad - LENGTH OF AXIS OR SIDE A AND 8 
PHI - A .... Glf OF lXIS OR Sloe A 
DENS - J .... re"lSITY 

T'iE PARE~THESIS INDICHES THE SCALED VALUE 
HyPE X Y 

2 - RECTANGLE -3.50 , 

- RECTANGLE 
( -3.501,( 

2.50 , 
l.50),1 

o 
01( 

o 
01( 

A 
3.00 , 
3.001,( 
5.00 , 
5.001,1 

e 
8.00 
8.001 
It. 00 
4.00) 

PHI 

EEEEE N ... 0000 PPPP H H UA N 
E NN .... 0 0 P P H H A A N'II 'II 
EEE N N NOD PPPP HHHHH A ANN N 
E N "1'4 a 0 P H AAAAA N fII!'i 
EEEEE N N DODD P H.t. l... ... 

BLANK CDM"'DN REQUIREO 45750 {131lb6J 

PUJECTION DATA FOR ANGLE NO. 
o 0 

.U7E"00 .446E+OO 

.lo7E+aD .167f+00 
o 

.OB7 RAOIA"IS 
o 

.446E+00 
o 

PRJJECTIO ... DATA UNCERTAINTY FOR ANGLE NO. 1 
.100E+01 
.668E+00 
.100E+01 

.100Et-Ol .100E+OJ .. 100Et-01 

.lt09E t-OO • 6b 8 Et-OO .668£ +00 

.409E+00 .409E+00 .100E+01 

.100E+Ol 

PUJECTlO"l OATl FJR ANGLE NO. 
o 0 

.334E+00 .4bOE+00 
• 173E+00 .173E+00 

o 

o 
.460e+00 
• 146E+00 

.262 RADI A"IS 
o 

.460Et-00 
o 

PRJJECTIO ... OAU UNCERTAINTY FOR. ANGLE '"'D. 2 
.100E+Ol 
.678E+00 
.100E+Ol 

.100E+01 .100e+Ol .100E+Ol 

.578E+00 .678Et-00 .678Et-00 

.415E+00 .415E+00 .382E+00 
.100HOI 

PR.JJEcTlO'll DATA 
o 

.247E+00 

.184E+00 
o 

FOR A'IIGlE NO. 
o 

.4170E+00 

.184E+00 

o 
."90E+00 
.180E+00 

.436 RADIANS 
o 

.374E+00 

.346E-01 

PA.JJECTIO'" DATA 
.100E+Ol 
.497f+00 
.429f+00 
.10oe+Ol 

UNCERTAINTY FOR ANGLE NO. , 
.100E+Ol 
.612E+00 
.186E+00 

.100E+Ol .100E+01 

.700E+00 .700E+00 

.429E+00 .4 24E+00 

PRJJECTIJ· ... DATA FOR ANGLE "10. 
o 0 

.237E+00 • It14E+00 

.203E+ao .2a3E+OO 
o 

o 
.446E+00 
.194E+00 

.611 IUDIANS 
.731E-03 
.. 338E+00 
.762E-Ot 

PRJJEcr ION DATA U .... CERTAINTY FJR ANGLE .. a .. • .270E-Ol .100Et-Ol .100E+01 .. 100E+Ol 
.487£+00 .6~3E+00 .667E+00 
.451E+OO .451E+00 .44LE+OO 
.10DE+Ol 

P~JJECT10~ DATA FOR ANGLE NO. 
o 0 

.272E+00 .314E+00 

.236E+OO .236e+oo 
o 

o 
• 314E+00 
.. Z07E+00 

.581E+00 

.276E+00 

.765 iUOU"'S 
.SDOE-01 
.314E+00 . 
.960E-01 

5.000 DEGCl.EES 
.167E+ao 
.446E+00 

o 

.. lt0ge+oo 

.b68E+00 

.. 100HOI 

15.000 DEGIlEES 
o 

• 26~ E+OO 
o 

.100E+01 

.518E+00 

.100E+Ol 

25.0:)0 DEGREES 
.617E-01 
.229f+00 

o 

.Zlt8Et-00 

.419E+ao 

.100E+01 

35. DOD DEGREES 
.119E+00 
.220E+00 

o 

.345E+00 

."69E+00 

.100E+01 

45.000 OEGUES 
.161E+OO 
.236E+Oil 

o 

1.000 

OE ... S 
1.00 
1.001 
1.00 
1.001 



PROJECTIO\l DATA U"lCERTAI~TY FOR ANGLE fto. , 
.100:+01 .100E+Ol .100E+Ol .ZHE+OO 
• '22E+OO .'6lE+OO .561E+OO .!61E+00 
.ltS5E+OO .ltS5E+OO .lt55E+OO .310ft-00 
.100E+Ol 

P~:lJECTtON OAU FOR ANGLE NO. .9bO RADlANS 
.BrSE-01 
.213E+OO 
.105E+OO 

o 0 
.Z71E+OO .271E+OO 
.l91E+OO .ZC;lE+OO 

. 0 

o 
.213E+OO 
.ZZlE+O:) 

PROJECTIO\l DATA UNCERTAI"ITY FQR ANGLE 1140. 
.100E+Ol .100E+Ol .100E+Ol 
.521E+OO .~21E+OO .1t62E+00 
.'39E+OO .539E+OO .lt73E+OO 
.100E+Ol 

• .2'76E+OO 
.462E+OO 
.324E+OO 

PA.:JJECTION OAT·A 
o 

.H5E+OO 

.HSE+OO 
o 

FOR A~GLE Nil. 
o 

.H5E+OO 

.394E+OO 

1.134 ftAOtANS 
o • 121E+OO 

.19~E+00 .10~E+OO 
.Z50E+OO .lo5E+OO 

PROJECTIO~ ilATA UNCERTAINTY FDA. ANGLE "10. 1 
.351E+OO 
.324E+OO 
.324E+OO 

.100E+01 .100E+01 .100E+Ol 

.lt9,E+OO .lt95E+OO .442E+00 

.587E+OO .62BE+OO .SOOE+:)J 

.100E+Ol 

POJE:TIJ\I DATA FOR ANGLE NO. 1.309 RADIANS 
o 0 

.Z30E+OO .230E+OO 

.356oE+OO .HOft-OO 
o 

PRJJECT10N DATA U"ICERTAINTY 
.100E+Ol .100Et-01 
•• soe +00 .ltBOE+OO 
.591E+00 .61BE+OO 
.100E+01 

o .18SE+OO 
.Z2H+OO .3'12E-02 
.303E+OO .SllE-Ol 

FOR ANGLE NO. 
.100E+01 
.416E+00 
.55te+OO 

• .43ItE+OO 
.t26E-Ol 
.28,E+OO 

PItJJE:Tttlft DUA FOR ANGLE NO. 1. 1t84 RAOU-.S 
o 0 o .223E+OO 

.2Z3E+00 .221E+00 .Z23E+OO 0 

.ltUE+OO .446E+OO .1t4H+00 0 
o 

PROJECTIOhi DATA U ... CERTAINTY FOP. A~!GLE ~O. • .412E+OO • 100E+Ol .100E+Ol .100E+01 
.47ZE+OO .412£+00 .412E+OO .100E+OL 

.100E+\)1 .668E+00 .668E+OO .668E+OO 
.100E+ol 

pA.JJEcrl:l~ ·OATA FOR A"'GLE "'i). 10 1.658 A.ADJA"fS 
o 0 o .223E+00 

.223E+00 .Z23E+00 .223E+00 0 

.H6E+OO .44bE+OO .44~E+00 0 
o 

PRJJECTlJ\I DATA UhlCERTAINTY FOR ANGLE NO. 10 
.lI)Oe.01 .100E+Ol .100E+Ol • 472£+00 

.100E+01 
• 100E+01 

• 47ZE+00 .472E+00 .472E+00 
.6!t8E+00 .668E+00 ~668E+00 
.100E+Ol 

PIl:lJECTIJ ... DATA FO~ A"'IGLE "to. 11 1.833 AAOIA"tS 
o 0 o .18S£+00 

.2]OE+00 .230E+00 .221:E+00 .392E-02 
• 356E +00 .460E+00 .303E+00 .flllE-Ol 

o 
PIlQJECTI(]\I aUA IJNCEATAI\lTV FOR ANGLE NO. 11 

.434E+00 

.626E-Ol 

.285E+00 

• 100E+Ol .100E+01 .100£+01 
.480E.00 .4S0E+00 .lt76£+00 
.597E+00 .67SE+OO .551E+00 
.100£+01 

PIlJJECTlO~ OATA FOR ANGL.E NO. 12 2.00"7 ~AOIA"fS 
o 0 o .127E+OQ 

.24'E+00 .245E+00 .1q~E+00 .105£+00 

.345E+00 .39H+OO .2'0£+00 .105E+00 
o 

PKJJECTlQN DATA UNC£RTAI"tTY F('IR ANGLE NO. 12 
.357E+00 
.324E+00 
.324E+OO 

.100e.Ol .100E+Ol .100E+01 

.495E+OO .495E+00 .442E+00 

.587E+00 .628E+00 .500E+00 

.100E+Ol 

P\OJE:TlON aAU FOR ANGLE NO. 13 2.182 RADUNS 
o 0 

• 271E +00 .211 E+OO 
.Z91E+00 .Z'ilE+OD 

o 
PRJJE::TlDN DATA UNCERTAINTY 

.100E+01 .100E+Ol 

.521E+OO .S21E+00 
.'39E+00 .539£+00 
.100E+01 

o .87SE-Ol 
.213E+00 .213E+00 
.22]E+00 .105E+OO 

F(lR ANGLE NO. 
.100E+01 
.462E+OO 
.473E+00 

13 
.296E+00 
.U2F+00 
.124£+00 

PROJECTION DATA FOR ANGLE NO. 14 2.35t RADlANS 
o 0 

.272E+00 .314E+00 

.Z]H+OO .Z36E+00 
o 

PIlOJECTJ 0\1 DATA UNCERTAINTY 
.100E+Ol .100E+01 
.522E.00 .56J.E+00 
.1t85E +00 .4S5E+00 
.100E+01 

o • !SOOE-01 
.314E+00 .314E+00 
.Z07E+00 .960E-01 

FOR ANGLE NO. 
.100E+Ol 
.5blE+00 
.45'E+00 

,. 
• 224E+00 
.561E+OO 
.310E+00 

PUJE:TJO"l DATA FOR ANGLE NO. 15 Z.531 R~OU.NS 
o 0 

.217E+00 .414E+00 

.203E+00 .ZOlE+OO 
o 

PROJE:TtOf14 OATA UNCERTAINTY 
• 100E+Ol .100E+Ol 
.487E +00 .643E+00 
.1t51E+00 .451E+00 
.100E+Ol 

o .13LE-03 
.446E+OO .338E+OO 
.194E+00 .162F-Ol 

Ff"lA. ANGLE "'10 • 
.100E+Ol 
.667E+00 
.441E+OO 

15 
.270E-Ol 
.581E+00 
.2UE+00 

PUJECTIO\l DATA FOR A"4GLE \10. 16 ·2.705 RADU\lS 
o 0 o 0 

.247E+00 .490E+00 .490E+00 .]1ItE+00 
• 184E+OO olSItE+OO .IBOE+OO .346E-Ol 

o 
PIl)JECTtO'" DATA UNCERTAINTY FOR ANGLE "'10. 

.103E+Ol .100HOl .100E+Ol 

.497E+00 .700E+OO .700E+OO 

.429E+00 .429E+OO .42ItE+00 

.100E+01 

l< 
.100E+OI 
• 612E+00 
.lS6E+00 

P~JJECTIJ"4 DATA F:JR ANGLE N"O. 17 2. BBO ~AOIANS 
.0 , o O· 

.334E+00 .46oOE+00 .lt60E+00 .400E+00 

.113E+00 .113E+OO .146E+00 0 
o 

PROJECTl:l'll OATA U"ICERTAINTY FOR ANGLE "1O. 
.100E+Ol .100E+Ol .100E+Ol 
,'78E.+00 .• 678E+00 .678E+00 
.415E+OO .415E+OO .382E+00 
.100E+Ol 

11 
.100HOI 
.618E+00 
.100E+01 

.401E+00 

.4S!E+OQ 

.100E+Ol 

55.000 DEG~EES 
.206HOO 
.255E"OO 

o 

.ItHE+OQ 
• ~05E+OO 
.100E+Ol 

t:5.000 OEG~EES 
.2IoSEt-JO 
.200E"00 

o 

.It'iH+OO 

.441E+OO 
.100E+Ol 

7! .000 DEGREE S 
.BOE+:)) 
.134E+OO , 
.loSOE+O) 
.366E+00 
.10JE+Ol 

B!.:.OOO DEGREES 
.223E+00 

o 
o 

.47ZE.00 

.100t=+01 

.100E+01 

li5.000 OEGR~ES 
.223F+OO 

o 
o 

.412E+OO 

.100E+Ol 

.100E+Ol 

105.000 OEG~EES 
.2l0E+OO 
.1lloE+OJ 

o 

.480E+OO 

.3HE+OO 

.100E+Ol 

115.000 'EGctEF.S 
.2UE+00 
.200E+00 

o 

.495E+00 

.1t47E+00 

.100E+Ol 

14:5.000 OE:;-tEES 
.Z06E+OO 
.2'!!E+OO 

o 

.454E+OO 

.~05E+00 

.100E+Ol 

135.000 OEGiU:ES 
.. 161E+OO 
.236E+00 

o 

.,,"OlE+OO 

.'t85E+00 

.100E+Ol 

14'!i.000 [.IEG~EES 
.1l9E+:)J 
.220E+00 

o 

.345E+00 

.lt69E+OO 

.100E+Ol 

155.000 OEG:HES 
.H7E-Ol 
.Z29E+00 , 
.24SE"O·J 
.479E+00 
.100E+Ol 

1~'.O:)O DEG~EES 

o 
.Z69E+00 , 
.100E+Ol 
.518E+00 
.100E+Ol 

BLANK :OM"'ON REQUIREO ,5734 ( 13124601 

P=tJJECT 10"4 DATA FOR A"IGLE ,..0. lS 3.054 IUDU\lS 
o 0 

.167E+OO .446E.OO 

.167E+OO .1b7E+OO 
o 

Oi(OJECTIO~ OATA lJ~CERTAI\lTY 

.100::+01 .100E+Ol 

.409E+OO .668E+00 
• It09E +:)0 .409E +00 
.100E+Ol 

, , 
.44H+OO .44oE+OO 

o 0 

FOR ANGL.E ~O. 

.100E+Ol 

.66e!:+oo 

.100E+Ol 

18 
.IOOF+Ol 
.t:eSE+':)O 
.100E+Ol 

BLlNI( COM"IJN "-EQUIREO 1347B , 3221t61 

Si..ANK :J"''o!:) .... REQUIR.ED ... 1646) 

BLANK :JIo1'o!J'l PEQUlii.ED 822 , lIt66) 

BLANl( CO"''4JN REQUIP,EO 110 13061 

BLAN!( C')"''''O'i !'.EQUII\EO ". 12461 

SLAN!<. CJ"I'o!O'" REQUI~EO 1>2 1401 

17~. 000 OEGII.:~ S 
.1HE+OO 
.HtEt-OJ , 
.40H+OO 
• b~aE+O:> 
.100e"01 

201 

'4AXII~v'" SIZE OF SLANI(. :O''l1010~ fl-'US FAQ· it5150 fL "lTI iG PJIi7 WJ~J!=-. 

EEEEE..., \I 0000 
E NN" D 0 
EEE ,~"" NO~ 
E .... \I" 0 0 
EEHE..., .... 0000 

C .. tlS;) • .10141"'6'=-11 

-.HE-O! x-..AX 

G:iG V V EEEEE !;Iq'.R SS5 
GG\lvE ~~~ 
G V V EEf PPAA 5:'! 
G GG V \I E 1\ ~ S 

>;GGG EEE~f M :I HS 

.... 
.. In UI ••• 
... n H •••• 
.. I •• a ••• 
'" ... 

I 1 
-.le-deE-US .1S00E-Ol .lBSO::+OO r .2351E+OO .27-)OE+:)0 .1l:> .. f+Jc.. .3:'"OOF+'::) 

l x A II' ~ , • 

.38!:OE+00 .it100E+00 ."BOE+OO .4900~+no .~it:'OF+~"J .!~JOf+)O .oZ.»);:+.) 

• • • • • • .6~lJE+JCI .7300E+00 .ezooF+.)l .8700E+00 .C;.I.00E+oo .$!JOF .. OO ."F-~.J'.:"JJ 

0 0 0 0 .0 .0 
0 0 .0 .0 .0 .0 
0 1.' 1.0 1.0 .0 .0 
0 1.0 1.0 1.0 -.0 .0 

.0 1.0 1.0 1.0 -.0 .0 

.0 1.0 1.0 1.0 .0 -.0 ., 1.0 1.0 1.0 -.0 .0 ., 1.' 1.0 1., .0 -.0 
0 1.0 1.0 1.0 .0 -.0 , 1.0 1.0 1.0 -.0 ·.0 

0 .0 .0 -.0 .0 
0 0 , '.' .0 

X"II"4 XIilU 

-.0 .0 0 0 
.0 -.0 .0 -.0 

-.0 '.0 .0 ·.u 
-.0 ., .0 ., 
1.0 1.' 1.0 1.0 
i.O 1.0 1.0 i .0 
1.0 1.0 1.0 1.() 
1.' 1.0 1.0 1.0 
.0 -.0 -.0 ." 
.0 .0 .0 .0 

-.0 -.' .0 .0 
.0 ., 0 0 

.2QE+OZ x5-U" . 

............... 

.. _. ____ ._ or 

.. -+111111+- .. 

.-"11 t 1'1 II --* 

.--))+ .... .1.1--· 

.-.. III I II ll--" 
• -+lllllJ+- .. 

J 
-.0 

.G ) 

1.0 ., 
, .0 -.J t., .J 
1.) .0 
-.i.l , 
'.' ) 

0 , , 
• ~ .P}E"+')3 

• t. 
o .2:!54E"01 .$)1":+01 .c:7!JE;+OI .77::H+Ol .!,q!"~""L .l) .. P,..·.:..l 

l X • 
.1106E+02 .1118E+OZ .12~OE+OZ .140~~+02 .1:~bE.+O? ol~~~f.};" .l~~t:.~.: 

, • it- • • • 
.lSS2E+u2 .20;1E+02 .Z355["02 • .14C;:;~"v2 .2i)ICof"Ol ... 7Z N +.J .. • 21,~· •. '~ 

• .2873E+02 



202 

0 
0 
0 , 

0.1 
3.8 
3.8 
4.1 

0 
0 
0 
0 

ISTP -
lUX -
IERR -
IZER -

0 
3.7 
•• 0 
5.0 
5.3 
5.3 
5 •• 
•• 0 
3.7 

0 
0 

0 0 4.0 3.' '.3 '.1 0 0 0 
3., •• 0 5.2 5.2 5.3 5.0 5 •• 4.2 0 
0;8 7 •• 8 •• 08.6 8 •• 8.2 7.7 •• 5 4.3 
8.1 8.1 10.7 10.1 '.8 10.2 8.1 7.' 5.8 
8.2 ~.g 9.2 8.0 8.' 8.9 10.7 8.1 5.0 ... 8.7 ..8 28.7 Z8.1 7.0 9.8 '.2 4.' 
8 •• 8.7 6.8 28.728.7 7.0 '.8 '.2 4.' 
'.2 ... '.2 '.4 8.4 8.9 10.1 8.1 5.0 
8.1 8.1 10.7 10.1 '.8 10.2 8.1 1.' 5.8 
•• 8 7.t 8 •• 8 •• 8 •• 8;2 7.7 •• 5 4.3 
3.' <.0 5.2 5.2 5.3 5.0 5 •• 4.2 0 

0 0 4.0 3 •• 4.3 4.1 0 0 0 

CC: 00000 N N GGG R.H~ 

C , 
" NN N G G R • 

C , 0 N , , G R~RR 

C 0 o N NN G GG • , 
CCC JOOOO N N GGGG R R 

PARA"'ETE~S FJR SUBOUr I~E CO"lGR 

15 
1 
1 
o 

DESCRIPTION 

NU/I'IBEk OF I TERATIOI'<! STEPS 
ITERATtVE UL6.XATlON ~ETHOO 
USE fUOR ARQ:I\Y 
l"IITIAl SOlUTtON IS ZERO 

BACKP~JJ EC T 10'"' A"'IO P~~JEC TJ ON/CJNVOLUT I ON/F IL TER ROUTt "IE5 
PERFOR"I THE FOLL.OWI"4G FUNCTIONS' 

0 
0 
0 
0 

3 •• 
4.1 
'.1 
3.B· 

0 
0 
0 
0 

A~G fJNCTIO\l RAY' WEIGt-ITJ\lG 
S:K BA::KPRiJJECTJON LINE LENGTH 

A HE NUA Tt O~ 
NO 

FAN 8EA"! 
.0 

PRJ P~QJ EC T I 0"1 LINE LENGTH NO 

". 2061 

BLANK CO"4MON REQUIRED 246 3661 

SlAN!<. ::0141040N REQUIRED ~3It , 10261 

BLANK COMMON REQUIRED ••• 12061 

758 13661 

BLANK COM"']N REQUIRED .10 15461 

pppp H H AAA N N 
P PH HA AN"'I~ 

PPPP "'IHHHH A ANN "I I 
P H AUAl Ii N.., 
P HA AN ~ 

PHANT:)M GENERATED 
ARRAY' SIlE 12 X 12 I~TEGUnDN HCTOR .. 10 SCALI~G F4:T;JR • 
~U"48ER OF ELIPSES ANOIOR RECTANGLES. 2 
THE PA:U ... ETERS FJP. THE ELLIPSES ANDIOR RECTANGLES AilE 

X, Y - CENTER 
4,8 - LENGTH OF AXIS OR SIDE A AND 6 
PHI - ANGLE OF AXIS OP SIDE A 
:JE'iS - INTENSITY 

THE PAH'4THESIS I~DIC4TES THE SCALED VALUE 
nYPE X Y 

2 RECTANGLE -3.50 , 

- RECTA.'IIGLE 
1 -3.50) ,I 

2.50 , 
2.501,1 

o 
Oil 
o 
011 

, 
3.00 , 
3.00) I ( 

~.OO t 
~.OOI, « 

8 
8.00 
B.OOl 
4.00 
4.0QI 

PH' 

EEEEE N ~ 0000 PPPP H H AU ~ 

E '1'1 "<I a 0 P PH'"' A A N~ ... 
EEE ~ "<I ~ a a PPPP HHHH"t A A !II'" ~ 
E NN 0 0 P H AAAAA N "<1"<1 
EEEEE "<I 0000 P HA AN ~ 

BLO,NK :OM"'ON REQUIHD 88. ( 1566) 

PIDJECTJON DAU FOCI; A"'GLE NO. 
o 0 

.l601E+OO .446E+OO 

.161E+OO .161E+QO 
o 

, 
.446E+OO 

o 

.081 RAOU"<IS 
o 

.446oE+OO 
o 

PRJJECTtON DATA UNCERTAI'HY FOR ANGLE ~O. 1 
.100E+01 
.6068E+OO 
.100E+Ol 

.100E+OI .!OOE+O! .100E+0! 

.409E+OO .6b8E+QO .6f-8E+00 

.409E+-OO .ft09E+-OO .1001;+-01 

.100E+01 

p~JJEcr ION DATA 
o 

.334E+-00 

.173E+OO 
o 

FOR A· ... GLE NO. 
o 

.4t.OE+00 

.IHE+OO 

o 
.4bOE+00 
.14t;fi-OO 

.262 RAOU"IS 
o 

.460Ei-OO 
o 

PROJECTlu'l DATA U~CERTAI'HY 
.100E+OI .IOOEtOl 
.518E+00 .618EtOO 
.4ISE+00 .415EtOO 

F:lR ANGLE ..,J. 
.IOOE+01 
.6nE+OO 
.382E+OO 

.100E+01 

.618Ei-00 
.100E+OI 

.IOOE+Ol 

P~JJECTIO"" OUA 
o 

.2't1E+OQ 
ol84E+OO 

o 

FOR ANGLE NO. 
o 

.490E+OO 

.184Ei-OO 

o 
.490E+OO 
.180E+OO 

.436 RADIANS 
o 

.314E+OO 

.34bE-01 

PkOJE:TIO'l DATA UNCERTAINTY 
.IOOEi-Ol .100Ei-01 
.491E+JO .700Ei-OO 
.429E+OO .42<;E+OO 

FOR ANGLE ~O. 
.100E+OI 
.700Ei-OO 
.424E+OO 

3 
.100E+01 
.612E+OO 
.!86E+OO 

.100E+Ol 

POJECTIO"" OATA FOR .t.NGLE NO. 
o 0 

.237E+JO .414E+OO 

.203E+OO .203E+OO 
~O 

o 
.446E+OO 
.194E+00 

.6011 RADIANS 
• HIE-03 
.338E+OO 
.162E-Ol 

S.OOO DEr.R~ES 
.161E+OO 
.446E+00 

o 

.409E+OO 
• b68E+OO 
.100Ei-Ol 

15.000 DEGREES 
o 

.269Ei-00 
o 

.100E+Ol 

.518E+OO 

.100E+OI 

25.000 DEGCI;EES 
.617E-Ol 
.229E+OO 

o 

.24BE+ao 

.47CjE+oa 

.100Ei-a1 

35.000 DEGREES 
.1l~Ei-OO 

.220Ei-00 
o 

" 

1.ODD 

~E'iS 
1.00 
1.Ga) 
1.00 
1.001 

PR!lJECTIO;" DATA UNCERTAINTY FOR ANGLE NO. 
.IOOEi-Ol .100E+01 .IDOhOl 
.481ei-00 .643E+OO .661E+00 
.451E+00 ·.451E+00 • 44lf+00 
.100E+-Ol 

4 
.HOE-Ol 
.581E+00 
.216E+00 

POJE:TJO~ DATA FOR ANGLE NO. 
o 0 

.272E+OO .3l4E+OO 

.236E+OQ .236E+OO 

o 
.314E+OO 
.207E+00 

.785 RADIANS 
.500E-Ol 
.314E+OO 
.9.60E-OI 

o 
P'tJJECTIO'll DATA UNCERTAINTY FDA. ANGLE NO. 

.100E+Ol .• 100Ei-Ol .IOOE+Ol 

.522E+oO .561E+OO .S61E+OO 

.4B5Ei-OO .,.,85E+OO .1t5SE+00 

.100E+Ol 

5 
.224E+00 
.561f+OO· 
.310E+00 

POJECTtH OATA 
o 

.271E+OO 

.291Ei-00 
o 

FOR A~GLE '110. 
o 

.271E+OO 

.29IE+OO 

o 
.213E+OO 
.223E+OO 

.960 RADIANS 
.81SE-Ol 
.213E+OO 
.105ei-00 

PR)JECTIO\l aUA UNCERTAINTY FOR ANGLE NO. 
.100E+0 1 .lOQE+01 .100E+Ol 
.521E+OO .521E+OO .462Ei-OO 
.539E+OO .539E+00 .ft7)E+OO 
.100e+01 

• .296E+00 
.462E+00 
.32ltE+OO 

P'tJJECTtJ~ OHA FOR A'IIGLE NO. 1.134 RADIANS 
o 0 

.245E+00 .245E+OO 

.345E+OO .39ftE+00 
o 

PCI;)JECTIO'll DATA U"ICERTAII'H'f 
.100E+Ol .100E+Ol 
.495E+OO .495E+OO 
.587E+OO .628E+OO 
.100E+Ol 

o .!21E+00 
.195E+OO .105E+00 
.250E+OO .105E+00 

FOR ANGLE NO. 
.100E.Ol 
.lt42E+OO 
.SOOHOO 

7 
.351HOO 
.32ltE+00 
.324E+OO 

PC!.OJECTIO"" DATA F'JR ANGLE NO. 1.309 RADIANS 
o 0 I)' .188E+00 

.230e+00 .230E+OO .226E+00 .392E-Q2 

.356E+00 .460E+00 .303E+00 .8llE-Ol 
o 

PROJECT ION DATA UNCERTAINTY FOR ANGLE NO. 
.1DOE+Ol .100E+01 .100E+01 
.480E+OO .lt80E+00 .476E+00 
.597E+OQ .&78E+00 .551E+OO 
• 100E+Ol 

8 
.434E+00 
.f26E-OI 
.285E+OO 

PROJECTIO.,. DATA FOR ANGLE NO. 1.484 RADIANS 
o 0 o .223E+00 

.2ZlE+OO .223E+00 .223E+OO 0 

.1t.t.6E+OO .4ItbEt-aO .446E+00 0 
o 

PA.JJECTlO'" DATA UNCERTAINTY FOR ANGLE N!J. 
• IOOE+01 .• 100E+Ol .100e+01 
.1t72E+OO .412E+OO .1t12E+OO 
.668E+OO .668E+oO .668E+OO 
.100E+Ol 

• .Hze+oo 
.100e+Ol 
.100E+Ol 

PIlOJECT JON DATA FOR ANGLE NO. 10 1.658 R4DUNS 
o 0 o .223E+OO 

.223E+OO .223E+OO .223E+00 0 
• 446E +00 • 44~ E+OO .446E+OO 0 

o 
PROJECTtO'f DATA UNCERTAINTY FOR ANGLE NO. 

.100E+Ol .100E+OI .100HOl 

.472E+OO .412E+OO .~72E+OO 

.6E>BE+00 .6E>BE+00 .668E+00 

.IOOE+OI 

10 
.~12E+OO 
.100E+Ol 
.100E+01 

P~ilJE:TION OATA FOR ANGLE NO. 11 1.B33 RADIANS 
o 0 

.230E+OO .230E+OO 

.356E+00 .460Ei-OO 
o 

PROJECTION DATA UNCERTAINTY 
.lOOE+01 .100E+OI 
.480E+00 .ft-SOE+OO 
.S97E+OO .618E+00 
.100E+OI 

o .188E+00 
.226E+OO .392E-02 
.303E+00 .811E-OL 

FOR ANGLE NO. 
.100E+01 
.47t.E+oo 
.SSlE+OO 

11 
.~34E+OO 
.626E-Ol 
.285E+OO 

P~JJE:TlO'4 QUA fOR ANGLE·NO. 12 2.007 RADIANS 
o 0 o .127E+00 

.2ItSE+OO .24SE+OO .195E+00 .105E+OO 

.3ltSE+00 .394E+00 .250E+00 .105E+OO . 
o 

PROJECTION DATA UNCERTAINTY FOR ANGLE NO. 
.100E+01 .lOOE+01 .100e+Ol 
.495E +00 .49SE+OO .~42E+OO 

.S87E+OO .• 628E+OO .SOOE+OO 

.lOOE+01 

12 
.357E+OO 
.324f+00 
.324E+00 

POJE:noo.; DATA FOR ANGLE NO. 13 2.1 B2 RADIANS 
o 0 o .. e1SE-OI 

.21lE+OO .271E+00 .213E+00 .2.13E+OO 

.29lE+OO .2~IE+OO • 223E+-00 .IOSE+OO 
o 

PROJECTI:J'4 DATA UNCERTAINTY 
.10:lE+01 .IOOE+Ol 
.521E+00 .52IE+00 
.519E+OO .S39E+00 
.100E+01 

FOR ANGLE NO. 
.100HOI 
.1t62E+00 
.1t7:3e+OO 

13 
• 29~E+00 
.462E+OO 
.324E+OO 

P~JJECTtJ'f DATA FIlR ANGLE NO. 14 2.356 RADIANS 
o 0 o .500E-01 

• 272E+OO ~ 314E"00 
.236E+OO .236E+00 

o 

.114E+OO 

.201E+00 

PRJJECTION DATA UNCERTAINTY FOR ANGLE NO. 
• lOJE+OI .100E+Ol .IOOE+Ol 
• 522E +00 .561 HOD .561 E+OO 
.o\85Ei-OO .O\B5E+OO .455E+OO 
.lOOE+01 

.314E+OO 

.960E-Ol .. 

.22ltE+00 
.561E+OO 
.310E+00 

PRJJECTIJ~ DATA FOR ANGLE !'olD. 15 2.531 Q:ADtANS 
o 0 o • HiE-03 

.231E+OO .lt14ei-OO .44t.E+00 .338E+00 

.201E+00 .. 203E+OO .194E+OO .162E-OI 
o 

PROJECTIO'f DATA UNCERTAINTY FOR ANGLE NO. 
~IOOE+01 .100HOl .100E+OI 
.lt87Ei-OO .643E+OO .667E+00 
.45IE+OO .4S1E+00 .441E+OO 
.100Ei-Ol 

15 
.270E-01 
.581E+OO 
.276E+OO 

P;!.OJECTtO'4 DATA FOR ANGLE NO. 16 2.10~ RADIANS 
o 0 o 0 

.241E+OO .1t90Ei-00 .490E+00 .314E+00 

.184E+OO .lB4E+00 .IBOE+OO .346E-OI 
o 

PRJJECT IO'f DATA :J~CERTAI"TY FOR ANGLE NO. 
.100Ei-Ol .100E+Ol· .IOOE+OI 
.491E+00 .700ft.OO .700E+00 
.429E+OO .42C;E+OO .O\24E+oa 
.100HO! 

1_ 
.laOHOl 
.U2E+OO 
.186E+00 

.345E+00 

.lt69E+oa 

.IOOE+01 

1t5.000 DEGREES 
.161E+OO 
.236oEi-OO 

o 

.40IE+O) 

.4B5E+OO 

.100E+Ol 

55.000 OEGREES 
.206Ei-OO 
.255E+00 

o 

.45ltE+OO 

.505Ei-OO 

.IOOE+01 

65.0ilD DEGREES 
.245hOO 
.200Ei-00 

u 

.49,E.00 

.4lt7E+OQ 

.lOOE+01 

75.000 DEGREES 
.230E+OO 
.134E+OO 

o 

.480E+OO 

.366E+OO 
.100E+01 . 

85.000 DEGItEES 
.223E+OO 

o 
o 

.472E+OO 

.100E+Ol 

.100E+OI 

95.000 OEG!tEES 
.223E+00 

o 
o 

.1t72e+oo 

.IOOE+Ol 

.100E+01 

105.000 OEG~EES 
.230E+30 
.134HOO 

o 

.o\80E+OO 

.366E+00 

.100E+01 

115.000 DEGREES 
.2o\5E+OO 
.200E+00 

o 

.1t95E+00 

..441E+OO 

.IOOE+Ol 

125.000 DEGREES 
.206E+00 
.25SEi-OO 

o 

.1t54E+QO 
.SOSE+OO 
.100E+OI 

135.000 DEGREES 
.1ethOO 
.21bE+OO 

o 

.ItOIHOO 
.48'E+OO 
.. lOOE+OI 

U5.000 OEGREES 
.119E+OO 
.220E+00 

o 

.345E+OO 
.lt69E+00 
.IOOE+Ol 

155.000 DEGREES 
.617E-01 
.229E+00 

o 

.24BE+OO 

.U9E+00 

.100E+OI 
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p~JJECrIO~ OUA FOR. A'\fGLE NO. 17 2.880 RAOIA'4S loS.OOQ ()EGHES 
o 

.2b9E+:10 

IfIIUI"U'4 SIZE JF BLANI( :OMMON PiUS FAR_ 457!!Q FLOATING PJI'H ,jIjROS. 
o 0 o 0 

• 331tE+OO .460e+oo ... 60e+oo .. 4l:Qe+OQ 
.173E+ao .173E+OO .14H+OO 0 

o 
Pq,JJECT 10-. DATA UNcEqTAI'In FC'lR. ANGLE 'iD. 17 

.lODe+oJ. -.lOOEtOt .100EtOl .100EtOI 
.518EtDO .HeftOO .678f+OO .678f+OO 
.415f+OO .lt15E+OO .382f+OO .100f"01 
.1ooe.Ol 

EH.ANK COM"'DN REOUIRED 870 f 1~46 J 

PRJJECTION DATA FOR ''fGLE NO. 18 3.054 RADIANS 
o 0 0 0 

.iolE+OQ .4It6E+OO .44H+OD .446ft-OO 

.167E+JO .loet-oo 0 0 
o 

PR,iJJECTION DATA UNCER.TAtNTY fOR. ANGLE "'0. 18 
• lDOf+OJ. .1oOetOI .1oOetOI .1ooe+Ol 
.4Q9E+OO .668E+OO .608E+OO .668ft-OO 
.409f+OO .40se+oo .100e+oJ. .100E+Ol 
• IOOE+Ol 

FJR :J~GII; AND GRADY FC~ IS TI-IE VALUE OF THE CHI-SQUARE 
FJ!!: E'HPY Fe .. IS EVtr,LUUED 6Y HE SU811:1UTINE QULFC 
ITER 0 Fe'll .441E+02 
HE" 1 F:~ .540E+Ol 
ITER 2 FeN .193E+01 
ITER 3 FCN .376E+00 
ITER It Fe.. .135E+00 
HER 5 FCN .84!iE-01 
ITER 6 FCN .387E-01 
ITER 7 Fe.., .150E-01 
ITE'R 8 FeN .613E-02 
ITER 9 FCN .318E-02 
ITER 10 feN .208E-02 
ITE'" 11 fCN .141E-02 
ITER 12 FCN .12tE-Ol 
ITER 13 FCN .866E-03 
ITER 14 FeN .611E-03 
ITER 15 FeN .523E-03 

BLANI( COM"'ON REQulREO 838 (15061 

B~ANK CO""'hJ..., REQUIRED 726 (13261 

BLO\NK :OJltJltON REQUIRED 438 66t 1 

BLANK :OJltJltON REQUIRED 326 '5061 

8Lo\NK COM"'O~ REQUIII.ED 214 326) 

BL o\NI( COM140N A.E QUI REO 102 146) 

o 

.100E+Ol 

.51BE+OQ 

.1ooe+Ol 

175.000 DEGItEES 
.167Et-OO 
.44ftE+OO 

o 

.40o;:E+OO 
• ~68E+00 
.100E+Ol 

13. Examples 16,17,18 - Phantoms 

The programs CBARPX, PIEX, and RECT 
generated using the RECLBL that can be 

EEEEE N 'II DODD eee 0000') N "I :;GG RRRR 
E NN" 0 0 ceo ONNNG GR II; 
EEE ~ .... 0 0 COO N N N G RRRIi. 
E N NNO 0 ceo a N N"I G GG R R 
EEEEE'" .. 0000 ~~~ 00000 N .. GGGI; R II; 

X"IIN" -.31E-Ol XI4AX. .10E+OI XSU..,. .4402e"02 

.............. · . • ••• 
• ••• n ••• • · , ....... ... 
......... n ... 
• ••• • 

• I 1 
-.3141E-01 .4815E-Ol .1646E+00 .2179E"00 .2550E"00 .2974E .. 00 .3399E+00 

Z X AM 9 I • 
.3770E+00 .4035E"00 .4300E+00 .4884E+00 .5461E+00 .5839E+00 .6263E+00 

• • • • • • • .663"'E+00 .11t30E+OO .6365E+00 .8915E"00 .9339E+00 .9764E+QQ .1014E+01 

• .1029E+01 

0 0 
0 0 
0 1.0 
0 1.0 

.0 1.' 
-.0 1.0 
-.0 1_0 .. 1.0 

0 1.0 
0 1.0 
0 0 
0 0 

0 
-.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1_0 
1.0 
1.0 
-.0 

0 

0 .0 -.0 
.0 -.0 -.0 

1.0 .0 -.0 
1.0 -.0 .0 
1.0 .0 -.0 
1.0 -.0 .0 
1.0 -.0 .0 
1.0 .0 -.0 
1.0 -.0 .0 
1.0 .0 -.0 

.0 -.0 - .. 
0 .0 -.0 

-.0 .0 0 0 0 0 
-.0 .0 -.0 .0 0 • .0 - .0 -.0 -.0 .0 0 
-.0 .0 .0 .0 .0 0 
1.0 1.0 1.0 1.0 1.0 .0 
1.0 1.0 1.0 1_0 1.0 .0 
1.0 1.0 1.0 1.0 1.0 .0 
1.0 1.0 1.0 1.0 1.0 .0 
-.0 .0 .0 .0 .0 0 

.0 -.0 -.0 -.0 .0 0 
-.0 .0 -.0 .0 0 0 
-.0 .0 0 0 0 0 

give examples of the phantoms 
.CBARPX 

generates a circular bar 
program PIEX generates 
between 0 and 1 for 20 

phantom using 
Library. The program 
the subroutine CBARP. The 

PIE. 

a pie phantom with intensity that alternates 
slices of a circular disk using the subroutine 

The parameter NSLlPI= 10 used by the subroutine PIE is the number 
of equal slices of the disk in TI radians. The program RECTgenerates 
two rectangular and two elliptical phantoms using the subroutine PHAN. 

In 
and the 

order to obtain projection data for the circular bar phantom 
pie phantom, the subroutine 

the subroutine GETUM of Example 5. 
PJECT is used as illustrated in 
However, the projection data for 

the' rectangular and elliptical phantoms can be generated using the 
subroutine PHANL. The calling sequences for both PHANL and PHAN 
are similar in that the parameters that describe the phantoms for both 
subroutines are identical. 



204 

'~J:;Io.A'4 CBAOPl( ,I'jPUT ,Ot'TPUT, T APEZ .. OUTPUT I 

EXAMPLE Ib 

THE P~JGRA'4 (BUPl( GE~ERHES A CnCULAQ '\AQ. P~A~T:J"'. 

C '1oIII4'J"l/OUTC J'4/L tJ~)UT t 18013 2 

JI~E~SIQ'l Bt40gel 

.. u~ )I..IT:2 
130132=0 

NDI"W-clt 
~~ 31,). 
xt-O. 
Yl"O. 
Zei. 
I NrFAC"'lO 
""IA~· :5 
~'i.EPS"2 
I OJ "-EC"l 

CALL GBARP cat N01'4U. R,l( 1 ,'( 1, Z, INTFAC, NBL~. NREP s. I OJ f<.E::J 

Cl" .. L A~RAY Cf!o,'1DJ"IUI 

E" 

':'CC 11 61' Ii AtA tRR:Q PPPP 
C eBB A A", R P 
C P.B~6 A A PRRI< PPPP 
i. C ~ E AUU k II P 

eee eli~B A A II 

~"q PUTE.:t" PHANTOM GENEiU.TED 
lr.~~A'( SIZE 64)( 6e. 
c.lRCLC: IIADIOJS 311.00 AT I 0, 01 
IH Fe.:TJiI; 10 
PII-). JF '3A~S 

EEEEE N .., DODO eee BBBe UA oooR pppo 
E Nil" 0 0 C CB SA A~ RoP P 
HE :'\I N NOD CRaBS A A 'i,ol.RR. PPPCI 
E N "IN 0 0 C C 8 B AAAAA R R P 
EEEEE N '\I DODD C'::C BBBB A A Po R P 

X"'I'I· x ... ,)( .. olOE+Ol XSU"1 .. .13ilE+04 

................................................................... · . 
-lll ......... U .......... a.EI J-

-.................. " .......... ,-
I HI Jill I U 1111111 I J)I I lUI I I'll). 

eIIn •••••••••• u ................................. M 

•••• n •••••••• u •••• o ...... " ••••••••••••••••••• ) 
............................ n .......... nn ••••••• M 

z ••••••• n ••••••• n •••••••• o •••••••••• " •••••• o.o ••• , 
.uo •••••••••••••••••• oo ............................ . 

• ••••••••• u ................................................ . 

· -........................................................... . 
• -••••• o •••• U ••••••••••••••• o ....................... u •• 

..... n ••••••••••••••••••••••••••••••••••••••••••••••••• '.8 
-.o ... -. ••••••• o ................ u .................. . 

-.......... o ••••• o ............ u ........ . 
z ••••••••• n.n...-. ••••••••••••••••••• l 

"' .......... 0 ................... "'" 
• ........ 0 ... 0.0 ...... " •••• -

-zll.n.U .............. un.l-
-x •••• ....-••• H •• Z-

••••••••••••••••••• ••••• ** •••••••• * ............................. " ••• 

I I 

Elb. 001 
EH.oel 
E16.003 
El!:l.OOlt 
E1:) • .)05 
E 16.006 
E16.007 
El6.008 
E 10.000; 
El!:l.OlO 
E 16. 011 
El!:l.012 
El!:l.OlJ 
E 16.014 
El!:l.DI5 
Elb. alb 
Ei6.D17 
EB.OlS 
E 16. 019 
El!:l.02J 
E16.021 
E 16.022 
El!:l.023 
E16. 024 
E 1!:1.025 
E16 .oz~ 
E16.027 
Elb .028 

o .HOOE-Ol .1850E"00 .2350e.00 .2700e.00 .3100e.oo .3!:OOE"OO 

X A M R j II 
.3850e.oo .ltl00['.00 .4350E.00 .4900E.00 .~"50E.OO .~800E.JO .6200e.o'] 

• • • • • • 
.t5~OE.O::l .7300E.00 .8200E.00 • 8700!:"OO .11100EtOO .C;-:OOE"::IO .;eSOE.Ol 

.. 
.10JJE·Ol 
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PROGRAM REeT (INPUT,OUTPUT,TAPE2-0UTPUTI 

EXAMPLE 18 

THE PRlGRAM !tEeT SI-()WS HOW TO GENERATE RECTA'iGUlAA. A~O 
ELLI PtCAl PHANTOMS. 
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DIMENSION t TYPE (41 ,AlC 4. ,8 l( 41 ,xu 4' , YlI41 I PHI (41, II 41 
DATA ITYPE/l,1,2,21 
COMMONlour CDM/lU~"UT, 180132 
DATA Al/20.,15.,15.,20.1 
DATA 81/10 .. 7.,7.,10.1 
DATA Xl/-16.,16 •• 16.,-16.1 
DATa, YlI16.,-16.tl6. ,-16.1 
OAT A PHI I • 78'398, 2. 356194t Z. 35619",. 7B53981 
DATA Zl1.,Z.,3.,4.1 
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X. LIBRARY LISTING 

1. Quick Reference 

a. Parameter Input 

SUBROUTINE SETUP (IPAR,PAR,ANGL) 

The subroutine SETUP initializes certain RECLBL common blocks 
and must be called before any of the reconstruction subroutines. 

IPAR - Integer parameter array. 
PAR - Floating point parameter array. 
ANGL - Array of projection angles. 

The elements of the IPAR and PAR arrays are defined as follows: 

= Linear dimension of ~he reconstruction array. IPAR(l) 
IPAR(2) = 0 to reconstruct a circular array otherwise reconstruct 

a square array. 
IPAR(3) = 0 parallel-beam geometry. 

1 fan-beam geometry (curved detector). 
2 fan-beam geometry (flat detector). 
3 ring-detector geometry. 

IPAR(4) = Number of projection angles. 
IPAR(5) = o user supplies projection angles in degrees. 

1 user supplies projection angles in radians. 
2 projection angles generated between zero and 

at the half angle. 
3 projection angles generated between zero and 

at the half angle. 
4 proj ecti on angles generated between zero and 

at zero. 
5 projection angles generated between zero and 

at zero. 

rr starting 

2rr starting 

rr starting 

2rr starting 

- I where I is between 2 and 5 does the same as above 
with the order of angles reversed. 
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IPAR(6) 
IPAR (7) 

IPAR(8) 
IPAR(9) 
IPAR(10) 

IPAR (11) 

= Number of bins for each projection angle. 
= 0 to reconstruct emission data, otherwise reconstruct 

transmission data. 
= Dimension of blank common set by the user. 
= Number of words for a floating point variable. 
= 0 to perform a reconstruction, otherwise only do a 

storage size test. 
Print flags (Bit 0 = least significant bit) 
Bit 0 Print required floating point blank common 

whenever changed. 
Bit 1 Print projection data and uncertainties. 
Bit 2 Print setup values from IPAR and PAR arrays. 

., . 

Bit 3 Print filter function for convolution and filter 
routines. 

Bit 4 Print values for the Lagrange multipliers for 
the entropy reconstruction. 

Bit 5 Print pointers in blank common whenever changed 
(debug) . 

IPAR(12) = Logical unit number for attenuation factor storage. 

PAR (1 ) 
PAR(2) 
PAR(3) 

= Pixel width in units of projection bin width. 
= Location of the rotation axis in the projection array. 
= The distance from the source to the center of rotation 

for fan-beam geometry (measured in units of projection 
bin widths at the center of rotation). 

b. Data Input 

SUBROUTINE GETUM (M,DATA,ERR) 

The subroutine GETUM is a subroutine supplied by the user that 
returns projection data and uncerainties for each angle. 

M - Angle index number. 
DATA - Projection data array for angle M. 
ERR - Array of uncertainties of DATA. 



c. Reconstructors 

SUBROUTINE BJECT (B,P,M,BCK) 

The subroutine BJECT back-projects a single projection array P 
of length KDIMU with rotation axis equal to AXISU into the array B. 
This allows the user to use the system back-projection subroutines 
and back-project user data into the user's own array. 

B The back-projection array. 
P - The projection array. 
M - The angle index; 
BCK - The back-projection subroutine. 

SUBROUTINE BKFIL (X,FIL,BCK,ORDERX,FREQX) 
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The subroutine BKFIL reconstructs the array X using the back-projection 
of filtered projections algorithm. 

X 

FIL 
BCK 
ORDERX 
FREQX 

- The reconstruction array. 
- The filter subroutine. 
- The back-projection subroutine. 
- Filter parameter used only by the filter BUTER. 
- Filter parameter. 

SUBROUTINE CONGR (X,PRJ,BCK,ISTP,IRLX,IERR,IZER) 

The subroutine CONGR reconstructs the array X by minimizing the 
chi-square using the method of conjugate gradients. 

X - The reconstruction array. 
PRJ - The projection subroutine. 
BCK - The back-projection subroutine. 
ISTP - Number of iteration steps. 
IRLX IRLX is not equal to 0 for iterative relaxation. 
IERR - IERR is not equal to 0 for weighted least-squares. 
IZER IZER is equal to 0 if initial solution equals O. 
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SUBROUTINE CONVO (X,XE,CNV,BCK,IERR) 

The subroutine CONVO reconstructs the array X using the back
projection of the convolved projections. 

X - The reconstruction array. 
XE - The errors in the reconstructed array. 
CNV - The convolution subroutine. 
BCK - The back-projection subroutine. 
IERR - The error flag (set nonzero to return XE). 

SUBROUTINE ENTPY (X,PRJ,BCK,LIMITX,ERENTX) 

The subroutine ENTPY reconstructs the array X using a maximum 
entropy criterion for the reconstructed image. 

of 

X - The reconstruction array. 
PRJ - The projection subroutine. 
BCK - The back-projection subroutine. 
LIMITX - Maximum number of iterations allowed to minimize the 

objective function for the dual program. 
ERENTX - Test value representing the expected absolute error 

between successive iterations. 

SUBROUTINE FILBK (X,FIL,BCK,ORDERX,FREQX) 

The subroutine FILBK reconstructs the array X using the fi lter 
the back-projection algorithm. 

X - The reconstruction array. 
FIL - The filter subroutine. 
BCK - The back-projection subroutine. 
ORDERX - Filter parameter used only by the fil ter BUTER. 
FREQX - Filter parameter. 



SUBROUTINE GRADY (X,PRJ,BCK,ISTP,IRLX,IERR,IZER) 

The subroutine GRADY reconstructs the array X by minimizing the 
chi-square using the method of steepest descent. 

X - The reconstruction array. 
PRJ - The projection subroutine. 
BCK - The back-projection subroutine. 
ISTP - Number of iteration steps. 
IRLX IRLX is not equal to 0 for iterative relaxation. 
IERR IERR is not equal to 0 for weighted least-squares. 
IZER IZER is equal to 0 if initial solution equals O. 

SUBROUTINE GVERS (X,XE,PRJ,BCK,CHISQ,IERR) 

The subroutine GVERS reconstructs the array X using generalized 
matrix inversion. 

X - The reconstruction array. 
XE - Array in which errors in the reconstructed values are 

PRJ 
BCK 
CHISQ 
IERR 

returned if IERR is se~ to 2. Should be the same 
dimension as X. 

. - The projection subroutine. 
- The back-projection subroutine. 
- The resulting chi-square. 
- Error indicator, set as follows: 

1 - Input data uncertainties used, but no errors 
calculated for reconstructed values. 

2 - Input data uncertainties used and errors are 
calculated for the reconstructed values. 

Otherwise - Input data uncertainties not used and errors 
not calculated. 

SUBROUTINE MARR (X,NDEG) 

The subroutine MARR reconstructs the array X for a given set of 
chords from positron annihilation events detected with a ring of crystals 
using orthogonal polynomial expansion. 
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x - The reconstruction array. 
NDEG - Degree of the polynomial expansion. 

d. Back-Projectors and Projectors 

BCD/PCD Back-projector/projector using the concave disk model 
(i.e., any pixel projects as a square wave at any angle 
using parallel-beam geometry.) 

BCDA/PCDA - Same as BCD/PCD, but compensating for attenuation effects 
using factors f~om the file LUNATN. 

BCDF/PCDF - Same as BCD/PCD, but using fan-beam geometry. 
BCDF2 - Back-projector using the concave disk model in fan-beam 

geometry that uses special weighting to achieve a true 
back-projection image. Should only be used with FILBK. 

BIN - Back-projector that uses a linear interpolation model 

BLL/PLL 

similar to concave disk for parallel-beam geometry 
when projection bins and pixels are of unequal size 
(PWID11.0) . 
Back-projector/projector using the uniform distribution 
model with weighting according to line length for parallel
beam geometry. 

BPT/PPT - Back-projector/projector using the .delta function model 
for parallel-beam geometry. 

BPTA/PPTA Same as BPT/PPT, but compensating for attenuation using 
factors from file LUNATN. 

BPTF/PPTF - Same as BPT/PPT, but using fan-beam geometry. 
BPTF2 - Same as BPTF, but using special weighting to obtain a 

true back-projection image. Should only be used with 
FILBK. 

BRF/PRF - Back-projector/projector using the uniform distribution 
model with weighting by ray sums using parallel-beam 
geometry. 

BRFA/PRFA - Same as BRF/PRF, but compensating for attenuation using 
factors from the file LUNATN. 

~ 

·r ,.j' 



BRFF/PRFF - Same as BRF/PRF, but using fan-beam geometry. 
BRFF2 - Same asBRFF, but using special weighting to achieve a 

true back-projection image. Should only be used with 
FILBK. 

e. Convolvers (used only with CONVO) 

LAKS - Convolver used for fan-beam reconstruction (after 
Herman, Lakshminarayanan and Naparstek). 

RALA - Convolver used for parallel-beam reconstruction (after 
Ramachandran and Lakshminarayanan). 

SHLO - Convolver used for parallel-beam reconstruction (after 
Shepp and Logan). 

f. Filters (used only with BKFIL and FILBK) 
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BUTER - Uses the. Butterworth filter as a window on th~ ramp filter. 
H~ - Uses the Hamming window on the ramp filter. 
HAN - Uses the Hann window on the ramp filter. 
PARZN - Uses the Parzen window on the ramp filter. 
RAMP - Generates the values in frequency space for a ramp filter. 

g. Phantom and Projection Generators 

SUBROUTINE PHAN (NPHAN,INTG,ITYPE,DENS,X,Y,A,B,PHI,BB,N,PIXW) 

Subroutine PHAN generates a phantom consisting of ellipses and 
rectangles in the square array BB which has dimension (N,N). 

NPHAN - The total number of ellipses and rectangles. 
INTG - An integration factor. When a pixel lies partly inside 

and partly outside a boundary, it is divided into 
INTG x INTG pixelettes, which are each checked for 
insideness. The final value assigned to the large pixel 
is the value of DENS multiplied by the fraction of 
pixelettes that were found to lie inside the boundary 
(a good value is 10). 
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ITYPE - An array of descriptors for the ellipses/rectangles. 
1 for an ellipse. 
2 for a rectangle. 

DENS - An array of densities of the ellipses/rectangles. 
For transmission the units are inverse projection bin width. 
For emission the units are inverse (projection bin width)2. 

X,Y - Arrays giving the (x,y) coordinates of the centers of the 
ellipses/rectangles with respect to the center of rotation 
(in units of projection bin width). 

A,B - Arrays giving the major and minor axes of ellipses or 
the lengths of the sides of rectangles (in units of 
projection bin width). 

PHI - An array of angles (in radians) that the major axes of 
the ellipses or the -A- sides of the rectangles make with 
the x-axis. 

BB - Array where phantom is generated. 
N - The dimension of BB. 
PIXW Pixel width that is utilized by this routine in order that 

the values forBB be as reconstructed (+ for transmission, 
- for emission). 

SUBROUTINE PHANL (N,ITYPE,DENS,X,Y,A,B,PHI~P~M) 

Subroutine PHANL generates the line integral projections of a 
set of source ellipses and rectangles attenuated by another set of 

. attenuat i ng ell i pses and rectangl es. 

N 

ITYPE 
- The total number of ellipses and rectangles. 
- An array of descriptors for the ellipses/rectangles. 

1 for a source ellipse. 
2 for a source rectangle. 

-1 for an attenuating ellipse. 
-2 for an attenuating rectangle. 



DENS - An array of source densities or attenuation coefficients 
of the ellipses/rectangles. 
For transmission the units are inverse projection bin 
width. 
For emission the units are inverse (projection bin 
width)2. 

X,Y - Arrays giving the (x,y) coordinates of the centers of 
the ellipses/rectangles with respect to the center of 
rotation (in units of projection bin width). 

A,B - Arrays giving the major and minor axes of ellipses or the 
lengths of the sides of rectarigles (in units of projection 
bin width). 

PHI - An array of angles (in radians) that the major axes of 
the ellipses or the -A- sides of the rectangles make with 
th~ x-axis. 

P - The array into which the projection is generated. 
M - The projection angle index as defined in SETUP. 

SUBROUTINE CBARP (B1,N,R,X1,Y1,Z,INTFAC,NBAR,NREPS,IDIREC) 

The subroutine CBARP gives a circular bar phantom. 

B1 - Array where phantom is generated. 
N - Dimension of the square array B1. 
R - Radius of circle phantom. 
X1,Y1 
Z 
INTFAC 

NBAR 
NREPS 

IDIREC 

- Center of circle relative to the center of array. 
- Full value of function. 
- Integration factor. Each border pixel is divided into 

INTFAC2 pixelettes for integration. 
Number of bars per pattern repetition in phantom. 

- ~umber of repetitions of the bar pattern. 
NBAR*NREPS must be less than or equal to 100. 

- Parameter telling direction of bars. 
o Horizontal. 
1 Vertical. 
2 Circular (concentric). 
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SUBROUTINE PIE (B1,N,R,X1,Y1,Z,INTFAC,NSLIPI,ISTART) 

The subroutine PIE gives a pie phantom. 

B1 - Array where phantom is generated. 
N - Dimension of the square array B1. 
R - Radius of circle phantom. 
Xl, Y1 

Z 

INTFAC 

NSLIPI 
ISTART 

- Center of circle relative to the center of array. 
- Full value of function. 
- Integration factor. Each border pixel is divided into 

INTFAC2 pixelettes for integration. 
- Number of slices in half the pie (in TI radians). 
- Indicator of the color of the first (counterclockwise) 

slice. 
o = white, else it is black. 

SUBROUTINE PJECT (B,P,M,PRJ) 

The subroutine PJECT projects from the array B into a single projection 
array P of leng~h KDIMU with rotation axis equal to AXISU. This allows 
the user to use the system projection subroutines and project data into 
the user's own projection array. 

B - The array of data for the transverse section. 
P - The projection array. 
M - The angle index. 
PRJ - The system projection subroutine. 

h. Attenuation Correction 

SUBROUTINE EVATN (B) 

The subroutine EVATN evaluates the attenuation factors required 
to correct for attenuation in an emission scan. 

B - Array of attenuation coefficients. 



SUBROUTINE EVATU (B,XLEV,ATENL) 

The subroutine EVATU evaluates the attenuation factors required 
to correct for attenuation in an emission scan, assuming a constant 
attenuation coefficient. 

B - Transverse section that has not been corrected for 
attenuation. 

XLEV - Approximate ratio of the concentration in the object to 
the background. 

ATENL - Constant attenuation coefficient. 

i. Output 

SUBROUTINE ARRAY (B,NXN) 

The subroutine ARRAY gives an image of the array B on computer out
put paper where the distinct gray levels are accomplished by overprinting. 

B - The array to be imaged. 
NXN - The dimension of the array. 

SUBROUTINE BCOM (MAXFW) 

Subroutine BCOM prints out and returns the largest number of floating 
point words required in blank common (MAXFW). 

MAXFW Maximum number of floating point words needed in blank 
common s6 far. 

SUBROUTINE USER (ITER,X,FCN) 

The subroutine USER gives the user the opportunity to investigate 
the partial reconstruction between iterations. 
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ITER - Iteration number. 
X - Array of fitted parameters: 

for CONGR and GRADY, reconstruction array; 
for ENTPY, Lagrange multipliers. 

FCN - Value of function being optimized: 
for CONGR and GRADY, chi-square; 
for ENTPY, objective function for the dual program. 

SUBROUTINE XYGRF(B,N,NP,BMAX,BMIN,IXY,ICOR,IL,IU) 

The subroutine XYGRF displays NP plots of the cross~section 
intensities for the N x N array B. 

B 

N 
NP 
BMAX 

BMIN 

IXY 

ICOR 

IL 
IU 

2. Listing 

A complete 

- Square array from which plots are generated. 
- Dimension of B is (N,N). 
- Number of cross-sectional plots. 
- Maximum value for the plot. If BMAX = 999999., the 

maximum will be determined from the data. 
- Minimum value for the plot. If BMIN = 999999., the 

minimum will be determined from the data. 
- Equals 0 if the cross section is parallel to the x-axis. 

Equals 1 if the cross section is parallel to the y-axis. 
- Array of x- or y-intercepts that determines the location 

of the cross section. 
- Lower coordinate for the plot. 
- Upper coordinate for the plot. 

listing of the RECLBL Library source material follows. 
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SUBROUTINE ARRAY 18. NXN) ................................................................... 
• RECL8L VERSION 1.0 170(T77 .................................................................. 

THE SUBROUT tNE ARRAY GIVES AN IMAGE OF THE ARRAY B ON 
COMPUTER OUTPUT PAPEP wHERE THE DISTINCT GRAY LEVELS ARE 
ACCOMPLISHED 8'1' OVERPRINTING. THE SUBROUTINE ASSUMES THAT THE 
PRINTER PRINTS 10 CHARACTERS PEP. INCH AND 6 LINES PER INCH. 
THE DENSITY VALUES FOR THE VARIOUS COM81NATION Of OvEPPPINTING 
CHARACTERS IS GIVEN IN THE ARTICLE - I.D.G. MC LEOD, PICTOPtAL 
OUTPUT fROM A LINE-PRINTER, IEEE TRANS. COMPUTERS. C-19IPHOI. 
PP 160-162. 

6 - THE ARRAY TO 8E IMAGED 
NXN - THE DIMENSION OF THE ARRAY 

THIS SUBROUTINE CALLS RECL8L ROUTINE - LGTKT 

,LANGUAGE - FORTRAN 

COMMONI DUTC OMILUNOUT, leo 132 

LUNOUT - LOGICAL UNIT NUMBER FOR OUTPUT 
180132 - FLAG INOICATING NUMBER (IF CHARACTERS IN A LINE OF 

OUTPUT ON LUNOUT 
O. BO CHARACTERS 1132 CHARACTERS OTHERWISEI 

DIMENSION BI NXN ,NXN I ,LN( 130,71 ,OENI211 
DIMENSION RLEGflLJ 
DIMENSION I'IESGP(l41 
INTEGER GRAY( 21, 71 ,NLN(21) 
DATA GRAYI 1H 1t .... IH-, IH .. , IHI, 1H1, 1HZ, IHX, lHA, IH~, 

1 lHO, IHO, IHO, 1HO, 1HO, IHO, IHO, lHO, IHO, 1HO, 1HO, 
2 1H , 1H 1M 1M 1M , 1M 1H 1M , 1H 1H 
3 IH-, IH-, IH". HI+, IH+, IH+, 1HX. lHX, IHX, IHX, IHX, 

• 1H 1H , 1M , 1H 1M , 1H , 1H 'H 'M , 'M 
S 1H 1H 1H IH., lH-, IH., 1H •• IH., IH. , IH. , 11-1 •• 

• 'H , 'M 'H 1M 'M , 'H , 1M 'M 'H , 'H , 
7 'H 'H , 'H , 'M 'H lH-, IH-. IHH, IHH, IHH, 1HH, 

• 'H 'M 1M , 1H , 1M , 1M 1M , 'M , 'H , 1M , 

• 'H , 1M 'H 1H , 'H , 'H , 'H ,He, IHB, lHB. 1H8, 

• 'H 'H , 'H , 'M , 'M , 'M 'H 'H , 'M 1M 

• 1H 1H , 'H 1H , 1M 'H , 'M , 'M 1H 'HV, IHV, 
S 'M 'H 1H IH 1H , 1M 'H 'M 1H IH 
S 'M , 'H 1M 1H '" , 'H 1M 1M , 1H 1M , IHAI 

DATA DENI .0 , .1S, .22, • 25, .21i, .33, .37, • 40, .42 • .45, 
1 .53, .56, • 60, .64, .67 • • 79. .85, • B9, .93, .97, 1.01 

DATA NLNI " I, " I, 
" 

I, " 1, I, " 1 2, 2, 2, 3, 3, " 4, " " 
., 71 

DATA CHAR/.61 
OATA 18LANKt I STARIIH ,1H·, 
DATA MESGP/IHP, IHL, IHO, IHT, IHS, IHU, iHP, IHP, IHR, IHE, IHS. IHS. IHE, IHO 

11 

IF 1180132.NE.QI WRITE ILUNOUT,661 
IF 1180132.EQ.O) WRITE CLUNOUT.68. 
J80132-130 
IF C 180132.EQ.01 J80132_78 
XHIN·Sll.lI 
XMAX-S(l.ll 
XSU"'O. 
DO 16 l·l,NXN 
DO 16 J-l, NXN 
XSUM- XSUM+B C I, J I 
IF fXMIN-BU,JJI 12tl2,10 

10 xMIN.alt.JI 
12 IF (XMAX-8(I.JJI 14,16,16 
14 X~IIJAX_811.J J 
16 CONTINUE 

N I-FLOA Tt N XNI .CHAR 
XOIST·FLOAT CNXN I/Fl.OA TI N 1+ 1) 
WRITE (LUNQUT,701 XMIN,XIU,X.XSUM 
IF (XM.U-XMIN.GT.l.E-l0t GO TO 18 
CALL LGTXT H4ESGP.41 
CALL LGTXT I"IESGP(SI ti~) 
IF 1180HZ.NE.OI WRITE (LUNOUT,12J 
RETURN 

18 IF INXN"Z.GT.J8013ZI RETURN 
FRAC_I.I C XMAX-XM IN I 
IF (NXN.GT .1001 GO TO 22 
NN. (60-N 11 14-1 
IF 1180132.EO.OJ NN-2 
DO 20 1-1,NN 
WRITE ILUNOUT,6BI 

20 CONTINUE 
22 00 24 1-1,130 

DO 24 J"1,7 
LNII,JI-I8LANK 

2 ... CaNT INUE 
I "'I N- I Je0132-NXN 112 
IMAX-tMIN+NXN-l 
Ill-IMIN-l 
II2-IMAX+1 
00 26 I-I11,1l2 
LNI I, U-ISUR 

26 CONTINUE 
WRITE ILUNOUT,141 (LNCI,1I.I-l.JB0132", 
".HOATtNXNI +. 5 
DQ 46 K-1,Nl 
Y·'{-XOIST 
Jlay 
n-FL.OATtJ 11 
J2-J1+1 
11-0 
LMAx-a 
0040 I.IMIN,IMAX 
11-11"1 
0.( BI I 1. Jll +1 BI 11,J21-BI 1l,Jl J )., Y-FLOATI J 1) I-XMINI.FRAC 
00 28 "'-1,21 
If to-DENIM') 30,3l:,28 

28 CONTI NUE 
30 "'1""'-1 "'_. 

Tel DE NI H2hOENPHI 112. 
IF (O-T I 32,32,31t 

32 LaMl 
GO TO 38 

34 L-M2 
GO TO 38 

36 L-M 
38 0040 J-l,T 

• , 
• 7 

• o 
10 
11 
lZ 
13 

" 15 
1. 
17 
1. 
10 
20 
21 
22 
23 
2. 

2' 2. 
27 
2. 
20 
.30 
31 
32 
33 
3' 
35 
3. 
37 
3. 
3' .0 .. 
42 ., 
•• ., 
•• .7 
•• •• '0 51 
'2 
53 

•• 
55 

•• '7 • • •• .0 ., 
.2 
.3 

•• ., ... 
.7 

•• .0 
70 
71 
72 
73 

7' 
75 
7. 
77 
7. 
7. 
.0 ., 
02 
.3 
•• .. 
•• .7 

•• .0 
'0 
01 ., 
03 

•• 0' •• 97 

•• •• 100 
101 
102 
103 

'0' '0' 10. 
107 
10' 
10' 
110 
111 
112 
113 
11. 
115 
11. 
117 

". 
110 
120 
121 
122 
123 

IF IL.GT.LMAXI l"'lAX"L 
LNII.JI=GRAYCI.,JI 

40 CONTINUE 
NJIINLNIL"'1AX1-l 
IF (NJ.L.E.OJ GO TO 44 
00 42 J"t". NJ 
~R.ITE ILUNOUT,76J tL~II,JI,I"LtJ80i32) 

42 CONTI HUE 
44 WR.ITE (LUNQUT.79, ILNCl,NJ+lId=1.J801321 
46 CONT INUE 

DO 48 tcIIl,JI2 
LNlIol)"TSTA~ 

48 CONTINUE 
WRITE (LUNDUT,74) CLNlitlloI=1,J601321 
MLEG=J80132111 
NLEG:Z2IMLEG 
00 56 II-l,NLEG 
DO 50 J"I,7 
DO 50 1=1,130 
LNI I, JI=IBLANI( 

50 CONTINUE 
0052 Jel.ll 
ISU81-IJ-ll*11+1 
t SU8Zei J-l) +1 Il-11.MLEG 
ISUS3"ISUB2+1 
IF II SUB2.LE.OI 15U62"'1 
IF IISUB3.GT.Zll ISU8)"21 
RLEG I JI" IDENI ISUB21 +OEN! 15U63 III IFPb,C*2. I +XMIN 
00 52 K"1,7 
LNI ISUBI ,I( J "'GRAY I tSU82,K I 

52 CONTINUE 
wRITE (LUNQuT,68J 
DO 54 1-1,6 

S4 WRITE (LUNOUT,761 ILNIJ,II,J-l,JB013ZI 
WRITE ILUNQUT,781 (LNfJ,7J.J-l,J8013ZI 
WRITE ILUNOuT,eOI IRLEGIJ1,Jal,MlEGI 

56 CONTINUE 
IF IlB0132.NE.OI GO TO 64 
DO 5B J-1,7 
00 58 1-1,130 
LNII. JI.IBLANK 

58 CONTINUe 
RLEGlll" DeN c 2111 FRAC+XM IN 
00 60 K-l,7 
LNll. KlcGRAYI21 ,KI 

eO CONTINUE 
WRITE ILUNOUT,b8' 
00 62 1"'1,6 

62 wRITE ILUNOUT,761 LN(l,11 
WRITE (LUNOUT,7B, LNll,7J 
WRITE ILUNOUT.80) RLEG(l1 

64 CONTINUE 
IF II8013Z.NE.O' WRITE ILUNOUT,7Z1 
RETURN 

66 FORMATl6Hl*l]VF.j 
68 FORMAJ(11 
7Q FORMAltlX.7HXI'IIN • ,EIO .. 2,5X,7HX"IAX • ,EI0.2,SX,7HXSUM .. ,El2.41 
72 FORMATl6Hl.0VN., 

. 74 FORMAT IlX, 130Al1 
76 FORMATIIH+, 130AlI 
78 FORMATUH ,130AlI 
80 FOA.MAf(1.I.IIX,ElO.4JJ 

ENO 

SUBRouTINE ATENF (IBGN,JeI.;N,M,SCOEF,IFAC.1 ........................................................................ 
• RECLBL VERSION 1.0 nOCT17. ................................................................... 

THE SUBROUT tNE ATENF EVALUATES THE ATTENUATIOPII INTEGRAL 
FROM THE POHH IISGN,JBGN, IN THE DIRECTION OF THE ANGLE 
ANGIM). 

IBGN - THE X-COOROI~ATE r)F THE INITIAL POINT 
JBGN - THEY-COORDINATE ::IF THE INITIAL POINT 
/II - ANGLE INDEx 
SCOEF - ARRAY OF ATTENUATION COEFFICIENTS 
ZFAC - THE LINE INTEGRAL OF ATTENUATION COEFFICIENTS 

RECLSL ROUTINES WHICH ~UST BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

C OMMON/WRKCO"l/NWORK, I WUS ED, NFL OAT. ISETUP 
COMMON WORK 11' 

NWORK - DI"IENSION :IF THE 'JSF.R S COM"'ON BLOCK IN BLANK 
CO"'''ION 

TWVSED - THE NUMBER OF WORDS USED IN BLANK CO"'MI"IN 
NFLDAl - "lUMBER OF wDIlDS FOI:( A FLOATING POI"lT VARIABLE 
ISETUP - THE SUBROuTINE SETUP SETS ISETUP" 2HOK. 

SUBROUTINES WHICH REQUIflE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP .. 2HOK BEFORE 
EXECUTING. 

.. OR.... - BLANK COMMON WORK ING ARRAY 

C OMMO~I PTRCOMIN 01 "'U. NOtM, P wiD, TC IF! , N"IAT, L NI, KN I 
LOGICAL TCIR 
DIMENSION NI III 
EQUIVALENCE (WORI(( 1 I ,Nil 111 

NDIMU - THE LINEAR DIMENSION OF THE TRANSVEPSE SECTION 
NOIM - THE CURPENT lJNEM. DIMENSION USED BY THE PROGRAM 
pwtD - PIXEL WIDTH (IN UNITS Of PROJECTION BIN wIDTH] 
TCl~ - LOGICAL VAl:( IABLE SET TRUE FOR CIRCULAR II.ECON. 
NMAT - THE NUMBEI:( OF CELLS IN THE TRANSVERSE SECTJ('I~ 

LNt - POINTEF'. TO THE ARRAY ~1 IN BLANK COMMON 
Nt IJI IS THE NU~BER OF CELLS IN T'"1E J-TH ROlf OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR I'IEMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

C ~MMON/T RGCOMI I GEOM, KDt ~U, AX I SU, aw I 0, KMOV 11("1 IN. KMAX I KDl M; A xl S, 
1 L PROJ ,NANG, "400ANG. LANG, LSI NE .lCOSI N, LOAl ER, T EMIT 

LOGICAL TEMIT 
OIMENSION PROJ 11 J ,ANGe 1 I, SINE ( I I .COSINE (1 I. OArel:( III 
EQUIVALENCE (wORK Ill, PROJ Ill, ANGlll. SINE (11 ,COSINE (lI.DATER( 11) 

219 

12_ 
115 
12' 
121 
12' 
12~ 

130 
lJl 
132 
133 

I" 13 ~ 
130 
137 
13' 
13< 
'"0 
1", 
1., 
'"' 1.-
145 
146 
1.7 

'"' 149 
150 
151 
152 
153 
15. 
15' 
15. 
157 
15. 
150 
1.0 ,<1 ,.2 ,., 
16' I.' 
1 •• 
1.7 , .. 
I.' 
'70 
171 

'72 
173 
17. 
17' 
17< 
177 

"8 17< 
'.0 1.' '.2 
1.3 ,., 
18~ 
1 •• ,.7 , .. 

,., 
100 
10' 
102 
103 
19' 
10' 
10. 
107 ". 199 
200 
201 
202 
203 
20' 
20' 
20. 
207 
20. 
209 
210 
211 
212 
213 
21. 
.215 
21. 
217 
21. 
Zl'? 
220 
221 
222 
223 
22. 
225 

". 
227 
228 
220 ,,0 
231 
232 
233 ,,-
235 
2), 
2)7 
238 
2" 
'"0 
2.1 
142 
2'3 



220 

IGEO"! - GEOMETRY FLAG 

'<OJ"IU 

Axt SU 

BWIO 
<HOV 

K"'IN 

KMAX 

KOV4 

AXI S 

LPROJ 

NANG 
MOOANG 
LANG 

LSINE 

LCOSIN 

LOATER 

Tf"'IT 

o ,., PAKALLEL BEA/III GEOMETRY 
1 " FAN BEAM GEO"'ETRY (CURVED DETECTOP' 
2 " FAN BEAM GEOMEfItY (FLAT DETECTOQ, 
3 • RING OETECTOFI GEOMETRY 

- NUMBER OF BINS IN TI-IE PROJECTION ARRAY SUPPLIED 
~y THF USE" 

THE PROJECTED LOCATtON OF '!HE ROTATION AXIS IN THE 
PkOJECTIJ~1 ARRAY fTHIS IS SUPPLIED BY THE .USER: 
AND IF AX ISU IS tNTEGEP~ THEN POTATION AXIS FALLS 
IN THE CENTER OF A PII.OJECTIO~ BIN. I 

- PROJECTION BIN wtOTH (IN UNITS OF PIXEL WIDTH) 
- THE OISTANCE BETwEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY (AX I S I AND TIiE AXI S FOR THE Usn DA TA 
ARRAY (AXISUI. AXIS .. AXISU+FLOAT(KMDVI 

- FIRST LOCAl ION IN SYSTEM DATA ARqAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION Bt"" THAT 
IS GOING TO BE USED. 

- LAST LOCATlnN IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST uSER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- NUMBER OF e INS IN THE PROJECTION AP-RAY SUffICIENT 
" TO RECONsnUCT AN NOli'! X NOI" ARRAY, USUALLY 

I(OtM·I(OI"'U. 
- THE PROJECTED LOCATION OF THE ROTATION AXIS Jill THE 

PROJECTION· ARRAY, USUALLY AXIS-AxtSU. 
- POINTER TO THE ARRAY PROJ I N BLANK COMMON 

INTERMEDIATE PROJECTION AND PROJECTION ERRt)R 
VEC TOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO TI-IE AR~AY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POIftTER T'J THE ARRAY SINE IN BLANK COM,",ON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO T~E ARIIAY DUEll. IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VAlUABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOF:. T1:lANSMISSION DATA 

OI"'ENSION SCOEFI11 
OAT4 EPSIl'OE-bl 

"'SET IJ FOR INITIAL PIXEL 

I-I BGN 
J"'JBGN 
IJ-I+~OIM·IJ-li 

"'SET SIN AND COS 

1 SURal SINE +M-1 
S-SINEIISUBt 
ISUe-LCOSIN+M-l 
C-COS IHE I ISUB) 

"'CHECI( FOR VERY SMALL ANGLES 
*OXL AN~ on ARE TO STEP T~OUGH TI-IE BCOEF ARRAY 
"'101 STANCE TO STEP ALONG THe LINE I 

IF IABSlCl'OLT.EPSJ GO TO 10 
DXL"l'O/ABSICI 
GO TO 12 

10 OXL-IO*NOIM 
12 IF UBSISJ.LT .. EPSI GO TO lit 

OYL-l'O/ABSIS, 
GO TO 16 I,. DYL"10"'NDIM 

*1(1 IS THE I INCR.EMENT AS WE STEP ALONG THE LINE 
.IOUT TAKES US OUT OF THE ARRAY 

16 IF (C.LT.D.I GO TO IB 
KI"l 
IOUT-NOIM+l 
GO TO 20 

IB KI--l 
I OUT,. 0 

"'I(J AND JOUT ARE ANAL.AGOUS TO KI AND lOUT RESPECTIVELY 
"'KJN IS THE IJ INCRE~ENT 

20 IF (S.LT.O.).GO TO 22 
I(J-1 
JOUT"'NOIM+1 
I(JN-NOIM 
GO TO 21t 22 KJ __ 1 

JOUT .. a 
KJN .. -NDIM 

"'seT-UP INITIAL STEPS A"40 GO STEP THRU THE SCOff ARRAY 

"'ZFAC IS INCREMENTED BY eCOfF URAY TI"'ES UNE LENTGH 

24 XL-.S.OXL 
YL. ... S·DYL 
ZFAC-O. 
IF (XL..GE.Yl) GO TO 2B 

.X HIT 

26 ZFAC-ZFAC+)I:l.BCOEF( IJ I 
I-I+KI 
IF I I. EO. lOUT 1 RETURN 
I J-I J+KI 
YL-YL-XL 
XL-DXL 
IF (XL.LT.YL.) GO TO 26 

.Y HIT 

2B ZFAC .. ZFAC+YL.BCOEF( IJJ 
J"J+I(J 
IF· IJ .. EQ.JOUTJ RETURN 
IJ"IJ+I(JN 
XL"XL-YL 
YL."DYL 
IF IYL.L.T.XL) GO TO 2B 
GO TO 26 

'"0 

,.. 
2 •• 
2'. 
247 
2" 
20' 
250 
251 
252 
253 
"0 
255 

". 
257 , 
258 , 
". , 
2.0 , 
2.61 , 
2.2 , 
2.3 , 
2.' , 
2.5 , 
2 •• , 
2.7 , 
2 •• , 
2.' , 
270 , 
271 , 
272 , 
273 , 
27. e 
275 e 
276 e 
271 e 
27. e 
270 , 
280 e 
281 , 
282 e 
283 e 
28. 
28. 
28b , 
287 e 
2" e 
'89 e 
290 e 
,91 e 
'92 e 
293 , 
2" e 
'95 e 
29b e 
291 
,9' 
'99 
300 
301 
30' 
303 
30. 
305 
30b 
307 
30. 
309 
llO 
311 
312 

3" 
310 
315 
31b 
317 
31' 
3IC? 
320 
321 
32' 
323 
32. 
32' 
32' 
321 
32. 
320 
330 
"1 
33, 
333 
33. 
335 
33. 
337 
33. 
33' 
"0 
341 
34' 
343 
344 
3'5 
3" 
3<7 ,.. 
3.9 
350 
351 
35' 
3~3 

". 
355 
35. 
357 

". 
359 
3.0 
3.1 
3., 
3.3 
3 •• 
3.5 
3 •• 
3.7 
3 •• 

SUBqOUTI"IE BCD I e,p .... , 

........................................................................................................... 

... RECLBL. VERSION 1.0 l70C177'" .................................................................................. 
THE SUBROUTINE BCD BACK-PROJECTS A SINGlE pqOJECTION 

ARRAY P INTO THE ARRAY B.. THE PROJECTION HAS THE ANGLE ANG"''' 
"'HERE ~ IS THE INDEX OF THE ANGLE. THE PROJECTION BINS AND THE 
BACK-PROJECTIOO CELLS MUH BE THE SAME SIZE. FOR THESE CONDIT
IONS THE SUBROUTINE BCD GIVES AN APPROXIMATION FOR A MODEL "'ITH 
UNIFORM OENSITY IN EACH CELL SUCH THAT EACH CELL. PROJECTS AS A 
SQUARE wAVE.. THE B ARUY IS ZEROED IF "'-I. 

- T~E BACK-PROJECTI"ON ARR.AY 
- THE PROJECTION ARRAY 
- THE ANGLE I HOE x 
- IF M .lE. O. ONLY A: SET OF FLAGS IS RETURNED IN B 

NO BACK-P~OJECTtON CPERATION IS PERFORMED 
(SEE THE SUBROUTINE RCHEK FOR EACH FLAGS MEANING) 

THIS SUBROUTINE CALLS RECLBL ROUTINES - ZERO 

RECL8L ~oUTINES WHICH MuST BE CALLED FIRST - SETUP 

LANGUARE - FORTRAN 

COMMON/WRI(CoM/NWORK, I WUSEO ,NFLOAT rISE TUP 
COMMON WORK. ( 1 ) 

NWORK - DIMENSION OF THE USER S COMMON BLOCK HI BLANK 
COMMON 

IWUSEO _. THE NUMBER OF WORDS USED IN SUNK COMMO,. 
NFlOAT - NUMSER OF "'CADS FO"- A FLOATING POINT vARIABLE 
ISETUP - THE SUSRDUTINE SETUP SETS -ISETUP - 2HOI( .. 

SUBROUTINES WHICH REQuIRE THAT SETUP IS CALLED 
FIA.ST TEST TO SEE IF ISETUP • 2HOK BEFORE 
EXECUTlNr.a . 

"'ORK - BLANK COM "'ON "'ORK ING ARRAY 

('OMMONI PTRCOM/NOIMU, NDI H,PWI 0, TC 1 R ,NMAT ,LNJ ,ft.NI 
LOGICAL TeIR 
DIME~SION NI (U 
EQUIIIALENCE(wORKILI,NlIIIJ 

NOIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAR OIIllENSION USeD !Y THE PROGRAM 
PWID - PIXEL WIDTH liN UNITS OF PROJECTION 8IN WIDTH. 
TCIA. - LOGICAL VARIABLE SET TRUE fOR CIRCULAR RECON. 
N14AT - THe NUMBER OF CELLS IN THE TRANSVERSE SECTION 
LNI - POINTER TO THE ARRAY NI IN BLANK. COMMON 

NHJJ IS THE NUMBER OF CELLS IN THE J ... TH RDW OF 
THE· SQUARE OR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR "'EMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VAPIABLE 

C OMMIJNITR.GCOM/I GEOM, KOtMU, AX ISU, 8WIO, I(MQV, KMIN, KMAX, KDt N, AXI S, 
1 L.PROJ, NANG ,MOOANG, lANG, lS INE ,LCOS I "I, LOAT EA, T EMIT 

LOGICAL TEMIT 
DIMENSION PROJ II) ,ANGllI,S IHE 11 i ,COSINE( 1J tDATERlll 
EQUIVALENCE I WORK I 11, PROJI 11 ,ANG( 11 ,SH~E (11 r CO<'1 NE III tOATERt 111 

IGEOM - GEOflilETRY FLAG ° - PARALLel BEAM GEOMETRV 
1 • FAN BEAM GEOMETRY (CURVED DETECTOR) 
2 - FAN BEAM GEOMETRY (FLAT DETECTORI 
3 • RING DETECTOR GEOMETRY 

I(OIMU - NUMBER Of BINS IN THE PROJECTION ARRAY SUPPLIED 
BY THE USER 

AxISU - THE·PROJECTED LOCATION Of THE ROTATION AXIS IN THE 

SWID 
I(MOV 

1("11'4 

KMAX 

1(0lM 

AXI S 

L.PROJ 

NANG 
MDOANG 
LANG 

lSINE 

LCOSIN 

LOATER 

reMIT 

PROJECTION ARRAY ITHIS IS SuPPLIED BY THE USER 
AND IF AXISU IS INTEGER, THE"4 ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN. I 

- PROJECTION BtN WIDTH liN UNITS OF PIXEL WIDTHI 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM OUA 

ARRAY (AXIS' AND THE AXIS FOR THe USER DATA 
ARRAY fAXISUl'O AXIS _ AXJSU+FLOAT(I(MOVI 

- FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BtN THAT 
IS GOING TO BE USED. . 

- LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION 8IN THAT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN THE PROJECTION AP~AY SUFFICIENT 
TO RECONSTRUCT AN NOIM X NDIM ARRAY, USUALLY 
KOIM_I(OIMU. 

- THE PROJECTED LOCATION Of THE ROTATION AXIS IN THE 
PROJECTION ARRAV, USUALLY AXIS-AXISU .. 

- POINTER TO THE ARRAY PROJ IN BLANI( COMMON· 
INTERMEDIATE PROJECTION AND PROJECTlON ERROR 
VECTOR 

- NUMBEP OF PROJECTIONS 
- "ODE FOR pROJECftON ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BlAN!!: CO","ON 

PROJECTION ANGLES IN RADIANS 
- POINTER. TO THE ARRAY SINE IN BLANI( CO",MON 

SINE OF THE PROJECTION ANGLES 
_. POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COS tNE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VAR !ABLE SET TRUE FOR. EMISSION DATA AND 

FALSE FO~ TRANSMISSION DATA 

DIMENSION PIII,Bl11 
8CK/PRJ,"'T,ATEN,FAN ARE THE 4 HAGS RETURNED IN £I IF M 'OLE .. ° 

DIMENSION FLAGS(It) 
DATA FLAGS/O.,l.,O.,Q .. 1 

If (MaLE .. O) GO TO 14 

IF «M .. EO.lJ CALL ZERO (B,N"AT I 

3<. 
370 
171 
372 
373 
37. 
37, 
17. 
371 
378 
379 
3.0 
3.1 38, 
"3 ". 
'" ". 387 
3 •• 
3.9 
3'0 
391 
30, 
303 
3 •• .. , 
39. 
397 
30. 
3 •• 
.00 
.01 '0, 
40) . 
'04 
'0' ... 
.07 .0. ... 
"0 '11 
012 
013 

"0 ... 
'16 .17 ... 
HO 
•• 0 
0.1 

." ... .,. 

." 
4.b 
•• 7 ... .,. 
430 .,. 
." ." .,. 
." .,. 
437 .,. 
439 
'40 ..1 44, ... .44 .. , 
••• .41 

••• • •• .50 . .. ." ." .5. 
4 .. .5. 
." 
.58 .,. 
•• 0 
•• 1 
•• 2 
'.3 ... 
•• 5 

••• •• 7 

••• 'b' 410 
'71 
41' 
.73 .7. 
." 
47 • 
• 77 
.78 
470 
•• 0 . .. 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ISUB·lSINE+"'-l 
S-SINEIISUBI 
I SUa-lCOSIN+"'-l 
C-COS INEIISUB' 
ZN·.5·FLOAT(NDI"'+11 
HS-.!S·S 
zz- Zf~. I S-C I+AX IS 
IJL.-l 
00 12 J.l,NDI'" 
ZZ-ZZ+C 
ISUB_lNI+J_l 
NN_NI IISUBI 
Z- ZZ-FlOATfNDHill-NN I.HS 
JJU"IJL+NN-l 
0010 IJ-IJl,IJU 
Z-Z-S 
K'Z 

10 BII JI -BIIJ HIHOAT 11(+11-1I.P IK I +IZ-FlOATfI( II.PIK+1 I 
12 IJl-t Jl+NN 

RETuRN 

1~ 00 16 I-l,~ 
16 Belt-FLAGSII) 

RETURN 
END 

BCDA 
SUBROUTINE BCOA (B,P,MI .................................................................. 

REClBl VERS ION 1.0 170CT77' • .................................................................. 
THE SUBROUTINE BCOA BACI(-PROJEcrS A SINGLE PR:OJECTION 

ARRAY P INTO THE ARRAY B. THE PROJECTION HAS THE ANGLE ANGI"'I 
WHERE'" IS THE INDEX OF THE ANGLE. THE PROJECTION BINS AND THE 
BACK-PROJECTION CELLS "'UST BE THE SA"'E SIZE. FOR THHE CO"lDIT
IONS THE SUBROUT INE BCOA GIVES AN APPROxiMATION FOR A "'OOEL 
WITH UNIFOR'" DENSITY IN EACH CELL SUCH THAT EACH CELL PPJJECTS 
AS A SQUARE WAVE WHICH IS ATTENUATED BY AN ATTENUATION FACTOR. 
THE B ARRAY IS ZEROED IF "'.1. 

- THE BACK-PROJECTION ARRAY 
- THE PROJECT ION AR.R:AY 
- THE ANGlE INoex 
- IF M .lE. 0, ONLY A SET OF FLAGS IS RETURNED IN B 

NO BACK-PROJECTION OPERATION IS PERFORMED 
I SEE THE SUBROUTINE RCHEK FOR EACH flAGS .... EANINGI 

THIS SUBROUTINE CALLS RECLBl ROUTINES - FTATN, ZERO 

RECLBl ROUTINES WHICH MUST SE CALLED FIRST - SETUP 

lANGUAGE - FORTRAN 

CO"''''ON/WRKCOM/NW(lRK, I MUSED, NFL OAT , ISETUP 
COMMON WORK III 

NwDRI( - DIMENSION OF THE USER S COM",ON BLOCK IN BLANI( 
COMMON 

IwUSEO - THE NUMBER OF WORDS USED IN BLANK COMMON 
NFL OAT - NUMBER OF If OR OS FOR A flOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS IsETUP - 2HOKa 

SUBRouTINES WI-lICH REQUIPE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP - 2HOK BEFORE 
EXECUTJ~Ga 

WORK - BLANK COMMON WORK ING ARRAY 

COMMoNI ATNCOfil/LATEN, l BMAP, TATEN,LuNATN 
lOGICAL TATEN 
DIMENSION ATEN (1. t BMAPe 1. 
EQUIVALENCE IWORKCl J,ATENIIJ,BMAPe 11' 

lATEN - POINTER TO THE ARRAY HEN I N BLANK COMMON 
STORES ATTENUATION FACTORS FOR ONE ANGLE 

lBIUP - POINTER TO THE ARRAY BfilAP IN BLANK COMMON 
A MATRIx USED TO STORE THE C('INSTANT ATTENUATIO"l 
COEFFIC IENTS 

TArEN - lOGICAL VARIABLE SET TRUE FOR ATTENUATION 
RECONSTRUCTION 

lUNA.TN - LOGICAL UNIT NUMBER FOR ATTENUATION FACTOR STORAGE 

C OMMONI PTRCOM/"IDIMU, NOIH, PWI 0, TC IR ,NMAT .LNI, KNI 
lOGICAL TCIR 
DIMENSION NlIlI 
EOUI VAL ENCE I WORt( 11 J, NI U I , 

NDI"U - THE l tNEAR OIMENS ION OF THE TPANSVERSE SECTION 
NDI" - THE CURRENT LINEAR DIMENSION USED BY THE pA;OGRAM 
PWID - PIXEL WIDTH lIN UNITS OF PROJECTION BIN WIDTH) 
TeIR .. lOGICAL VAA IABLE SET TRUE FOR CIRCULAR PECONa 
NMAT - THE NUJIII8ER OF CellS IN T"E TRANSVERSE SECTIOI11 
LNI - POINTER TO THE ARRAY NI IN BLANI( COM",QN 

NIl J) IS THE HUMBER OF CEllS IN THE J-TH f<.OW OF 
THE SQUARE all. CIRCULAR FORM OF THE ARRAY 

KNI - SPEC JAl FLAG FOR "'EMST CAll S NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

C DMMDNITRGCOMII GEQII" I(DIMU, AX I SU, BW 10, I(MOV, K/lill Nt KMAX, KDt 1'4, A Xl S, 
1 l PROJ, NANG ,MODANG, lANG, LS INE, lCOS 1 N, lDAl ER, T EMIT 

LOGICAL TEMIT. 
DIMENSION PRoJ 111, ANGI., ,S INE C 1 J ,COSINEU' ,DATER( 1 I 
EQUIVALENCE IWORKf U, PROJI U ,ANGllI, SINECI I ,COSINE Cll,oATERC U I 

lGEOM '- GEOMETRY FLAG 
a • PARALLEL BEAM GEO"'ETRY 
1 • FAN BEAM GEOMETRY (CURVED OETECTORI 
2 - FAN BEAM GEOMETRY (FLAT DETECTOR' 
3 • RING DETECTOR. GEOMETRY 

KDIMU - NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 
BY THE USER 

AXI SU - THE PROJECT EO lOCATION OF THE ROTATION AX IS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AX ISU IS INTEGER, THEN ROTATION AXI S FAllS 
I N THE CENTER OF A PROJECTI ON BINa I 

BWtD - PROJECTION BIN wIDTH (IN UNITS OF PIXEL WIDTH) 
I(MOV - THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY IAXIS, AND THE AXIS FOR THE USER DATA 
ARRAY IAXlSUI. AxIS _ lXISU+FLOATlKMOVI 

." ." ••• 
48~ 
.86 
<.7 
4 •• 

••• .. 0 
4'1 
"2 4., 
••• 
49~ 

••• •• 7 

••• 
4" 
500 
501 
502 
50' 
50. 
505 
50' 
507 

~08 
~09 
510 
511 
~ 12 
513 
514 
515 
51. 
517 
51' 
~ 19 
'20 
521 
522 
523 ,,. 
52' 
52. 
~27 
52. 
52' 
530 
531 
!!32 
53' ". 
535 
53. 
537 
538 
539 
5.0 
541 
~42 
H3 
5 •• 
545 
54. 
5" 
54. 
5 •• 
550 
551 
!!~2 
553 
55. 
555 
556 
557 
558 
55' 
5'0 
5bl 
5.2 
!b3 
5t:4 
5'5 5., 
"7 
56B 

"9 
570 
571 
572 
573 
57. 
57~ 
57. 
577 
578 
57. 
580 
!Bl '.2 
583 
58. 
585 

'" "7 
!SSB 
58' 
590 
591 
592 
593 
5'4 
5 .. 
5" 
5<7 
5" 
599 
.00 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C· 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

I(MAX 

1(0114 

AXIS 

lPROJ 

NANG 
MOOANG 
lANG 

LSINE 

LCOS IN 

lDATER 

TEMIT 

- FIRST LOCAT ION IN SYSTEM DATA ARUY THAT STORES 
THE OATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATION IN SYSTEM DATA ARRAy THAT STOPES 
THE DATA OF THE lAST USER PROJECTION 61111 T~AT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN THE PROJECTION AIIRAY SUffiCIENT 
TO RECONSTRUCT AN NOIM X ~Ol'" ARRAY, USUALLY 
KOIM-KOIMU. 

- THE P'tOJECTEO lOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXIS-AXISU. 

- POINTER TO T!-IE ARRAY PRC'J I~ BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROp 
vEC TOR 

- NUMBER OF PROJE( T1 ONS 
- MODE FOR PROJECTION ANGLE IfojPUT 
- POINTER TO THE ARRAY ANG IN BlANI( Cf)M"'ON 

pROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARUY SINE 1"1 BLANK COMMON 

SINE OF THE PROJECTt ON ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COM"'ON 

COS I NE OF THE PROJEC Tt ON ANGl ES 
- POINTE!! TO THE ARRAY DATER IN BLA'III( COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- lOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR. TRANSIIIIISSION DATA 

DIMENSION BIlI,PIlI 
BCK/PRJ,OlT,ATEN,FAN ARE THE ~ FLAGS II:ETURNED JN B IF M alEa 0 

DI"'ENSION FlAGS(~1 
DATA fLAGS/O •• l.,l.,Oal 

IF (M.LE.OI GO TO 1~ 

IF IM.EQall CALL ZERO (B,NMAn 
CAll FlATN IM,ATENllATENI,NMAT, 

ISUB-lSINE+M-l 
S"SINE( ISU81 
ISUB"lCOSI N+M-l 
C"COSINEIISUBI 
HSc.S_S 
ZN·.S_nOATINOI"'.ll 
ZZ. ZN.! S-C I.AX I S 
IJl-! 
00 12 J.t,NDIM 
ZZ·ZZ+C 
ISUB-UU+J-l 
NN-NI e ISuBI 
z· ZZ-F LOAT I NOIM--NN I -HS 
IJu·IJL.~~-1 
00 10 IJ-IJLt IJU 
Z-Z-S 
K'Z 
ISUB- lA TEN+ IJ-l 

10 BII JI.SIIJ '+ATEN( I SUB'.' I FLOAT IK+II-Z '.P(K 1+1 Z-FLOA.TtI(, ,_PUtl J I 
12 IJl·IJl+N"I 

RETURN 

14 00 lb I.l,~ 

16 BIII-FLAGSCII 
RETURN 
END 

BCDF 
SUBROuTINE BCOF (B,P,MI .................................................................. 
• RECLBl VEilS JON 1.0 .170C177. •................................................................. 

THE SUBROUTINE BCDF BACK-PROJECTS A SINGLE PR(lJECTION 
ARRAY P INTO THE ARIIAY B USING A FAN BEAM GEOMF.TRY. THE pDOJ
ECTION HAS THE ANGLE ANGf~' WHERE M IS THE INDEx OF TtlE ANGLE. 
THE SUBROuTINE BCOF GIvES AN APPA;OXI"'ATIDN FOR A MODEL NJTH 
UN{FQR,Io1 DENSITY IN EACH CELL SUCH THAT EACH CEll PPOJECTS AS A 
SQUARE WAVE. THE B ARRAY 1 S lEROEO IF 1'4·1. 

- THE BACK-PPIJJECTION ARRAY 
- THE PROJECTION ARRAY 
- THE ANGLE t NOEX 
- IF 14 .LE. 0, ONLY A seT OF FLAGS (S RETURNED IN 8 

NO BACI(-PROJECTION OPEPATI0~ IS PERFOR"'ED 
C SEE THE SUBROUTINE RCHEI( F:)P EACH FLAGS MEANl~GI 

THIS SUBRouTINE CALLS RECLBl ROUTINES - ZERO 

REClBl ROUT INES WHICH MUST BE CAllED FIRST - SfTUP 

LANGUAGE· - FORT.IUN 

COMII40N/WR!(CO ... /NOlOA,K. J OlUS EO. NFLOAT, IS(TUP 
COMMON WORK( 11 

NWORI( 

IWUSEO 
NFLOAT 
ISETUP. 

WORK. 

- DIMENSION OF THE USER S COJIIllllON BLOCK IN BLANK 
C'J"IMON 

- THE NUMBER OF WORDS USED I~ BLANK COMMON 
- NUMBER OF wOoDS FOR A FLOATING P'lINT VARIABLE 
- THE SUBROUT INE SETUP SETS I SETuP - 2H'JK.· 

SU~ROUTINES WHICH REQUIRE THAT SETuP IS CAllED 
FIRST TEST TO SEE IF ISETUP - 2HOl( BEFORE 
EXECUTING. 

- BLANK COMMON WORKING ARIIAY 

COHMDN/F ANCOMIRF AN, TFANC, T FANF 
lOGICAL TFANC I TFANF 

RFAN - FOR FAN BEAM GEOMETRY RFAN IS THE DISTANCE FRC'" 
THE SOU~CE TO THE CENTER JF ROTATION. FtF,6.N 
IS "'EASUREO IN UNITS OF PROJECTION F3IN ·WIDTHS AT 
THE CENTER OF ROTATIONa 

TFA~C - lOGICAL VARIABLE SET TRUE FOR FAN BEA'" WITH A 
CUI!;VEO DeTECTOR 

TFANF - LOGICAL VARIABLE SET TRUE FOR FAN BEAM wITH A 
FLAT DETECTOR 

COMMONI PTRCOM/NDI MU ,NO I M,P OltO, TC III. ,NMAT ,lNI ,I(NI 
lOGICAL TCIR 
DIMENSION N!(11 
EQUJVALENCEIWORK (1 I,N 1111 J 

221 

'01 
'02 

'0' 
bO' 
005 
bO< 
'07 
<0. 
'09 "0 
"I <1, 
.13 
bl< 
6l! 
'16 
bl7 ". 61'9 
'20 
t21 
622 
62' 
62' 
62!i 6,. 
'27 

'" 629 
630 
631 
632 

." 
63. 
635 

'" 637 
63. 
63' 
.40 
.41 
"2 .43 ... ... 
••• 
<47 

••• ••• .. 0 
<51 
052 
.53 
6~~ 

." .. , 
"7 <5. 
65' 
b'O .bI 
.. 2 . ., 

". .., . .. 
'61 .. . 
"9 
.70 
.71 
<72 
.73 
<7. 
61' 
b76 
.77 .7. 
.79 
<.0 

"1 '.2 <8, , .. 
685 
6 .. 
.87 , .. 
689 

"0 , .. 
6'2 .93 
69. 
b9~ ... 
•• 7 

• •• < •• 
700 
701 
702 
70' 
70' 
70' 
70. 
707 
70. 
709 
710 
711 
712 
713 
71. 
715 
71< 
717 
718 
710 



222 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

NDIMU - THE LINEAR DIMENSION OF THE TPANSVERSE SECTION 
NDI~ - THE CURflENT· LINEAR DIMENSION USED BY THE PROGRAM 
PWID - PIXEL WIDTH C IN UNITS OF PROJECTION BIN WIDTHI 
TelA. - LOGtCAL VARIABLE SET TRUE FOR CIRCULAR REeDN. 
NMAT - THE NUMBER. OF CELLS IN THE TRA .... SVfRSE SECTION 
LNt - CtOINTER TO THE AI\RAY Nt IN BLANK CO"4"'ON 

Nt I J I IS Tj.lE N~BER OF CELLS I N THE J-TH ROW OF 
THE SQUARE OR CIPCULAR fORM OF THE ARRAY 

KNJ - SPECIAL HAG FOR MEMST CAllS NEEDeD BECAUSE Nt 
IS AN INTEGER VAfllABlE 

COM"lON/TRGCOMI J GEOM. j(OIMU. AX I SU. 9 WID, 1<,",0 V, 1<"'1 Nt KMAX, K01 M. AX IS, 
1 L PROJ. NANG,MOOANG, LANG, L 5 JNE, Leos I Nt LOAT fA., 1EMI T 

LOGICAL TEMIT . 
o IMENS ION PROJ (1 J I ANGel) ,5 JNEI 11 ,COSt NE 111 ,OATER( 1) 
EOUI VALENCE (WORK 11 J, PROJC 11, ANG( 1) ,5 JNE C 11, coS INE 111, DATERe 111 

IGEOM - GEOMETRY flAG 
o r PARAllEL BEAM GEOMETRY 
1 Ii! fAN BEAM GEOMETRY eCU!WED DETECTOR' 
Z _ FAN BEA'" GEOMETRY (fLAT DETECTOR) 
3 ., RING DETECTOR GEOMETRY , 

KOt MU - NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 

AX!SU 

BWID 
KMCV 

KMIN 

IC."IAX 

AXI S 

LPROJ 

NANG 
MQOANG 
LANG 

LSINE 

LCOSIN 

LOATeR 

TEMIT 

BY THE uSER 
- THE PROJECTED LOCATION OF THE pOTATIC'N AXIS IN THE· 

PROJECTION A'PRAY fTHIS IS SUPPLIED By THE USER 
AND IF AXISU IS tNTEGEP, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN.I 

- PROJECTION BIN WIDTH tIN UNITS OF PIXEL WtOTHI 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY fAXIS' AND THE AXIS FOR THE USER DATA 
ARRAY fAXISUI. AXIS:: AxISU+FlOATfI(.MOV' 

- FtP.$T lOCAT JON IN SYSTEM DoHA ARRAY THtr.T STORES 
THE 'DATA OF THE FIPST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- lAST LOCATION IN SYSTE"I DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PR!)JECTJON BIN THAT 
IS GOING TO BE USEO. 

- NUMBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TI) RECONSTRUCT AN NOIM X NDI'" ARRAY, USUALLY 
KOIM_KOIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PFtOJ ECTI:::lN ARRAY, USUAU Y Axl S"AXI SU. 

- POINTEP. TI') THE ARRAY PROJ IN BLANK COMMON 
INTERMEDIATE PROJECTION ANa PROJECTION ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE faR PROJECTION ANGLE tfliPUT 
- POINTER TO THE ,URAY ANG IN BLANK CO"''''ON 

PROJECTION ANGLES IN RAOI ANS 
- POINTER TO THE ARRAY SINE IN BLANK COM"'ON 

SINE OF THE PROJECTION A'IIGLES 
- POINTER TO TI-fE ARRAY COSINE IN BLANIC. COMMON 

cos INE OF THE PROJECTION ANGLES 
- POI NlEA TO THE ARRAY DATER IN SLANK COMMON 
• USER PROJECTION DATA AND UNCERTAINTIES 

- LOGICAL VARIABLE SET TRUE FOR EMISSION DnA AND 
FALSE FOR TRANSMISSION DATA 

••• THESE VARIABLES ARE USED IN THIS SUBROUTINE 

OH - THE DISTANCE BETWEEN THE S::lURCE AIIIO THE PIXEL 
ARC - THE ARC DISTANCE BETwEEN THE CENTER AxIS AND THE 

IMAGE OF THE PIXEL 
BETAU - TI-fE ANGLE BETWEEN THE CENTeR AxIS ANa THE LINE 

PASSING ABOVE THE PIXEL 
BETAL - THE ANGLE BETWEEN THE CENTER AXIS ANO THE LINE 

PASSING BELOW THE PIXel. 
BETAP - THE ANGLE BETWEEN THE CENTER AXIS AND LINE 

PASSING THROUGH THE PIXEl 
THETAU - THE ANGLE BETWEEN THE UNE PASSING THROUGH THE 

PIXEL AND A LINE ABOVE 
THE TAL - THE ANGLE BETWEEN THE 1I NE PASSI NG THROUGH THE 

PIXEL A .. D A LINE BELOW 
OU - THE PEPPENDICULArt DISTANCE BETWEEN THE PIXEL ANO 

A LINE ABOVE 
OL - THE PERPENDICULAR DISTANCE BETWEEN THE PIXE'L AND 

~ LINE BELOw 
ALPHAU - THE ANGlE THE LINE ABove THE PIXEL MAKES wlTH 

THE SIDE OF THE SOUAPE 
ALPHAL - THE ANGLE THE LINE BELOw THE PIXEL MAKES WITH 

THE S IDE OF THE SQUARE 
A'IIGLE - THE ANGLE BETWEEN THE RAYS IN THE FAN BEAM 

DIMENSION Bfl.,Plll 
BCI(/PRJ,WT,ATEN,FAN ARE THE .. FLAGS ~ETURNED IN B IF '" .LE. 0 

DIMENSION FLAGSC41 
DATA FLAGS/O.tl.,O.,l.1 
O.llTA lI.4999991 

IF I M.LE.O) GO TO 34 

IF (M.NE.lI GO TO 10 
CALL ZERO fB,NMATI 
ANGLE-l./RFAN 

10 CONTINUE 

I SUScLSINE+M-l 
S-SINEIISUBI·pwID 
I SUB=LC as I N+M-1 
C"'COS INE f I SUB I.PWI 0 
HS ... 5·S 
HC".5·C 
IN ... S.FLOA TI NO tM + 11 
IX" RF AN-IN" f C+S J 
IY-IN.( S-C J 
RfP.,RFA",.PwID 
IJL-I 

If {TFANFJ GO TO 22 

00 zo J c 1,NDIM 
IX=ZX+S 
ZY-ZY+C 
ISUBcLNI+J-I 
NNcNI f I SUB 1 
ZXX= I X+FLO A Tf NOI M-HN '.He 
IYY .. IY-FLOAT (NDIM-NN I.HS 
IJU c lJL+NN-l 
·00 IS IJ" IJl, IJU 
IXX_IXX+C 
IYY= ZYY-S 
DH:SQRT I lXX •• 2+lYV •• 21 
ARC T AN:ATAN( IVY I ZXX 1 
ARC:RFAN.ARCTAH 
K"ARC+AXIS+.5 
BETAU .. t FLOAT(K'-AxI S •• 5,UNGlE 
BET ALii! BET AU-ANGl E 
SETAP"ARCTAN 
THETAU=BET Au-ee TAP 
T HET AL- BET AP-BET AL 
oU"DH.B WI U.THETAU 

720 
721 
722 
72' 
'2. 
7Z! 
'2b 
727 
'28 

'2' BO 
Dl 
B2 
7n ". "5 
Db 

'" B8 
B. 
740 
741 
"2 ,., , .. 
145 
74b 
74' 
748 
7 •• 
'50 
751 
752 
75' 
75. 
755 
75. 
757 
758 
75. 
7bO 
7bl 
7.2 
7bl 
7b' 
7b5 
7b. 
7b7 
7b8 
7b' 
770 
771 
772 
77' 
77. 
77' 
77b 
777 
778 
77. 
780 
781 
782' 
78, 
78. 
78' 
78b 
767 
768 
78. 
7'0 
791 
792 
7" 
7 •• 
7 •• 
7 •• 
7.7 
7'8 
7 •• 
800 
801 
802 
AD' 
80' 
SO~ 
BOo 
807 
808 
• 09 
810 
811 
812 
813 
81. 
8!! 
BIb 
817 
818 
81' 
820 
.21 
822 
823 .2. 
.25 
'2b 
827 
'28 .2. 
8'0 
831 
832 
833 
". 93. 
8'b 
837 
8'8 
8" 
8'0 
8.1 

, 842 

8.' 
8 •• 
8.5 8,. 
847 
8.8 
8'9 
850 
851 
852 
B53· 
854 

OL_OH*SW to.THETAL 
AREAl-AMINI I.', DU) 
AREAl-AMINI( .5,OLl 
AREA- AREAl +AREA2 
"'IC._I( 
""1(1="'1< 
MKZ .. MIC. 
S( IJ) "SIIJI+AREA*P( M'O*RFP/OH 
AREAX .. AREAl 
AREAY-AREA2 
IF IAREAI.GT.II GO TO 1 .. 

12 MK2"MK2+1 
THE 1A U- THET AU+ANGLE 
DU .. OH.BW I D.THETAU 
AREAU 1- AM INll .5, DU 1 
AREAU-AREAUI-AREAX 
AREAX-AREAUI 
Sf I JI-SI IJ I +AREAU.P f MK21*R FP I OM 
IF tAREAUl.LE.ZI GO TO 12 

14 IF (AREAZ.GT.l' GO TO 18 
ltl MKI ,,"'IC. 1-1 

THE TAL -THE TAL +ANGLE 
OL_OH*BW ID.r HET AL 
ARE All"A"'I NIl. 5, oll 
AREAL "AREALI-AREAY 
AREAY "AREAL 1 
B f t J) -B C I J I +AREAL*P f /IIKU.RFP/DH 
IF IAREAl.i .. LE.ZI GO TO 16 

IS CONTI NUE 
ZO IJL"IJL+NN 

RETURN . 

22 DO 32 J-l,NOIM 
IX"ZX+S 
ZY.ZY+C 
JSua"I.Nl+J-l 
NN-NI (I SUB I 
IXX-ZX +FlOAT« NOt M-NN 1.tiC. 
ZYY- IV-FLOAT f NDI "'-NN '.HS 
IJU-IJL+NN-i 
00 :;0 JJcJJl,IJU 
lXX·ZXX+C 
ZYY"ZVY-S 
OH .. SQRT f ZXX •• Z +ZYY •• Z J 
ARCTAN-A TANt ZYY I ZXX I 
YCENTR- ZVY ILXX.RFAN 
K-vCENTR+AXIS+.5 
BETAU-ATAN I (FlOATtIC. I-AXI S •• 51/RF ANI 
8ETALcU AN ( FLIJAT f IC.-II-AXI S+ .51 IRFAN I 
BETAP-ARClAN 
THET AU-BETAu-eETAP 
THETAL-SET AP-8ET AI. 
DU-OH*BwlonHETAU 
DL-OH*BWI o-THET AL 
AREAl-AMINI ( .5, OU I 
AREA2-AMI N 11.5, Oll 
AREA- AREAl +AREAZ 
MK_K 
MIC.lcMK 
"'IC.2-MIC. 
Bf I J J -Bf I J '+AREA.P( MIC.)*RFPI ZXX 
AREAX-AREAL 
AREAY-AREA2 
IF IAREAl.GT.ZI GO TO 26 

2. MIC.2-MKZ+I 
ANGLE-AT AN (P.FAHI (RFAN**Z.C FLOAT« MKZ I-AXIS' •• 2-.251 ) 
THET A U- THETA U+ANGLE 
DU .. OH*BWIO.THET AU 
AREAUlli!AMI Hi « • 5, QUI 
AREAU .. AREAU i-AREAX 
AREAX-AREAUI 
Bf IJ'·B( JJ }+AREAU*Pf "'K2J.RFP/ZXX 
IF (AREAUl.LE.Z J GO TO 2. 

26 IF CAREA2.GT.1I GO TO 30 
28 MKI .... 1KI-l -

ANGLE-ATAN(RFAN/( RFAN**2+( FlOATI HI( II-AXIS J •• Z-.2!U I 
THE TAL -THETAL+ANGlE 
OL-DH.BW IO_THETAL 
AREAL I-AMI NI ( • 5, DU 
AR EAL "AREAL I-ARE AY 
AREAY-AREALI 
Sf IJI"S f I H.AREAL.P( MKI ).RFP/lxX 
IF (AREALI.LE.Z) GO TO ZB 

30 CONTINUE 
3Z IJLaIJI.+~N 

RETURN 

3 .. 00 36 1-1,4 
36 Be IJ-FLAGSfI' 

RETURN 
END 

I BCDF21 
SUBROUTINE BCDF2 (B,P,M, .................................................................. 

RECLBL VERSION 1.0 110C177 ...........................•...................................... 
THE SUBROUTINE BCDFZ BACIC.-PROJECTS A SINGLE PROJECTION 

ARRAY P 1tfl"0 THE ARRAY B USING A FAN BEAM GEOMETRY. THE PROJ
ECTION HAS THE ANGLE ANGIM) WHERE M IS THE INDEX OF THE ANGlE. 
TKE SUBROUTINE BCOFZ GIVES AN APPROXIMATION FOR A MODel WITH 
UNIFORM DENSITY IN EACH CELL SUCH THAT EACH CELL PROJECTS AS A 
SQUARE WAVE. THE B ARRAY 1 S ZEROED IF "'-I. 

THE SUBROUTINE BCDFZ USES A SPECIAL WEIGHTING SO THAT THE 
SACK-PROJECTION FOR A FLAT DETECTOR GIVES A CONVOLUTION WITH 
TKE TRUE DENSITY AND SHOULD ·OfllLY BE USED WITH THE FILTER OF THE 
BACIC.-PROJECTION ALGORITHM fSUBROUTINE FIlSKI. 

- THE BACK-PROJECTION ARRAY 
- THE PROJECT ION ARRAy 
- THE ANGLE INDEX 
- IF M .LE. 0, ONLY A SET OF FLAGS IS RETURNED IN B 

NO BACK-PROJECTION OPERATION IS PERFORMED 
I SEE THE SUBI'OUTINE RCHEK FOR EACH FLAGS MEANING' 

THI S SUBROUTINE CALLS REClBL ROUTINES - ZERO 

RECtSL ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

855 
85. 
S~7 

8'8 
859 
'bO '.1 
8b2 
8b' 

'b' 
8b5 
8bb 
8b7 

••• 
8b' 
870 
.71 
872 
873 
87. 
875· 
87b 
877 
878 
87' 
880 
861 
.82 
88' .8. 
66' 
88. 
'87 
888 
88' 
•• 0 
8'1 
8.2 
8" 8" ••• "b 
8.7 
8'8 
8 •• 
'00 
.01 
<02 
.03 

'0' .0' 
90. 
'07 
'08 .09 
'10 

'" '12 
'13 
'14 ." .1. 
'17 "8 '1' '2. 
.21 
'22 
92' .2. .,. 
.26 
'27 
'28 '2. 
930 
.31 
"2 
'33 
'34 .,. 
936-
'37 
"8 
9]' 
•• 0 
•• 1 
"2 
'43 ... 
••• ... 

•• 7 
"8 ••• 950 
951 .,. 
." .5. .., .,. 
'57 
958 

••• 9bO 

'.1 
.b2 .. , .b. 
'b' 'bb 
'b7 
<b8 
'b. 
910 
971 
972 
'73 
97. 

,~t: 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
G 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

LANGUAGE - FORTRAN 

COMMON/WRKCOM/NWORK, tWUS ED, N FLOAT, ISETup 
COMMIJN WORK( it 

NWORK - DIMENSION OF THE USER S COHMON BLOCK IN 6LANK 
COMMON 

IWUSED - THE NUMBER OF wORDS USED IN BLANK COMMON 
NFlOAT -. NUMBER OF wORDS FOR A FLOATING POINT VARIA6LE 
ISETUP - THE SUBROUTINE SETuP SETS ISETUP - 2HOI(. 

SU6ROUT INES WHICH REQUIPE THAT SETUP 1 S CALLED 
FIRST TEST TO SEE IF ISETUP '" 2HOl( BEFORE 
EXECUTING .. 

WORK - 6LANK COMMON WO,,"I(ING ARRAY 

COMMON/F ANCOM/RFAN, T FANC, T FANF 
LOGICAL "TFANC,TFANF 

RFAN - FOR FAN BEAM GEOMETRY RFAN IS THE 01 STANCE FROM 
THE SOURCE TO THE CENTER OF ROTATION. RFAN 
IS MEASUSl.ED IN UNITS OF PROJECTION BIN WIDTHS AT 
THE CENTER Of ROTATION. 

TFANC - LOGICAL VARIABLE SET TRUE FOR FAN ~EAM WITH A 
CURVED DETECTOR 

TFANF - LOGICAL VARIABLE SET TRUE FOR FAN BEAM WITH A 
flAT DETECTOR 

COMMDN/PTRCOM/NDt MU, NOI 1'4, pwt 0, TC Ill., N"4AT, LNI ,KNt 
LOGICAL TCIR 
DIMENSION Nt IU 
EQUIVAL ENCE( WORK (1) ,NIf 111 

NOIMU - THE LINEAR DIMENSION OF THE TPANSVERSE SECTlON 
NOI"4 - THE CURRENT LINEAR DIMENSION USED BY THE PROGRA"4 
PWIO - PIXEL WIDTH {IN UNITS OF PROJECTION BtN WloTHI 
TCIR - LOGICAL VARIABLE SET TRUE FOA. CIRCULAR PECaN .. 
NMAT - THE NUMBER OF CELLS IN THE TRANsvERSE SECTIGN 
LNt - POINTER TO THE ARRAY NI IN BLANI( CO ... MnN 

NI{JJ IS TI-IE NUMBER OF CEllS IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR HEMST CALLS NEEDED BECAUSE Nt 
I S AN INTEGER VARIABLE 

CoMMONITRGCOM/1 GEOM, KDI MU, AX I SU, BWIO, KMQY, I(MI N, KMAX, KDt ... , AXIS, 
1 LPROJ, NANG, MoDANG. LANG, LS INE ,LCOS tN. LOAfER, TEMIT 

LOGICAL TEMI T 
DIMENSION PRDJ (II ,ANGf 1) ,S INEIII .COSINEf 11 ,0ATER(l I 
EQUIVALENCE (WORK ( 11 ,PROJ( II,ANG{ II. SINElll .COSINEI U,OATERC 1) J 

tGEOM - GEOMETRY FLAG 
a - PARAll EL BEAM GEOMETRy 
1 - FAN BEAM GEOMETRY (CURVED DETECTOR I 
2 - FAN BEAM GEOMETRy (FLAT DETECTOR) 
3 - RING DETECTOR GEOMETRY 

KoIMU - NUMBER OF BINS IN THE PROJECTION ARRAY·SUPPLIEO 
BY THE USER • 

AXI Su - THE PROJECT EO LOCAT I ON OF THE II:OT AT ION AX 1 S IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
ANa I FAX ISU I S INTEGER, THEN ROTATION AXI S FALLS 
IN THE CENTER OF A PROJECTION BIN.I 

BWJD - PROJECTION BIN WIDTH liN UNITS OF PIXEL WIDTHI 
KMDV - THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEI' DATA 

ARRAY (AXISI AND THE AXIS FOR THE USER DATA 
ARRAY (AXISUJ. AXIS - AXISU+FLOAT{KMOVI 

KMJN - FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USE~ PROJECTION BIN THAT 
IS GOING TO BE USED. 

KMAX - LAST LOCATION IN SYSTEIII OATA ARoRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

I(OIM - NUMBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NoIM X NOtM ARP.AY, USUALLY 
KOIM-KOI:'llU. 

AXIS - THE PROJECTED LOCATION OF THE ROTATlo", AXIS IN THE 
PROJECT ION ARRAY, USUALLY Axi S_UI SUo 

LPRQJ - POINTER TO THE ARRAY PROJ IN BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

NANG - NUMBER OF PROJECTIONS 
MOOANG - MODE FOR PROJECTlDN ANGLE INPUT 
LANG - POINTER TO THE ARRAY ANG IN BLANI( COMMON 

PROJEC TION ANGLES I N RADIANS 
.. SINE - POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
LCOSIN - POINTER TO THE ARRAY COSINE IN BLANK COMililON 

COSINE OF THE PROJECTION ANGLES 
LOAfER - POINTER TO THE ARRAY DATER IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
TEMIT - LOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

U*T.HESE VAlUABLES ARE USED IN THIS SUBROUTINE 

OH - THE DISTANCE BETWEEN THE SOURCE AND THE PIXEL 
ARC - THE ARC DISTANCE BETWEEN THE CENTER AXIS AND THE 

IMAGE OF THE PIXEL 
BETAU - THE ANGLE BETwEEN THE CENTER AXI S AND THE LINE 

PASSING ABOVE THE PIXEL 
BETAL - THE ANGLE BETWEEN THE CENTER AXIS AND THE LINE 

PASSING BELOw THE PIXEL 
SETAP - THE ANGLE BETWEEN THE CENTER AXIS AND LINE 

PASSING THROUGH THE PIXEl 
THETAU - THE ANGLE BETWEEN THE LINE PASSING THROUGH THE 

PIXEL AND A LI~E ABOVE 
THETAl - THE ANGLE BETwEEN THE LINE PASSING THROUGH THE 

PIXEL AriD A LINE BELOW 
DU - THE PERPENDICULAR. DISTANCE BETWEEN THE PIXEL ANO 

A LINE ABOVE 
DL - THE PERPENDICULAR DISTANCE SETWEEN THE PIXEl AND 

A LINE BELOW 
ALPHAU:- THE ANGLE THE LINE ABOVE '!HE PIXEl MAIIES WITH 

THE SIDE OF THE SQUAR.E 
ALPHAL - THE ANGLE THE lINE BELOw THE PIXEL MAKES WITH 

THE SIDE OF THE SQUARE 
ANGLE - THE ANGLE BETWEEN THE RAY5 IN THE FAN BEA'" 

DIMENSION BIlI,Pll1 
BCK/PRJ,WTtATEN,FAN ARE THE 4 FLAGS RETURNED IN B IF "I .LE. 0 

DIMENSION FlAGS(4' 
DATA FLAGS/0 .. 21.,O.,l.1 
DATA 1I.4999991 

IF {M.LE.OI GO TO 34 

IF IM.NE.lI GO TO 10 
CALL ZERO IB,N"'ATJ 
ANGLE-l./RFAN 

10 CONTINUE 

15UB-lSINE+H-l 
S_SINEIISUB)*PWIo 
I SUB-LCOSI N+""'l 

97! 97, 
977 
97. 
qe 
9.0 
SBl 
'.2 
983 , .. 9., 
9 •• 
9.7 
'0188 

••• 
990 9., 
992 
993 ... 
99' 

••• .., 
99. 
9'019 

1000 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
100B 
1009 
1010 
lOll 
1012 
lOB 
1014 
1015 
1016 
1017 
1018 
1019 
1020 
1021 
1022 
1023 
1024 
102~ 
1026 
1027 
1028 
1029 
1030 
1031 
1032 
1033 
103". 
1035 
1036 
1037 
1038 
1039 
,040 
1041 
1042 
1043 
1044· 
104~ 

1046 
1047 
1048 
1049 
1050 
1051 
10~2 
1053 
1054 
1055 
1056 
1057 
1058 
1059 
1060 
1061 
1062 
10b3 
10b4 
1065 
1066 
1067 
1068 
10b9 
1070 
1071 
1072 
1073 
1074 
1075 
1076 
1077 
1078 
1079 
1080 
1061 
10S2 
1083 
1084 
1085 
1086 
1087 
1088 
1089 
1090 
1091 
1092 
1093 
1094 
1095 

.1096 
1097 
1098 
1099 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
11 08 
1l0Q 

C,,-COSINEI15UBJ*PWIO 
~S-.5·S 
HCc .. 5·C 
ZN" • S.FLOAT (NO I "1+1) 
ZXa RF AN-ZN.« C+S) 
ZY .. Z"l.1 S-C I 
IJL-l 

IF (TFANFJ GO TO 22 

00 20 JeL,rioiM 
IX"Zx+S 
ZY_ZY+C 
ISUS·Un+J-l 
NN_NI{ISUBI 
ZXX.Z XHlOAT {Nol "!-NNJ *HC 
I YY= Z V-FLOAT! NOt M-NIII J.H S 
IJU-IJL+NN-l 
00 18 I J"IJL,IJU 
IXX"ZXX+C 
IYY"IYY-S 
OH; SQRT t ZXX**2+Z YY •• 21 
ARC T AN" AT ANI ZVY I ZXX I 
ARC- RF AN. APCT AN 
I(=ARC+AXIS+.!:: 
IF P<"LT.l.OP.K.GT.KOI"!1 GO TO 18 
BETAU"I FLOAT{ K}-AXi S+. 51 .AriGLE 
SET AL-6ET AU-ANGL E 
I3ETAP:ARCTAN 
THE TAU=BETAU-BE TAP 
THET AL" BET AP-9ET AL 
DU_OH. SWI o.THETAU 
DL,,')H*BWlo*THETAl 
AREAl=A"'iNl C .5.oUI 
AREA2-A"'INU.5,Oll 
AREA"AREA l+AR EA2 
"'l(sK 
MKl"MI( 
MI(2:MK 
6 (I J) -S{ I J j+AREA*P! 1'1K ).PW! 0 
AREAX-AREAl 
AREAY-AREA2 
IF (AREAl.GT.11 ('0 TO 14 

12 "'IK2""'K2+1 
IF (MK2.GT .Kol"" G(I TO 18 
THE TAU- THE TAU+ANGLE 
OU=OH*BW 1 O.THET AU 
AKEAUI-AMINI {.5, OUI 
A~EAU-AREAUI-AP E AX 
APEAXIIAREAUl . 
BI IJ I-BC I J I+AREAU.PI "'K21*PWI 0 
IF fAREAU1.LE.ZI GO TO 12 

14 IF {ARE.A2.GT .Il GO TO 18 
16 MKl"'I'IK.I.-1 

IF {MKl.lT.11 GC'T(I 18 
THE TAL "THETAL +/i.NGLE 
OL_OH·BWIoUHETAL 
AREAll=AMINl (.!t oLi 
AREAL -AREAL i-ARE AY 
AREAY"AREALl 
B{ I JJ -B{ IJ J +AR.EAl*P{ "IK11.PWIO 
IF {AREAll.LE.ZI GO TO 16 

18 CaNT INUE 
20 IJL-IJL+NN 

RETURN 

22 DO 32 J"I.NOIM 
Zx .. Zx+S 
ZY"ZY+C 
ISUe-UH+J-l 
NIII"NI« ISuB, 
ZXX-Z X+fLOA T' NO I M-NN I *HC 
Zyy- Z Y-fLOAT( NDI M-NN '.H 5 
IJU"IJL+NN-l 
0030 IJ-IJL,IJU 
ZXx-ZXX+C 
Zyy .. zyy-S 
oH" SQR T I ZXX •• 2+Z YY*.21 
ARCTAN-ATAN' ZYY I ZUI 
YCENTR-ZVY I ZXX*R.FAN 
K_YCENTR+AXI S+.5 
IF {K.LT.l.0R.K.GT./(OIMl GO TO 30 
SETAU=ATAN ( I FLOA T {I( I-AX 1 S+ .511 RFANI 
BET Al-AT AN ( (FLOAT(I(-ll-AXI S,.. 51 IRFAN) 
&ETAP-ARCTAN 
THETAU-SETAU-SETAP 
THET Al- BET AP-BET AL 
OU-OH*6W! O*THETAU 
OL",OH-8wIO*THE TAL 
AREA1"A"'INl ( .. 5, DU) 
AR EA2 .. AMI NIl. 5. OLI 
AREA- AR E A 1 +AR EA2 
MK"/( 
1'41(1 ..... 1( 

MK2"MK 
6 { 1 J I-of I J I+APEA.P {"II( J *PwI O*oHI ZXX 
AREAX .. AAEAl 
AREAY-AREA2 
IF (AREAl.GT.I) GO TO 26 

24 "'1(2·",,1(2+1 
IF CMK2.GT.l(oHO GO TO 30 
ANGLE:ATAN(RFANI {RFAN*.2+1 FLOAT I MK21-AXI 5J"2-.251 I 
THETAU=THETAU+ANGlE . 
Ou_OH.BwI o*THET AU 
AREAU1=A"'iNll.5,oul 
AR EAU=ARE AU1-AR EAX 
AREAX"AII:EAU1 
8 ( I J )- S I IJ I +AP.EAU.PW I O.P ('011( 2).OHI Z xx 
IF {ARE/i.Ul.LE.ZI GO TO 24 

26 IF (AREA2.GloZ) GCI TO 30 
28 "1KI-MK1-1 

IF (MK1.LT.11 GO TO 30 
ANGLE"ATAN{ RFAN/I RFAr,; •• 2"( FLOAT{ MKII-AXI S)"2-.2511 
THET AL"THET AL + ANGl E 
OL"oH.B loll D*THE TAL 
AREALl"AMINlC .!, OL I 
AREAL-AREALl-ARBY 
AREA Y_AREAL 1 
81 IJ) -S{ IJ I+AREAL.PW Io*PC "II( 1 J.OHI zxx 
IF CAREAll.LLZI GO TO 28 

30 CONTINUE 
32 IJL=IJL+NN 

RETURN 

34 DO 36 1=1,4 
366{II"FLAGS(II 

RETURN 
ENO 
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1110 
1111 
llt2 
1113 
1114 
1115 
1116 
1117 
1116 
111<; 
1120 
Il2l 
1122 
Il23 
1124 
1125 
ll26 
1I27 
1128 
1129 
1130 
1131 
1132 
1133 
1134 
1135 
1136 
1137 
Il38 
1139 
1140 
1141 
1142 
114) 
1144 
1145 
1146 
1147 
1I48 
114'1 . 
1150 
1151 
1152 
11 ~) 
1154 
1155 
U56 
1157 
1158 
ll59 
11bO 
UtI 
1162 
1163 
Ub4 
llb5 
1106 
11t7 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
lIlt 
ll77 
1118 
1179 
11 eo 
UBI 
1162 
1183 
l1S4 
Its! 
U86 
1187 
11 81' 
1189 
11'10 
UCO! 
11'?2 
11'13 
llC04 
11<;5 
US6 
un 
llC06 
11917 
1200 
1201 
1202 
120) 
1204 
120~ 
1206 
1207 
12M 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
L22t 
t221 
1228 
1220; 
1230 
il3l 
1232 
1233 
12340 
1235 
1236 
1237 
1238 



224 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SUBROUTINE BCD,", (MAXFW) .................................................................. 
'" RECLBl VERSION 1.0 170CT77 '" ................................................•................. 

SUBROUTl"iE BCOM PR JNTS OUT AND PETURNS THE LUGEST NUMBER 
OF flOATING POINT WORO~ I<EQUIRED JN P,LANK COMMa", (MAXFWla 
MAXFW IS HPT TRACK OF IN SUBROUTINE MEMST. . 

MA,XF'oI - MAXIMUM NUMBER OF FLOATING POINT WORDS NEED'ED IN 
BLANK COfrl\"'ON SO FAil 

LANGUAGE - FORTRAN 

COMMON/WRKCOf"l/NWORI<. t I WUS EO, roF LOA T, 1 SETUP 
CO"'MON WORK t 11 

NwORK 

IwUSED 
NFL OAT 
I SETuP 

WORK 

- 01"'EN510"1 OF THE USER S CQ"'MON BLOC.I< IN BLANK 
CO"'MON 

- THE NUMB ER OF WORDS USED IN BLANt(; COMMON 
- NUIIIIBER OF WORDS FOR A FLOATING POINT VARIABLE 
- THE SUBROUTINE SETUP SETS ISETUP ,. 2HOK. 

SUeROUTl~ES WHICH REQUtPE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP • 2HOK BEFORE 
EXECUTING. 

- BLANK COMMON \«lRKING ARRAY 

COMIIION/OUTCOM/LLNOUT, I 60132 

LUNOUT - ·LOGICAL UNIT NUMBER FOR OUTPUT 
160132 - FLAG INDICATING NUM~ER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNOUT 
o .. 60 CHAIIACTERS ti32 CHARACn:qS OTHERWISEI 

DI"'ENSION ITxTt41 
DATA NT )(T, I TXT/~, IHa, lHe .lt~, IH"'I 
OAT A IOKI2HOK/ 

IF ([SETUP.HE.IOKI GO TO 10 

WRITE ILUNOUT,12' 
CALL LGTXT (ITXT,NTXTJ 
CALL MEMST (/14 AX FW,'"1 J 
WAITE CLUNOUT,UJ MAXFW 
RETURN 

10 "'AXF ~·o 
R.ETURN 

12 FJR"1ATC II) 
lit FORMATf 115X,61H ..... THE LARGEST REQUIRED LENGTH OF aLAHI( (OM"'O"4 

1 THUS FAR IS,17,6H ••••• , 

'"0 

SUaRQUT Y"IE a Y"I I a, P.".M' 

THE SU~POUTINE PI ... BACK-PROJECTS A SINGLE CONVOLVED 
PROJECTHIN p I .... TO THE ARRAY B. THE PROJECTtON HAS THE ANGLE 
ANGI~I WHERE M IS THE INDEX OF THE ANGLE .. THE B ARRAY IS 
ZE~OEO IF "'1"'''1 .. IF M'" IS NEGATIVE THEN THE BACK-PROJECTION 
VARIANCES APE CALCULATED INSTEAD AND RETUANED 1"1 THE ARIUY e. 
THE SUBPOUTINE BIN IS TO 8e USED ONLY wITI-! THE CONVOLUTION 
ALGORITH/14 ISUBROUTI~E CO"vOI. 

- THE 8ACI\,-PROJEC TJ ON ARRAY 
P - THE CONVOLVED PROJECTION ARRAY 
"'''' - +1- THE ANGLE INDEX 

- IF '" .. LE .. 0, ONLY A SET OF flAGS IS RETURNED IN B 
NO BACK-PROJECT ION OPERATION IS PERFORMED 
(SEE THE SUBPOUT' .. E RCHEK FOR EACH FLAGS '"'EAN1~GI 

THIS SUBROUTINE CALLS RECLBL 1I:.0uTINES - ZERO 

RECLB ... ROUTINES WHICH ,",UST BE CAllED FIRST - SETUP 

LANGUUE - FORTRAN 

COMMON/WRK CoM/NWORI\, , I WUSED ,"'FLOAT, t SETUP 
CJ"''''O''lWORKllI 

NWORK - DIMENSION OF THE USER S (OIolM(lN eLOCK IN BLANK 
COMMON . 

IWUSEo - THE NUMBER OF WORDS USED IN BLANK COMMON 
NFLOAT - NUMBER OF WOROS FOR A FLOATING P:JINT VARIAijLE 
ISETUP - THE SUBROUTINE SETUP SETS {SETUP .. 2HOK. 

SUBROUTl'llES WHICH pEQUIRE THAT SETUP IS CAllED 
FIRST TEST TO SEE IF tSETUP = 2HOl( BEFORE 
EXECUTING. 

WOAI\, - BLANK COMMON WORKING API<AY 

COMMONI PTII:.COM/NDI MU, "lOI~, PWI D. TC IR: ,NIII;AT ,LNI ,KNI 
LOGICAL TCIR 
DIMENSION Nllli 
EQU IVAL ENCEIWOR:K I 1) ,N II l) I 

NoV-.U - THE LI~EAQ DII4ENSION OF THE TR.6NSVEII:.SE SECTION 
NOI'" - THE CUII:.II:.ENT LINEAR DIMENSION USED BY TI-IE PRGGRAM 
PWIO - PIXel WIDTl-t I IN UNITS OF PR.OJECTlON BIN WIOTHI 
TCIR - LOGICAL VAR:IABLE SET TRUE FOR CIRCULAR RECON. 
."'MAT - THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 
LNt - POINTER. TO THE ARRAY NI IN BLANK C(1M"'ON 

NIIJJ IS THE NUMBER OF CELLS IN THE J-TH POW OF 
THE SQUARE OR C IR.CULAR FORM OF THE ARRAY 

1239 
1240 
1241 
124Z 
1243 
1244 
1245 ,2" 
1247 
1246 
1249 
12!50 
1251 
125Z 
1253 
lZ54 
1255 
1256 
1257 
lZ58 
125<; 
1260 
lZ61 
1262 
1263 
1264 
1265 
1266 
1267 
1268 
1269 
1270 
1271 
1272 
1273 
12H 
1215 
1276 
1277 
1278 
1279 
1280 
12Bl 
1262 
1263 
1284 
1265 
1286 
1287 
1288 
1289 
1290 
1291 
1292 
1293 
1294 
1295 

1296 
1197 
1298 
12c;lO 
1300 
1301 
1302 
1303 
1]0~ 

1305 
1306 
1307 
1306 
1309 
UID 
1311 
1312 
1313 
1314 
1315 
U16 
1317 
1318 
131~ 
U20 
1321 
1322 
1323 
1324 
1325 
1326 
1327 
13Z6 
132c;l 
1330 
1331 
1332 
1333 
1334 
133~ 
1336 
1337 
1338 
1330; 
1340 
1341 
1342 
13ft3 
1344 
1345 

,c 

KNI - SPECIAL FLAG FOR 1E"'ST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

COM"4uN/TIl.GCOM/I GEOM, KOt "4U, AX I SU,8wI0, I<MOV, KMI N, KMAX, KOI /'I, AXIS, 
1 LPROJ, NANG, "'IODANG, LANG, LS JNE ,LCOS IN, LOAT EA, TE'" I T 

LOGICAL TEM I T 
o JMENS ION PROJ Ill. ANGIl), S tNE (11 ,COSINElli ,OATERf II 
EQUtVAL EHCE IWO~I( Ill, PROJ( 11, ANGlll, S tNE Ill, COS tHE! 11, DATER 1111 

IGEOM - GEO"'ETR:Y FLAG 

KOIMU 

AXI SU 

BWIO 
K"'QV 

KfI4IN 

K~AX 

KOIM 

AXIS 

lPROJ 

NANG 
MOOANG 
LANG 

LSINE 

LCOSIN 

LDATER 

TEMIT 

D • PARALLEL 8EA/'I GEOMETRY 
1 ., FAN BEAM GEOMETRY ICI.JI.VEo DETECTOR I 
2 "' FAN BEAM GEOMETRY I FLAT OETECTOR J 
3 .. RING DETECTOR GEOMETRY 

- NU/'ISER OF BJNS IN THE PROJECTlON ARRAY SUPPLIED 
8Y THE USE" 

- THE PROJECTED LOCATION Of THE ROTATION AXIS IN THE 
PROJECTJON ARRAY ITI'IS IS SUPPLIED AY THE USER 
AND IF AXISu IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION SIN.) 

- PROJECTION elN WIDTH (IN UNITS OF PIXEL WIDTHI 
- . THE 01 ST ANt E B ET"IEEN T HE AX I 5 FOR THE SYST E/'I OA TA 

AR:RAY (AXIS' AND THE AXIS FOR THE USER DATA 
AJl:RAY CAXISUI. AXIS .. AXlSU+FLOATIKMOVI 

- FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BPI THAT 
IS GOING T(' ~E USED .. 

- LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION SIN THAT 
I S GOING TO BE USED. 

- NUMBER OF BINS 1"1 THE PROJECTION ARRAY SUffICIENT 
TO RECONSTRUCT AN HOlM X "101'" ARRAY, USUALLY 
KOIM_KDIMU .. 

- THE PROJECTED LOCAr ION Of THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUAllY AXIS.AXISU. 

- POINTER TO THE ARRAY PROJ IN BLANK COHMON 
INT ERMEOIATE PROJECT tON AND PROJECTION ERROR 
VECTOR 

- NUMBER OF PRC'JECTIONS 
- ~ODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COMII4ON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK CO"'MO~ 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK CO "'MaN 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN SLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VAP.tABL"E SET TRUE FOR E"'ISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

OIMENSION SUJ,PCU 
LOGICAL TER 
DIMENSION FLAGSI41 
DATA FLAGS/0.,4 .. ,0.,0.1 

IF IM".EQ.OJ GO TO 20 

M-lABSIMM) 
TER.MM .. LT.O 
IF 1"' .. HE.l J GO TO 10 
CALL ZERO {8,NJI!ATI 

10 CONTINUE 

ISU8-LSINE+M-l 
S.SINE I ISUB).P"'IO 
I SUB.LCOSt N+"'-1 
C.COS tNE( ISUBI "'PWIO 
ZN-.S·FLOATCNDlfI4+11 
HS".5"'S 
zz. ZN* I S-C' +AX IS 
IJL·l 

00 Ie J.l,NOIM 
ZZ. ZZ+C 
ISUB-LNI+J-l 
NN·NIIISU81 
z. ZZ-FLOAlI NDJ"'I-NN I.HS 
IJU-l JL+NN-l 

IF ITER) GO TO 14 
00 12 IJ-IJL,lJU 
z-z-s ,., 

12 BI I JJ .B( I J) +I( FLOAT{I(+l I-ZI.P 11(1 +1 Z-FlOATI K II.PIK+l J I.PWIO 
GO TO 16 

14 CONTINUE 

DO 16 IJ·IJl,IJU 
Z-Z-S 

'" KK"Z·K-l 
16 B C I J 1 -B II J I +11 Fl OAT( K+lI-Z 1 •• 2.P I KK J + (I-FLOAT 00 I •• Z.P (I(I( +21+2 ... 1 F 

lLOAT 11<+1 J- Z ).1 Z-FlOAT( K J ).PI KI<+ lIl*PWID.*2 
18 I JL-I JL+NN 

RETUR"t 

2.0 00 22. l-l,1t 
22 Bell-FLAGSIIJ 

RETUR"l 
END 

SUBROUTINE BINF (B,P,M"" 

•••••••• * ••••••••••••••• *. "' ............................ * •• * ••••••• *. 
• RECLBL VERSION 1.0 170CT71. 
* ••••••••••••••••••••••• * •••• *** •••••••••••••• * •• *.* ••••• * ••••• * •• 

THE SUeqOUTJNE BINF BACK-PROJECTS A SINGLE (".O."lVOLvED 
J:AN-8EAM PROJECTION ARRAY P INTO THE ARRAY 8 .. THE PROJECTION 
HAS THE ANGLE ANGIMI wHEPE '" IS THE tNDEX OF THE ANGLE. THE 
ARRAY B IS ZEROED IF M .. l WHERE "-lABS''''''')' IF "'/'I IS NEGATIVE 
THE BACK-PROJECTION vARlANCES ARE CALCULATED INSTEAD A"ID.RE-
TURNED IN THE ARAAY B. THE SUSROuTINE 8INf IS TO BE USEQ ONLY 
WITH THE CONVOLUTION ALGO~ITHM ISUBROUTINE CDNVOI. . 

B - THE BACK-PROJECTION ARRAY 
P - THE CONVOLVED PROJECT tON ARRAY 
M'" - +1- THE ANGLE INDE X 

- IF" .LE .. 0, ONLY A SET OF FLAGS IS RETURNED IN S 
NO BACK-PROJECTION OPERATION IS PERFOR"'ED 
(SEE THE SUBROUTt"E RCHEI< FOR EACH FLAGS "'EANINGI 

1346 
1347 
1348 
1349 
13S0 
1351 
1352 
1353 
1351t 
1355 
1356 
1357 
1358 
1359 
1360 
1361 
1362 
1363 
13M 
1365 
1366 
1367 
1368 
1369 
1370 
1371 
1372 
1373 
UH 
137' 
1376 
1371 
1378 
1319 
1380 
1381 
1382 
1383 
1384 
1365 
1386 
1381 
1388 
1389 
1390 
1391 
1392 
1393 
1394 
1395 
1396 
1397 
1398 
1399 ,.00 
litO 1 
H02 
1403 

'''''. 140' 
1406 
1407 
1408 
Ilt09 
1410 
1411 
1412 
1413 
11t14 
1415 
lItU 
1~11 
1418 
1419 
1420 
1~21 
1422 
142) 
lIt2~ 

142' 
1426 
lIt21 
1428 
Ilt29 
1430 
H31 
1432 
11t3] 
lit 34 
Ilt35 
1436 
1431 
llt38 
1439 
'440 
1441 
1442 
1443 
H·44 
1++5 ,.46 

lIt47 
1448 
14+9 
U50 
1451 
1452 
1453 
1454 
1455 
1456 
Ilt57 
IltS8 
1459 
1460 
1461 
1462 
1463 
1464 
146' 
Ilt66 

~, 

'l ,',,', 



THIS SUBROUTINE CALLS RECLBL ROUTINES - ZERO 

REClBL ROUTINES WHICH MUST BE CAllED fIRST - SETUP 

LANGUAGE - FORTRAN 

COMIotON/WRI<.COM/NllIORI(; ,I WUS EO. NflOlT .. ISE TUP 
COMMON WORK ( LJ 

NWORK - ot MENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

IWUSEO - THE NUMBER OF WORDS USED IN BLANK CO"l"'ON 
NFLOAT - NUJII!BER Of WORDS FOR A flOATING POINT VARIABLE 
{SETUP - THE SUBROuT INE SETUP SETS I SETUP - 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF I SETUP - 2HOl<. BEFORE 
EHCUT ING. . 

WORI<. - BLANK COM"'ON WORKING ARRAV 

COMMON/FANCOM/RF AN, TFANC, T FANF 
LOGICAL TFANC.TFANF 

RFAN - FOR FAN BEAM GE~ETRY RFAN IS THE DISTANCE FR.OM 
THE SOURCE TO THE CENTER CF ROTATIOfli. RFAN 
IS MEASURED IN UNITS OF PROJECTION BIN WIDTHS AT 
THE CENTER OF ROTATt ON. 

TFANC - LOGICAL VAR tABLE SET TRUE FOR fAN BEAM WtTH A 
CURVED DETECTOR 

TFANF - LOGICAL VARIABLE SET TRUE FOR FAN BE A'" WITH A 
FLAT DETECTOR 

COMMON/ PTRCOM/NDIMU,NDIM,PWtO, TC IR,N"'AT,Vn ,K';n 
LOGICAL. TCIR 
DUfilENSION NI (11 
EQUIVAL ENCE(WORK Ill, NIIl •• 

NDIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTIO~ 
NDIM - THE CURRENT LINEAR DIMENSION USEO BY TI-tE PROGRAM 
PwlD - PIXel WIDTH (IN UNITS OF PROJECTION ~IN WIDTHI 
TCIR - LOGICAL VARIABLE SET TRUE fOR CIRCULAR RECDN. 
NMAT - THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 
LNI - POINTER TO THE ARA,AY NI IN BLANK COMMON 

NItJJ IS THE NUMBER OF CelLS IN THE J .. TH FOilW OF 
THE SQUARE OR CIRCULAR FORJiIfII OF THE ARRAY 

KNI - SPECIAL FLAG FOR MEfilST CALLS NEEDED BECAUSE NI 
IS AN JJ'fTEGER VARIABLE 

COMMON/TRGCOM/ J GEOM, KOII"U, AX ISU, BWID, KMOV, KJII!IN, KMAX ,KOI'" ,AXI S, 
1 L PRW ,NANG.,..OQANG, LANG, LS tNE, LCOS !N,LOAT Eft, TEM IT 

LOGICAL TEMIT 
DIMENSION PROJ (II, ANG' 11 ,S INEI11,COSINEe 11 ,DATERI It 
EOUIVALENCE (WORKI11, PROJ( 11 ,ANGe 11, SINEU 1 ,COSINE (1), DATER (111 

IGEOfll! - GEOMETRy FLAG 
a - PARAllEL BEA" GECMETRY 
1 - FAN BEAM GEol<IETRY (CURVED DETECTORI 
2 - FAN BEAM GEOMETRY (FLAT DETECTOR' 
3 - RING DETECTOR GEOJIIIEUY 

KDIMU - NUMBER OF BINS IN THE PROJECTION APRAY SUPPLIED 
BY THE· USER 

AXISU - THE PROJECTED LOCATION OF THE ROTATION AltIS IN THE 
PROJECTION ARRAY (THIS IS SUPPlIED BV THE USER 
AND IF AlISU IS INTEGER, THEN ROTATION AXIS FAllS 
1N THE CENTER OF A PPOJEC'TtON 81N.1 

BWID - PROJECTION BIN WIDTH liN UNITS OF PIXEL wIDTHI 
K"'oV - THE DISTANCE BETwEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY fAX! SI AND THE AXI S fOR THE USER DATA 
ARRAY IAXISU •• AXIS - AltISU+FLoATIKMOV. 

KMIN - FIRST LOCAl ION IN SYSTEM OATA ARRAY THAT STOKES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

KMAX - LAST LOCATIOPli IN S'(STEJII! DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

KOIM - NIJIIfIBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NOtM X NOIM ARRAY, USUAlLY 
KDI "'-KOIMU. 

AXIS - THE PROJECTED LOCATION Of THE ROTATION UIS IN THE 
PROJECTION ARRAY, USUAllY AXIS-UISU. 

LPROJ - POINTER TO THE ARRAY PRoJ IN 8LANK CO"''''ON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOP 

JoIANG - NUMBER OF PROJECTIONS 
MOOANG - MODE FOR PROJECTION ANGLE INPUT 
LANG - POINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
LSINE - POINTER TO THE ARRAY SINE IN BLANI( COMMON 

SINE OF THE PROJECTION ANGLES 
LCOSIN - POINTER TO THE ARRAY COStNE IN BLANK COM"40N 

COSINE OF THE PROJECTION ANGlES 
LOATER. - POINTER TO THE ARRAY DATER IN BLANK COMMON 

USER PROJECTION DATA ANO UNCERTAINTIES 
TEMIT - LOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSJII!tsSION ~ATA 

DIMENSION BllI,pell 
LOGICAL TER 
DIMENSION FlAGS(4) 
DATA fLAGS/D. ,4. ,0.,1.1 

IF ("M.EQ.DI GO TO 28 

M-JABS!MM' 
TER_MM.LT.O 
IF (JII!.NE.1' GO TI) 10 
CALL IERO I B.NJII!ATJ 

10 CONTINUE 

'1 Sue-LSI NE+M-1 
S-SINEC ISUB,.PWIO 
I SUB-LCOS I N+M-l 
C-COSINE! I SUBI.pwtD 
IN- .S.FLOATlNOIJilll+11 
HS-.5·S 
HC- .5*<: 
ZZ-ZN*(S-C 1 _ 
WW.RF AN-ZN* C S+C) 
IJL.·1 

00 26 J-l,NDIM 
ZZ-ZZ+C 
WW·WW+S 
ISUB-LNI+J-l 
NN-NIClSU81 
Z-ZZ-FlOAT !NOIM-NNI*HS 
llI-wW+FLOATC NDI M-NNI*HC 
IJU-IJL+NN-1 

IF ITER J GO TO 1B 
IF (fFAPliF J GO TO lit 
00 12 IJ-IJL,IJU 
l-Z-S 
w-w+( 

11061 
146B 
146<; 
1470 
1471 
11072 
1473 
1474 
1475 
1"76 
11017 
147B 
1479 
1480 
1481 
1482 
1483 
1484 
1485 
1486 
1487 
1488 
1489 
l't90 
1491 
1492 
1493 
1494 
1495 
Ilt9t 
1497 
1498 
149Q 
1500 
1501 
1502 
1503 
1504 
1505 
150b 
1507 
I~OR 

1500; 
1510 
1511 
1512 
1513 
1514 
1515 
1516 
1517 
151B 
15P;! 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1521 
1528 
15Z9 
1530 
1531 
1532 
1533 
1534 
1535 
1!'36 
1537 
15la 
1~3'? 
1540 
15ttl 
1!!i42 
L~43 

1~" 
1545 
15tt6 
1547 
154B 
1!!:49 
1550 
1551 
1552 
1553 
1551t 
1555 
1556 
15~7 
1558 
1559 
1560 
1561 
1562 
1563 
1564 
1565 
1566 
1567 
156B 
1569 
1570 
1571 
1572 
1573 
1574 
1575 
1576 
1571 
1578 
1579 
15BO 
1581 
1582 
1583 
15 .. 
1585 
15B6 
15B7 
1588 
1589 
1590 
1591 
1592 
I!! 93 
1594 
1595 
1596 
1591 
1598 
1599 
1600 
1601 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ZF-RFAN"',&, TAIIIlZ 'WI +AXI S 
U2- 1 W ...... 2 +': •• Z ,I, Pw I O*RFA"'**Z·j 
K"ZF 

12 a( IJ '''''SI IJ HI I i=LOATtl(+II-ZF '.PIKi+( LF-FLCAT(lc 1,.PIK"ll I/U2 
(;J '!'O 20 

14 00 16 IJ .. IJL.JJU 
Z"Z-S 
w"w+C 
ZF .. 1l,F AN*ZlW +AX IS 
U2 .. ' ... /RFAN) .... Z/PWIO 
("ZF 

16 B( I J J: BI IJ J'" (FLOAT II( +ll-Z F '*PI K) +1 ZF-FLOAT{ K I) *P 1 l("lll/UZ 
GO TO 26 

18 IF (TFANFI ('0 TO 22 
DO 20 I J"I J L,t J U 
Z .. Z-S 
.. -W+C 
lFc.qFA"I*ATAN 11IWJ+AxJ S 
U2" ,w •• 2 +Z •• Z II (PwID.RFAN*"2 , 
I(_ZF 
KK_2"1(_1 

20 BII JJ -Bt I J) +( I FLOAT I K+II-Zf I •• Z.PIKK I +( ZF-FLOATI I( 1' •• 2.PII(K+2) +2. * 
11 fLOA TI K"ll-ZF 1-' ZF-FLOAT! KJ ,.PI I(K+1' IIlJ2 •• Z 

GO TO 2t 

2Z 00 21t IJ-IJL,IJU 
Z"Z-S 
W"W"C 
IF''RF AN.UI4+AXI S 
U2. (w/RFANI-.21 PW I 0 
I(-ZF 
KI( .. 2*K-l 

24 B, I JI-B (IJ 1+' tFLIJAT(K +ll-ZF J •• 2.PfKI( 1+1 ZF-FLOATIK 11"2.PIK!(+2 1+2 •• 
11 fL OA TlK+ll-ZF ,., ZF-FLOA TlK II.PC KI(+ 111/U2 •• 2 

l6 IJL':tJL+NN 
RETURN 

28 00 30 1-1,4 
3D BIII-FLAGSIII 

RETURN 
END 

IBJECTI 
SUBROUTINE BJECT (B,P,M,BCK) ......................................................................... 
.. RECLBl vERSION 1.0 170C117. ........................................................................... 

THE SU8RoUTINE BJECT BACK-PROJECTS A SINGLE PROJECTION 
AR'IAY P OF LENGTH I(OtMU WITH R('ITAT10N AXIS EQUAL TO AXJSU INTO 
THE ARRAY B. THE pp.nJECTION HAS THE ANGLE ANGfMI wHERE'" ·IS 
THE INDEX OF THE ANGLE. THE SUBRDUTlNE BJECT J<EQUJRES THE 
USER TO CALL THE OES IRED SYSTEM BACK-PROJECTION S18ROUTlNE BCI<.. 
THIS ALLOWS THE USER TO USE THE SYSTEM AACK-Pfl:OJECTtON SUB
ROUTINES ""10 BACK-PROJECT USER DATA INTO THE USERS OWN ARRAY. 

NOTE -- BJECT ODES NOT DEMAND THAT THE ANGLE INDICES BE 
SEQUENTIAL IN THE SET OF CALLS THAT WJULO N~"'AlLY BE 
EXECUTEO TO FORM AN ENTIRE BUK-PROJECTION IMAGE. I-ll]WEVER, 
THE USER SHOULD BE AWAPE THAT THE BACK-PPOJECTION ROuTINES 
ZERO OUT THE B ARRAY WHEN THE ANGlE INDEX IS EQUAL TO 1 

- THE BACK-PROJECTlON ARRAY. 
- T~E PROJECTION ARIUY 

'" - THE ANGlE INDEX 
BCK - THE BACK-PROJECTION SU8ROUTINE 

THIS SUBROUTINE CALLS RECLBL ROUTINES - CISO, MOIST 

RECLBL ROUTINES WHICH "4IJST BE CAllED FIfI,ST - SETuP 

ExreqNAL RECLBL SUBROUTINES - aCK 

LANGUAGE - FORTRA"I 

COM"ION/WRKCOM/NW(lRK, J WUSED, NFL OAT, I SETUP 
COM!IIION WORK III 

NWORK - D I ME NS I ON OF THE US ER S CCMIifIION RL QCI'. IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WORDS USED JN 8LANK COM""ON 
NFlOAT - NUMBER OF wORDS FOR A FLCATING POINT VARIABLE 
ISETUP - THE SUBROUT IHE SETUP SETS ISETUP - 21-10K. 

SUBROUTINES WHICH REQUIfI,E THAT SETUP IS CALLED 
FIRST TEST TO seE IF ISETup .. 2HOl<. BEFORE 
EXECUTING. 

WORK - BLANK COM"ION WORKING ARRAY 

COMMON/ ATNCOM/L AT EN, L BMAP, TAT EN, LUNA TN 
LOGICAL TArEN 
DIMENSION ATENClI,BIoUPllI 
Eout VAL ENC E (WORK HI, ATENlll ,BMAP ( 111 

LATEN - POINTER TO THE ARRAY ATEN IN BLANK COMMON 
STORES ATTENUATION FACTnftS FOR ONE ANGLE 

LBMAP - POINTER TO THE AII:1UY B~AP IN BLANK ceMMON 
A MATRIX USED TO STORE THE CONSTANT ATTENUATION 
COEFFIC IENTS 

TATEN - LOGICAL VARIABLE SET TRUE FOR ATTENUATION 
P.ECONSTRUCT!ON 

LUNATN - LOGICAL UNIT l'UMBER FOR ATTENuATION FACTOR STOfl.AGE 

COM"40N/DATCOM/LOAT A 
DIMENS ION DATAl 11 
EQuIVALENce IWORKUI,DATAI111 

LOATA - POINTER TO THE ARRAY DATA Iii BlANK COMMON 
DATA - AN tNTER"'EOIATE PROJECTION ARRAY 

COMMONI FANCOM/ RFAN, T FANC, T FANF 
LOGtCAL TFANC,TFANF 

RFAN - FOR FAN BEAM GEOMETRY RFAN IS T~E DISTANCE FROM 
THE SOURCE TO THE CENTER OF ROTATION. RFAN 
IS MEASURED IN UNITS' OF PROJECTION BIN WIDTHS AT 
THE CENTER OF RI)TATION. 

225 

1602 
It03 
It:OIo 
160~ 

160b 
1607 
1608 
IbOe:; 
IUD 
1611 
1612 
It 13 
Ibllt 
1015 
1616 
1.617 
1618 
it: 1'1 
1621) 
1621 
16U 
16Z3 
1624 
1025 
16U-
1627 
1628 
162'1 
1/:130 
1631 
If:32 
1633 
1634 
1635 
1636 
1637 
1638 
1639 
Ie-lt~ 

1641 
1642 
1643 

'0" 1645 

16lt6 
1647 
1648 
1649 
1650 
!CS1 
1652 
1653 
1054 
1655 
If:56 
1657 
1658 
16517 
1660 
1661 
1HZ 
1663 
1f:64 
1665 
1666 
16U 
166B 
1669 
1670 
1671 
1HZ 
1673 
1614 
1615 
1676 
1677 
1618 
1679 
16BO 
16Bl 
It,62 
1663 
1684 
16Q!, 
1686 
1681 
16B8 
1689 
16 C1 0 
16CH 
1692 
1693 
1694 
169~ 
16<;16 
It97 
1698 
1691;1 
1700 
1701 
1702 
1703 
1704 
1705 
170b 
1107 
1708 
1709 
IHO 
1711 
1HZ 
1713 
1714 
1115 
1116 
1717 
1118 
17lC; 
1720 
J'721 



226 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

TFANC - LOGICAL VARIABLE SET TRUE FOR FAN BEAM WITH A 
CURVED CETECTOR 

TFANF - lCX>ICAl VARIABLE SET TRUE fOR FAN BEAM WlTH A 
FLAT DETECTOR 

COMMON/QUTCOM/L UNCUT t I 80132 

LUNDUT - LOGICAL UNIT NUMBER FOR OUTPUT 
180132 - FLAG INDICATING NUMBER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNDUT ' 
o '" 80 CHARACTERS (132 CHARACTERS Orl-lERWlSE' 

CO"',",ONI PTRCQM/NDI MU, NOI flit PW J Ot TC I Ft, NMAT, un, KN I 
LOGICAL Telp. 
DIMENSION NJ ell 
EQutVALENCEIWQRKll1 ,NIt 111 

NOII1U - THE LINEAR DIMENSION OF THE TRANSvERSE SECTION 
NOIM - THE CURRENT LINEAR DtlolENSION useD BY THE PROGRAM 
POliO - PIXEL wIDTH (IN UNITS OF PROJECTION BIN WIOTH) 
TelP - LOGICAL VARIABLE SET TRue FOR CIRCULAP. RECCN. 
NMAT - THE NUMBER. OF CELLS IN THE TRANSVERSE SECTION 
LNI - POINTER TO THE A~RAY NI IN ~lANK COMMON 

NJ (JI IS THE NUM8ER OF CELLS IN THE J-TH ~OW OF 
THE SOUARE or;." CIRCULAR FORfoI OF THE ARRAY 

KNI - SPECIAL FlA G FOR MEMST CAllS NEEDED BECAUSE Nl 
I S AN INTEGER VARIABLE 

C0/1"'10NI 5 TRCOM/TSTOR E 
LOGICAL TSTORE 

TSTORE - LOGICAl VARIABLE SET TRUE WHEN TESTING STOPAGE SIZE 
SETS TPRINT( 11 ... TRUE. 

COfolMON/TRGCO"l II GEOM I 1'01 HUI AX I SUI 8WIO I K/!IDVI ""'I N, KM,.,X, KOI M, AX IS I 
1 LPROJ, NANG ,MODANG, LANG, LS tNE ,LcaSI N, lDAT ER, TEl'll T 

LOGICAL TEMIT ' 
o IMENS tON PROJ 11" ANGI 11 ,SINE ( L h COS I PIlE ( 11 ,DATE R( U 
EQUIVALENCE (WORIC U), PROJ( 1), ANG( 11, SINE (11 ,COSINE IlJ, OAT Ell 1111 

IGEOM - GEOMETRY FL.AG 
o .. PARALL.EL 8EAM GEOMETRY 
1 '" FAN I3EAM GEOJl(ETRY ICURVED DETECTOR' 
2 II FAN BEAM GfOl"lETRY (FLAT OElECTOll1 
3 - RING DETECTOR GEOMETRY 

KOIMU 

AXISU 

8WID 
I(MOV 

KMIN 

KMAX 

KOt'" 

AXIS 

I.PROJ 

NANG 
MDDANG 
LANG 

LSINE 

loCOS IN 

LOATER 

TE"'IT 

- NUM8ER OF 8INS IN THE PIlOJECTION ARRAY SUPPLIED 
8Y THE uSEfI 

- THE PROJECTED LOCATION OF THE ROTATION AxiS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED 8Y THE USER 
AND IF .AXISU IS INTEGER, THEN ROTATION AXIS FAL.L.S 
IN THE CENTER OF A PROJECTION BIN. I 

- PROJECTION BIN wIDT.H f IN UNITS OF PIXEL WIOTHI 
- THE DISTANCE 8ETwEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY (AXIS' AND THE AXIS FOR THE USER DATA 
ARRAY lAX ISU). AXIS - AXISU+FLOATIKMOVI 

- FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTtON BIN THAT 
IS GOING TO BE USED. . 

- LAST LOCATION IN SYSTEM DATA ARRAy THAT STORES 
THE DATA OF THE LAST USER PROJECTION e IN THAT 
IS GOING TO 8E USED. 

- NUM8ER OF 8INS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NOIM X NDtl'll ARRAY, USUALLY 
KDIM-KOIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AX·IS IN THE 
PROJECTION ARRAY, USUALLY AXIS-AXISU. 

- POINTER TO THE ARRAY PROJ IN BLANK COM"'O~ 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VEt TOR 

- NUM8ER OF PROJECTIONS 
- MODE FOP PROJECTION' ANGLE INPUT 
- POINTER. TO THE ARIIAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE AR~AY StNE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN 8LANK COMMON 

COSINE OF THE PROJECTION· ANGLES 
- POINTER TO THE ARRAY DAlEf:! IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- l.OGICAL VARIABLE SET TRUE FOR EMISSION DATA AI'40 

FALSE FOR TRANSMI SSION DATA 

DIMENSION Blll,Plll 
DIMENSION BFLGf4J 
DIMENSION NAMERI91 
LOGICAL TFANN, TATENN 
EXTERNAl. 8CK 
DATA 10K/2HOl(I 
DATA NAfI4ER/1HE,lHN,lHD,lH ,1HB,lHJ,lHEtlHCtlHTI 

"'8E SURE THAT SETUP HAS BEEN CAllED 

IF (ISETUP.NE.IOK) CAll EfI4ESG 11,NAMERI51,11 

IF IIGEOM.NE.3) GO TO 10 
WRITE I LUNOUT,201 
CALL PIESG 1361NAMERI5JIli 

10 IF (LOATA.LE.DJ CALL MEMST (LDATA,KDIMI 
IF {LOATA.LE.DI CAll MEMSl (LDATA,KOtM' 
IF (M.EO.l! CALL LGTXT (NAMERISI,5) 
CALL BCI( 18FLG,OUM,Ol 

1TYP= BFLGlll 
IWTT"'BFLGI2J 
IATEN=BFLGI31 
IFAN"BFI.GC41 

TFANNcIFAN.EQ.l 
TA TENN-IA TEN. EQ.l 

I F II TFANC .OR. TF ANF' .AND. T fANN .OR •• NOT • II TFANC .OR. TFANF I • OP .• TFANNI 
11 GO TO 12 

WRITE (LUNOUT,22J 
CItlL EMESG 12,NAMER151111 

12 IF ITATEN.ANO.TATENN.OR •• NOT.ITATEN.OR.TATENN" GO TO 1-4 
WRITE (LUNOUT,241 
CAll EHESG f3,NAMER(51,1I 

14 IF ITSTORE' GO TO 18 
If (M.NE.1.ANO.TCtR, CAli.. CISQ IB,8,21 
CALL ZERO (QATAILDATAI,KOIM' 

Pt-4.·ATANU.1 
FAC-PI 
IF I .NOT • TEMIT 1 FAC.,P II (FL OAT( NANG I.PWIO I 
KSUB 1-K"'1 N-KMOV 
KSU82-I.OAT A+KMI N-1 
00 16 K,.,KHI N, KHAX 
DATAl KSU82)"'P (I' SUB 11.FAC 
KSUB1=KSUB1"1 
KSU82-KSU82+1 

16 CONTINUE 

1722 
172.3 . 
HZ. 
1725 
1726 
1727 
1728 
1729 
1730 
1131 
1732 
1733 
113-4 
1735 
1736 
1737 
1738 
1739 
1740 
1741 
1742 
1743 
1744 
1745 
1746 
1747 
1148 
1749 
1150 
1751 
1752 
1753 
1754 
1755 
1156 
1157 
l758 
1759 
1760 
1761 
1762 
1763 
1764 
1165 
1166 
1167 
17t:8 
17t.9 
1770 
1771 
1172 
1773 
17711> 
1775 
1176 
1777 
1778 
1779 
1780 
1181 
1782 
1783 
17811> 
1785 
1786 
1787 
1188 
1789 
1190 
1791 
1192 
1193 
1794 
1795 

'1796 
1797 
1798 
1799 
1800 
1801 
1802 
1803 
1804 
1805 
1806 
1807 
1808 
1609 
1810 
1811 
1812 
IB13 
1814 
1815 
1816 
1817 
1818 
1819 
1820 
18ll 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
183~ 
1835 
1836 
1831 
1838 
1639 
1840 
1841 
1842 
1843 
1844 
1811>5 
18U 
1847 
1848 
18-4'9 
1850 
1851 
1852 
IB53 
185-4 
1S55 
1856 

CAU SCK (8,QATAnDATA),MI 

IF (TCIR) CALL CISQ (8,B,I) 
IS IF «M.NE.NANGI RETURN 

CALL HEMST (lOATA,OI 
CAll JIIIEMST IMAXFW,-l J 
WRITE nUNOUT.26J MAXFW 
CALL LGTXT I NAJIIIEII: ,9 I 

RETURN 

2.0 FORMAT(1I10X,39H8JECT CANNOT SE USED WITH I\ING GEOJIIIETRYI 
110X,49H(SETUP INPuT PARAMETER IGEOJl(-tPAR(5. CANNOT BE 31' 

22 FORMATtILOX,S5HTHE BACK-PROJECTION SUBROUTINE IS INCONStSTENT WITH 
1 THE/15x,34HFAN 8EAM PARAMETERS seeN BY SETUP. I 

24 FORMATtlX,17HATTEMPTED CALL Of A 8ACK-PROJECTION SUBROUTINE WHICH 
IUSES ATTENUATION FACTORSI 
25x,34H8EFORE THE FACTORS WERE EVALUATED .. ) 

26 FORMAT (111 OX,38HI'IAX I JIIIUJIII SIZE OF BLANK COMMON THUS FAR-, H, 
122H FLOATING POINT WORDS.I 

END 

SU8ROUT INE BKF IL I X, F IL ,BC K I OROERx, FREQXI 

.............................................................................. 
RECtBL VERSION 1.0 170CT77. ...................................................................... 
THE SUBROUTINE BKFIl RECONSTRUCTS THE ARRAY X USING THE 

SACK-PROJECTION OF THE fiLTERED PROJECTIONS ALGORITHM. 

X - THE RECONSTRUCTION ARRAY 
FIL - THE FILTER SUBROUTINE 
eCK - THE BACK-PROJECTION SUBROUTINE 
ORDERX - FILTER PARAMETER USED ONLY BY THE FILTER BUTER 
fREQX - FILTER PARAMETER 

THIS SUBROUTINE CALLS RECl8l ROUTINES - CISQ, EMESG, FFTR, 
GerDE, LGTXT, MEMST, RCHEK, ZERO 

RECl8L ROUT INES WHICH MUST BE CALLED FIRST - SETUP 

EXT~RNAL RECLBL SU8ROUTINES - 8CK, fJL 

LANGUAGE - FORTRAN 

COMMON/WRKCOJIII/NWORK ,'1 WUSED ,NFLOAT, I SETUP 
COMMON WORK III 

NWORK - DIMENSION OF THE USER S COMHON BLOCK IN BLANK 
COMMON 

IWUSEO - THE NU/ItB ER OF WORDS USElr I N BLANK COMMON 
NFLOAT - NUJIII8ER OF WORDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP • 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP - 2HOK BEFORE 
EXECUTING. 

WORK - 8LANK COMMON WORKING ARRAY 

COJIIIJIIION/F I LC OM/OROER, FR EO ,L8CKA, LPRJA, LF 1 L T 
OIJIIIENSION aCKAl11.PRJA(11,FILTf11 
EQUIVALENCE (WORK U J t 8CKA' 11, PRJA 11), FIL T (11 I 

ORDER 
FREQ 
L8CKA 

LPRJA 

LFILT 

- FILTER PARAJIIIETER USEO ONLY 8Y THE FTLTER 8UTER 
- FILTER PARAMETER 
- POINTER TO THE ARIlAY BCKA IN BLANK COMJIIION 

BACK-PROJECTION ARRAY WHICH HAS THE DII'IJENSION 
NOIM X P«>IM 

- POINTER TO THE ARRAY PRJA I N BUNK COHMON 
A PROJECTION ARRAY FOR ONE ANGlE 

- POINTER TO THE ARRAY FILT IN 8LANK COM"4DN 
ARRAY OF FILTER VALUES 

COMJIIION/OUTCOM/LUNIJUT, 180 132 

LUNOUT - LOGI CAL UNIT NUMBER FOP: OUTPUT 
180132 - FLAG INDICATING NUJIIBER OF CHARACTERS IN A LINE OF 

OuTPUT O~ LUNDuT 
o - 80 CHARACTERS 1132 CHARACTERS OTHERWISE' -

COHMONI PRT COHITPRINT 181 
LOGICAL TIIRtNT 

TPRINT - LOGICAL PRINT FLAGS 
. 1 - PRINT REQUIRED FLOATING POINT BLANK COHMON 

WHENEVER CHANGED 
2 - PRtNT PROJECTION DATA AND UNCERTAINTIES 
3 - PRINT SETUP VALUES fROM IPAR A~D PAR ARRAYS 
4 - PRINT FILTER FUNCTION FOR CONVOLUTION AND FILTER 

ROUTINES 
5 - PRINT VALUES FOR THE LAGRANGE MULTI Ptl.ERS AND 

THE GRADI ENT FOR THE fUNCTION OF LAGRANGE MUl TI
PILERS FOR THE ENTROPY RECONSTRUCTION 

6 - PRINT POINTERS IN 8LANK COMJIIION WHENEVER CHANGED 
(DEBUGI 

COMMONI pTRCOM/NOIMU, NOIM, PWI 0, TC IR ,NJIIIAT, LNI, KNI 
lOGICAL TCIR 
DIMENSION NIl 11 
EQUI VAl.ENCE(WORK 111, Nil 1 ) J 

NOIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NDIM - THE CURRENT LINEAR DIMENSION USED 8Y THE PROGRAM 
PWIO - PIXEL WIDTH (IN UNITS OF PMJECTION 8IN WIDTH' 
TCIR - LOGICAL vARIABLE SET TRUE FOR CIRCULAR RECO";. 
NMAT - THE NUM8ER OF CELLS IN THE TRANSVERSE SECnON 
LNI - POINTER TO THE ARRAY NI IN BLANK COMMON 

NI I J I, IS THE NUMBER OF CELU IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR MEMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

COMMONI STRCOM/TSTORE 
LOGICAL TSTORE 

TSTORE - LOGICAL VAP. IABLE SET TRUE WHEN TESTING STORAGE SIZE 
SETS TPIU NTlll •• TRUE. 

1851 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
18H 
1972 
1873 
1874 
1815 
1876 
1877 
1878 
1879 

1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
189] 
,s .. 
1895 
1896 
1897 
1898 
1899 
lcJOQ 
1901 
1902 
1903 
1904 
1905 
"06 
1907 
1908 
1909 
1910 
1911 
1912 
191] 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
192] 
1'724 
192' 
1926 
1927 
1928 
1929 
1930 
1931 
19]2 
1933 
1934 
1'93' 
1936 
1937 
1938 
19]9 
1940 
1941 
1'~42 

19-43 
194-4 
1945 .... 
1911>7 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
195' 
195~ 
1957 
1958 
19" 
1960 
1961 
1962 
1963 
1964 
196' 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
19'73 
1974 
1975 
1976 



, , , , , , , 
C 
C 
C 
C , 
C 
C 
C 
C , 
C 
C 
C 
C , 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
c 
c 
c 
c. 

COMMONITRGCOMI I GEOM, KDI MU, AX I SU, BW I 0, K"IOV, KMIN, KHAX, KOIM, AXI S, 
1 LPROJ ,NANG ,MODANG, LANG, LS tNE, LCOSIN, LDAT EA., T EMIT 

LOGICAL TEMIT 
DIMENSION PROJ Ill, ANG! 1) ,S tNE 11 J ,COSINE! 11 ,DATER( 11 
EQUIVALENCE (WORK( 11, PRDJ( 1) ,ANGI11, SINE( 11 ,COSINE III ,DATER! 1)) 

IGEOM - GEOMETRY FLAG 
o - PARALLEl BEAM GEOMETRY 
1 m FAN BEAM GEOMETRY ICURVED DETEt:':TOIO 
2 m FAN BEAM GEOMETRY (FLAT DElECTOR) 
3 - RING DETECTOR GEOMETRY 

KOIMU - NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 
BY THE USER 

AXISU - THE PROJECTED LOCATIQN OF THE ROTATION AXIS IN THE 

BWIO 
KMOV 

KMIN 

KMAX 

KOIM 

AXIS 

LPROJ 

NANG 
MOOANG 
LANG 

LSINE 

LCOStN 

LOAfER 

TEMIT 

PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN.) 

- PROJECTION BIN wIDTH (IN UNITS OF PIXEL WIOTHI 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY (AXIS) AND THE AXIS FOR THE USER DATA 
ARRAY (AXISU). AXIS" AXISU+FLOAT(KMOVI 

- FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NOIM X NOIM ARRAY, USUALLY 
KOIM-KOIMU. 

- THE PROJECTED lOCATION Of THE ROTATION AXIS IN THE 
PROJECTION ARRAY. USUALLY AXIS.AXISU. 

- POINTER TO THE ARRAY PRDJ IN BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COM"'ON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE tN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COS INE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- lOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANS"'tSSION DATA 

EXTERNAL FIL,BCK 
DIMENSION XllI 
DIMENSION NAMERC91 
LOGICAL rao, TI32 
DATA NA"'ER/IHE,Ufl,IHD,IH ,1HB,lHK.IHF,IHI,IHLI 
DATA IOK/2HOIC.I 

l60-TPRINT (4'.AND. I 80132.EQ.0 
T132-TPRI NT (.) .AND. 180132.NE.0 

-BE SURE THAT SETUP HAS SEEN CAllEO 

tF (JserUP.NE.IOKI CALL EMESG Cl,NAMERCS),l) 

DRDER-ORDERX 
FREQ-FREQX 
CALL LGTXT (NA"'ERI51,5J 
WRITE «LUNOUT,ZOI 
WRITE flUNOUT,221 ORDER 
WRITE, (LUNOUT,241 FREQ 

CALL RCHEK (BCK,FIL,3) 

IPDW2- I NT( ALOG I FLOATe KDt M )-. 51 IAlOG' 2.1 ) +2 

.IPOW2 SATISFIES KOIM-Z •• IPOW2 WHERE KOIM IS 2 TIMES THE 
SMALLEST INTEGER THAT IS A POWER OF 2 AND GREATER THAN 
OR EQUAL TO KDIH. 

KoIMT-2··IPOW2 
KHALF-KOIMTIZ 

CALL MEMST (LPRJA,KoIMTI 
CALL MEMST (lFILT,KHALF) 

IF ITSToREI GO TO 18 

.STORE THE FILTER VALUES IN FILT 

ISUB-lFILT 
DO 10 K-l,KHAlF 
CALL FIL IFtLTlISUal,FLOATCkJ/FLOATtKDIMTI,lI 

10 lSUB-ISUB+1 

ISUSl-LFIl T 
ISUB2-LF IL T +KHAL F-l 
ZZRO-O. 
FREQSP-1./FLOAT I KDtMT) 
IF (TBOI WRITE (lUNOUT,26) KHAlF.kDJMT.FREQSP,ZZRO,(FIlTIISUBI, 

11 sua-I SUBI, J SUB2) 
IF ITI.321 WRITE (LUNOUT,2B) KHAlF,KDIMT.FREQSP,ZlRO,tFILTtISUB), 

11 SUS-. SUB1, ISUB2) 

00 14 "'-1 ,NANG 
CALL ZERO CPRJA(lPRJAJ,KOIMTI 
CAll GETOE tH,PRJACLPRJAltOUHI 

.FOURIER TRANSFORM THE PROJECTION 

CALL FFTR (PP:JAtLPRJAI,IPOW2) 

·.FILTER THE FOURIER TRANSFORM 

PRJAILPRJA)-O. 
t Sua-UIL T+KHALF-l 
PRJACL PRJA+l) -PRJA ILPRJA+ 11.F IL T( I SUB) 
KHI-KHAlF-l 
ISUB1-lPRJA+2 
ISUBZ-LFIL T 
DOll K-l,KHI 
PRJA( ISUBII-PRJA 1 I SUBU.FI L TI I SUB2) 
PRJA' ISUBI +11-PRJAI I SUB1+ 1).F IL T( I SUB ZI 
I SUB1-1 SUB1+2 

12 ISUB2-ISUBl+l 

.INVERSE FOURIER TRANSFORM THE FILTERED PROJECTION 

CALL FFTR IPRJAILPRJA),-IPOW21 

• BACK-PROJECT THE PROJECT ION 

1. CALL BCK (X,PRJA(LPRJA) ,M) 

PI-"' •• UAN( 1.1 
FAC- P I/FLOAT INANG) 
00 16 I=l,NMAT 

16 Xtt)=XIU.FAC 

1971 
1978 
197c; 
1980 
1981 
1982 
1983 
198ft 
1985 
1986 
1987 
19B8 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
200e 
2009 
2010 
2011 
2012 
2013 
201. 
2015 
2016 
2017 
2018 
2019 
2020 
2011 
2022 
2023 
2024 
2025 
20Z6 
2027 
2028 
20l~ 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
20.38 
Z039 
20.0 
20'H 
2042 
20.3 
204~ 
2045 
2046 
2041 
2048 
20~9 

l050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
l061 
2062 
2063 
2064 
2065 
2066 
Z067 
2068 
2069 
2070 
2071 
2072 
2073 
2014 
2075 
2016 
l017 
2078 
l079 
l080 
2081 
Z082 
2083 
208'" 
20B5 
2086 
2081 
2088 
2089 
l090 
2091 
2092 
2093 
209~ 
2095 
2096 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
210'" 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 

c. 
c 
c , 
c 
c , 
c 
c 
c 
c 

IF (TCIR) CALL CISQ (X.X,l) 

18 CALL ,o.IE"4ST II PI'JA.OJ 
CALL .o.IE~ST t lFIL T,OI 

CALL "'EMST l"'AXFW,-11 
WRITE (LUNOIJT,301 .'04AXFw 
CALL LGTxT (NA"1ER,91 
ReTURN ' 

20 FORMATi IllIl1X.31HPARAMETERS FOR SUBROUTINE BKFlLII19XtllHDESCRI 
IPTIONIlXI 

22 FORMATI10H ORDER X - ,F6.1.~x,46HFILTER PloRAMETER USED ONLY BY THE 
LF IL TER BUT ER) 

24 FQRMATtl0H FREQX - ,F6.3.4X.34HFREQUENCY PARAMETER FCiR THE FILTER 
11 

26 FOR"1ATt/lx.55HTHE VALUES FOR THE FREQUENCY SPACE FILTER IFILTltl,1 
1"0.,13.181-11 WITH A FREQuE"ICY/2X.14H SPACING OF 1/,13,2H .,E9.3.30H 
2 CYCLES PER PROJECTION 8IN ARE/t3X.5EI2.311 

28 J.'QR"'AHIlX,5!HTHE VALUES FOR THE FREOUENCY SPACE FILTER (FILTIII.I 
l"'O"I3,l8HI WITH A FREQUENCY/2xtl4H SPACING OF I/tl3,2H -.E9.3.30H 
2 CYCLES PER PROJECTION SIN AREII3K.10EI2.311 

30 FORMATIIIIDX.38HMAxtMUM SIZE OF SLANK CO"'~ON THUS FA,R",.I7. 
122H FLOATING PCINT WORDS.) 

END 

SUBROUTINE BLl (B,P,HI .................................................................. 
"RECl8L VERSION 1.0 170CT77. .................................................................. 

THE SUBROUTINE Bll BACK-PROJECTS A SINGLE PROJECTI~N ARRAY 
P INTO THE ARRAY B. THE PROJECTION HAS THE ANGLE ANG(MI WHERE 
M IS THE INDEX OF THE ANGLE. THE VALUE GIVEN EACH CELL IS 
WEIGHTED ACCORDING TO THE LENGTH OF THE RAY INTERSECTING EACH 
CEll. THE B ARRAY IS ZEROED IF 1'4-1. 

- THE BACK-PROJECTION ARRAY 
- THE PROJECT ION ARRAY 
- THE ANGLE INDEx 
- IF M .LE. Ot ONLY A SET OF FLAGS IS RHURNEO IN 6 

NO BACK-PROJECTION OPERATION IS PERFORJIIIED 
ISEE THE SUBROUTINE RCHEtC FOR EACH FLAGS MEANING) 

THIS SUBROUTINE CALLS REClBl ROUTINES - ZERO 

REClBL ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

lANGUAGE - FORTRAN 

COMI'ION/WRKCOH/NWORK, twuS EO. NFL OAT, ISETUP 
COMMON WORK( 11 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

I"'USEO - THE NUMBER OF WORDS USED IN BLANK COMMON 
NFL OAT - NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
ISETup - THE SUBROUTINE SETUP SETS 1 SETUP - 2HOK. 

SU8ROUTINES WHICH REQUIRE THAT SETup IS CALLED 
FIRST TEST 10 SEE IF ISETUP - 2HOK BEFORE 
EXECUTING. 

WORK - BLAN!( COMMON WORKING ARRAy 

COMMONI PTRCOM/NDIMU. NO 1M. PW 10, TC IR, NMAT. LNt. KNI 
LOGICAL TCIR 
DIMENSION NI Il) 
EOUI VALENCEIWORK U It NIt U) 

NDIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAR DIMENSION USED 8Y THE PROGRAM 
PWID - PIXEL WIDTH f IN UNITS OF PROJECTION BtN wiDTH) 
TCIR - LOGICAL VAR.IABLE SET TRUE FOR CIRCULAR. RECON. 
N"IAT - THE NUMER OF CElLS IN THE TRANSVERSE SECTION 
lNI - POINTER TO THE. ARRAY NI IN BLANK COMMON 

NIIJ) IS THE NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FORM OF T~E ARRAY 

KNI - SPEC IAl FLA G FOR MEMST CALL S NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

C OMMON/TRGCOH/I GEOM, KOIMU. AX ISU, BW I O.I<MOV. KM I N, KMAX. KDI "" A XI S, 
1 LPROJ ,NANG ,MOOANG, lANG, LS I NE, lCOS I Nt LOAT ER. TEM IT 

LOGICAL TEMIT 
DIMENSION PROJll) ,ANGlll ,SINE (1), COS tNE' II.DATER! 11 
EQUIVALENCE (WORK til, PROJ( It. ANG' II. SI NE IlJ ,COSINE HI, OATER( 11) 

JGEOH - GEOMETRV FLAG 
o ., PARAllEL BEAM GEOMETRY 
1 '" FAN SEAM GEOMETRy ICURVEO DETECTOR) 
2 '" FAN BEAM GE OMElRY IFLAT DETECTOR) 

= RING DEJECTOP GEOMETRY 
KOIMU - NUMBER OF BINS IN THE PR(\JECTION ARRAY SUPPLIED 

BY THE USER 
AXtSU - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 

PROJECTION ARRAY (THIS IS SUPPLIED BY rl-'E USER 
AND IF AXISU IS ]NTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN.I 

BwlO - PROJECTION BIN WIDTH lIN UNITS OF PIXEL wIDTH) 
KMOV - THE DISTANCE BETWEEN THE AXI S FOR THE SYSTEM DATA 

ARRAY (AXISI AND THE AXIS FOR THE USER DATA 
ARRAY tAXISU). AXIS - AXISU+FLOAT(KMOV) 

KMtN - FIRST LOCATION IN SYSTEM DATA ARRAV THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

KMAX - LAST lOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING TO 8E USED. 

KDtM - NUM8ER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NDIM X NoIM ARRAY, USUALLY 
KOIM-KDIMU • 

AXIS - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXIS=AXISU. 

lPROJ - POINTER TO THE ARRAY PROJ IN BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

NANG - NUMBER OF PROJECTIONS 
MOOANG - MODE FOP PROJECTION ANGLE INPUT 

227 

2113 
2114 
2115 
2116 
2117 
2118 
2l1q 
2120 
2121 
2122 
2123 
2124 
2125 
2126 
2127 
2128 
2129 
2130 
2131 
2132 
2133 
2134 
213!' 
2136 
2131 
2138 
213C; 
2140 

2141 
2142 
2l1t3 

"" 21~5 
214~ 
2147 
21.B 
Z149 
2150 
2151 
2152 
2153 
2154 
215!5 
2156 
2157 
2158 
2159 
2160 
2161 
216l 
2163 

"6'0 
2165 
2166 
l167 
2168 
ll69 
2170 
2171 
2172 
2173 
2114 
2175 
2176 
2177 
2178 
Z179 
2180 
2181 
21f1Z 
2183 
21B4 
21S5 
2186 
2187 
2188 
2189 
2190 
l191 
2192 
2193 
219", 
2195 
2H6 
2197 
2198 
219q 
2200 
2201 
ZZOZ 
2203 
2204 
2205 
220~ 
2207 
2208 
220Q 
2210 
2211 
2212 
2213 
2Z14 
2215 
2216 
2217 
2218 
221<:1 
2220 
2221 
2222 
2223 
2224 
2225 
2226 
2227 
2228 
222<:1 
22)0 
2231 
2232 



228 

. LANG - POINTER. TO T~E ARRAY ANG IN 51.ANI( COMMON 
PROJECTION ANGLES IN RADIANS 

LSINE - POINTER TO THE AU.6Y SJNE IN BLANK COMMON 
SINE OF THE PROJECTtON A,"'GLES 

lCaStN - POINTER TO THE URA'I' COSTNE IN BLANK CQHIltON 
COSINE OF THE PROJECTION ANGLES 

LOATER - POINTER. TO THE ARItAY CATER IN BLANK COMMON 
USER PROJECTlON DATA AND UNCERTAINTIES 

TE~tT - LOGICAL VA"IABlE SET TRUE FOil. eJIIIISSIClN DATA AND 
FALSE fOR TRANS"J S5ION OATA 

DIMENSION 8(1),P11l 
DIMENSION FLAGSI41 
DATA' FLAGS/O •• 3 •• 0.,Q.1 
DATA EPSIl. E-6/ 

IF 'M.LE.OJ GrJ TO 58 

IF IM.EO.l} CALL lERO IB,NMATJ 

.SET ZEROTH PROJECTION INTERSECTION AND QFFSET 

Z·-Ax{S*SWID 
H- • 5*nOA T( NO(fWll 

.SET SIN AND COS AND CHECK FOR. VERY SMALL ANGLES 

I SUS-LSINE+M-l 
S-SlNEIISUBI 
I sua-leas IN+"I-1 
C"COSINE(ISUBI 
IF tABSC 51 ... T .EPS) GO 1(1 38 
IF lASSCCI.LT.EPSI GO TO 1t8 

.OXL AND DYL ARE TO STEP THROUGH THE S ARRAY 

.(DISTANCE TO STEP ALONG THE LINE) 

DXL-1./ASSle) 
on-l./ASSIS) 

.OX AND DY ARE TO fiND LARGE INTERSECTIONS 

.,SIDEWAYS INCRE-ENTS FROM ONE LINE TO THE NEXH 

OX--BWI DIS 
DY-BWIDIC 

.KI IS THE I INCREMENT AS WE STEP ALONG THE LINE 

.I1ST IS THE FIIiST I FOR LUGE X INTERSECtJO,.S 

.IOUT TAI(ES us OUT OF THE ARflA Y 

.XOFF MAKES THE ROUNDING OF II-X) OK FOR NEGATIVE 1(1 

IF ((.Ll.O.) GO TO 10 
I(J-1 
I1sr-l 
I OUT-NOI M+l 
XOFF-O. 
GO TO 12 

10 KI--1 
11ST-~OIM 
IOUT-O 
XOFF-l. 

.KJ, J1ST, JOUT AND YOfF ARE ANAL AGO uS TO 

.1(1, IlST, lOUT AND XOFF RESPECTIVELY 

12 IF (S.LT.O.I GO TO 14 
KJ-l 
J lST-1 
JOUT-NOtM+l 
YQFF_O. 
GO TO 16 

14 KJ--l 
J1ST-NOIM 
JOUTcQ 
YI)FF_l. 

.X AI'40 Y ARE FOR -LARGE INTERSECTIONS 

.EPS INSUII:ES THAT NONE FALL THROUGH THE CP.ACKS 

lb X" l-F LOA l( KJ) .H.C-lll S+H+F lOAT Oq '.EPS 
y .. I -FLOAT (K! I.H.S+l HC+H+FLOAT IKJJ .EPS 
I JLAST-l 
IF 'IKI.NE.KJI IJLASr-2 

.L OOP THRU THE PROJEC T I O~ S t NS 

00 36 K.l~ KOIM 

*UPDATE THE POSSISlE LARGE INTERSECTIONS AND START SEARCHING 
WHEA E' THE LAST Ol'4E WAS FOUND 

X"X+OX 
Y-Y+OV 
GO TO (18,22I,IJlAST 

.IS THERE A LARGE x INTERSECTION 

18 I-,hl. 
IF Il.GE.l.ANO.l.LE.NOII"1 GO TO 20 
GO TO 122,3bl,IJlAST 

20 I JLAST-l 
J.cJ1ST 
XL= ABS ( ( fLOAT ( I J-x-XOFF J .OXLJ 
YL"OYL 
GO TO 2b 

• IS THERE A lUGE. Y INTERSECTION 

22 J=Y+1. 
IF IJ.GE.I.A"'O.J.lE.NOI'" GO TO 24 
GO TO (36,18)' IJlAST 

":4 IJlAST-2 
I .. t 1ST 
Yl-ABS ( (FLOAT I J I-';'-YOFF) .OYl J 
Xl-OXl 

.STEP THRU THE B ARRAY 

2233 
2234 
2235 
2236 
2237 
2238 
2239 
2240 
2241 
2242 
2243 

22" 
2245 
2246 
22"7 
2248 
2249 
2250 
22~1 
2252 
2253 
2254 
2255 
225b 
2257 
2258 
2259 
2260 
2261 
2262 
22t:3 
22b4 
2265 
2266 
2267 
2268 
2269 
2210 
2271 
2272 
2.273 
2274 
2275 
227t: 
2271 
2278 
227~ 

2280 
2281 
2282 
2283 
2284 
2285 
22M 
2287 
2288 
2289 
2290 
2291 
2292 
2293 
2294 
2295 
2296 
2297 
2298 
2299 
2300 
2301 
2302 
2303 
2304 
2305 
2306 
2301 
2308 
2309 
2310 
2311 
2312 
2313 
2314 
2315 
2316 
2311 
2318 
2310; 
2320 
2321 
2322 
2323 
2324 
2325 
2326 
2327 
2326 
2329 
2330 
2331 
2332. 
2333 
2334 
2335 
2336 
2337 
2338 
2339 
23"'0 
2341 
2342 
2343 
2344 
2345 

"46 
2347 
2348 
2349 
2)50 
2351 
2352 

.THE S ARRAY IS INCRE"'E~TEO BY P ARRAY TIMES LINE LENGTH 

lb ISUS-L"4I+J-l 
~"'NllISUBI 
H.-INOI JI4-NNI/2+1 
1U-ll+NN-1 
1 SUS-t sua+Not'" 
IJ-I,,"'1 (ISUSI 
IF IXl.GE.VlI GO TO 32 

28 IF tJ.LT.1L .• OR.I.GT.{UI GO TO 30 
at IJ ,-at IJ '+Xl.PIK) 

30 1-1+1(1 
IF II.EO.tOUTI GO TO 36 
IJ-IJ+I(J 
Yl-Yl-Xl 
Xl-OXI.. 
IF (XL.lT.Yl) GO TO 28 

-y HIT 

32 IF U.LT.Il.OR.I.GT.!U) GO TO.34 
51 IJ I- 51 IJ )+Yl.PIK I 

31t J-J+KJ 
IF IJ .EO.JOUTI GO 10 3b 
Isue-LNl+J-1 
NN_NI I ISUBJ 
IL-( NOI JI4-HN 112+1 
I u.t L+NN-l 
Isue-ZSUB+NOIJII 
JJ"Z+NI (ISuSt 
Xl-XL-YL 
Yl"OYl 
IF (YL.lT.xlI GO TO 32 
GO TO 28 

36 CONTINUE 
RETURN 

*ANGlE IS VERY NEAR 0 OR PI 

38 Y-UC+H 
OY-SWIOIC 
00 Itb 1(&:I.KDI'" 
Y·Y+O';' 
J-Y+l. 

.SEE IF THE LJNE IS VERY CLOSE TO A PIXEL 80UNDARY 

JJ-Y+l.+EPS 
IF (JJ.EQ.JJ JJ-Y+l.-EPS 
FAC-I. 
IF IJJ.EQ.JI GO TO 42 
FAC-.5 
IF iJJ.lT.l.DR.JJ.GT.NDIM) GO TO 42 
ISUe-lNI+JJ-l 
NN_NI« 1 SUB' 
Il-INOIM-NNI/2+1 
IU-Il+NN-l 
tsue-lSUB+NOIM 
IJL-ll+NI f ISUSJ 
IJU .. IU+NIIISU8' 
00 .0 IJ-IJl,IJU 

40 BIlJI-BIIJI+FAC.PfK' 
42 IF (J.LT.l.OR.J.GT.NDIMI GO TO 46 

tSUB-lNI+J-l 
NN-HI« ISU81 
ll-( NOI "'-NNI/2+l 
w-a.+NN-I 
I SUB- t SU8+NDI '" 
tJL-IL+NIIISU81 
IJu-lu+NtlISUBI 
0044 IJ-IJL,IJU 

Itlt BIIJJ=81IJ}+FAC.P(lO 
46 CONTI NUE 

RETURN 

-ANGLE IS VERY NEAR PI/2 OR 3P1I2 

Its X--lIS+H 
DX--BwIO/S 
00 S6 1(-I,KOI'" 
X_x+DX 
I-X+l. 

_SEE IF THE LINE IS VERY CLOSE TO A PIXEL BOONOARY 

II&:X;+l.+EPS 
IF 111.EO.I1 It-X+l.-EPS 
FAC-l. 
IF (lI.EQ.I' GO TO 52 
FAC-.5 
IF (It.lT.l.0R.tI.GT.NOI"'I) GC TO 52 
I Sua-L!'H +1 1-1 
NN-I-H II SUS) 
JL-INOIM-NNI/2+1 
JU-JL+NN-l 
1 SUS-lN I +NDIM+Jl-l 
00 SO J-Jl, JU 
IJ-I i+Nl fI SUS) 
SIIJ I-se IJ I +FAC.P(K) 

50 I SUS-ISUS+l 
52 IF II .. lT.l.0R.I.GT.NDIMI GO TO 56 

ISUB-LNI+I-l 
NN-NI e I sua) 
JLorl NOI M-NN 112+ 1 
JU-JL+NH-l 
I SUS"lNI +NOI M+Jl-1 
00 54 J-Jl,JU 
IJorl+~I'ISUSI 
BI IJ I-Sf IJ I+FAC.PI K I 

SIt I SUB- I SUS+ 1 
56 CONTI NUE 

RETURN 

5B DO bO 1-1,4 
60 BIII-FlAGS!t} 

RETURN 
END 

2Hl .... 
2355 
2356 
2351 
2358 
2359 
2360 
2361 
2362 
2363 
"64 
236~ 
Z366 
2367 
2368 
2369 
2370 
2311 
2372 
2313 
2311t 
2375 
2316 
2317 
2318 
2319 
2380 
2381 
23B2 
23Bl 
2384 
2385 
2386 
2381 
23B8 
2389 
2390 
2391 
2392 
2393 
2394 
239' 
2396 
239'1 
2398 
2399 
2"'00 
2401 
2402 
2403 ,.00 
2ltO! 
2406 
24-01 
2408 
2409 
2410 
2411 
2412 
2413 
2411t 
2415 
20\16 
2ltll 
2418 
24-19 
2420 
2421 
2422 
2423 
2424 
2425 
2426 
2421 
2428 
2 .. 29 
2430 
2431 
2432 
2433 
2434 
243' 
2436 
2lt37 
2438 
2439 

2'" 24ltl 
2442 
24U ,. ... 
244' 
2446-
2447 
2448 
2449 
2450 
2451 
2452 
2453 
2C!o5. 
2455 
2456 
2457 
2458 
2lt59 
24tlO 
2Ul 
2462 
2463 
2464 
246' 
2 ... 
24b1 
2468 
2469 
2UG 
2471 
2412 

{,' 

",'l0/ 

, , 

. ,~., 
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SUBROUTINE BPT (B,P,H) .................................................................... 
• RECLBl VERSION 1.0 170CT77. .................................................................. 

THE SUBROUTt NE BPT BACK-PROJECTS A S I NGl E PROJ ECT I eN ARRAY 
P INTO THE ARRAY B. THE PROJECTION HAS THE ANGLE ANG""" WHERE 

104 I S THE III4DEX OF THE ANGLE. THE "100El AS SUM ES THAT EAC H CELL 
IS REPRESENTED BY A DEL TA FUNCTION wITH ALL THE DENSITY AT THE 
CENTER OF THE CEll. THE ARRAY B IS ZEROED IF 104"1. 

- THE BACK-PROJECTION ARRAY 
- THE PROJECT ION ARRAY 
- THE ANGLE INDEX 
- IF M .LE. 0, ONLY A SET OF FLAGS IS RETURNED IN B 

NO BACK-PROJECTI ON OPERATION IS PERFORJI4ED 
ISEE THE SUBROUTINE RCHEI<. FOR EACH FLAGS MEANINGI 

THIS SUBROUTINE CALLS RECLBL ROUTINES - ZERO 

REClBl ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

lANGUAGE" FORTRAN 

COM"4DN/WRKCOM/NWORK t I WUS EO, NFLOA T, ISETUP 
COHMON WORK 11 1 

NwORK - DIMENSION OF THE USER S CO"'"ON BLOCK IN BLANK 
COMMON 

IwuSED - THE NU"'BER OF WORDS USED IN BLANK COMMON 
NflOAT - NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
ISETup - THE SUBROUT INE SETuP SETS I SETUP - 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CAllED 
FIRST TEST TO SEE IF {SETUP - 2HOK BEFORE 
EXECU1 ING. 

WORK - BLANK CO ... MON wORKING ARRAY 

C OH"'ONI PTRCO""NOI MU. NO 1M. PW I 0. TC lR .NMAT ,lNI, KNI 
LOGICAL TCIA. 
DIMENSION 1141111 
EQUI VALENCE(WORK fl). NI(1)) 

NDI"'U - THE UNEAR DIMENSION OF THE TRANSVERSE SECTION 
NDI~ - THE CURRENT LINEAR DIMENSION USED BY THE PIlOGPAM 
PWIO - PIXEl. WIDTH I IN U"'ITS OF PROJECTION BIN WIDTH) 
TCIR - LOGICAL VARIABLE SET TRUE FOR CIRCULAR REeDN. 
NHAT - THE NUHBER OF CELLS IN THE TRAlIIsvEHE SECTION 
LillI - POINTER TO THE APRAY 1141 IN BLANK COMMON 

Nt(Jj IS THE NU"'BER OF CELLS IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FlAG FOR MEMST CALLS NEEDED BECAUSE HI 
IS AN INTEGEA VARI ABLE 

C D ... fitONITRGCOMI I GEOM, KDIHU. AX I SU, BwI D. KMOv,KMiN, KMAX, Koi 1'1, A Xl S. 
1 LPROJ ,NANG,MOQANG, LANG, LS tNE. leOS I N. LOAT ER, T EM IT 

LOGICAL TEMIT 
DIMENSION PPOJU I ,ANGI 11, SINE III .COSINElll ,DATERlll 
EQUIVALENCE IwORK( 11, PPQJ{ lItANG( 11, SINE (11 ,COSINE (11 ,DATER( 111 

IGeCM - GEO ... ETRY flAG 
o a PARALLEL BEAJ14 GEOfitETRY 
1 - FAN SEAM GEOMETRY (CURVED DeTECTOR 1 
2 - FAN BEAM GEOMETRY IFlAT DETECTORI 
3 - RING DETECTOP GEOMETRY 

KDI/ltU - NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 

AXI SU 

BWIO 
KMev 

K"'IN 

KMAX 

KDIH 

AxIS. 

LPRQJ 

NANG 
MODANG 
LANG 

LSINE 

LCOSIN 

LOATER 

TEMIT 

BY THE USER 
- THE PROJECTED lOCATION OF THE ROTATION AlCIS IN THE 

PROJECTION ARRAY (THIS IS SUPPLIEO BY THE USER 
AND IF AXI$U JS INTEGEII, THEN ROTATION AXIS FAll~ 
IN THE CENTER OF A PIIOJECTJON BIN. 1 

- PROJECTION BIN WJDTH (IN UNITS OF PIXEL WIDTH) 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY IAXIS) AND THE AXIS FOR THE USER DATA 
ARRAY IAXISU). AXIS .. AxISU+FLOAT(KMOVI 

- FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATION IN SYSTEM DATA ARPAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN THE PROJECTIOII( ARRAY SUFFICIENT 
TO RECONSTRLCT AN NDIM X NDIM AP:RAY, USUAllY 
KQIM-KOIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AxiS IN THE 
PROJECTION ARRAY, USUALLY AxtS-AXISU. 

- POINTER TO THE ARRAY PROJ I~ BLANK COMMON 
INTERMEDIATE PROJEcnON AND PROJECTION ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTJON ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK CIJ"4~ON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK CO~MON 

SINE OF THE PROJECTION ANGLES 
- POINTEfI TO THE ARRAY COSINE IN BLANK CO"'''!ON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN BUNte CO,.. ... ON 

USER PR.OJECTION DATA AND UNCERTAINTIES 
- LOGICAL VAR tABLE SET TRUE FOR EMtSSION DATA AND 

FALSE FOR TRANSMI SSI ON DATA 

DIMENSION Bnl,PIII 
aCK/PRJ,WT,ATEN.FAN ARE THE 4 flAGS RETURNED IN a IF MalE. 0 

DIMENSION FLAGSI4) 
DATA FlAGS/O.,O.,O.,O.I. 

IF (MoOlE.O) GO TO 14 

IF (M.EQ.l) CALL ZERO la,NMAT) 

ISUB-l.SINE+M-1 
S-SINE 11 SUB )_PW I 0 
I SUB-LC OSI N+M-1 
C-COS JNE( ISUB).PWID 
HS-aS.S 
ZN-. 5_nOA TI NDIM+ l' 
zz- IN.' S-C ) +AX IS+ .. 5 
JJL-1 
DO 12 J-ltNDIM 
ZZ-ZZ+C 
JSUB-LNI+J-l 

2473 
24H 
2475 
2476 
2477 
2478 
2479 
2480 
2481 
2482 
2483 
2484 
2485 
248t; 
2487 
2488 
2489 
2490 
24'H 
2492 
2493 
2494 
2495 
2496 
2497 
249B 
2499 
2500 
2501 
2502 
2503 
2504 
2505 
2506 
2507 
25M 
2509 
2~10 
2511 
2512 
2513 
2514 
2~ 15 
251c> 
2517 
2518 
2519 
2520 
2521 
2522 
2523 
2!24 
2525 
2!26 
2527 
252B 
2529 
2530 
253L 
2532 
2533 
2~34 

2535 
2536 
2!37 
2538 
2539 
2!;:40 
2~41 
2542 
2543 

".-2545 
2546 
2!47 
2548 
2549 
25~O 
2551 
2552 
2553 
2554 
2555 
2556 
2557 
2!,8 
2559 
2560 
2561 
2562 
2563 
2564 
2565 
2566 
2567 
2~6B 
2~6q 

2570 
2~71 
2572 
2573 
2574 
2575 
2576 
2!.77 
257B 
2!:79 
2~80 
2581 
2582 
2583 
2594 
25~~ 
2586 
2587 
2588 
2569 
2590 
2591 
25qz 
259"3 
2594 
2595 

'c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c. 
c 
c 
c 
c 
c 

NN.NII15U91 . 
ZaZZ- FLOAT eNOl M-NN I.H5 
IJU"IJl+NN-l 
Dd 10 IJ-IJl,JJU 
Z·Z-S 
.oZ 

10 BIIJI .. BIIJI+P(KI.pwID 
12 IJl-I Jl+NN 

RETURN 

14 DO 16 I-1,1t 
16 BI I I-FLAGSf I I 

RETURN 
END 

SUBROUTI~E BPTA 18,P.M' ........................................................................ 
• REClBL VERSION 1.0 170 CT 77 ... .................................................................... 

THE SUBROUTI ~E BPTA BAC K-PR.OJECT S A S I NGl E PROJ EeTt ON 
A"RAY P INTO THE ARRAY B. THE PR.OJECTION !-lAS THE ANGLE ANGII'4' 
WHERE M IS THE INOEX OF THE ANGLE. THE "IODEL ASSUMES THAT EACH 
CEll IS flEPRESENTEO 8Y A DELTA FUNCTION WITH ALL THE DENSITY AT 
THE CENTEfI OF THE CElL. THE VALUE GIVEN EACH CELL IS WEIGHTED 
BY AN ATTENUATION FACTOR. THE ARRAY B IS ZER.OF.D IF "'e1. 

- THE BACK-PROJECTION ARRAY 
- THE PROJECT ION AIIRAY 
- THE ANGLE INDEX 
- IF M .LE. O. ONLY A SET OF FLAGS IS HTURNEO Jf.I B 

NO BACK-PROJECTIO~ OPERATION IS PEq,FOR"'EO 
(SEE THE SUBROUTINE RCHEK FOR EACH FLAGS MEANH1GI 

THIS SUBROUTINE CAllS IIECLBL ROUTINES - FHTN. ZEFo.O 

flECLBL ROUTINES "'HICH "'UST BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

COHMON/WPKC O"4/NWORK, J wuSED .NFLOAT t J SETUP 
COHMON WORK III 

NWORK - DIMENSION OF THE USER S CC"'"ON BLOCK IN BLANK 
COMMON 

IWUSED - THE NUMBEF. OF WORDS USED IN BU,NK·CO ... /IION 
~FLOAT - NU ... BER OF WORDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP - 2HOK. 

SUMOUTINES WHICH flEOUIIIE THAT SETUP IS CAllED 
FIRST TEST TO SEE IF ISETUP - 2HOK BEFOR.E 
EXECUTING. 

WORK - BLANK CO"''''ON WOflKI NG ARRAY 

CO ... MONI ATNC OMIlATEN, L BMAP, TATEN, LUNAT~! 
LOGICAL TATEN 
DIMENSION ATENIlI,BMAPlli 
EQUIVALE"4CE (WORK! 11 ,ATENI1I ,B"'APllI I 

LATEN - POINTER TO THE ARRAY ATEN IN BLANK COMMI')N 
STORES ATTENtAT ION FACTORS FOR ONE ANGLE 

LS~AP - POINTER TO THE AIIR.AY BMAP IN BLANI( COMMON 
A MATfi..IX USED TO STORE THE Cf)NSTANT ATTENUATION 
COEFFIC IENTS 

TATEN - LOGICAL VAR IABLE SET TRUE F:JR A"!TENUATtr)N 
RECONSTR.UCTION 

LUNATN - LOGICAL UNIT NUMBER FOR ATTENUATION FACTOR STallAGE 

C<)"1MON/P TRCOM/NOI MU, NOJ M, PWI 0, TC I 0 .N"'AT, LNI ,J(N 1 
LOGICAL TCIR 
OI"'ENSION NI III 
EQUIVAL ENCElwORK I 1ltN H 111 

~DI"'U - THE LINEAR DIMENSION OF THE TR.ANSVEPH SECT IaN 
NOIM - THE CURRENT LINEAR OIMENSIO.'" USE!) BY THE P~OGRA'" 
PIIID - PIXEL wIDTH C IN UNITS OF PflOJECTlJN SIN WIDTH) 
TCIR - LOGICAL VARIABLE SET UUE FOR CIRCulAR RECON. 
NMAT - THE NUMBER Of CElLS IN THE TCANSVERSE SECTION 
lNJ - POINTER TO THE ARRAY NI IN 8LANK C("IMMON 

NICJ) IS THE NU"16ER OF CEllS IN THE J-TH ROW OF 
THE SQUARE IlR CIRCULAR FORM OF THE ARRAY 

KNJ - SPECIAL FLAG FOR "4£IoIST CALLS NEEOEO BECAUSE NI 
IS AN INTEGER 'lAP JABLE 

CD"''''ON/TRGCOMII GEOM, KDI MU, AXI Su, awl 0, KMOV.KMI N. K"IAX, KDI "4, AXI S, 
1 LPROJ, NANG, MODANG. LANG, lS INE, LCOS IN, LDAl EO, TEf!1I T 

LOGICAL TEMJ T 
DI"'ENS ION PROJ Ill, ANGI U, S IJIIE (11 ,COSINEI 11 ,DATERe 11 
EQUIVALENCE I WORK (11, PflOJ(1), ANGll" SINE Ill, COSINElllt DATER 1 11 I 

IGEOM - GEOMETRY flAG 
o .. PARAllEL BEA~ GEOMETRY 
1 - FAN BEAM GEO"'ETRY ICURVED DETECTORI 
2 .. FAN BEAM GEOMETRY (FLAT OETECTOIU 
3 a RING DETECTOR GEOMEH.Y 

KDIMU - NUMBER OF B INS IN THE PRr.lJECTION ADRAY SUPPLIED 
BY THE USER 

AXISU - THE PROJECTED LOCATInN OF THE flOTATION AxIS IN THE 
PROJECTION AllflAY (THIS IS SuPPltEO BY THE USER 
AND IF AXISU IS INTEGEfI, THEN ROTATION AXIS FALLS 
IN THE CENTER IJF A PROJECTION 61N.1 

BWIO - PROJECTION RJN WIDTH lIN UNITS OF PIX!:L WIDTH) 
KMOV - THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARR.AY IAXISI AND THE AXIS FOil: TI-IE USER DATA 
ARRAY IAxtSU). AlliS" AxISu+FLIJATIKMOV) 

KHJN - FIRST lOC-ATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIFIST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

K~AX - LAST LOCATION IN SYSTE'" DATA ARP.AY THAT STOPES 
. THE DATA OF THE LAST uSEP PCOJECTION [lIN THAT 

I S GOING TO BE USED. 
KOIM - NUMBER. OF 8INS IN THE PROJECTION ARRAY SUFFICIENT 

TO RECONSTRUCT AN NDI'" X 11401"1 ARIO.AY, USUALLY 
KDIM-KOIMU. . 

AXIS - THE PROJECTED LOCATION OF THF ROTATION AXIS IN THE 
PROJECTION ARRAY, USUAllY AXIS".XISU. 

lPflOJ - POINTER TO THE AR.II:AY PROJ IN BLANK COMMON 
INTERMEDIATE PR.OJECTlON AND PROJECTION F.RROP 
VEC TOR 

NANG - NUMBER OF PROJECTIONS 
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2 ~ Clb 
2:591 
2!::9B 
2!::99 
2600 
2601 
L602 
2603 
2604 
2t05 
2tOo 
2607 
ze08 
lt09 

2l: 10 
2611 
2612 
l61) 
2614 
2t:15 
2016 
2617 
2618 
2619 
2620 
2621 
2622 
2623 
2e.24 
2~25 
L~2t 
2627 
2628 
2629 
2630 
2631 
2632 
2633 
2034 
2635 
U36 
2637 
2t:36 
2U9 
261t0 
2t.41 
2642 
2043 
2644 
2645 
2646 
2647 
26.B 
26~<; 

26~0 
2651 
2052 
2653 
2t:54 
2655 
2~56 
2057 
2658 
26~9 

2660 
2661 
2662 
2663 
2664 
26e5 
2666 
2667 
2668 
20b'> 
2670 
2671 
2672 
2:c>73 
2674 
2675 
267b 
2,,77 
2678 
267'> 
U80 
2681 
zea2 
268) 
26B4 
2M! 
26B6 
2687 
UPS 
268'> 
261:10 
26<;1 
26112 
26 c 3 
zell4 
26Cjl~ 

2696 
U'>7 
26<i8 
269Cl 
2700 
2701 
~702 
2703 
2704 
270! 
2706 
2707 
270B 
2709 
2710 
2711 
2712 
2713 
271" 
2715 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

~ODANG - MODE FOR PROJECTION ANGLE INPUT 
LANG - POINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN PADUN$ 
LSINE - POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
leOSIN - POINTER TO THE ARRAY COSINE IN BlANK (O"'MO'" 

COSINE OF THE PROJECTION ANGLES 
LOATER - POINTER. TO THE ARRAY DATER 'Pol BLANK CO"'MON 

USER PROJECTION OATA AND UNCERTAINTIES 
reMIT - LOGICAL VAlUABLE SET TPve FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

DI"4ENSION BIl),PllJ 
BCK/PRJ,wT,ATEN,FAN ARE THE,. FLAGS RETURNED IN a IF M .LE. 0 

DIMENSION fLAGS(41 
DATA FLAGS/Q.,Q.,l.,Q./ 

IF O'l.I.E.O) GO TO 14 

IF (M.EQ.lJ CAll ZERO CB,NHATJ 
CAll FlATN (M,ATENCl.ATENJ,NMATI 

ISUB"LSINE+H-l 
S-SINEIISU8J*pwIO 
I SUS;;LCOSIN+/I1-1 
c-cos tNEI ISU"SI*PwIO 
HSo.S·S 
ZN- .S.FLOATe NOI "!+ 11 
ZZ= ZN. C S-C I +AX IS + .. 5 
tJLal 
DO II J=l,NDIM 
ZZ-ZZ+C 
I SUB"'lNI+J-l 
NN-NJ (lSUBI 
Z-ZZ-F LOAT (NO I "'-NN) .HS 
IJU"IJL+NN-l 
DO 10 IJ=IJL,IJU 
Z-Z-S 
K·Z 
ISUB-lATEN+IJ-1 

10 BelJIIIBC IJI+ATENCISU81.peKI.PWID 
12 IJL-IJL+NN 

RETURN 

lit 00 16 1.1,4 
16 BClI-FlAGSIl I 

RETURN 
END 

SUBROUTINE BPTF (B,P,MI .................................................................. 
• REClBl VERSION leO nOCT77. .................................................................. 

THE SUBROUTINE BPTF BACK-PROJECTS A SINGLE PROJECTION 
ARRAY P INTO THE ARRAY B FOR A FAN BEAM GEOMETRY. THE PROJECT-
ION HAS THE ANGLE ANGeMI WHERE M IS THE INDEX t'F THE ANGLE. 
THE MODEL ASSUMES THAT EACH CEll IS REPRESENTED BY A DELTA 
FUNCTION WITH All THE DENSITY AT THE CENTER OF THE CELL. THE 
ARRAY B IS ZEROED IF *1. 

- THE BACK-PROJECTION ARRAY 
- THE PROJECT ION ARRAY 
- THE ANGLE INDEX 
- IF M .LE. 0, ONLY A SET OF FLAGS IS RETURNED IN B. 

NO BACK-PROJECTION OPERATION IS PERFORMED 
eSEE THE SUBROUTINE RCHEK FOR EACH FLAGS MEANING. 

THIS SUBROUTINE CALLS RECLBL ROUTINES - ZERO 

RECLBl ROuTINES WHICH "lUST BE CALLED FI RST - SETUP 

LANGUAGE - FORTRAN 

COHMONI WRK(OM/NWORK, IwuSED ,NFL OAT , I SETUP 
COMMON WORK U, 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
CQMI'ION . 

IWUSED - THE NUMBER Of WORDS USED IN BLANK COMMON 
NFL OAT - NUMBER OF WORDS FOR A FlOATING POINT VAlUABLE 
I SETUP - THE SUBROUTINE SETUP SETS ISETUP - 2HOK. 

SU8ROUTINES WHICH REQUIRE TIotAT SETUP IS CAllED 
FIRST TEST TO SEE IF ISETUP • 21-()K BEFORE 
EXECUTING. 

wORK - BLANK COMMON WORKING A".RAY 

COMMON/FANCOM/RFAN, TFANC, TFANf 
LOGICAL TFANC, TFANF 

RFAH - fOR FAN BEAM GEOMETRY RFAN IS THE DISTANCE FROM 
THE SOURCE TO THE CENTER OF ROTATlON. RFAN 
IS MEASURED IN UNITS OF PROJECTION BIN WIDTHS AT 
THE CENTER OF ROTATlON. 

TFANC - lOGICAL VARIABLE SET TRUE FOR FAN BEAM wITH A 
CURVED DETECTOR 

TFANF - lOGICAL VAJl.IABLE SET TRUE FOR FAN BEA"! WITH A 
FLAT DETECTOR. 

CO"1MONI PTRCO"!/NDI HU, NoI "I, PW I 0, TC IR, NMAT, lNI, KNI 
LOGICAL TC IR 
01MENS10N NI fu 
EQUIVALENCE! WORK I U ,NI I 111 

NOIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NDIM - THE CURRENT LINEAR DIMENSION USED BY THE PROGRAM 
PWIO - PIXEL WIDTH I tN UNITS OF PROJECTION BIN WIDTH' . 
TCIR - lOGICAL VARIABLE SET TRUE FOR CIRCULAR RECON. 
NMAT - THE NUMBER OF CELLS tN THE TRANSVEFtSE SECTION 
LNt - POINTER TO THE ARRAY NI IN BLANK COMMON 

NIIJ) IS Tt-IE NUMBER 'OF CELLS IN THE J-TH ROW OF 
THE SQUAFtE OR CIRCULAFt FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR HEMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

COMMONITRGCO~I I GEOM, Kat MU, AX] SU, BWI 0, KMOV, KMI N, KMAX, KOI 1'1, AX IS, 
1 l PROJ, NANG, MOoANG, LANG, LS tNE, lCOSIN, LDAT ER, TEMI T 

lOGICAL TEM] T 

2716 
2717 
2718 
2:719 
2720 
2721 
2722 
2723 
2724 
2725 
2726 
2727 
272B 
2729 
2730 
2731 
2732 
2733 
2734 
2735 
2736 
2737 
213B 
2739 
2740 
2741 
2742 
2143 

27" 
2145 
2146 
2747 
2748 
2149 
2750 
2751 
2752 
2753 
2754 
2755 
2756 
2757 
2158 
2759 
2760 
2761 
2762 
2763 

2761t 
2765 
2766 
2767 
2768 
2769 
2170 
2771 
2772 
2773 
2774 
2775 
2776 
2777 
2778 
2779 
27BO 
2781 
2782 
2783 
2784 
2785 
2186 
2787 
27B8 
2789 
2190 
2791 
2792 
2193 
2794 
2795 
2796 
2791 
2798 
2799 
2800 
2801 
2802 
2803 

2.'" 
2805 
2.06 
2801 
2808 
2809 
2810 
2811 
2B12 
2813 
2B14 
2815 
2Blb 
2817 
2818 
2819 
2820 
2821 
2822 
lB23 
2B24 
2825 
2826 
2B27 
2B2B 
2B29 
2B30 
2B31 
2832 
2833 
2B34 
2B35 

c· 

Dl"4ENSION PROJ IlJ, ANGI 11, S INEIU ,COSINEt 11 ,DATERe 11 
EOUI VALENCE eWORK 11 J, PROJll J ,ANGI lit S t"'E (11, COSINEC 11, DATER I 11' 

JGEOM - GEOMETRY flAG 
o - PARALLEL BE A'" GEG"'EUv 
1 - FAN BEA" GEO"ETRY (CURVED OETECTOPI 
2 • FAN BEAM GEOIolETRY eFLAT DETECTOR I 
3 - RING OETECTOR GEOMETRV 

KOIMU 

AXI SU 

BWIO 
KMOV 

KMIN 

KlUX 

KDIM 

AXIS 

lPROJ 

NANG 
MDDANG 
lANG 

LSINE 

lCOSIN 

LOATER 

TEMIT. 

- NUHBER Of BINS IN THE PROJECTION ARRAY SUPPLIED 
BY THE US ER 

- Tt-IE PROJECTED lOCATION OF THE ROTATtON AXIS IN THE 
PROJECTION ARRAY CTHIS IS StPPLlED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN.I· 

- PROJECTION BIN WIDTH lIN UNITS OF PIXEL WIDTH) 
- THE 01 STANCE 8ETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY (AXIS' AND THE AXIS FOR THE USER DATA 
ARRAY (AXISUt. AXIS _ AXISU+FLOAT(KMQVI 

- FIRST LOCAT ION IN SYSTEM DATA ARRAv THAT STORES 
THE DATA OF THE FIRST USER PROJECTtON BIN THAT 
IS GOING TO BE USED. 

- lAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
I S GOING TO BE USEO. 

- NUM8ER OF BINS IN THE PROJECTION ARRAY SUFFICIE"4T 
TO RECONSTRUCT AN NOIM X NDIM ARRAY, USUALLV 
KDIM·KOIMU. 

- THE PROJECTED lOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXIS-AXJSU. 

- POINTER TO THE ARRAY PROJ IN BLANK COMMON 
INTERMEDIATE PROJECTION AND PPOJECTiON ERROR. 
VECTOP. 

- NUMBER OF PROJECT IONS 
- MODE FOR PROJ ECT ION ANGL E INPUT 
- POINTER TO THE ARRAy ANG IN 8LANK COM"'ON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE· IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COSINE OF THE PROJECTtON ANGLES 
- POINTER TO THE ARIlAY DATER IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL YAIlIABlE SET ·TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSMI SSION DATA 

DIMENSION BI 1) ,PC 11 
8CK/PRJ,wT.ATEN,FAN ARE THE 4 FLAGS RETURNED IN B IF 14 .lE. 0 

DIMENSION FLAGSeltJ 
OAT A. FLAGS/O., 0.,0., 1.1 
DATA 1I.4999991 

IF IM.lE.DI GO TO 22 

IF ·(M.NE.it GO TO 10 
CALL ZERO t B,NMATI 

10 CONTINUE 

I SUB·l S INE+M-1 
S-SINE t ISUBI.PWID 
I SUB-LCOSt N+M-l 
(-COS tNE C ISUB I.PWI 0 
HS-.'·S 
H(-.S·C 
ZN- .S.FLOAT CNDI~+l J 
ZX_RFAN_ZN. (c+S I 
ZV·ZN·eS-CJ 
RF P-RFAN*PWI 0 
JJl"'l 

IF e TFANF' GO TO 16 

DO 14 J-1,NDIM 
ZX-ZX+S 
IY-ZY+C 
I SU8-LNI +J-l 
NN-NI t I SUB I 
IXX-IX+FLOAT (NDIM-NN J .HC 
ZVY-Z Y-FlOATt NOI "'-NNI .HS 
IJU"IJL+NN-l 
DO 12 IJ-IJl,IJU 
zxx-ZXX+C 
ZYY-ZYY-S 
DH-SQRTC Zxx •• 2+lYY •• 21 
ARC-AFAN.ATANt ZYVIlXXI 
K-ARC+AXIS+.5 

12 Be IJI-BI IJI+P(K'.RFP/oH 
14 IJL-IJL+NN 

RETURN 

16 0020 J-1,NDIM 
ZX-ZX+S 
lV-ZY+C 
I SUB- lNI+J-1 
NN-NI(ISUBI 
ZXX-ZX+FLOAT (NDIM-NN J .HC 
ZVY-ZY-FLOAT t NoI M-NN).HS 
IJU-IJL+NN-I 
00 18 IJ-IJl,IJU 
ZXX.Z XX+C 
ZVY .. ZYY-S 
vtENTR- ZVY 1 ZXX.RFAN 
K-YCENTR+AXIS+eS 

IB BeIJ'''BIIJI+PIK'*RFPIIXX. 
20 IJL"IJL+NN 

RETURN 

22 00 24 1-1,4 
24 BUJ-FLAGSCI' 

RETURN 
END 

2836 
2537 
2838 
2839 

2.'" 
2841 
2842 
2843 
284. 
28.5 2." 
28U 
2848 
2849 
2B50 
2851 
2852 
2B53 
2854 
2855 
2856 
2857 
2858 
2859 
2860 
2861 
2862 
2863 
2B6. 
2865 
2866 
2867 
2868 
2B69 
2870 
2B7l 
2B72 
2873 
28n 
2875 
2876 
2.n 
2878 
2879 
2880 
2881 
2882 
2883 
28B. 
l88!1 
2886 
2887 
2888 
2889 
2890 
2891 
2B92 
l893 
289. 
2895 
2896 
2891 
289B 
2899 
2900 
2901 
2902 
2903 
290. 
2905 
29" 
2907 
2908 
2909 
2910 
2911 
2912 
2913 
291. 
2915 
2916 
2917 
2918 
2919 
1920 
2921 
2922 
292! 
2921t 
2925 
2926 
2927 
2928 
2929 
2930 
2931 
2932 
2933 
29]lt 
2935 
2936 
2937 
2938 
2939 
2940 
29.1 
29'l 
29lt3 
2944 
29lt5 
29" 

."r<{"+"' • 
.... 
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I BPTF21 
SUBROUTINE SPTF2 IB,P,"'. .................................................................. 
'" REClBl VERSION 1.0 naCT77 '" .................................................................. 

THE SUBROUTINE BPTF2 BACK-PROJECTS A SINGlE PROJECTION 
ARRAY P INTO THE ARRAY e USING A FAN BEAM GEOMETRY. THE PRO-
JECTION HAS THE ANGLE ANGI"' WHERE ... IS THE INDEX OF THE ANGLE. 
THE MOOEL ASSUMES THU EACH CEll IS REPRESENTED BY A oRn 
FUNCTION WITH All THE DENSITy AT THE CENTER OF THE CELL. THE 
ARRAY a IS zEROED IF "'.1. 

THE SUBROUTINE BPTF2 USES A SpeCIAL WEtGHTING so THAT THE 
BACK-PROJECTION fOR A FUT DETECTOR GiveS A CONVOLUTION WITH 
THE TRue DENSITY AND SHOULD ONLY BE USEO WITH THE F IUER OF THE 
BACK-PROJECTION AlGORITHM' SUBROUTINE F 1 LSI< I 

- THE BACK-PROJECTI ON AfI:~AV 
- THE PROJECTION ARRAV 
- THE ANGLE INDEX 
- IF M .LE. 0, ONLY A SET OF flAGS IS RETURNED IN B 

NO BACK-PR:lJECTION OPERATION IS PERFORMED 
ISEE THE SUBROUTINE RCHEK FOR EACH FLAGS MEANI"'IGJ 

THIS SUBROUTINE CAllS RECLaL ROUTINES - ZERO 

RECL.BL ROUTINES WH(CH NUST BE CAllED FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMDN/WRKCON/NWORK, JWUS ED,NFlOAT. ISETUP 
COMMON WORK 111 

""'ORK ... DtMENS ION OF THE USER S CON"ON BLOCK IN BLANK 
COMMON • 

[NUSEO - THE NUMBER OF WORDS USED IN BLANK CON"ON 
NFLOAT ... NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP - 2HOK. 

SUBROUT INES WHICH REQUtRE THAT SETUP IS CAUEO 
FIRST TEST TO SEE IF ISETuP - 2HOK BEFORE 
ExECUTING. 

WORK ... BLANK COMMON WORKIt.lG ARRAY 

COMMON/fANCOM/RFAN, TFANC, TfANF 
LOGICAL TFANC,TFANF 

RfAN ... FOR FAN BEAM GEOMETRY RFAN IS THE 01 STANCE FROM 
THE SOURCE TO THE CENTER OF ROTATJDN. RFAN 
IS MEASURED IN lJo<ItTS OF PROJECTION BIN WIDTHS AT 
THE CENTER OF ROTATION. 

TFANC -, LOGICAL vARIABLE SET TRUE fOR FAN BEAM wITH A 
CURVED DETECTOR . 

TFANF - LOGICAL VARIABLE SET TRUE FOR FAN BEAM WITH A 
FLAT DETECTOR 

COMfillON/PTRCOM/NDI MU,NDI M,PWI D. TC IR, NMAT, LNI, KNI 
LOGICAL TCIR 
DIMENSION NIUI 
EQU IYAL ENCE (WORK tl) ,NIl 111 

NOIMU - THE LINEAR DIJI'ENSIDN OF THE TRANSVERSE SECTION 
NDIM ... THE CURRENT LINEAR 0f/i4ENSION USED BY THE PROGRAM 
PwlD ... PIXEL WIDTH I IN UNITS OF PROJECTION BIN WIDTH' 
TCIR - LOGICAL VAR JABLE SET TRUE FOR CIRCULAR RECON.· 
NMAT - THE NUMBER OF CELLS I N THE TRANSvERSE SECTION 
LNI - POINTER TO THE ARRAY NI IN BLANK COMMON 

NUJJ IS THE NUMBER OF CElLS IN THE J-TH ROW OF 
THE SQUARE DR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL flAG FOR HEMST CAllS NEEDED BECAUSE NI 
I S AN INTEGeR VARIABLE 

COHMDNITRGCOMIJ GEOM, KDI MU, AX I SU,awID .I(MDV, KMI N. KMAX ,KDIM, AXIS, 
1 LPROJ, NANG,MDDAHG,LANG,LSINE ,LCOSt H, LOATER, TEMIT 

LOGICAL TEMIT 
DIfi'tENS ION PROJ I 11 ,ANGI 11, S I NEill ,COSI NE U) • DATER III 
EQUI V' ALENCE I WORK (1), PROJ ( U. ANG( U, SINE (1 ItCOSINE ( 11 ,DATER 111 J 

IGEOH - GEOMETRY FLAG 
o _ PARAllEL BEA" GEOMETRY 
1 - FAN BEAM GEOMETRY (CURVED DETECTORI 
2 - FAN BEAM GEOMETRY (flAT DETECTOR) 
3 _ RtNG DETECTOR GEOMETRY 

KOIMU - NUMaER OF BINS IN THE PROJECTION ARRAV SUPPLIED 

AXtSU 

BWID 
KMOV 

KMIN 

KMAX 

KOtM 

AXIS 

LPROJ 

NANG 
MOOANG 
LANG 

LSINE 

L.COSIN 

LDATeR 

TEMIT 

BY THE USEP 
- THE PROJECTED LOCATION OF THE ROTATtON AXIS IN THE 

PROJECTION ARRAY CTHIS IS SUPPLIED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FAL.LS 
IN THE CENTER OF A PROJECTION 8IN.) 

... PROJECTION aIN WIDTH (IN UNITS OF PIXEL WIDTH) 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY (AXIS) AND THE AXIS FOR THE USER DATA. 
ARRAY (AXISUI. AXIS", AxISU"FlOAT(KMOV) 

- FIRST LOCATION IN SYSTEM DATA AA.RAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION 81N THAT 
IS GOI NG TO BE USED. 

- LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING TO aE USED. 

- NUMBER OF BINS IN THE PROJECTION ARRAV SuFFICIENT 
TO RECONSTRUCT AN NOIM X NDIM ARRAY, USUALLY 
KDI /'I_KDI MU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUAllY AXIS-AXISU. 

- POINTER TO THE ARRAY PROJ I N BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERR.OR 
VEC TOR 

- NUMBER OF PROJECTIONS 
- 11400E FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJEC TION ANGLES 
- POINTER TO THE APRAY COS INE IN BLANK COMMOr.! 

COSINE OF THE PROJECTION ANGLES 
... POINTER TO THE ARRAY DATER IN BLANK COM"ON 

USER PROJECTION DATA ANa UNCERTAINTIES 
- LOGICAL vARIAalE SET TRUE FoR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

DIMENSION BUJ,PIU 
BCK/PR;J,wT,ATEN,FAN ARE THE 4 flAGS RETURNED IN B IF M .LE. 0 

Zc;47 
2948 
2949 
21150 
2951 
2~52 
2c;!53 
2954 
2955 
2956 
2957 
2958 
2959 
2960 
2961 
2962 
2963 
2964 
29605 
2966 
29607 
29608 
20;69 
2970 
Z9"Tl 
2'172 
2'173 
2'17tt 
2'175 
29760 
2'177 
2'178 
2979 
2C;80 
2'181 
2982 
2'183 
2984 
2985 
29B6 
Z987 
29BB 
2'189 
2990 
2991 
2'1'1Z 
2'193 
2994 
2995 
2996 
2997 
2998 
2999 
3000 
3001 
3002 
3003 
300. 
3005 
3006 
3007 
300B 
3009 
3010 
3011 
3012 
)013 
3014 
3015 
3016 
3017 
3018 
3019 
3020 
3021 
3022 
3023 
3024 
3025 
30260 
3027 
3028 
3029 
3030 
3031 
3032 
3033 
3034 
3035 
3036 
1037 
3038 
3039 
3040 
3041 
3042 
3043 
3044 
3045 
3046 
3047 
304B 
3049 
3050 
3051 
3052 
3053 
3054 
3055 
3056 
3057 
3058 
3059 
3060 
30601 
3062 
3063 
3064 
3065 
3066 
3067 
3068 
3069 

t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

DIMENSION FLAGSt41 
DATA FLAGS/0.,20.,0.t1.1 
DATA lI.4999991 

IF I M.LE.oi GO TO 22 

IF (M.IIIE.lI GO TO 10 
CALL lERO (B ,NMATI 
ANGLE-l./RFAN 

10 CONTINUE 

Isua-LSINE .. M-l 
S·SINEIISUBI.PwIO 
ISUB"LCOSIN+M-l 
C"COS I NE ( I SUB) .PWIO 
HS" .5.S 
HC",S·C 
IN-.5·FLOAT(NDI ..... 11 
ZX"RFAN-lN.(C+S I 
lV-lN.1 S-CI 
IJL"l 

IF (TFANFJ GO TO 16 

00 14 J-l,NDIM 
lX-ZX+S 
lV-lV ... C 
ISUB-LNI"J-l 
NN-NIIiSUS) 
lXX-lX .. fLOAT (NDI M-NN I.HC 
lVY- lY-fLOA T( NoIM-NN '.H S 
IJU.,I JL"NN-l 
DO 12 IJ-IJLtlJU 
ZXX-lXX+C 
ZYV- ZVV-S 
OH-SQR 11 ZXX •• Z"ZVy .. z I 
ARC-RFAN.UANI ZYY/ZXXJ 
K-ARC+AXIS".5 

12 BIIJI-BIIJhP(KJ.PWID 
14 IJL-IJL"NN 

RETURN 

16 00 20 J-l,NDIM 
lX-ZX"S 
ZY-ZV+C 
ISUS-LNI"J-l 
NN-NI (I SUB I 
ZXX_ZX+FLOAT(NDIfII~N I.He 
zYY-Z Y-FlOAT (NDI M-NNJ .HS 
IJU-IJL+NN-l 
DO 18 IJ-IJl,lJU 
Z xx.ZXX ... C 
lVV-ZYY-S 
OH-SQRT ILXX •• 2t-lYV •• 2) 
yCENTR-ZYY IZXX.II.FAN 
K-YCENTR"'AX IS .... 5 

18 BfIJ)-S(JJ ... PIKI.PWIo-DH/ZXX 
20 IJL-l JL"NN 

RETURN 

22 DO 24 1-1,4 
24 B (J I-FLAGS (I ) 

RETURN 
END 

SUBROUTINE SRF (B,P," J .................................................................. 
• RECLBL VERS ION 1.0 170CT77. ................................................................... 

THE SUBROUTINE eRF BACK-PROJECTS A SINGLE PROJECTION 
ARRAY P INTO THE ARRAV B. THE PROJECTION HAS THE ANGLE ANG(M' 
WHERE M IS THE INDEX OF THE ANGLE. THE PROJECTION BINS A'lD THE 
BACK-PROJECTION CELLS MUST BE THE SAflilE SllE. THE MODel ASSUMES 
A UNIFORM DENSITY FOR EACH CELL SUCH THAT THE VALUE GIVEN EACH 
CELL IS wEIGHTED ACCORDING TO TH·E FRACTION EACH CELL INTERSECTS 
A PROJECTION RAY. THE RAY FACTORS APE STORED IN A L.OOK-UP 
TABLE SUCH THAT EACH CELL-RAY INTERSECTION IS EOUAL TO ONE OF 
20 VALUES WHICH OEPEt.lOS ON WHERE THE CENTER OF THE CELL FAllS 
WITH RESPECT TO THE 20 EQUAL INTERVALS THAT DIVIDE EACH RAY. 
THE ARRAV B IS ZEROED IF 014-1. 

- THE BACK-PROJECTION ARRAY 
... THE PROJECT leN ARRAY 
- THE ANGLE INDEX 
- IF'" .LE. 0, ONLY A SET OF FLAGS IS RETURNED IN B 

NO BACK-PROJECTION OPERATION IS PERFORMED 
(SEE THE SUBROUTINE RCHEK FOR EACH FLAGS MEANING' 

THIS SUBROUTINE CALLS REClBL ~OUTINES - ZERO 

RECLBL ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMONI WRK COM/NWoRK t IWUS EO, NFL OAT , ISETuP 
COMMON WORK III 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

. IWUSED - THE NUMBER OF WORDS USED IN BLANK COMMON 
NFL OAT - NUMBER OF WoROS FOR A flOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS I SETUP .. 2HOK. 

SUBROUTINES WHICH REClUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP ., 2HOK BEfORE 
EXECUTING. 

WORK - BLANK COMMON WORKING ARRAV 

COMMON/PTRCOM/NOI MU,NOI flit PWI 0, TC I R tHMAT ,LNt ,KNI 
LOGICAL TCIR 
DIMENSION NIIl) 
EQUIVAL.ENCEIWORKI1I tNI( 11 I 

NDIMU - THE UNEAR DIMENSION OF THE TRANSVERSE SECTION 
NOIM - THE CURIHNT LINEAR DIMENSION USED BY THE PROGRAM 
PWID ... PIXEL WIDTH (IN UNITS OF PROJECTION BIr.! WIDTH) 
TCIR ... LOGICAL VARIABLE SET TRUE FOR CIRCULAR RECCN. 
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3070 
3071 
3072 
3073 
3014 
3075 
3076 
3077 
3078 
307<; 
3080 
lOSl 
3062 
30B3 
J084 
J085 
l08b 
3087 
3088 
3089 
3090 
30Ql 
3092 
3093 
309~ 

3095 
3096 
30<;l7 
30<;S 
3099 
3100 
3101 
3102 
3103 
3104 
)lOS 
3106 
3107 
H08 
H09 
3110 
3111 
3112 
3113 
3U4 
3115 
3116 
3U7 
3118 
3119 
3120 
3121 
3122 
1123 
3124 
3125 
3l2b 
3127 
312B 
3129 
3130 
3131 
3132 
H33 
3134 

3135 
3136 
3137 
3l3B 
3139 
3140 
3141 
3142 
3143 
3144 
31't5 
3146 
3147 
314B 
3149 
3150 
3151 
3152 
31!3 
3154 
3155 
3156 
3157 
3158 
3159 
3160 
3161 
3162 
3163 
3lb4 
3165 
316b 
H607 
3168 
3169 
3170 
3171 
3172 
3173 
3174 
3175 
3176 
3177 
3178 
3179 
3180 
3181 
:H82 
3183 
H84 
H8! 
3186 
3187 
318B 
3189 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

~"AT - THE NUMBER OF CELLS IN THE TRANSVERse SECTlON 
L.NI - POINTER TO THE ARRAY NI IN SlANK COMMON 

NICJI 15 THE NUMBER OF CELLS t"l THE J-TH ROW Of 
THE SQUARE OR CIRCULAR FORM Of THE ARRAY 

/(Nl - SPECIAL FLAG FOR MEMST CALLS NEEDEO 8eCAUS~ HI 
IS AN INTEGER. vARIABLE 

CllMMON/RAVCOM/NLElJ, Ull~.F AC, K~RFAC: t LRF At 
DIMENSION MRFAClll,RFAC(U 
EQutVAlENCE( WORKI1I, MRFACll) I RFAClll1 

NLEV - NUMBER OF fRACTION LEVELS 
lMRFAC - POINTER TO Tt-Ie ARRAY MQ:fAC IN Bl ANK COM "ON 

MFlFACfMA,'IIGLEI POINTS TO THE LOCATION IN BUNK 
COMMON WHERE RFACIMRFAC04ANGlEn IS STORED. 
RFACP4RFAClMANGLEII IS THE FRACTION OF THE CELL 
WITHIN THE RAY WHEN THE CENTER OF THE CELL IS IN 
THE CENTER OF THE RAY AT THE ANGlE MANGLE. 

KHRFAC - SPECIAL FLAG FOR "'EMST CALLS NEEDED BECAUSE MRfAC 
IS AN tNTEGER VARtABLE 

LRFAC - POINTER TO THE ARRAY RFAC IN BLANK COMMON 
FRACTIONAl AFIEAS OF A "cELL WHICH INTERSECT 
A RAY AND TI-IIS FRACTION IS MEASURED AS A FUNCTION 
OF THE 01 STANCE THE CENTEq, OF THE CelL IS FROM 
THE CENTER OF THE RAY. THE TOTAL DIMENSION OF 
.THE ARRAY PFAC IS NRFAC-LL.EQANG, WHERE 

3.NLEV+2 IF NLEV I SEVEN 
LL • 

3.NLEV+1 IF NlEV IS 000 
"NO EQANG IS THE SIZE OF THE SET OF ANGLES FORMED 
FROM THE SET OF TOTAL ANGLES WITH MO~ OPERATION 
OF PHI/2 THEN REFLECTI ON ABOUT PH.II4. 

COMMON/TRGeOM/ I GEOM, KOI MU, AX I Su, BW I 0, KJo'OV, KMIN, KMAX, KOI 1'4, AXJ 5, 
1 LPROJ, NANG, HOOANG, LANG, LSI NE, Leos I N, lOAT ER, T EMIT 

LOGICAL TE"IIT 
DtHENSION PROJ U I, ANG( II,S INE' 11, COS INE( 11 ,DATERIlI 
EQUIVALENCE 'WORK( 1), PROJ( 1), ANG( 11, SINE U 1 ,COSINEC 11, DATER ( 111 

tc.EOM - GEOMETRY FLAG 
o - PAKAL\. EL BEAM GEOMETRY 
1 - FAN BEA'" GEOMETRY {CURVED DETECTOR I 
2 _ FAN BEAM GEOMETfi.Y {FLAT DETECTOR I 
3 - RING DETECTOR GEOMETRY 

KDH4U - NUMBER Of BINS IN THE PROJECTION ARRAY SUPPLIED 
BY THE USER 

AXISU -·THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 

BWID 
.HOY 

KMIN 

KMAX 

KDtM 

AXIS 

LPROJ 

NANG 
MQDANG 
LANG 

LSINE 

LCOSIN 

LDATER 

TeMIT 

PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IFAXJSU IS INTEGER. THEN ROTATION AxIS fALLS 
IN THE CENTER OF A PPOJECTION BIN. I 

- PROJECTION BIN wIDTH tIN UNITS Of PIXel WIDTHI 
- THE DISTANCE BETWEEN THE AxIS FOR THE SYSTEM DATA 

AiRAY CAXISI AND THE AXIS FOR·THE USER DATA 
ARRAY CAxISUI. AXIS - AXISU+fLOATIKMOVI 

- FIRST LOCAT ION IN SYSTEM DATA ARRAY THAT STORES 
THE OATA OF THE F lAST USER PROJECTlON B IN THAT 
I S GOING TO BE USED~ 

- LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA Of·· THE LAST USER PROJECTlON BIN THAT 
IS GOING TO BE USED. 

- NUM8ER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NOIM X NDIM ARRAY, USUALLY 
KDIM-KDIMU. . 

- THE PROJECTED LOCATION OF THE R')TATJI)N AXIS IN THE 
PROJECTION ARRAY, USUALLY AXIS-AXISU. 

- POINTER To THE ARRAY PROJ IN BLANK COHMON 
INTERMEDIATE PROJECTION AND PROJECTION" ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POlNTEq, TO Tt-IE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COMMON 

S tNE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMO,.. 

COSINE OF THE PROJECTION ANGLES 
- POINTER ·TO THE ARRAY DATER IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

DIMENSION BILI,PUI 
BCK/PRJ,WT,ATEN,FAN ARE THE", FLAGS RETURNEO IN B IF II1II .LE. 0 

DIMENSION FLAGSt",1 
DATA FLAGS/0.,2.,O.,0./ 

IF I"I~LE.O I GO TO 1-\ 

IF tM.EQ.lI CALL lERO IB,NMAn 

1 sua-LSINE+M-l 
S-SINEIISUBI 
I SUB-LC OS I N+M-l 
C-COSINECISUBI 
I SUB_LMRFAC+M_I 
ll-FLOAT I LRfAC+MIIFAC (ISUBI 1+.s.nOAT( NLEv+lI 
HS_.5.S 
IN-.5 .FLOAT( NOIM .. tl 
ZZ-ZN.t S-C) +AxI S ... 5 
IJL-t 
DO 12 J-l, NOIP~ 
ZZ-ZZ+C 
ISUB-LNI+J-l 
NN"NI {ISUSI 
Z-ZZ-FLOA H NOIM-NN I.HS 
IJu- I JL +NN-I 
00 10 IJ-IJL.,IJU 
Z-Z-S ··z 
L-ll-FLOA 11 NL. E VI. ll-FLOAT( KI I 
LP-L+NLEV 
LH-L-NLEV 

10 B IIJ I-B ( IJ I+RFAC (LP) .PIK+ 1) +RFAC IL I.P {K 1 +RFAC (L.II4I.P IK-ll 
12 IJL_IJL+NN 

RETURN 

14 00 16 1-1,4 
16 BIII-FLAGSI II 

IF ILRFAC.L T .01 CALL RAYST 
RETURN 
END 

3190 
3191 
3L92 
3191 
319. 
H95 
3196 
3191 
1198 
319fi 
3200 
3201 
1202 
3203 
3204 
3205 
1206 
3201 
3208 
3209 
3210 
3211 
3212 
3213 
3214 
3215 
3216 
3211 
3218 
3219 
3220 
3221 
3222 
3223 
322,. 
3225 
3226 
3221 
3228 
3229 
3210 
3231 
3232 
3233 
323,. 
3235 
3236 
1237 
323B 
1239 
3 .. 0 
320\1 
32-\2 
3243 
32" 
32,.5 
3246 
3247 
3H8 
3249 
3250 
3251 
3252 
3253 
325" 
3255 
3256 
3251 
1258 
3259 
3260 
3261 
3262 
3263 
326. 
3265 
3266 
3267 
326B 
3269 
3270 
3211 
3272 
3213 
327,. 
3275 
3276 
3277 
3218 
1279 
32BO 
3281 
3282. 
3283 
328" 
3285 
32B6 
3287 
32B8 
3289 
3290 
3291 
3292 
3293 
3294 
3295 
3296 
3297 
3298 
3299 
3300 
3301 
3302 
3303 
3304 
3305 
3306 
3301 
]308 
3309 
3310 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE BRFA (B,P,"" .................................................................. 
• RECLBL. VERS tON 1.0 170C·171. ................................................................... 

THE SUBROUTINE BRFA BACK-PROJECTS A 51NGLE PROJECTION 
ARRAY P INTO THE ARRAY B. THE PROJECTION HAS THE ANGLE ANGIMI 
WHERE M IS THE INDEX OF THE ANGLE. THE PROJECTION BINS AND THE 
BACK-PROJECTlCW CELLS MUST BE THE SAME SIZE~ THE MODEL ASSUMES 
A UNIFORJIII DENSITY fall. EACH CELL SUCH THAT THE ValUE GIVEN EACH 
CElL IS WEIGHTED BY AN ATTENUATION FACTOR AND THE FRACTION 
EACH RAY INTERSECTS EACH CELL. THE RAY FACTORS ARE STORED IN 
A LOOK-UP TABLE SUCH THAT EACH CElL-RAY tNTERSECTtON IS EQUAL 
TO ONE OF io VALUES WHICH DEPENDS ON WHERE THE CENTER OF THE 
CELL fALLS WITH RESPECT TO THE 20 EQUAL INTERVALS THAT DIVIDE 
EACH RAY. THE ARRAY B IS ZEROED If "'-I. 

- THE BACK-PROJECTION ARRAY 
- THE PRC.JECTJON ARRAY 
- THE ANGlE INOEX 
- If " .LE. 0, ONLY A SET Of fLAGS IS RETURNED IN B 

NO BACK-PRO JECT I ON OPE RAT! ON I S PERfORMED 
(SEE THE SUBROUTINE ReHEK FOR EACH FLAGS MEANING) 

THIS SUBROUTINE CALLS· RECLBl ROUTINES - FlATN, lERO 

RECLBL ROUTINES WHICH "'US1 BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMON/WRKCOM/NWORK ,I NUSED ,NfLOAT. ISETUP 
COHMON WORK III 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON" 

IWUSED - THE NUfeER OF WORDS USED IN BLANK COII("ON 
,..fLOAT - NUMBER Of WORDS FOR A FLOATING POINT VARUBlE 
lSETUP - THE SU8ROUT INE SETUP SETS ISETUP - ZHOk. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO see IF lSETUP - 2HOl( BEFORE 
EXECUTING. 

WORK - BLANK COMP40N WORKI NG ARRAY 

COMMON/ ATNCOM/LA TEN, l8MAP. TAT EN, LUNATN 
LOGICAL TATEN 
DIMENSION ATENIlJ,BMAPUJ 
EQUI VALENCE (WORke 1), ATENt l' ,BMAP( 11 • 

LATEN - POINTER TO THE AR~AY ATEN IN SLANK COMMON 
STORES ATTENUATION FACTO~S FOR ONE ANGLE 

LBMAP ... POINTER TO THE ARRAY B"'AP IN BLANK COMMON 
A MATRIX USED TO STORE THE CONSTANT ATTENUATION 
COEfflC IENTS 

TATEN - LOGICAL VAA tABLE SET Tq,UE FOR ATTENUATION 
RECONSTRUCTION 

LUNATN - LOGICAL UNIT NUJIiIISER FOR ATTENUATION fACTOR STORAGE 

COMMONI PUCOH/NOIMU, NDIM, pwl D, TC IR ,NMAT, LNI ,KNI 
LOGICAL TClA. 
DIMENSION NI (11 
EQU IVAL.ENCEIWORK {lltNlll' J 

NO I JlltU - THE LINEAR DIMENSION Of THE TRANSVERSE SECTION 
NDIJilt - THE CURRENT LINEAR DIMENSION USED BY THE PROGRAM 
PWIO - PIXEl "'JOTH 'IN UNITS OF PROJECTION BIN WIOTHI 
TCIR - LOGICAL VARIABLE SET TRUE FOR CIRCULAR RECON. 
NMAT - THE NUMBER Of CELLS IN THE TRANSVERSE SECTleN 
LNt ... POINT ER TO THE ARRAY NI IN BLANK COMMON 

NJ(JI IS THE NUM8ER OF CELLS IN THE J-TH ROW OF 
THE SQuARE OR CIRCuLAR fORJIIt OF THE ARRAY 

KPliI - SPECIAL FLAG FOR MEMST CAllS NEEDED eECAUSE NI 
I S AN INTEGER VARIABLE 

COMMOPli/RAYCOM/NLEV, LMRF AC, KMRFAC. LRFAC . 
DIJiltENSION MRFAClll,A.FAC(U 
EQUI VAL ENCE( WORK (11, MRFAC' 1 I ,RFAC( 11 J 

NLEV - NUMBER OF FRACTION L.EVElS 
LMRFAC - POINTER TO THE ARRAY MRFAC IN BLANIt COJlillJlltDN 

MRFACIMANGLEI POINTS TO THE LOCATION IN BLANK 
COMMON WHERE RFACCMRfAC(MANGlEII IS STORED. 
RFAClMRFAClJlillANGLEII IS THE FRACTION OF THE CELL 
WITHIN THE RAY WHEN THE .CENTER Of THE CELL IS IN 
THE CENTER Of THE PAY ·AT THE ANGLE MANGLE. 

KMRFAC - SPEClAL FLAG FOR MEMST CALLS NEEDED BECAUSE JIiIIRFAC 
IS AN INTEGER VAP IASLE 

LRFAC - POINTER TO THE ARRAY RFAC IN BLANK CO"'MON 
FPACTtONAl APEAS OF A CELL WHICH INTERSECT 
A RAY AND THIS FPACTION IS MEASUREO AS A FUrt:TION 
OF THE DISTANCE THE CENTER Of THE CElL IS FROM 
THE CENTEP. OF TI-IE RAY. THE TOTAL DIMENSION OF 
THE ARRAY HAC IS NR.FAC-ll.EQANG, WHERE 

3.NLEV+2 1 F NlEV 1 SEVEN 
Lea 

3.NLEV+l tF NLEV IS 000 
AND EQANG IS THE SIZE OF THE SET OF ANGLES fORMED 
FROM THE SET Of TOTAL ANGLES WITH MOD OPERATION 
OF PHI/2 THEN REflECTION ABOUT PHIH. 

COMMON/TR.GCOM/I GEOM.KOIMU, AxlSU, BWI 0, KMOV ,K"1N, KMAX, KDI JIll, A Xl S, 
1 l PROJ ,NANG,JIIIOOANG. LANG, LS I NE. LCOS IN,L OAT ER, T EM IT 

LOGICAL TEMIT 
DIMENSION PROJ {J I ,ANGlll ,5 INE( 11, COSINEll I ,DATER( 11 
EQU IVAL EHCE (WORK 111 , PROJ{ 11 ,ANG f 11 ,SINE C 11 .COSI NE ( 1 ), DATER f 11 ) 

IGEOM - GEOMETRY FLAG 
o - PARALLEL SEAM GEOMETRY 
1 - fAN SEAJIII GEOMETRY (CURVED DETECTOR) 
2 - FAN BEAM GEOMETRY IFlAT DETECTOR I 
3 - RING OETECTOR GEOMETRY 

KOl/IIU - NUMSER OF BINS IN THE PROJECTION ARRAY SUPPLIEO 
BY THE USER . 

AXISU - THE PROJECTED LOCA.tION Of THE ROTATION AXIS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AX ISU IS INTEGER, THEN ROTATION AXIS FAUS 
IN THE CENTER OF A PPOJECTION BIN.) 

BwIO - PROJECTION BIN WIDTH {IN UNITS Of PIXEL WIOTHI 
KMav - THE DISTANCE 8ETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY CAXISI AND THE AXIS FOR THE USER DATA 
ARRAY IAXISUI. AXIS - AXISu+FlOATlKMOVI 

3311 
3312 
3313 
3314 
3315 
3316 
3311 
3318 
3319 
3320 
3321 
3322 
3323 
3324 
1325 
332tJ 
3327 
3328 
3329 
3330 
3331 
333Z 
3333 
3334 
3335 
333tJ 
3337 
3338 
1339 
3"0 
3Hl 
3l.Z 
134' 3]." 
33.5 
33 .. 
13-\7 
3348 
3349 
3350 
3351 
3352 
3353 
335. 
3355 
3356 
3351 
3358 
3359 
3360 
3361 
3362 
3363 
33'" 
3365 
3166 
3367 
3368 
3369 
3370 
3371 
3312 
3313 
3314 
3315 
3316 
3317 
3318 
3319 
n80 
3381 
3382 
3383 
338,. 
3385 
3386 
3387 
3388 
3389 
3390 
3391 
33q2 
3393 
339. 
3195 
3396 
33'1 
33'8 
33q9 
3",00 
3.01 
3.02 
3403 ,. .. 
3"05 
3",06 
3.0T 
n08 
3.09 
3.10 
nll 
3412 
3,.13 
n14 
3415 
nl6 
3411 
3.18 
3419 
nzo 
3.21 
342:2 
n23 
nH 
3.25 
nZ6 
H27 
3.2B 
3ltZ9 
3430 
3"31 
H12 

~ ...... 
'':' 



c· 
t 
t 
t 
t 
t 
t 
C 
C 
C 
t 
t 
C 
C 
C 
C 
t 
C 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 

KMAX 

KDtM 

AXIS 

lPROJ 

NANG 
JIIIODANG 
lANG 

lSINE 

leostN 

LOATER 

TEMIT 

- FIRST LOCATION IN SYSTEM DATA APRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION 81N THAT 
IS GOING TO 8E USED. 

- L.AST L.OCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE L.AST USER PROJECTION BIN THAT 
IS GOING TO 8E USED. 

- NUM8ER OF 8INS IN THE PROJECTION ARRAY SUFFICIE~ 
TO RECONSTRuCT AN NDIM X NOH'! ARRAY, USUAlL.Y 
KD I M-KDIHU. 

- THE PROJECTED LOCATION OF THE ROTHION AXIS IN THE 
PROJECTION ARRAY., USUALLY AXIS-AXISU. 

- POHHER TO THE ARRAY PA.OJ IN BLANK CO"'"ON 
INTEIH4EDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG I N BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BL.ANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN 8L.ANK COMMON 

COSINE Of THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL vARlA8LE SET TRuE FOR EMISSION DATA AND 

FALSE FOR TRANSJIIIISSION DATA 

DIMENSION BUl,peU 
8CK/PRJ,lIfT,ATEN.FAN ARE THE. FLAGS RETURNEO IN 8 IF JIll .LE. 0 

DIMENSION FLAGS(~I 
DAU. FLAGS/0.,2 ot l.,0./ 

IF (M.lE.OI GO TO 1. 

IF (M.EQ.U CALL ZERO (B,NMAT) 
CALL FUTN (M, ATENtLATEN I ,NJIIIAT) 

ISU8-lSINE+M-l 
S-SINEIISUBI 
I SUB-lCOSIN+K-l 
C-COS INEe ISU81 
I SU8-LJIIIRFAC+M-l 
Zl-FlOAT (lRFAC+MRFAC e 1 SUB I 1+ .5.FlOA TI NlEV+ U 
HS-.'·S 
ZN_.5·nOATtNOIM+ll 
zz-n •• t S-C )+UI S+.5 
IJl-l 
00 12 J-l.NDIM 
ZhZZ+C 
I SU8-lNI+J-l 
HN_~I C t SU8) 
Z-ZZ-flOAT t NO I JIII-NN I.HS 
IJU-JJl+NH-l 
00 10 IJ-IJL,IJU 
z-z-s .-z 
l-ll-FLOAT (NLEV 1.( Z-FLOAT( K) ) 
lP-L+NlEV 
lJI'-L-NLEV 
I SUB-lATEN+I J-l 

10 6 e I J I-BI I J )+ATEN( I SU81.C RF At I LP).P (K+lI+RFAC Cll.P (I( )+RFAC( lM ).PtK-
1111 

12 I Jl-t Jl+NN 
RETURN 

H 00 16 I-I.". 
16 BII )-FLAGSI I I 

IF (lRFAC.LT.O' CAll RAYST 
RETURN 
END 

SUBROUTINE 811,FF (B,P,M) .................................................................. 
• RECl8l VERS ION 1.0 1 70C T77 • .................................................................. 

THE SU8ROUTINE 8RFF 8ACK-PROJECTS A SINGLE PROJECTION 
ARRAY P INTO THE ARRAY B FOR A FAN BEAM GEOMETRY. THE PROJECT-
ION HAS THE ANGLE ANGIM) lIfHERE M IS THE INDEX OF THE ANGLE. 
THE MODEL ASSUMES A UNIFORM DENSITY FOR EACH CEll SUCH THAT 
THE YAlUE GIVEN EACH CEll IS lIfEIGHTED ACCORDING TO THE FRACTION 
EACH CELL INTERSECTS A FAN 8EAM RAY. THE ARRAY 8 IS ZEPOED 
IF .14-1. 

- THE BACK-PROJECTION ARRAY 
- THE PROJECTION ARRAY 
- THE A~GLE INDEX 
- IF M .LE. 0, ONLY A SET OF FLAGS IS RETURNED IN 8 

NO 8ACK-PROJECTJON OPERATION IS PERFORMED 
(SEE THE SU8ROUTINE RCHEK FOR EACH FLAGS MEANING) 

THIS SUBROUTINE CALLS REClBl ROUTINES - SQINT, ZERO 

REClBL ROUTINES WHICH MUST 8E CALLED FIRST - SETUP 

lANGUAGE - FORTRAN 

COMMON/lIfRKCOM/NWORK, IWUS ED, NFLOAT, ISETUP 
COHMON lIfOR K ( L I 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WOROS USED IN BLANK COMMON 
NFlOAT - NUMBER OF WORDS FOR A FLOATING POINT vARlA8lE 
ISETUP - THE SU8ROUT INE SETUP SETS I SETUP _ 2HOK. 

SU8ROUTINES lIfHtCH REQUIRE THAT SETUP IS CAUEO 
FIRST TEST TO SEE tF ISETUP - 2HOK BefORE 
EXEcuTING. 

WORK - BLANK COMMON WORKING ARRAY 

COMMON/FANC~/RFAN, T FANC, T FANF 
lOGICAL TFANC,TFANF 

RFAN .. FOR FAN BEAM GEOMETRY RFAN IS THE DISTANCE FRO,", 
THE SOURCE TO THE CENTER OF ROTATION. RFAN 
IS MEASURED IN UNITS OF PROJECTION BIN lIfIaTHS AT 
THE CENTER. OF ROTATION. 

3433 
3lt3lt 
3435 
3436 
3431 
n38 
3lt39 
3440 
3.41 
1lt42 
3.43 
3.44 
3445 ,. ... 
3 •• 7 
3.48 
3 •• 9 
3450 
3.51 
3452 
3453 
345. 
3455 
3456 
3457 
3458 
31t59 
34bO 
3461 
3462 
3.63 
3.6. 
3465 
H66 
3lt67 . 
3.6B 
3469 
3470 
3471 
3412 
3H3 
3414 
3475 
341b 
3U1 
3.18 
3479 
3480 
lItBl' 
3482 
HB3 
3484 
3.85 
34B6 
31t87 
3488 
3489 
3.90 
H91 
3492 
3493 
349. 
3495 
3496 
1It97 
3.98 
3499 
3500 
3501 
3502 

3503 
3504 
3505 
3S0t: 
3507 
3508 
3509 
3510 
3511 
3~12 

3513 
351. 
3515 
3516 
3517 
3518 
3!' 19 
3520 
3521 
3522 
3523 
3524 
3525 
3526 
3527 
3528 
3529 
3530 
3531 
3532 
3533 
3534 
3535 
3536 
3537 
3S36 
3539 
3540 
3541 
35.2 
3543 
354. 
3545 
35 ... 
35.7 
3548 
3~49 

3550 
3551 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
t 
C 
C 
t 
C 
t 
C 
C 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
t 
t 
C 
t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
C 
t 
C 
C 
C 
C 
C 
t 
C 
C 
t 
C 
C 
t 

TFANC - LOGICAL YARlA8lE SET TRUE FOR FAN 8EA~ WITH A 
CURVED DET ECTOR 

TFANF - l();ICAl VARIA8lE SET TRUE FOR FAN 8EAM wITH A 
FLAT DETECTOR 

COMM()N/PTPCOM/NDIJIIIU,ND 1M ,PlIfl 0. TC I R, NMAT, lNI • Jc:NI 
lOGICAL TCIR 
DIMENSION Nllll 
Eeu IVAlENCE I WORK I II, NI ( 11 J 

NDIMU - THE LINEAR DIME~SION OF THI: TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAR DIMENSION USEO ev THE PR.OGRAM 
PWID - PIXEL wiDTH (IN UNITS OF PROJECTION BIN wIDTH' 
TCIP. - LOGICAL VACItABlE SET TRUE FOR CI~CULAR PECON. 
NMAT - THE NU~BER OF CELLS IN THE TRANSVERSE SEC TION 
LNI - POINTER TO THE ARRAY NI IN BLANK COMMON 

NIIJJ IS THE NU"4BER OF CELLS IN THE J-TH ROllf OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR MEMST CALLS NEEDED 8ECAUSE ~I 
IS AN INTEGER VARIABLE 

COMJIIIONI TRGCOM/I GEO'" , KDt '"'U, AXl SU, BWI 0 .!(MOV, !(JIIII N, KJIIIA K, KDI M, AX I 5. 
1 l PROJ, NANG, JIIIOOANG, LANG, lS I NE, Leos I N, LDAT E~, TEi'41 T 

lOGICAL TEM IT 
DIMENSION PROJU I, ANG( 11. S tNE H l,eOStNEtll, DATeR t 11 
EeUIVAL ENee (WORK Ill, PROJ( 11 ,ANGI 11, SINE U I ,COSI "IE III .DATERIlII 

IGEOH - GEOMETRY FLAG 
o II PAUll a 8EAM GEOMETRY 
1·- FAN BfAM GfQJIIIETRY (CURVEO DETECTORI 
2 ., FAN BEAM GEOMETRY (FLAT DETECTOClJ 
3 - RING DETECTOR GEOMETRY 

KOt MU - NUM8ER OF 81NS IN THE PROJECTION ARRAY SUPPLIED 
8Y THE USER 

AX I SU - THE PROJECT EO lOU TJ ON OF THE ROTATION AX I 5 I N THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FAllS 
IN THE CENTER OF A PROJECTION 81N.1 

8WID - PROJECTION BIN WIOTH (IN UNITS OF PIXEL WIDTH) 
KMOV - THE DISTANCE BETWEEN THE AXIS FOR THE $VSTEM DATA 

ARRAY (AXIS I AND THE AXIS FOR THE USER DATA 
ARRAY (AXISU). AXIS - AXISu+FlOAT(KMOVI 

KMIN - FIRST lOCAT ION IN SVSHJIII DATA ARRAY THAT STORES 
THE OATA OF THE FIRST USER PROJECTION 81N THAT 
IS GOING TO BE USED .. 

KMAX ... lAST lOCATION IN SYSTEM DATA ARRAY THAr STORES 
THE DATA OF THE lAST USER PROJECTION BIN THAT 
IS GOING TO BE US EO. 

KOIM - NUMBER OF BINS IN THE "ROJECTION ARf:!AY SUFFICIENT 
TO RECONSTRUCT AN NoIM X NDJJIII ARRAY, USUAllY 
KOIM-KDIMU. 

AXI S -. THE PROJECTED lOCAT ION OF THE ROTAT ION AX IS IN THE 
PROJECTION ARRAY, USUALLY ,t.XIS-AXISU. 

L.PROJ - POINTER TO THE ARUY PROJ TN 8LANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
YECTOR 

NANG - NUM8ER OF PROJECTIONS 
MDDANG - MODE FOR PROJECTION ANGLE INPuT 
LANG - POINTER. TO THE AJU,AY ANG IN BLANI( COMMON 

PROJECTtON ANGLES IN RADIANS 
LSINE' - POINTER TO THE ARRAY SINE IN 8lANK COMMON 

SINE OF THE PROJECTION ANGLES 
LCOSIN - POINTER TO THE ARRAY COSINE IN 8LANK COMMON 

COSINE OF T~E PROJECTION ANGLES 
LOAfER - POINTER TO THE ARRAY DATEf:! IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
TEMIT - lOGICAL VARIA8lE SET HUE FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

••• THESE VARIA8lES ARE USED IN THIS SU8ROUTINE 

OH - THE DISTANCE 8ETwEEN THE SOURCE AND THE PIXEl 
ARC - THE ARC DISTANCE BETWEEN THE CENTER AXIS AND THE 

IJIIIAGE OF THE PIXEL 
BETAU - THE ANGLE 8ETWEEN THE CENTER AXIS AND THE LINE 

PASSING ABOVE THE PIXEL 
8ETAl - THE ANGLE BETlIfEEN THE CENTER AXIS AND THE LINE 

PASSING BELOllf THE PIXel 
8ETAP - THE ANGLE BETWEEN THE CENTER AXIS AND LINE 

PASSING THROUGH THE PIXel 
THETAu - THE ANGLE BETWEEN THE LINE PASSING THROUGH THE 

PIXEL AND A 1I HE A80VE 
THETAl - THE ANGLE BETWEEN THE LINE PASSING THROUGH THE 

PI KEL AND A LINE BELOllf 
OU - THE PERPENDiCuLAR DISTANCE BETWEEN THE PIXEL AND 

A LINE A80ve 
Dl - THE PERPENDICULAR DISTANCE BETWEEN THE PIXEL AND 

A l tNE BELOW 
ALPHAU - THE ANGLE THE LINE ABO~E THE PIXEL MAKES lIfITH 

THE SIDE OF THE SQUARE 
AlPHAl - THE ANGLE THE LINE BELa .. THE PIXEL JIIIAKES WITH 

THE SIDE OF THE seUUE 
ANGLE - THE ANGLE 8ETWEEN THE RAYS IN THE FAN BEAM 

DIMENSION 8111,P11I 
BCK/PRJ,WT,ATEN,FAN ARE THE. FLAGS RETURNED IN B IF '" .LE. 0 

DIMENSION fLAGS(4) 
DATA FlAGS/0.,2 •• 0 •• 1.1 
DATA ZI.499<;991 

IF (M.LE.OI GO TO 34 

IF IM.NE.11 GO TO 10 
CAll ZERO (B,NMATJ 
ANGLE "'1./RrAN 

10 CONTINuE 

ISUB-UINI:+M-l 
5·51 NE (1 ')081.PWIO 
t SUBlIle as t 1'1+"4-1 
C-COS INE~ ISU81.PWIO 
HS-.5.S 
HC ... 5.e 
IN-.s .FlGAT (NOI 101+11 
lX-RFAN-lN. (C+ S, 
lhZN·IS-CI 
RFP-RFAN.PwIO 
IJl"l 

IF fTFANFI GO TO Z2 

DO 20 J"l,NDIH 
ZX"ZX+S 
ZY"ZY+C 
ISUB=lNl+J-l 
NN_NIIISU81 
ZXX'" LX+FLOAT (NOIM-NN) .HC 
lYY-lY-FLOAT (NO I M-NN '.HS 
IJU-IJl+NN-l 
0018 IJ-IJl,IJU 
ZXX·ZXx+C 
ZVV-Zyy-S 

233 

3552 
3553 
355lt 
3555 
3556 
3!51 
3558 
3559 
35bO 
3561 
35b2 
3563 
356. 
3565 
3566 
3561 
3568 
35M 
3570 
3571 
3572 
3573 
357lt 
3~ 75 
35n 
3577 
357B 
3519 
35BO 
3581 
3582 
3583 
3584 
3!'8!5 
3S86 
3~81 
3588 
358q 
3590 
3591 
3592 
3593 
351j:. 
3595 
359b 
3597 
3598 
3~CJ9 
3~00 
3b01 
3602 
3b03 
360. 
3605 
3606 
3607 
)608 
)t09 
3610 
3611 
3612 
3613 
3614 
3615 
3616 
3&17 
3618 
3619 
3620 
3621 
3622 
3623 
3~2lt 

3b2!! 
3626 
1627 
3628 
3f.29 
3630 
3631 
3632 
3t:H 
363. 
3635 
3636 
3637 
3638 
3639 
3640 
3641 
3642 
3b43 
3644 
36.5 
3blt6 
36H 
36.B 
3b.9 
3650 
3651 
3652 
3b53 
3654 
3655 
365b 
3657 
3658 
3659 
3660 
3661 
36b2 
3663 
3664 
3665 
3b66 
3667 
3668 
3669 
3670 
3671 
3612 
3673 
3614 
3615 
361~ 
3677 
3678 
3679 
3b80 
3661 
3682 
3683 
3684 
3685 
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OH .. SQRT (IX x.*2 +-ZYY •• Z J 
AReT AN"A TAN II YV IZ XX J 
ARC" RFAN.AR.CT AN 
!(IIARC+AXIS+.5 
BET AU: I FLOAT I K )-A xl S+-. 51-ANGLE 
BET AL" BET AU-ANGLE 
BETAP=ARCTAN 
THETAU= BET AU-BETAP 
THET ALooSET AP-BET Al 
DURCH_awI 0* THE TAU 
DL=DH*SW I O.THET AL 
1 SUB"'LANG+M-l 
AlPHAU"6ETAU+ANGI I SUB. 
oAREAl .. S CliNT IOU, AL PHAU I 
AL PHAL -eET.A L +-ANGf I SUB) 
AR EAZ- SOl NT (DL, ALPHAL) 
AREA-AREAL +-AREAl 
"'KICK 
MKl=MK 
"11(2-",1( 

8 ( I J J. B II J J +-AREA.PI "'I( '*R,FP 10H 
AREAX .. AREAl 
AREAY"'AREA2 
IF (AREAl.Gl.l) GO TO lit 

12 ",1(2"''''1(2+1 
THET AU=THETAU+ANGLE 
DU'" OH-aw I 0*1 HET AU 
ALPHAU=ALPHAU+ ANGLE 
AREAU 1= SO I NT (OU,Al PHAUJ 
AREAU=AREAUI-AREAX 
AREAX;AREAUI 
BII J , .. BI JJ I +AREAU*P I MK2 )*RFP/OH 
IF (AREAUl.LE.ZI GO TO 12 

14 IF (AREAl.GloZI GO TO 16 
16 MK1-"'K1-1 

THE TAL .,THETAL +ANGLE 
Dl"DH.SW 1 D.THET AL 
AL PHAl"AL PHAL +ANGL E 
AR.EAL l .. SQI NT (DL ,AlPHALl 
AR. EAL-AREAL l-AREAY 
AREAY"AREALl 
B( I J l=e ( I J) +AREAl.PC MK1) "'RFP/OH 
IF IAREALl.LEoZ) GO TO 16 

18 CONTINUE 
20 IJL-IJL+NN 

RETURN 

22 00 32 Jel,NOIM 
ZX-ZX+S 
ZY=LY+( 
ISU8"lNI+J-1 
NNcNI I I SUB I 
LXX= Z X+FLOATI NO I "'-NN I "'HC 
ZVV-ZY- FLOAT' NDIM-NN ).HS 
IJU"IJL+NN-1 
0030 tJ-IJl.IJU 
ZXX=ZXX+C 
ZYY·Z YY-S 
OH-SORT (ZXX •• Z +ZYY."'21 
ARCTAN-ATANf ZYYIIXX) 
YC ENTR._ ZYY I IXX .R.FAN 
K-YCENTR+AXI S+. 5 
BETAU-. TAN I f FLOAT{KI-Axt S+.5 I IRF ANI 
BET AL-AT AN I f flOAT II<-l'-AXI S+. 5t/RFAN J 
8ETAP-UCTAN 
THET AU"SETAU-8ETAP 
THET Al "BET AP-BET AL 
OU-OH.BWIO*THETAU 
OL"DH.SW ID.THETAL 
t SU8=lANG+M-1 
ALPHAU .. BETAU+ANGIISUBI 
AREAL-SO INT (DU, ALPHAUJ 
ALPHAL-8ET AL+ANG( ISU8 I 
AREA2"SOINTIDl,ALPHAlI 
AREA-AREAl +AREA2 
MKcK 
MKI_MI< 
MK2_MK 
al I J) -a( I J) +AREA.P (MI< I.RFP IZXX 
AREAX_AREAl 
AREAY-AREA2 
IF (AREAl.GT.ZI GO TO 26 

24 MK2"MK2+1 
ANGLE "AT AN I RF AN/I RFA"".Z+I FLOAT I MK2 I-AXI S '''2- .25 II 
THETAU=THET AU+ANGLE 
DU-DH.SWI O.THET AU 
AL PH AU"' Al PHA U+ ANGL E 
AREAU 1" SO INT I DU,AL PHAU I 
A,REAU=AREAU1-AREAX 
AREAX-AREAUl 
BII J J .. B ( IJ I +AREAU.P (MK2 •• R FP IlXX 
IF fAREAUJ..LE.li GO TO 24 

20 IF IAREA2.GT.Z I GO TO 30 
2a "41(J.=141<.1-1 

.o,NGlE"AT ANt RFANI t RFAN •• 2+1 FLOAT (MK1l-AX I S ' •• 2-. Z51 I 
T HET A L- THE TA l +Af.lGL E 
Dl:DH. aWl O.THET AL 
ALPHAL .. Al PHAl+ANGlE 
AREAll" SQINT I DL, ALPI-IAL I 
ARE AL _AREAll_AREAY 
ARE,o,v"AREAll 
BII J J- BI IJ I +AREAl.P ( MK 1I.R FPI IXX 
IF (ARfAll.H.Z) GO TO Z8 

30 CONTINUE 
3Z IJLeIJL+NN 

RETURN 

34 00 36 1"1,4 
36 all'=flAGSIII 

RETURN 
END 

3686 
)687 
3666 
36SC; 
3690 
3691 
3t:92 
3693 
3694 
3695 
3696 
3697 
3698 
3699 ( 
3700 C 
3701 ( 
3702 C 
3703 C 
3704 C 
3705 C 
3706 ( 
3707 ( 
3708 ( 
3709 C 
3710 C 
3711 C 
3712 C 
3713 ( 
3714 C 
3715 C 
3716 C 
3717 C 
3116 ( 
3719 C 
3720 C 
3121 C 
3722 ( 
3723 C 
3724 ( 
3725 ( 
3726 ( 
3727 C 
3726 C 
3729 C 
3730. ( 
3731 
3732 
3733 
3734 
3735 
3736 
3737 
3736 
3739 
3140 
3141 
3742 
3743 
'H4 
3745 
3746 
3747 
3748 
37tt9 
3750 
3751 
3752 
3753 
3754 
3755 
3756 
3757 
3758 . 
3759 
3760 
3761 
37t:Z 
3763 
3764 
3765 
3';'66 
3767 
3768 
3769 
3170 
3111 
3772 
3773 
3774 
3115 
3776 
3177 C 
3178 C 
3779 C 
3780 , C 
3761 C 
3782 C 
3783 C 
3784 C 
3785 C 
3786 C 
3787 C 
3788 C 
3789 C 
3790 C 
3791 C 
3792 C 
3793 C 
3794 C 
3795 C 
3796 C 
3797 C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
C 
C 
C 
( 

C 
C 
( 
( 

c 
( 
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SUBROUTINE BRFF2 IB.P,I'I) ...... "' .... "'''' .. ''''''''' .................................. ''' ............ . 
• REClBL' VERSION 1 .. 0 170C177. ............................. "' .........•................ "' ........ . 

THE SUBROUTINE BRFF2 BACK-PROJECTS A SINGLE PROJECTION 
ARRAY P INTO THE ARRAY B FOR A FAN BEAM GEOMETRY. THE PROJECT-
ION HAS THE ANGLE ANGIMI WHERE M IS THE INDEX OF THE oft.NGLE .. 
THE MODEL ASSUMES A UNIFORM DENSITY FOR EACH CEll SUCH THAT 
THE VALUE GIVEN EACH CelL IS WEIGHTED ACCORDING TO THE FRACTION 
EACH CELL INTERSECTS A FAN aHM RAY. THE ARRAY a IS ZEROED 
IF M-1. . 

THE SUBIIOUTINE BRFF2 USES A SPECIAL- WEIGHTING SO THAT THE 
BACK-PROJECTION FOR A FLAT DETECTOR GIVES A CONVOLUTION WITH 
THE TRUE DENSITY AND SHOULD ONLY BE USED WITH THE FILTER OF THE 
SACK-PROJECTION ALGORITHM C SUBROUTINE FILBI<I. 

- THE BACI<-PROJECTION ARRAY 
- THE PROJECTION ARRAY 
- THE ANGLE INDEX 
- IF M .LE. 0. ONLY A SET OF FLAGS IS RETURNED IN B 

NO BACK-PROJECTION OPERATION IS PERFORMED 
(SEE THE SUBROUTINE ReHEl< FOR EACH FLAGS "EANING1 

THIS SUBROUTINE CALLS RECLBl ROUTINES - SOIHT, ZERO 

RECLBl ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

lANGUAGE - FORTRAN 

COI"I'40N/WRI<COM/NwQRK, I WUS ED.NFLOAT, ISETUP 
COMMON WORK ( 11 

NWORI< - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WORDS USED IN SLANK COMMON 
NFLOAT - NUMBER OF WORDS FOR A FLOATING POINT VARIABlE 
ISETUP - THE SUBROUT INE SETUP SETS I'SETUP • 2HOI(. 

SUBROuTINES WHICH REOUHtE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP - 2HOK BEFORE 
EXECUTING. 

WORK - BLANK COMMON WORkING ARRAY 

C()MMON/FANCOM/RFAN, T FANC, TFANF 
LOGICAL TFANC,TFANF 

A.FAN - FOR FAN BEAM GEOMETRY RFAN IS THE DISTANCE FROM 
THE SOURCE TO THE (ENTER OF ROTATION. RFAN 
IS MEASURED IN UNITS OF PROJECTION BIN WIDTHS AT 
THE CENTER OF ROTATION. 

TFANC - LOGICAL VARIABLE SET TRUE FOR FAN BEA" WITH A 
CURVED DETECTOR 

TFANF - LOGICAL VARIABLE SET TRUE FOR FAN aEAM WITH A 
. FLAT DETECTOR 

COMMONI PTRCOM/NDI MU, NOI "" PWI D. TC IR ,NIIIAT ,LNI, I<NI 
LOGICAL TClA. 
DIMENSION NI III 
EQU IVAL ENCECWOA.K III ,N H It I 

NDIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NOIM - THE ~URRENT LINEAR DIMENSION USe;D BY THE PROGRAM 
PWID - PIXEL WIDTH lIN UNITS OF PROJECTION BIN WIDTH' 
TCIR - LOGICAL VARIABLE SET TRUE FOR CIRCULAR RECOH .. 
NMAT - THE NUMBER OF CELLS IN THE TR:ANSVERSE SECTION 
LNI - POINTER TO THE ARRAY NI IN BLANK COMMON 

NIIJI IS THE NUMBER OF CELLS IN THE J-TH R01lt OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR MEMST CALLS NEEOED BECAUSE NI 
IS AN INTEGER VAlUABLE 

(OMMON/TRGCOM/I GEOM, 1<0 IMU. AxI SU,a WID, I<I'IQV, kMI N, KMAX, KOI M, AXI S, 
1 l PROJ, NANG, MODANG, LANG,lS INE, LCOS tN, LDAT ER, TEMIT 

LOGICAL TEMIT 
01 MENSION PROJ U J, ANG( lltS INE( 1 I ,COSINE( 11 ,DATER' 11 
EQUIVALENCE I WORKIlI, PROJ( 11 .ANG! 1" SINE 111, COSINEll), OAT ER! 111 

IGEOM - GEOMETRY FLAG 
o .. PARALLEL BEAM GEOMETRY 
1 .., FAN BEAM GeOMETRY (CURVED DETECTOR I 
Z - FAN BEAM GEOMETRY (FLAT DETECTORI 
3 • RING DETECTOR GEOMETRY 

KOIMU - NUM8ER OF 8INS IN tHE PROJECTION ARRAY SUPPLIEO 
BY THE USER 

AXISU - THE PROJECTED lOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED 8Y THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECnON 8IN.1 

BwtD - PROJECTION BIN WIDTH lIN UNITS OF PIXEL WIDTH) 
KMOV - THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY (AXISI AND THE AXIS FOR THE USER DATA 
ARRAY CAXISU •• AXIS" AXISU+FLOATO(MOVI 

I(.MIN - FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BII',! THAT. 
IS·GOING TO aE USED. . 

KMAX - LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION 8IN THAT 
IS GOING TO BE uSED. 

KOtM - NUMBER Of BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO REC(J.ISTRUCT AN NDtM X NOIM ARRAY. USUAllY 
KOIM"KOIMU. 

AXIS - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXIS-AxISU .. 

LPROJ - POINTER TO THE ARRAY PROJ IN BLANK CDIIIMON 
I~TERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

NANG - NUMBER OF ,PROJECTIONS 
MODANG - MODE FOR PROJECTION ANGLE 'INPUT 
LANG - POINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
LSINE - POINTER TO THE ARRAY SINE IN SLANI< COMMON 

S tNE OF THE PROJECTION ANGLES 
LCOSIN - POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COSINE OF THE PROJECTION ANGLES 
LDATER - POINTER TO THE ARRAY DATER IN BLANK COMMON 

USER PROJECTION DATA AND U"ICERTAINTJES 
TEMIT - LOGlCAl VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

37q8 
37q9 
3600 
3801 
3802 
3603 
'804 
3805 
3806 
3807 
3808 
3809 
3610 
3Bll 
3812 
3813 
3814 
3815 
3816 
3817 
3818 
3819 
3820 
3B21 
382Z 
38Zl 
3824 
3825 
3826 
38Z7 
3828 
.38Z'9 
3830 
3831 
3Bn 
3833 
3834 
3835 
3836 
3837 
383B 
38!9 
3840 
38U 
3842 
3843 
38 ... 
3845 
3846 
3847 
3848 
3849 
3850 
3851 
3852 
3853 
3854 
3855 
3856 
3857 
3858 
3859 
3B60 
3B61 
3862 
3863 
38" 
3865 
3866 
38&7 
3868 
38n 
3870 
3871 
3872 
3873 
3874 
3875 
3876 
3877 
3878 
3879 
3880 
3881 
3882 
38S3 
388. 
3885 
3886 
38B7 
3888 
3889 
3890 
3891 
3892 
3B93 
3894 
3895 
3896 
3891 
3898 
3899 
3900 

'3901 
3902 
3Cl03 
3904 
3<l05 
3CJO& 
3907. 
3908 
3909 
3c;10 
3'iU 
3'112 
3'113 
]914 
3915 
H16 
3917 
3918 
3919 



c 
C ••• THESE VARIABLES ARE USED IN THIS SUBROUTINE 
C 
C OH - THE OISU'ICE BETwEEN THE SIJUf<.CE AND THE PIXEL 
C ARC - THE ARC DISTANCE BeTwEEN THE CENTER AXIS AND THE 
C IMAGE OF THE PIXEL 
C BETAU - THE ANGLE BETWEEN THE CENTER. AXIS AND THE' LINE 
C PASSING ABOVE THE PIXel 
C BETAL - THE ANGLE BETWEEN THE CENTER. AXI S AND THE LINE 
C PASSING BELOW 'THE PIXEL 
C SHAP - THE ANGLE BETWEEN THE CENTER AXIS AND LINE 
C PASSING THROUGH THE PIxEL 
C THETAU - THE ANGLE BETWEEN THE LINE PASSING THROUGH THE 
C PIXEL AND A LINE ABove 
e THETAL - THE ANGLE BETWEEN THE LINE PASSING THROUGH THE 
e PIXEL AND A LINE BELOW . 
C ou - THE PERPENDICULAR DISTANCE BETWEEN THE PIXEL AND 
C A LINE ABOVE 
e DL - THE PERPENDICULAR DISTANCE BETWEEN THE PIXEL ANO 
C A LINE BELOW 
C ALPHAU - THE ANGLE THE LINE ABove THE PIXEL MAKES WITH 
C THE SIDE'OF THE SQUARE 
C ALPHAL - THE ANGLE THE LINE BELOW THE PIXEL MAI(ES WITH 
C THE SIDE OF THE SQUARE 
C ANGLE - THE ANGLE eETWEEN THE RAYS IN THE FAN BEAM 
C 

DIMENSION eelltPClJ 
eCK/PRJ,wT,ATEN,FAN ARE THE 4 FLAGS RETURNED IN e IF M .LE. 0 

DIMENSION FLAGSI~. 
OATA FLAGS/O.,22.,0.,1./ 
DATA Z/.49999q/ 

IF IM.LE.OJ GO TO 34 

IF eM.NE.lI GO TO 10 
CALL ZERO 18,NMATJ 
ANGLE-l./RFAN 

10 CONTINUE 

tSue-LsINE+M-l 
s_s tNE I I sue I.pwt 0 
I sue-LCOs IN+"-1 
C-C os I HE 11 sue I.pwi 0 
HS- .5.S. 
HC- .5.C 
IN- .5.FLOAT I NOIM+ 1 J 
IX-RFAN-ZN.I C+S I 
ZY-ZN·CS-CI 
IJL-1 . 

IF (lFANfl GO TO 22 

DO 20 J-1,NDIM 
ZX-Zx+s 
ZV-ZY+C 
lSUB-LNI+J-l 
NN-Nl USUBI 
ZXX-ZX+FLOAT (NDIM-NH I.HC 
Zvv-I V-fLOATe NDIM-NNI.HS 
JJU-IJL+NN-1 
0018 IJ-IJL,IJU 
ZXX-IxX+C 
zvv-zvv-s 
DH-SQR TC zxx •• Z+lyv •• 21 
ARCT AN-UANIIVY/ZXXI 
ARC-RFAN.ARCT AN 
K_ARC+AXIS+., 
IF (K.LT.1.0R.K.GT .. KDIM' GO TO 18 
BETAU-C FLOAT IKJ -AXI S+.5' .ANGLE 
BET AL-BETAU-ANGLE 
BETAP-ARCTAN 
THE TAU-SETAU-BETAP 
THET ALaBET AP-SET AL 
aU-OH.BwI D.THEY AU 
DL-DH.ewlo.THETAL 
ISUe-UNG+"-l 
ALPHAU-BETAU+ANGC ISUBI 
AREA I-SaINT, DU,ALPHAUI 
ALPHAL- BET AL +ANGe ISU 8' 
AREAz-saINTC OL ,ALPHA L I 
AREA-AREAl+AREA2 
HK_K 
MKI_HK 
"KZ_MK 
BII J I=B' I J I +AR EA.PI HI< UPMI 0 
AREAX-AREAl 
AREAV-AREA2 
If (AREAl.GT.11 GO TO 14 

12 HI<2-MK2+1 
IF 'MI<2.GT.KOIMI GO TO IS 
THETAU- THET AU+ANGLE 
OU-OH.SWI D*THET AU 
Al PHA U- AL PHAU+ANGL E 
AREAU I-SQ INT (DU, ALP HAUl 
ARE A U-AREAUI-AR EAX 
AREAX"AREAUI 
81 I J J- 8 C IJ )+AREAU.P, MK2,.PWI 0 
IF !AREAU1.lE.lI GO TO 12 

14 IF !AREA2.GT.ll GO TO 18 
16 MI<I-HKl-1 

If (Ml<l.LT.lJ GO TO 18 
THET AL-THET Al +ANGLE 
Dl-DH.BW tD.THET AL 
AL PHAL-ALPHA L +ANGLE 
AREALl"SOINTf Ot, AlPHALI· 
AREAL_AREAlI_AR EAY 
AREAV .. AREAll 
8( IJ I"Be IJ I+AREAL.P(l4I<U.pwI0 
IF tAREALl.LE.li GO TO 16 

18 CONTINUE 
20 IJL-IJL+NN 

RETURN 

22 DO 32 J-l, NDIM 
ZX"IX+S 
IY-IY+C 
ISUB"lNI+J-1 
NN"NI (I SUBI 
IXX" ZX+FLOAT (NDIM-NN J.HC 
zn.z V-fLOAT INDI ~NNI.HS 
IJU-IJl+NN-1 
DO 30 IJ"IJL,IJU 
ZXX"ZXX+C 
IVY=ZYY-S 
DH"SQRTf lXX"2+lYY •• ZI 
ARCTAN .. ATAN, In/LXXI 
VC ENTR- ZYV /IXX.RfAN 
K-YCENTR+AX! S+. 5 
IF (K.lT.1.0R.K.GT.KDIMI GO"TO 30 
BET AU"'AT AN II fLOAT IK J -AX I S+.5 I/RFAN I 
8ETAL.,AT AN( 'fLOATI K-ll-AXI S+. 51/RFANI 
BET AP"ARCT AN 
THET AU-aElAU-BElAP 
THET AL-BET AP-BElAL 

3920 
)n1 
3922 
3923 
3924 
3925 
392b 
3927 
3ns 
3929 
3930 
3931 
3932 
J'n3 
3934 
3'135 
H36 
3937 
3938 
3939 
3940 
3941 
3q42 
394) 
)944 
)945 
3946 
3947 
3~48 
3949 
3950 
3951 
3952 
395) 
3954 
3955 
)9~6 

3951 
3958 
395q 
3960 
3961 
3962 
3q63 
3964 
3q65 
3966 
3961 
396B 
396q 
3no 
.39n 
3972 
3973 
3q1lt 
3975 
3q16 
3977 
3978 
397q 
3980 
3981 
1982 
3983 
3984 
39B5 
39B6 
3981 
3qSB 
3989 
3990 
3991' 
3992 
3993 
3994 
3995 
3996 
3997 
3998 
3999 
4000 
4001 
4002 
4003 
400'0 
4005 
4006 
4001 
4008 
400q 
4010 
4011 
401Z 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
40Z0 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
40)0 
4031 
4032 
4033 
4034 
4035 
4036 
4037 
4038 
40.39 
4040 
4041 
4042 
4043 
4044 
4045 
4046 
4047 
40.8 
4049 
4050 
loOSl 
4052 
4053 
4054 

c 
c 
c 
( 
c 
c 
c 
c 
c 
c 
c 

OU"DH.SW I O.T HET AU 
OL- DH.BWI O.THETAL 
ISUa-lANG+M-l 
ALPHA U .. BET AU+ANG f I sue I 
AR.EA I" SQIN TI DU ,ALPHAUI 
ALPHAL" BET AL +ANG (I SLI 8' 
AREAZ" SOl NT (DL ,ALPHAL I 
AREA- AR EA 1 ~AREA2 

MKlc/'lK 
/'I1(2 .. MK 

.' . 

e( IJ I .. al J JI+AREA.P( MKI.pwl D.OH/ ZXX 
AQ.EAX"AREAl 
AREAY"AREA2 
IF IAREA1.GT.ll GO TO 26 

24 I'IK2"MK2+1 
IF IMK2.GT.KDIMI GO TO 30 
ANGLE=AT AN (RFANI (RFAN •• 2 +( FLOAT ( MK21-AX I S I •• Z-. 2511 
THETAU .. THET AU+ANGLE 
DU"OH*BW I D.THEY AU 
AL PHAU .. ALPHAU+ANGLE 
AREAU l"SQI NT I DU ,AL PHAU I 
AREAU-AR EAU 1-AR EAX 
AREAX-lI.REAUI 
BI I J I.e( IJ I+AREAU.P (MK2J.pwID.OH/Z XX 
If tAREAUl.LE.ZI GO TO 24 

26 If (AREA2.GT.Z J GO TO 30 
28 MK1 .. MKl-1 

If IMKl.LT.l) GO TO 30 
ANGL E" AT AN (RFANI (RFAN •• 2+' flOA T( MK ll-AXI SI •• 2-. 251 J 
THE TA L .. THElAL +ANGL E 
OLcOH.ew IO.THE TAL 
ALPHAL" ALPHAL+ANGlE 
AREAL I" SQI NT( OL, ALPHALI 
ARE AL-AR EAl 1-AR EAY 
AREAY"'AREALl 
B (I J I"' B (I J I +AREAL.P (MK11.P wi O.OH/IXX 
If tAREALl.LE.Z I GO TO 28 

30 CONTINUE 
32 IJl-IJL+NN 

RETURN 

34 DO 36 1-1,4 
36 BIII .. flAGSfI' 

RETURN 
END 

I BUTER! 
SUBROUTINE 8UTER IBUT,XI,"41 

....................................................... * •••••••••• 
RECLBL VERSION 1.0 nOCT77· .........................................................•........ 
THE SUSROUTINE BuTEP EVALUATES AT THE POINT XI THE VALUE 

OF THE FILTER OBTAINED BY MULTIPLYING THE MAGIIIIlUOE OF THE 
BUTTERWORTH FILTER BY THE ABSOLUTE VALUE OF THE MEASURE, 
A8SlXII. 

BUT - THE FUNCT IONAL VALUE 
XI - THE INOEPENOEN1" VARIABLE 
M - HAS THE FOLLOWING VALUES 

.LE. 0 THE FLAGS ARE RETURNED IN suT 
.GT. 0 THE FUNCTIONAl VALUE IS RETURNED IN BUT 

THE FIL TER PAR.AMETERS ORDER AND FREO ARE PASSED IN THE (OMMON 
BL.OCK FILCO"'. 

LANGUAGE - FORTRAN 

COMMON/WRKCOM/NWORK, I WUSED ,NFlOAT, I SETUP 
COMMON WORKtlJ 

NWORK - OIMENS ION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

IWUSEO - THE NUMElER OF WORDS USED IN BLANK COMMON 
NFLOAT - NUMBER OF WClFlDS FOR A flOATING POINT VARIABLE 
I SETUP - THE SUBFlOUTINE SETUP SETS {SETUP - 2HOK. 

SUBRouTI~ES WHICH REQUIPE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP - 2HOK SEfORE 
EXECUTI NG. 

WORK - BLANK COMMON WORI(IIIIG AQRAY 

COM"ION/F ILCOM/ORDER, FREO, L BCKA, LPR JA, LF I L T 
DIMENSION BCI<Atll,PRJA(lJ,FllTlll 
EOUIVALENCE I WORK I 11 ,BO.A( 11 ,PRJAllI, FlL T( 11 J 

ORDER - fILTER P.HI.A~ETER USED ONLY BV THE fILTER BUTER 
FREe - FILTER PARAMETER 
LSCKA - POINTER TO THE ARoAV BCKA IN BLANK COMMON 

BACK-PltOJECTION ARRAY WHICH HAS TI-'E DIMENSION 
NDtM X NOIM 

LPRJA ~ POINTER TO THE ARRAY PRJA IN BLANK COMMON 
A PROJECTION ARRAY FOR ONE ANGLE 

LFILT - POINTER TO THE ARRAY FILT IN BLANK COMMON 
ARRAY Of FI LTER VALUES 

01 ME NSI ON BUT HI 

BCK/PRJ/CNVIZDF,wT,ATEN,fAN ARE THE J FLAGS RETURNED I.~ aUT 
IF M .LE. 0 

DIMENSION FLAGS(41 
DATA fLAGS/3.,-1.,O.,-1.1 

IF (l'I.LE.OJ GO TO 10 

BUT( 1 '''SORT (1.1 (1.+ (X I/FREQI •• OPDER II.XI 

RETURN 

10 00 12 1=1,4 
12 BUT( ll"'fLAGS{ I I 

RETURN 
END 
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405~ 

4056 
':'051 
.. 058 
40SC1 
4060 
4061 
4062 
4063 
4064 
4065 
4066 
4067 
4068 
40t9 
4070 
4071 
4072 
4073 
4074 
"075 
4076 
4077 
4078 
407';1 
4080 
4081 
4082 
4083 
4084 
4085 
4086 
4081 
4088 
4089 
4090 
4091 
40n 
40lO3 
4094 
4/)<;5 
40Q6 
4097 
4098 
409Q 
4100 
~101 

"102 
~103 

410" 
4105 
4106 
4107 
410B 
4109 
4110 
4111 
4112 
4113 
4114 
4115 
4116 
4117 
4118 
411lO 
4120 
4121 
4122 
4123 
41Z4 
4125 
4126 
4127 
4128 
... 129 
4130 
4131 
4132 
4133 
4134 
4135 
4136 
4137 
4138 
4139 
4140 
4141 
41~2 
4143 
4144 
4145 
414~ 
4147 
.... 1.8 
4149 
4150 
4151 
4152 
4153 
4154 
4155 
41!:6 
4151 
1t158 
4159 
4160 
4161 
4162 
4lt3 
4164 
4165 
4166 
4167 
4168 
4169 
4170 
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ICBARPI 
$UBROUT INE CSARP I B 1 ,N, Fl., X 1,Y1 ,Z ,I NTF Ae ,NBAR, NREPS. I DIRECJ 

e c ••• ** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C • RECLBL vERSION 1.0 170CT77 

. C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
e 
C TI-!E SUBR-OUT INE CBARP GIVES A CIRCULAR BAR PHANTOM. 
C THE PHANTOM CONSISTS OF NREP REPETITIONS OF A SAil. PATTERN. 
C THE PATTEQ.N CONTAINS NBAR BARS. THE WIDTH OF THE LAST BAR IS 
C 1/2 THE WIDTH OF THE SECOND LAST BAR, 1/3 THE WIDTH OF THE 
C THIRD LAST eAR AND lINBAR THE WIDTH OF THE FIRST BAR. 
e 
c 81 - ARRAY WHERE PHANTOM I S GENERATED 
C N - DIMENSION :iF THE SQUARE ARRAY 61 
C R - Il.ADlUS OF CIRCLE PHANTOM 
C Xl,Yl - CENTER OF CIRCLE RELATIVE TO THE CENTER. 
C Of ARRAY 
C l - FULL VAlUE OF FUNCTION 
C 1.\lTFAC - INTEGRATtON FACTOR. EACH BORDER DIXEL IS DIVIDED 
C INTO INTFAC •• 2 PIXELETTES FOR INTEGRATION 
C NBAR - NO. OF BARoS PER PATTERN REPETITION IN PHANTOM 
C NREPS - NO. OF REPETITIONS OF THE BAR PATTERN 
C NBAR.NREPS MUST BE lESS THAN OR: EQUAL TO 100 
C IOIREC - PARAMETER TELLING DIRECTION OF BMS 
C 0 - HOR lZONTAl 
C 1 - VER TJ CAL 
C 2 - CIRCULARICDNCENTR:ICJ 
e 
C THIS SUBROUTiNE CALLS RECLBL ROuTINES -- EMESG, LGTXT 9 MEMST9 
C ZERO 
e 
C LANGUAGE - FORTRAN 
e 

e 

COMMON/OUTCQM/lUNOUT, 180132 

LUNDUT - lOGICAL ·UNIT NUM~ER, FOR OUTPUT •. , 
180132 - FLAG INDICATING NUM8ER OF CHARACTERS IN A LINE OF 

OUTPUT ON L-UNOUT 
o " eo CHARACTERS (132 CHARACTERS OTHERWISEJ 

DIMENSION Bi IN,NI ,WURK( 1001 
DIMENSION NAMER (91 
DATA NAMER/IHE,lHN,IHD,IH ,lHC,IHB,lHA,lHR,IHP! 
OAT A 10K I2·HOK/ 

.CALl LGTXT (NAMER,(5'),S. 
CALL ZEC!.O (81,NI 
NWURK=NR.EPS·NBAR • 
IF (NWURK.lE.I00) GO TO 10 
WR ITE (LUNOUT, 62) NWURK 
CALL EMESG (4,NAMER«51, 11 

10 CONTINuE 

CONST-Z/FLOATf INTFAC.INTFAC J 

HAlF"N-FLOAT (N+l J 12. 
BARS ARE OF wiDTH w-IN-1I.0 WHERE N IS THE NUMBER OF THE BAR 

0-4. "'R/FLDAT (N8AR. (NBAR +l'.NREPS I 
ACCUM=-R 
IF IIOIREC.NE.2) GO TO 12 
0- .5.0 
ACCUM=O. 

12 w=O.FLOAT( NBARI 

.SET UP TABLE OF BOUNDARY VALUES FOR EACH BAR 

00 16 Jul,NREpS 
DO 14 I-1,N6AR . 
ACCUM=ACCUM+W-FLOATII-l'*O 
II-I+IJ-l)·IIIBAR 
WURK III ) -ACC UM 

14 CONTINUE 
16 CONTINUE 

00 60 I-I, N 
RI.,FLOATIII-HALFN 
00 60 J=I,N 
RJcFLOAT(J I-HALFN 
ACCUM=O. 
S {Gill 1'" .5 
SIGN2=.5 
IFLGl=O 
IFLG2-0 
I FLG3=0 
IFLG<4=O 

C _CHECK THE FOUR CORNERS OF CURRENT PIXEL FOR POSITION 
e 

00 38 11 e l,2 
00 36 12"1,2 
x-RI+SIGNl-Xl 
Y=RJ+SIGN2-Y1 

A~E \olE IIIISIDE CIRCLE 
IF IX.X+Y.Y-R.RI 20,20,16 

18 IFLG1"'1 
GO TO 30 

20 IFLG2=1 

FLAG 1 MEANS OUTSIDE CIRCLE 
FLAG 2 MEANS INSIDE CIRCLE 
FLAG 3 "'Hill S 1 BAR fOOD BARS 1 
FLAG It ~EAIIIS A a BAI< I EVEN BUS) 

FIND WHAT BAR WE APE IN. 

CHECK THE DIRECTION OF THE BARS 
XX=X 
IF IIDIREC.EQ:lI XX-Y 
IF I IDIREC.EQ.2) XX"SORTIX.X+Y.YI 
DO 22 13'"l,NWURK 
ISUBc J3 
IF I\oIURK(I3).GE.XXI GO TO 24 

22 CONTINUE 
J3"N6AR 

IS THE BAR A 1.0R 0 

24 IF 113/2.2-131 26,28,26 
26 IFlG3=1 

GO TO 30 
28 IFLG4-1 

4171 
4172 
4173 
4174 
4175 
417b 
4177 
4178 
417<'; 
4180 
4181 
4182 
<4183 
4184 
4185 
4186 
4187 
4186 
41B~ 
41110 
4191 
4192 
41113 
41114 
04195 
41116 
4197 
4198 
4191';' 
4200 
4201 
4202 
.203' 
4204 
4205 
4206 
4207 
420B 
4209 
04210 
4211 
4212 
4213 
4214 
4215 
4216 
4217 
4218 
4219 
4220 
4221 
4222 
4223 
<4224 
4225 
4226 
4227 
4228 
4229 
4230 
4231 
4232 
4233 
4234 
4235 
4236 
4237 
4238 
4239 
4240 
4241 
4242 
4243 
.244 
4245 
.246 
42047 
4248 
4249 
4250 
4251 
4252 
4253 
4254 
04255 
4256 
4257 
4256 
4259 
4260 
4261 
4262 
4263 
4264 
4265 
4266 
4267 
4268 
4269 
4270 
4271 
4272 
4273 
4274 
4275 
4276 
4277 
4278 
4279 
4280 
4281 
4282 
4283 
4284 
4285 
4266 
4287 
42B8 
4289 
4290 
4291 
<4292 
4293 

IF ALL THE FLAGS ARE up, WE CAN 8EGIN INTEGRATION 
ElSE CHECK THE OTHER CORNERS 

30 IF (IFLGI-IFLG2J 34,32,34 
3l IF IIFLG3+lFLG4-21 34,46,34 

TOGGLE SIGNS, GO TO ANOTHER CORNER 

14 SIGllll c -SIGNl 
3b CONT lNUE 

SIGN2"-SIGN2 
38 CONT INUE 

.ARE WE IN THE CIRCLE AND A 1 SECTION 
OR ARE WE STRAOOL ING ANY LINES 

IF IIFLGI-IFLG21 40,44,58 
40 IF IIFLG1-IFLGIt) 56,46,42 
42 ACCUM-Z 

GO TO 5B 
44 IF (IFLG3-IFLG41 58,46,46 

e 
C 2-D INTEGRATION ROUTINE 

C 
46 00 56 K-1, INTFAC 

DO 56 L .. t, I NTFAC 

.COMPuTE THE POSITION OF PIXELLETTE RELATIVE TO THE CENTER 
OF THE CIR.CLE 

X .. RI +F LOA T( K )/FLOATII NTFAC J-. 5-Xl 
Y"RJ+FLOA TlLI/FlOA TIl NTFAC J-. 5-Yl 

ARE WE INSIDE CIRClE 
IF (X.X+Y.Y-R..R) 48,48,56 

.CHECK DIRECTION OF BARS 

48 XX .. X 
IF fIOIREC.EO.U XX .. Y 
IF IIOIREC.EQ.21 XX"SORTIX.X+Y.YI 

~HAT SIDE OF THE LINE ARE WE ON 

IF IWURK(JSUBI-X)(I 52,50,50 

.LEFT SIDE OF BOUNDARY LINE 

50 IF 113/2.2-131 54,56,54 

.RIGHT SIDE OF BOUNDARY LINE 

52 IF (13/2.2-131 56.54,5~ 

ADO PIXElETTE VALUE IF WE ARE INSIDE CIRCLE AND A 1 BAR 

54 ACCUM-ACCUfiHCONST 
56 COlll1l NUe 
58 Bl(I,JI-ACCUM 
60 CONTI NUE 

WRITE- CLUNOUT,641 N,N,R,Xl.Y1,INTFAC,N8AP. 

CAll LGTXT I NAMER ,9. 
RETURN 

62 FORMAT( 14HONREPS.NBAR - ,I4,3SHIS GREATER THAN 100. · ••• STOP 
1 ••• ) 

64 FORMAT( 111I30M BAR PATTERN PHANTOM GENERATEO/13H ARRAY SIZE ,13, 
.l1HX,I3/16H CIRCLE RADIUS ,F6.2,1H AT (,F3 .. 0,1H.,F3.0,lH'/ 
213H INT FACTOR ,ll/14H NO. OF BARS ,13. 

END 

SUBROUTINE CISQ (CIR,SOU,zDIRI .................................................................. 
RECLBL VERSION 1.0 l70CT77 .................................................................. 
FOP: IOIR-1, eISO TRANSFORMS TI-IE CIRCULAR ARRAY ClR TO 

SQUARE FORM AND STORES IT IN SOU. THE CORNERS OF sou A~E SET 
TO ZERO. 

FOR IDIR"'2, CISO PERFORMS THE OPPOSITE OPERATION RESTORING 
THE SQUARE ARRAy SOU TO CIRCULAR FORM AND STOR1UNG IT IN CIR. 

CALL CISOlA,AdDIR) IS LEGAL. 

CIR - ARRAy IN CIRCULAR. FORM 
SOU - ARRAY IN SQUARE FORM 
IOIR - DIRECTION OF TI\ANSFORHATION 

THIS SUBROUTINE CALLS RECLBL ROUTINES - ZERO 

RECLBL ROUTINES WHICH MUST BE CALLED FIRST -·SETUP 

LANGUAGE - FOP.TRAN 

COMMO"l/WRKCOM/NWORK, I WUSEO,NFLOAT, ISETUP 
COMMON WORK 111 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

IWUSEO - THE NU"'BER OF WORDS USED IN BLANK COMMON 
Nfl OAT - NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUT INE SETUP SETS tSETUP .. 2HOK. 

SUBROUTI"IES WHICH REQUIRE THAT SETUP. I-S CALLED 
FIRST TES T TO seE IF I SETUP. • 2HOK BEFORE 
EXECUTING •. 

WORK - BLANK COMMON WORKING ARRAY 

CO"1HDN/PTRCOM/NDJ MU, NO] H, PWI 0, TC I R, NMAT, LNI ,KNI 
LOGICAL TCIR 
DIMENSION HIIlI 
EOUIVAL ENCEI WORK 11) ,NHIlI 

NOIMU - THE LJNEAR DI"'ENSION OF THE TRANSVERSE SECTION 
HOlM - THE CURRENT LINEAR DIMENSION uSED BY THE PROGRAM 
PWID - PIXEL WIDTH I IN UNITS OF PROJECTION BIN WIDTH) 
TCIR - LOGICAL VAR tA8LE SET TRUE FOR CIRCULH RECCN. 
NMAT - THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 

4294 
429~ 
4296 
04297 
4298 
4299 
4300 
4301 
4302 
4303 
4304 
4305 
4306 
4307 
0430B 
04309 
4110 
4311 
4312 
4313 
4314 
4315 
4316 
04317 
4318 
4319 
4320 
4321 
4122 
04323 
4324 
4325 
4326 
4327 
4328 
4329 
4330 
4331 
4332 
4333 
4334 
1t335 
4336 
4337 
04338 

·4339 
4340 
43.1 
4342 
4343 .... 
.H5 ..... 
43047 
4348 
4349 
4350 
·n!1 
4352 
4353 
43~4 
4355 
<4356 
4357 
<4358 
.359 
4360 
4361 
4362 
4363 
4364 
4365 
4366 

04367 
.368 
4369 
4370 
4371 
4372 
4373 
oU74 
4375 
4376 
0\0377 
4378 
0\0379 
4380 
0\0381 
04382 
04383 
4384 
4385 
4386 
4387 
4388 
-4389 
-4390 
4391 
0\03Q2 
4393 
4394 
4395 
4396 
4397 
lt398 
"'399 
40400 
04401 
4402 
4403 
440. 
HaS 
440. 
4407 
4406 
440. 
4410 
4411 
"'412 
4413 



c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 
C 
C 
C 
C 
C 

LNJ - POINTER TO THE AFlUY NI IN BLANK C['IJI4"'ON 
NflJI IS THE I<IJMBER OF CEL.L5 IN T"iE J-TH RJW OF 
THE SQUARE Of: CIRCULAR FORM OF THE APHY 

KNI - SPECIAL FLAG FOR "'EMST CAllS NEEDED BECAUSE NI 
IS AN INTEGER YARIABlE 

DIMENSI.,. CIRUI ,SOUl II 

IF (.NOT.TeIRI RETURN 
GO TO 110,161,J OIR 

10 IJ-NMAhl 
00 lit J-l,NOIM 
I SUB-LNt +NOIM-J 
NN-NI C J sue 1 
IN-NDJM.INDI"I-J I +1 
I-I N+ f HOI JIII+NN J 12 

IF (NDIM.GT.NNJ CALL ZERO ISQUtll,INOIM-NNJl2J 

DO 12 II-l,NN 
tJ-IJ-l 
1-1-1 

12 SQUll )-CIRf IJ' 

IF INOIM.GT"NNJ CAU ZERO fSOUIINJ.INDIM-NNJ/2J 

lit CONTINUE 
RETURN 

U IJ-O 
DO IB J-ltNDIM 
I SUB- LN I +J-I 
NN-NIfISUBJ 
I-NO I "I.' J-l}+ I NOIM-NN 1/2 

DO 18 lI-l,NN 
IJ-IJ+l 
1-1+1 

18 CIRIIJJ-SQUIJI 
RETURN 
END 

ICONGRI 
SUBROUTINE CONGR CX,PRJ,BCK,ISTP,IRLX,IERR,IZERI .................................................................. 
• RECLBL VERSION 1.0 170CT77. .................................................................. 

THE SUBROUTINE CCNGft RECONSTRUCTS THE ARRAY X BY "'IINIfIII1Z
ING A CHJ-SQUAftE USING THE "ETHOD OF CONJUGATE GRADIENTS. 

THE ALGORITHM HAS THE OPTION OF "INI MI ZING A CHI-SQUARE BY 
METHOD OF CONJUGATE GRADIENTS WHERE THE PARAMETERS X HAVE' BEEN 
TRANSFORMED INTO A NEW SPACE BY Y-OX. THE "'ATRIX 0 WHICH 
DEFINES THE TRANSFQRIIIATION IS A DIAGONAL MATRIX SUCH THAT 
0111 - SORTIMII,JJI WHERE CHISQ - x JIll X - V X + C. 

x - THE RECONSTRUCTION ARRAY 
PRJ - THE PROJECT ION SUBROUTINE 
8CK - THE 8ACK-PROJECTION SUBROUTINE 
ISTP - NUJIIIBER OF HEClUION STEPS 
IRll - IRLX IS NON-ZERO FOR ITERATIvE RELAXATION 
IERR - IEA-R IS NON-ZERO FOR WEIGHTED LEAST SQUARE 
IlER - IlER IS EOUAl TO 0 IF INITIAL SOlUTIO~ EOUAlS 0 

THIS SUBROUTINE CALLS REClBL. AOUTI"tES - CISO, DOT, EMESG, lGTXT 
MEMST, RCHEK, SETIT, USER, ZERO 

REClBL ROUTINES WHICH MUST BE CALLEO fIRST - SETUP 

EXTERNAL RECLBL SUBROUTINES - BCK, PRJ 

LANGUAGE - FORTRAN 

COMMON/WRK COM/NWORK, IWUSEO, NfLOAT, I SETUP 
COMMON WORK (1 I 

NWORK - DIMENSION OF THE USER S CO"'''t(I~ ALOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WORDS USEO IN BLANK COMMON 
NHOAT - NU/IIIB9 OF WORDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETuP SETS ISETuP - 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF JSETuP - 2HOK BEFORE 
HECUT ING. 

WORK - BLANK CO""ON WORKING URAY 

C OMMON/I TRCOM/NSTP, TRLX, TE RR, T HR,L WGT, LDEL, L TEMP, LCDH, L TP:AN 
LOGICAL TRLX,TERR,TZER 
OIMENS ION WGT II I, DEU 11 ,TEMP I lit CDElIlI ,TRAN C 11 
EQUIVALENCE C WORK III ,MGT 111 ,DELI 11, TEMPI 11, (DEL t 1) t TAANt 111 

NSTP - NU"'BEA OF ITERATION STEPS 
TUx - LOGICAL VARIABLE SET TRUE FOR RELAXATION 
TERR - LOGICAL YARIABLE seT TRUE FOR WEIGHTED LEAST SQUARE 
TZE~ - LOGICAL YARIABlE SET TRUE TO ZERO INITIAL SOLUTION 
LWGT - POINTER TO THE ARRAY WGT IN BlANK COMMON 

WEIGHTS FOR WEIGHTED LEAST SQUARES ISEE TERRI 
LDEL - POINTER TO THE ARRAY DEl IN BLANK CO'4/11DN 

GRADIENT 'lECTOR 
l TEMP - POINTER TO THE ARRAY TEMP IN BLANK CO"lMON 

TEJIIIPORARY STORAGE TO INCREASE SPEED 
lCDEL - POINTER TO T!-IE ARRAY CDEl JN BLANI( COMMON 

STEP DIRECTJON Few. CCNJUr.ATE GRADIENTS 
LTRAN - POINTER TO THE ARRAY TRAN IN BLANK CO"''''ON 

TRANSFORMATIO~ MATRIX FOR RELAXATION ISEE TRLXI 

COH/IIONI DUTCOH/LUNQUT, I 80132 

LUNOUT - LOGICAL UNIT NUMBE«I: FOP OUTPUT 
180132 - flAG INDICATING NUMBER OF CHARACTERS IN A LHE CF 

OUTPUT ON LUNOUT 
o c BO CHARACTERS (132 CHARACTERS OTHERWISEI 

COMMON/PTRCOM/NOI MU,NDIM, PWI 0, TC JA, N"'AT, l ~ I, KN I 
lOGICAL TC JR 
OIMENSION NIIiI 
EQUI VAl ENCE I WORK 111 ,N 11111 

.. 14 
1t41:5 
44lt 
4 .. 17 
4418 
441" 
4420 
4'-21 
1t1t22 
1t'-23 
41tH 
H2':; 
4426 
4421 
4428 
4420; 
4430 
4431 

. 4432 
1t433 
4434 
4435 
1t436 
1t437 
1t438 
4439 
41t40 
1t1t41 
441t2 
41t43 
41t44 
-HitS 
444b 
1t447 
4448 
441t9 
4450 
1t4S1 
4452 
44~3 
4454 
1t455 

1t456 
1t1t57 
41t58 
445q 
41t60 
1t1t61 
1t1t62 
4'lt63 ..... 
4465 
41t66 
4467 
446B 
1t1t6O: 
1tit10 
4471 
1t472 
4473 
41t7lt 
4475 
4476 
1t1t77 
1t478 
41t7q 
4480 
4ltBI 
4482 
4483 
1t4BIt 
41t85 
4486 
44B7 
44B8 
1t4A9 
44qO 
44ql 
4492 
44q3 
4494 
H95 
44q6 
4497 
4498 
4ltq9 
4500 
4501 
1t502 
4503 
4S01t 
4505 
4506 
4:507 
4508 
450q 
4510 
4511 
4512 
4513 
It!l4 
1t5l5 
4516 
4:17 
1t518 
4519 
4520 
4521 
4522 
4523 
4524 
1t525 
4526 
4527 
4528 
452Q 
4S30 
4531 
It!; 32 

NDIM!J - THE U"IEAR DI"'ENSION (:F THE TRANSYERSE SECTJ(]N 
"101M - T'1E CURRENT LINEAR Ot"ENSIGN USED 8Y TI-tE PR.C;GDA'" 
pWID - PIXEL WlorH liN U"IiTS OF PROJECTIrJN ~IN WYDTH' 
TCIR - LOGICAL VARIABLE SET TRUE F:JR CIRCULAR REC~~I. 
NMAT - THE NUM8ER OF CELLS IN THE TRANSVERSE SECTION 
LNI - POINTER TO THE ARDAV NI IN eLANI< COM~I)"'I 

NIIJ. IS THE Nu ... eER. Of CELLS IN T>iE J-TH ROW ('IF 
THE SQUARE OP CIDCUlAR FORM OF Tl-IE A"IIAV 

I(NI - SPECIAL FLAG FOR .... EI1ST CALLS NEEDED AECAUSE NI 
IS AN INT£(.ER. YARIABLE 

COM"ION/5TRCOM/TSTORE 
LOGICAL TSTORE 

TSTORE - LOGICAL YARIABLE SET TRUE _HEN TESTING STORAGE SIZE 
SETS TPRINTIlI - .TRUE. 

C OMMON/TRG COI1II GEOM,'<D !HU, AX I SU, 8wI D. KM('IY ,KM I N ,I("'A;(, 1(0 I 101, A XI S, 
1 lPROJ, NANG, MOOANG,lANG, LS JNE, lC 'JS IN, LOAT EO, T EM If 

LOGICAL TE~IT 

01 ME NSI ON PROJ Ill, ANGC l' ,S INE( I "COS INEllI, OA TeR 111 
EQUIVALENCE IWORl« 1 J, PROJllI ,ANG( I), SINE Ii', cas I~E( 11, OATEQ 11 J' 

IGEO~ 

KOIMU 

AlISU 

BWIO 
K"'QV 

KMtN 

KMAX 

KDIM 

AXIS 

lPROJ 

NANG 
MODANG 
LANG 

LSINE 

LCOSIN 

LDATER 

TE .. n 

- GEOMETRY flAG 
o II PARALLEL BEAM GEOMETRY 
1 .. FAN BEAM GEOMETRY ICURVED OETeCTOPJ 
2 ., FAN BEAM GEOJlolETRY IFLAT DETECTOR) 
3 .. RING OETECTOR GEO"lETRY 

- NUM8ER OF 81NS IN THE PROJECTIO~ AI<;RAY SUPPLIED 
BY THE USER 

- THE PROJECTED LOCATION OF THE PDlATlOI\! Axl S IN THE 
PROJECTION ARRAY ITHIS IS SUPPLIED BV THE USED 
AND IF AXISU IS H'TEGER, THEN ROTATION AxIS FALLS 
IN THE CENTER nF A PIO.OJECTlOI\! 81N.1 

- PROJECTION BIN wIDTH ItN U~ITS OF PIXEL WIDTHI 
- THE DISTANCE BETwee.,. THE AXIS FOR THE SYSTEIo! DATA 

ARRAY (AxiS. ANO THE AXIS FOR THE USER DATA 
ARRAY lAX ISU I. AXI S e AX I SU+FVJAT (KMOV I 

- FIRST LOCAl ION IN SYSTEIII DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO eE USED. 

- LAST LOCATION IN SYSTEM DATA APRAY THAT STORES 
THE DATA Of THE LAST USEI'. PROJECTION elN THAT 
IS GOING TO BE USED. 

- IIIUMBER OF e.INS IN THE PROJECTtO~ ARRAY SUFFICIENT 
TO RECONSTRuCT AN NOIM X NOI'" ARRAY, USUALlY 
KDIM-KDIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS UI THE 
PROJECTlON ARRAY, USUALLY AXIS-AXISU. 

- POINTER TO THE ARRAY PAOJ t N BLANK ceMMON 
INTERfillEDtATE PROJECTION AIIIO DROJECTION ERIIOR 
'lECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOA. PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RAOlANS 
- POINTER Tn THE ARRAY SINE IN BLANK CO"'MON 

SINE I)F THE PPOJEC TI ON ANGLES 
- POINTEII TO THE URAY COStNE IN BLANI( COMMOr.! 

. COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE AI\RAY OATER IN BLANK CO"MON 

USER PPOJECTION DATA AND UNCERTAINTIES 
- LOGICAL VAIl tABLE SET TctuE FOR EJI4ISSION DATA AND 

FAl~E FOR TRANSMISSION DATA 

EXTERNAL PR-J, BCK 
OIMENSION xeu 
OIMENSION NAMERlq, 
OATA NAMEA/IHE,lHN,lHD,lM ,1HC,lHO,lHN,lHG,lHPI 
DATA JOI(I2HOKI 

.BE SURE THAT SETuP HAS BEEN CAUED 

IF IISETuP.NE.IOIO CALL EMESG (I,NAMERI51,11 

CALL LGTXT IIliAMEP(5J,5. 
NSTP-ISTP 
TAU-IRLX.NE.O 
TERR- tERR.NE.O 
TlE~"IZER.EO.O 
wRITE (LUNOUT,3~1 
wRJTE ILUNOUT,381 NSTP 
IF ITRLXI WRITE (LUNOUT,ltOJ lUX 
IF (.NOT.TALXI WRITE IlUIIIOUT,421 IRLx 
IF erERA, WRITE {lUNOUT,lt4J IERR 
tF (.NOT.TERR) WRITE flUNOUT ,1t6 I lEAR 
IF nZERI WRITE (LUNOUT,ItBI HEll 
IF (.NOT.HERI WRITE ILUNOUT,~OJ IZER. 

CALL ReHEK IBCK,PRJtll 

CAll ME"IST ILPRDJ,2.KOIMI 
CAll IIIE"'ST ILOH ,NMAT I 
IF ITERRI CAll "IEf'IlST flWGT,KOIM*NANGI 
IF ITRLX) CALL MEMST fLTRAN,NMATI 
CALL MEMST ILCOEL,NMATI 
CAlL MEMST {LTEMP,t'iMATI 
IF ITSTOREI GO TO 34 

IF ITCIR.AND •• NOT.TZERI CAll CISQ (X,x,21 
CAll SETIT IX,CHI ,PRJ,BCKI 

CALL lERO 'CCOELILCDEll,NMAT) 

tTER·O 
Q-O. 
IF (TCIRI CAU CISQ IX,x,11 
CALL uSER IITER,X,CHIJ 
IF ITCIR) CALL CISQ IX,X,21 
IF INSTP.GloO) GO TO 10 
wRITE (LUNOUT,521 NSTP 
CALL EMESG 15,NAMERI51tlJ . 

.C ORREC T STEP DIR ECT ION 

10 OELSQ"OOT I DEL IlOELI, l, DEl( LOELI, 1, NMAT) 
Q=Q.OElSQ 
IF ITRlxl GO TO lit 
DO 12 Iel,NMAT 
I SUB1"lCOEL+I-l 
ISUB2=lOEL+I-1 

12 CDELII SUBl J =DELII SUB2 I-O*C DEL ( ! SU 811 
Ga TO 18 . 

14 00 16 1"I,NMAT 
ISUBl"LCDEL+}-l 
ISUB2-l0EL+I-l 
I SUB3cL TRAN+I-l 

16 COELIISUBlIcDELIISUB21·T~ANIISUB3J-Q·COELflSUBli 
lB Q"-I./OELSQ 

.PROJECTION OF THE GRAOIENT THEr'! 8ACKPA.I)JECTION 
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It!:)) 
453. 
1t!:3!: 
1t~36 
4n1 
4538 
4!:3 c 

45~0 

4541 
4!::42 
4~43 
451t1+ 
1t51t5 
4546 
1t~1t7 
4~4B 

4!:4Cl 
4:~O 

45!1 
4552 
1t5~3 
4554 
4555 
",,56 
.. :557 
4558 
455<; 
4560 
4561 
4562 
45t.3 
.,!:blt 
4~65 
4566 
It,b7 
45e8 
456<; 
1t570 
1t571 
4572 
1t573 
.574 
ft.575 
4576 
4577 
4;78 
457q 
45BO 
1t!81 
4;B2 
4583 
.5B4 
4~B~ 
4!386 
1t387 
Ue.A 
1t5B'li 
lt~qO 

45<;1 
4~92 
4~93 .... 
4!~5 
4~~6 
4,<;7 
4!9B 
45~q 

4600 
4601 
U02 
4603 .... 
460~ 
4~06 
lte07 
6.608 
4b09 
1t610 
4611 
4ti2 
4H3 
4HIt 
'f61! 
1t616 
4H7 
4tI8 
4bl<; 
1tl.20 
4621 
1t~22 
4623 
.e24 
4t2~ 
46U 
4b27 
4628 
1t~29 
Itb30 
"t~ 31 
1t6;,2 
4bB 
_4631t 
4635 
.,636 
10037 
4638 
1t639 
4t-40 
4t.1t1 
lte42 
.... 643 
46ltlo 
'f6"'~ 
H4b 
1tt-41 
4t48 
4t4" 
4b50 
4t'51 
Itt52 
46~3 
465.t. 
Itt55 
4t ~~ 
4t ~7 
Itt!:e 
4b5 c 

4HO 
4Ml 
Itt62 
4bf3 
4bt.1t 
4H5 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c· 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DO 22 M-l,NANG 
CALL P,,"J ICDELtLCOEL "PROJllPROJI,M) 
IF I.NOT.TER.RI GO TO 22· 
00 20 I-I,KDIM 
t SUBI-L PROJ+l-1 
I SU8Z-l WGT.« /11-1) .1(01 14+1-1 

20 PROJ ( ISUBlJ .PROJ (lSUBlI*WGT( J SUB 2. 
22 CALL BCI( CTEMPILTEMPI,PROJILPROJI,MJ 

P-uEL SQ IDOl( tOEll LeDEl) ,1, TE "'PI l TEMP J ,1, NMATI 

.THE NEW SOLUTION FOR. THE RECONSTRUCTED ARRAY 

00 24 l-l,NMAT 
ISUB"'lCOEL+I-1· 

24 XIIJ-XII'+P*CDElIISUBI 

IF URLX I GO TO 28 
DO 26 l-l,NMAT 
ISU81-LDEL+I-l 
ISUBZ-L TEMP+l-l 

26 DEL ( I SUB! J -DEL( I SUBII-P*TE "'PI t SU821 
GO TO 32 . 

28 00 30 I-I,N"'AT 
ISUBl"LDEL+I-l 
I SUBZ-L T EM P+J-l 
ISUB3-L TRAN+I-l 

30 DELI 1 SU811-0ElII SUB l)-p*n "4PII SU821*TRANtl SU831 

.THE NEW CHI -SQUARE 

32 ITER.o:ITER+l 
CHI-CHI-P*OEL sa 
IF CTClIU CALL CISQ eX,X,lI 
CALL USER CI TER,X,CHlJ 
IF ITCIRI CALL elSa CX,X,21 
IF 'IITER.LT.NSTPI GO TO LO 
IF HCIR' CALL CISQ IX,X,lI 

34 CALL MEMST I LPfl:OJ,O I 
CALL MEMST (LOEL,O' 
IF HERRI CAll MEMST (lWGT,OI 
IF (TRLXI CAll MEMST (LTRAN,OI 
CALL HEMST ILCOEL,OI 
CALL "'EMST (L TEMP,O' 
TERR_ .FAL SE. 

CALL MEMST 'MAXFW,-l1 
WRITE CLUNOUT,!541 fl4AXFW 
CALL lGTXT (NAMER,'9J 
RETURN 

36 FORMATI IIlIllX.3LHPARAMETERS FOR SUBROUTINE CONGR/1L9X,llHDESCR.1 
lPTJON/LXI 

38 FORMATl9H ISTP - ,U,4X,2!5HNUMBER Of ITERATION STEPS) 
40 FORMATl9H IRLX - ,16,ItX,27HITE"UIVE RELAXATION METHOD. 
4,2 FORMATI'9H lRLX - tI6,U,2!5f-1tTERATJVE GRADIENT METHOD. 
'" FORMATC9H IERR - ,J6,4X,15HUSE ERROR ARRAY I 
1t6 FORMATC'9H IERR - ,16,4X,22HDO NOT USE ERROR ARRAY I 
48 FORMATC9H IZER - ,I6,4X,24HINJTJAL SOLUTION IS ZEP:OI 
50 fORHAT(9H IZER - ,16,4X,33HIN1TJAl SOLUTION SUPPLIED BY USER) 
52 FOR"'ATI 1127HTHE NUMBER OF STEPS NSTP - ,13, 16H IS LESS THAN 0.) 
54 FOR""TtIl10X,38HMAXIMUM SIZE OF BLANK CO,.IIWN THUS FAR_,H, 

122H FLOATING POINT WORDS.) 
END 

ICONVol 
SUBROUTINE CONva IX,XE,CNV,BCK,IERR) ...............•...•..••...•............•..........••............. 
• RECLBL VERSION 1'.0 170CT17. .....•....•.........................................•............. 

THE SUBROUTINE CONVO RECONSTRUCTS THE ARRAY X USING THE 
BACI(-PROJECTION OF THE FILTERED PROJECTIONS (CONVOLUTION 
METHOD). ONE STANDARD OEVIATION ERRORS OF THE RECONSTRIXTED 
VALUES ARE RETURNED IN XE IF IERR IS SET NON-ZERO. 

X - THE RECONSTRUCTION ARRAY 
XE - THE ERRORS IN THE RECONsnUCTED ARRAY 
CNV - THE SUBROUTINE GIVING THE CONVOLUTION FUNCTION 
BCK - THE BACI(-PROJECTION SUBROUTINE 
IERR - THE ERROR FLAG (SET NON-ZERO TO RE,TURN xE) 

THIS SUBROUTINE CALLS 'RECLBL ROUTINES - CJSQ, OOT, EMESG, 
GEl DE, LGTXT, ME~ST, RCHEK 

RECLBL ROUTINES WHICH MU·ST BE CALLED FIRST - SETUP 

EXTERNAL RECLBL SUBRO'UTINES - BCI<, cr.v 

lANGUAGE - FORTRAN 

COMMONI WRI(COM/NWQRK t I WUSEo, NFL OAT , 1 SETUP 
COMMON WORI( ( 1) , 

NWORI( - DIM.ENSION OF fltE USER S COMMON BLOCK IN BLANK 
COMMON 

tWUSEO - THE NUMBER OF WORDS USED IN BLANK CO~HON 
NFLOAT - NUMBER OF WORDS FIJR A flOATING POINT VARt ABLE 
ISETUP - THE SUBROUT tNE SETUP SETS ISETUP .. 2HOK. 

SUBROUTINES WHICH REQUIFIE THAT SETUP IS CALLEe 
FIRST TEST TO SEE IF ISETUP - 2HOK BEFORE 
EXECUTING. 

WORI( - BLANI( COMMON WORKING A"RAY 

CO ... MON/CNVCOM/lCONV, LCONE 
DIMENSION CONVOL(l),CONECL) 
EQUIVALENCE I WORK 11 J ,C,ONVOLf 1), CONE 1111 

LCONV - POINTER TO THE ARRAY CONV IN BlA"lK CO"''''ON 
ARRAY OF CONV::lLUTI ON FACTORS 

LCONE - POINTER TO T~E ARRAY CONE IN BLANK COMMON 
ARRAY OF VARIANCES lAND COVARlANCES OF ADJACENT 
BINS) OF THE CONVOLVED PROJECTIONS 

COMHON/FANCOM/RFAN, n"NC, TfANF 
LOGICAL TFANC,TFANF 

4666 
4667 
466e 
4669 
4670 
4671 
4672 
4673 
4674 
4675 
4676 
4677 
467B 
467q 
4680 
4681 
4682 
4ee3 
't68lt 
4685 
4686 
4t87 
lt688 
4689 
4690 
4691, 
4692 
4t.'93 
46~4 

4695 
4696 
46';17 
46~8 

46<;9 
4700 
4701 
4702 
4703 
.704 
4705 
4706 
.707 
4708 
470'1 
4710 
4711 
4712 
4713 
4714 
4715 
4716 
4717 
4718 
4719 
4720 
4721 
4722 
.723 
4724 
4725 
4726 
4727 
4728 
4129 
4730 
4731 

4732 
4733 
4734 
4735 
4736 
4737 
1t738. 
4719 
4740 
1t741 
4742 
4743 
4744 
4745 .,46 
4747 
4748 
4749 
4750 
4?!l 
4752 
4753 
4754 
4755 
4756 
4757 
4758 
475q 
4760 
4761 
ft7b2 
4763 
4764 
it765 
4766 
4767 
4768 
4769 
4770 
4771 
4772 
4713 
4774 
4775 
4176 
.771 
471B 
4719 
4180 
.781 
4782 
4783 
4764 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

RFAN - FO~ FAN BEAM GEOMETRY RFAN IS THE DISTANCf FROM 
THE SOURCE TO THE CENTE$! aF ROTATION. RFAN 
I S MEASURED IN UNITS OF PROJECTION BIN wIDTHS AT 
THE CENTER OF ROTATION. 

TFANC - LOGICAL VARIABLE SET TRUE FOR fAN BEA'" WITH A 
CURVED DETECTOR 

TFANF - LOG ICAL VAR tABLE SET TRUE FOR FAN BEAM WITH A 
FLAT DETECTOR 

COMMONI 1 TRCOM/NS TP, TRLX, T E RR, TZE~ ,LWGT, L DEL, L TEMP, LCOEL,L TPAN 
LOGICAL TRLX,TE~R,TZER 

DIMENSION WGT 11 J ,DELI1)' TEMPl11 ,CDELI 11, TRANI 11 
EQUI VALENCE I WORK(l J, WGT 111 ,DELll), T EMPlll, CDELllI. TRANI 111 

NSTP - NUMBER OF I"t1:RATION STEPS 
TRLX - LOGICAL VARIABLE SET TRUE FOR RELAXATION 
TER-R - LOGICAL VARIABLE SET TRuE F')R WEIGHTED LEAST SQUARE 
HER - LOGtCAL VARIABLE SET TRUE TO ZERO INITIAL SOLUTION 
UfGT - POINTER TO THE ARRAY WGT IN BLANK COMMeN 

WEIGHTS FOR WEIGHTED LEAST SQUARES ISEE TEAR) 
LOEl - POINTER TO THE ARRAY Del IN BLANK cn~MON 

GRADIENT VECTOR 
LTEI4P - POINTER TO THE ARRAY TPIP IN BLANK CO,","'ON 

TEMPORARY STORaGE TO INCREASE SPEED 
LCOEL - POINTER TO THE ARRAY COEL IN BLANK COMMON 

STEP DIRECTION FOR CONJUGATE GRADIENTS 
LTRAN - POINTER TO THE ARR.AY TRioN IN BLANK CCMMN 

TRANSFORMATION MATRIX FOR RELAXATION (SEE TCl.LXI 

COMM')N/OUTCQM/LUNOUT,180132 

LUNOuT - LOGICAL UNIT NU"I8ER FOR OUTPUT 
IB0132 - FLAG INDICA.TING NUMBER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNOUT 
o .. 80 CHARACTERS (132 CHARACTERS OTHERWISE) 

COMMONI PRTCO~/TPRI NT t 81 
LOGICAL TPRINt' 

TPRJNT - LOGICAL PRINT FLAGS 
1 - PRINT REQUIRED FLOA'TING POINT BLANI( COMMON 

WHENEVER CHANGED 
2 - PPINT PROJECTION DATA AND UNCERTAINTIES 
3 - PRINT SETl,P VALUE S FROM I PAR AND PAR ARRAYS 
4 - PRINT FILTER FUNCTION FOR CONVOLUTION AND FILTER 

ROUTINES 
5 - PRINT VALUES FOR THE LAGRANGE MULTJPILERS AND 

THE GRAOI ENT FOR THE FUNCTION OF LAGPANGE P4Ul. TI
PlLERS FOP THE ENTROPY RECONSTRUCTtON 

6 - PRINT POINTERS IN 8LANI( COMMON WHENEVER CHANGED 
( OEBUGI 

C OMMONI PTRCOM/NOIMU, NOIM, PWI 0, TC 112., NHAT, LN', I<NI 
LOGICAL TC IR 
DIMENSION NI ILl 
EQUI VALENCE (WORK Ill, NI( 11) 

NDtMU - THE liNEAR DIMENSION OF THE TRANSVERSE SECTION 
NDIM - THE CURRENT UNEAR DIfI4ENSI0N USED BY THE PROGRAM 
PWID - PIXel WIDTH t IN UNITS OF PROJECTION BIN WIDTH) 
TeIR - LOGICAL VARIABLE SET TRUE FOR CIRCULAR RECON. 
NMAT - THE NUMBER OF CelLS IN THE TRANSVERSE SECTION 
LNI - POINTER TO THE ARRAY Nt IN BLANK COMMON 

NIIJI IS THE NUM8ER OF CELLS IN THE J-T,H RUW Of 
THE SQUARE OR C tRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR MEMST CALLS NEEDED BECAUSE "'1 
IS AN INTEGER VARIABLE 

C:))I!MONI S TRCQM/TSTORE 
LOGICAL TSTORE 

TSTORE - LOGICAL VARJASLE SET TRUE WHEN TESTING STORAGE S IlE 
SETS TPRINTllI ... TRUE. 

COMMON/TRGCOMI I GEOM r KOI Mu, AX 1 SU, BwtD ,1</'40V, I(MI N, KMAX, KOt /III, AXI S, 
1 L PROJ, NANG, MQOANG, LANG,LS tNE, LCOS I Nt LOAl ER, TEMJT 

LOGtCAl rEMIT 
01 MENS ION PROJ Ill, ANGlll ,S INE I 1 ),COSINE( 11 ,DATER I 11 
EQul VALENCE IWORK(l), PROJI 11, ANGIlI, S tNE It J ,COS tNE( 11, DATER! 11) 

IGEOM - GEOMETRY FLAG 

KOIMU 

AxtSU 

BwIO 
KMOV 

KMIN 

KlIIAX 

KDIH 

AXIS 

LPROJ 

NANG, 
MOOANG 
LANG 

LSI"'E 

LCaSIN 

LDATER 

TEMIT 

o .. PARALLEL BEAM GECMEny 
1 " FAN BEAM GEOMETRY (CURVED DETECTOR) 
2 " FAN BEA'" GEOMETRY (FLAT DETECTOR) 
3 e RING DETECTOR GECMETRY 

- NUMBER OF BINS I'" THE PROJECTION APRAY SUPPLIED 
BY THE USER 

- THE PROJECTED LOCATION OF THE ROTATION AXIS 1'" THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AXISU IS INTEGEP. THEN ROTATION AXIS FAllS 
IN THE CENTER OF A PROJECTION RI"4.1 

- PROJECTION !HN wIDTH (I'" UNITS OF PIXEL wtDTH) 
- THE OISTA,.,CE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARP,AY lAX IS) A,.,O THE AXIS FOR THE USEj:l DATA 
ARRAY IAXISUJ. AXIS" AXtSU+FlOAT(KMQVI 

- FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA Of THE FIRST USER PRI')JECTION BI~ THAT 
IS GOING TO BE USEO. 

- lAST LOCATION IN SYSTE.'oI DATA A~RAY TH.o.T STORES 
THE DATA OF THE L.AST USEIl. PROJECTION BIN THAT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN Nol" X NDY"! ARRAY, USUALLY 
KDIM-KOIMU. 

- THE PROJECTED LOCATION OF THE "OTATION AXIS IN THE 
PROJECTION APRAY, USUALLY AXIS"AXISU. 

- POINTER TO THE ARRAY PROJ IN eLAN'" C')MMON 
INTERMEDIATE PROJECTION AND PROJECTION BoROR 
VECTOR 

- NUMBER Of PROJ ECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RAOlANS 
- POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMO'" 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARII:AY DATEP, 1"1 ~LANK COMMON 

USER PROJECTI'::lN DATA AND UNCERTAINTIES 
- LOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSIoIISSION DATA 

EXTERNAL BCK,CNV 
OI"lENSION xc l',XEI1J ,RAI2J 
OIMENSION NA~ER(91 
LOGICAL TFAN,T80,TI32 
DATA NAMER/lHE,lHN,IHQ,lH ,lHC.1HO,lHN,lHV,lHOI 
DATA lQK/2HOl(I 

T 80 .. T PRI NT 14) • AND. I 80 132 .EQ. 0 
T 132 .. T PRI NT (4) • AND. J B0132 .NE.O 

.BE SURE THAT SETUP HAS BEEN CALLED 

It7B5 
It786 
4787 
478B 
4789 
.190 
4791 
47qz 
47113 
4794 
4795 
H96 
4791 
4798 
4799 
,.800 
"BOl 
4802 
4B03 
4804 
4805 
4806 
4807 
4808 
480101 
4810 
4811 
4B12 
4813 
4814 
4815 
48160 
4817 
4818 
4B19 
4820 
4821 
4B22 
.B23 
482ft 
4825 
4826 
4827 
ItR28 
ItB29 
4830 
483l 
4832 
4833 
483ft 
4B35 
4836 
4837 
4838 
,.B39 
4840 
4841 
4842 
4843 
4B44 
4845 
4846 
4847 
4848 I 
4849 
4850 L 
4~Sl 
4852 
41!1~3 
4854 
Jt8~~ 
4856 
4B51 
4858 
485q 
4860 
4861 
48~2 
4863 
4B6" 
486!5 
4860~ 
4861 
.868 
48~9 

4870 
4871 
4872 
.873 
4B74t 
4875 
4876 
4877 
4876 
487q 
,.880 
4881 
4882 
4883 
488~ 

4885 
4886 
4887 
48B8 
4889 
48<:10 
.891 
4892 
4893 
48<;4 
4895 
4[196 
.69'1 
4898 
489<; 
4<;;00 
4901 
4902 
4903 
4q04 
4(lOS 
4t;06 
4q07 
4906 
4901;1 
4910 
4911 
4912 
4 G lJ 
4914 
4<;:15 
t..~ It 
.C:,ll7 
41Oil!! 



IF IISETUP.NE.IOIO CALL EMESG (t,NAMERI5JdJ 

CAll. l.GTXT INA"'EIit!5J ,51 
TERR-IERR.NE.O 

WRITE (It}NDUT,361 
IF !TERRI wRITE (LUNOUT,38I IERP 
IF (.NOT.TERRI wRnE IlUNQUT,'tOJ IERR 

CALL RCHEI( ISCK,CNV,ZI 

CALL "'E"'ST (lPROJ,Z.KOIMI 
TFAN-TFANC. OR. TF ANF 
IF ITFANJ CAU ME"'ST (LCONV,3.KOt"'-11 
IF I.NOT.TFANI CALL MEMST ILCONV,Z.KOI"'-lJ 
KK-Z.KOJ"'-l 
IF ITERRI CALL 114E"'ST ILCONE,3.KK-1l 
IF I.NOT. TERRI CALL MEMST nCONE,l) 

IF CTSTOREI GO TO 3It 
RAt lI-RFAN 
IF ITFANFI RAtll--RFAN 
RAI21-UIS 
CALL tNV (CONVOl.(LtONVI,RA,J(OIfIIl 

.PRINT OUT CONVOLUTION FUNCTION AND WEIGHT FUNCTION 

t SUBl-lCONV+KOt "'-1 
t SUBZ-LC ONV+Z.KOI "'-2 
KO",M-KOI"'-l 
IF llaOI wRJTE ILUNOUT,42J KO"'''',(CCNVClIISUBJ,tSuB-ISUal,ISUB2J 
IF ITi)Z) WRITE IlUNOUT,441 KO"'''',CCONV(llIISuBI,ISUa-ISUBl,lSuB21 
I SUBl-LC ONV+2"KOI "'-1 
I SUB2-LCONV+3U,OI 1+-2 
IF !TaO.ANO.TFAN) WRITE (lUNOUT,46) KDIM,ICONVOUISUBitISUB-ISUBl, 

11 SUBZ' 
IF (TUZ.AND.HAN' WRITE (LUHOUT,48' KOIM,ICONVOUISUBI,ISUB-ISUBI 

1,ISU821 

.IF TERR IS TRUE, SETuP INTER"IEOtATE FACTORS FOR THE COf'llPUT-
AlION OF CONVOLUTION COVARIANCES. 

IF I .NOT. TERRI GO TO 12 
KK-2"KOI"'-1 
tsUBl-LCDNV 
I SU82-LCONE+KK 
I SUB3-LCONE+2.j(I( 
KK-KK"l 
00 10 K-l,I(K 
CONEe JSUB2 )-CONVOLI ISU81'''2 
CONE I ISUB31-CoNVOL I I SUB 1 '.CONVolll SU61+11 
ISUBI-ISU81+1 
ISU82-ISU62+1 

10 tsU83-ISUB3+1 
CoNEI J SU821-CoNVOLI ISu81 1'''2 

12 CONTINUE 

.LOOP OVER THE ANGLES 

00 28 "'-I,NANG 
I SU8-LPRoJ+KOIM 
CALL GETOE (H,PROJILPRoJJ,PROJIISUB" 

"SPECIAL WEIGHTING FOR FAN 8E .... S 

IF 1 .~oT. TFAN' GO TO 18 
ISUB1-LPA,OJ 
ISU82-I..C ONv+2.KOI "'-1 
00 14 K_.,KOI/ll 
PROJ II SUB1 J _PROJ IISUB11.CONVOLII SUBZ J 
tsU61-ISUB1+1 

14 ISU82-ISUB2+1 
IF I.NoT.TERRI GO TO 18 
J SUBI-LPROJ+KOtM 
I SU8Z-LCCNv+2.KDI M-l 
00 16 K-l,KOt'" 
PRoJ IISUBII-PROJUSU8U.CONVOLI ISUB2' 
ISU81-15U61+1 

16 JSU82-ISU82+1 
18 CONTINUE 

.CoMPUTE THE CONVOLUTION CoVARIANCES AND PERFOR'" THE 8ACK-
PROJECTION 

IF I .NOT. TERRI GO TO 24 
DO 20 K_1,KOI'" 
ISU61-ISUS+K-l 

zo pROJIISU81J-PROJIISU811 •• 2 
KK-2·KOIM-1 
I SU81-LCONE 
t SUB2-LCONE+KK+KOIM-l 
I SU B3-LCoNE +2"KK +KOI"- 2 
00 2Z K-l, KOI'" . 
CONE I I SUSI ,-DDT( PRoJ I I SUB J ,1 ,CONE I 1 SUB21 ,1 ,KOtM I 
IF IK.EO.KOIMI GO TO 22 
CONEe 15U81+" -OOTI PRoJ I ISUB), 1, CONE (I SUB3), 1, KOI'" I 
ISUBI-1 SU61+2 
ISU82-ISU62-1 

22 J SU63-15U83-1 
CAL.l 8CK IXE,CoNEILCoNEJ,"H' 

24 CONTI HUE 

.FoRM THE CONVOLUTION AND PERFOR'" THE BACK-PROJECTION 

DO 26 K-1,KOI'" 
tsUB1-ISU8+K-l 
I SUBZ-LCDNV+KoI "-I( 

26 PROJ ( I SU811 -OOT (PROJ ILPROJ 1,1, CONVOLI ISU621, 1, KOI M I 
28 CALL 6CK (X,PROJ(ISU61t"'1 

.NOR"'AL 1 ZE THE RECONSTRUCTION 

FAC-1 ./FL OAT (NANG 1 
00 30 r-1,N"'AT 

30 XIII-X(II.FAC 
IF CTCIR.I CAll CISO Ix,X,1I 

IF (.NOT.TERRI GO TO 34 
DO 32 1-1,N"'AT 

32 xE( IJ-SORT(xE( III.FAC 
IF (lCIR' CALL CISO exE,xE,1I 

34- CAlL ""EMST (LPRoJ,OJ, 
CALL "'E"'ST ILCONV,O) 
CALL "'E"'ST (LCONE,OJ 
CAlL ME"'ST II'IAXFW,-l1 
WRITE ClUNoUT, 50 1 MAXFW 
CALL LGTXT (NAMER,9) 

RETURN· 

4919 
4920 
4921 
49Z2 
49Z3 
4924 
4<;Z5 
49Z6 
4927 
4~28 
4'1Z9 
4~30 

4<;31 
4'132 
4933 
4934 
4935 
4'736 
40;37 
4938 
4'7)9 
4940 
41';41 
4942 
4<:143 
4944 
4945 
4946 
4<;47 
491t8 
4949 
4950 
4951 
4952 
4953 .... 
4955 
4956 
4957 
",958 
4959 
4960 
4961 
4962 
496) 
4964 
4965 
4966 
4'il67 
4968 
4969 
4970 
4971 
4972 
49n 
4914 
4975 
4fj76 
4977 
4978 
ft979 
4980 
4981 
,,982 
4983 
498ft 
4985 
4986 
4987 
4'188 
4'189 
49'i0 
4991 
4992 
4993 
4994 
4995 
4<;96 c 
4997 C 
4998 C 
4'i99 C 
5000 C 
5001 C 
5002 C 
5003 C 
5004 C 
5005 C 
5006 C 
5007 C 
5008 C 
5009 C 
5010 C 
5011 C 
5012 C 
5013 C 
5014 C 
5015 • C 
5016 C 
5017 
5018 
5019 
~OZO 

5021 
5022 
5023 
5024 
5025 
5026 
5027 
5028 
5029 
5030 
5031 
5032 
5033 
5034 
5035 
5036 
5031 
5038 
5039 
5040 
500ltl 
5042 
5043 
5044 
5045 
5046 
5047 
5048 
5049 
5050 
5051 

36 FORMAT( IIllllX,31HPARA"'ETERS FOR SUBROUTINE C{lNVOIl19XollHOESCRl 
1 PT 10N/lXI 

3,8 FORMATI9H IERR - ,I6,4X,!CHCAlCUlATE EPIIOIISI 
40 FJR!I1ATI9H lERR - ,16,4)\,Z31--100 NOT CALCULATE ECq,ORSI 
",Z FORMATI/IX,55HTI--IE VALUES FOR THE FILTER I~ REAL SPACE IC!"I/'4VOlll),1 

1-0" 13, 1H11I3x, SE12. 311 
44 Fr)R"1UlIlX,55HHIE VALuES FOR THE FILTER IN REAL SP"CE (CONVOl(II.l 

1"0,,13, IHI/13X, 10ElZ .311 
46 FOR~Ul/lX,61HTHE wEIGHTS US EO FOR THE FAN SEAM CONVOlUTlON (WEIGH 

1 Till. lal H 13, IHI1I3X,5E1Z. 311 
4S FORMATlIlX,61HTHE WEIGHTS USED FOR THE FA:-.j eEAf'I CONVOLUTION (WEIGH 

lTe I), Jai .. I3t IHI/13X, 10E12 .31) 
50 FORMATIIIIOX,38HMAXIMUM SIZE OF BLANK COMMON THUS FAR .. , 17, 

lZ2H flOATING POINT KlROS.' 
END 

FUNCTION. DOT IX,JX,Y,JY,NI ................. " ............. " ................................. . 
• RECLBl VERSION 1.0 170CT77. .... " ......................................................... " .. . 

THE FUNCTION DOT GIVES THE DOT PPOOUCT OF THE VECTORS 
X AND Y WHERE THE ODT PRQOLCT IS PERFORMED ONLY 6ETWEE~ 
ELEMENTS THAT ARE STORED JX AND JY APART FOP X "NO Y 
RESPECTIVElY. 

x .. VECTOR 
JX - THE INTERVAL 6ETWEEN SUCCESIVE FACTORS OF X IN 

THE oaT PRODUCT 
Y - VECTOR 
JY - THE INTERVAL 6ETWEEN SUCCE'iIVe FACTORS OF Y IN 

THE DOT PRODUCT 
- THE NUMBER OF PROOUCTS IN THE DOT PRODUCT 

LANGUAGE - FORTRAN 

OI~ENSJON X(lI ,Yfll ,-, 
J-' 
DOT-a. 
00 10 K-1,N 
DDT-DOT +X f II.Y I J I 
I-I+JX 

10 J-J+JY 
RETURN 
END 

IOULFC I 
SUBROUTINE OULFC" I FCN,PCl.J, BCK) ......... " ....................................................... . 

RECLBL VERSION 1.0 110CT77 .............. "." ............................................. " .. . 
THE SU8ROUTINE OULFC GIVES THE CHDIENT AND FUNCTIONAL 

VALUE OF THE FUNCTION OF l.AGRANGE MULTIPLIERS WHICH IS THE 
OBJECTIVE FUNCTION FOR THE DUAL PROBLFM THAT OPTl"IIIZES ENTROPY 
AS A RECONSTRUCTION CRITERION. 

FCN - FUNCTIONAL VALUE 
PRJ - THE PROJECT ION SUaROUTINE 
8CK - THE BACK-PROJECTION SUBRounNE 

RECLBL ROUTINES WHICH MUST BE CALLED FIRST - ENTPY, SETuP 

ExTERNAL RECLBL SU8ROUT INES - PRJ, aCK 

LANGUAGE - FORTRAN 

COMMON/WRI(CoM/NWORk, 1 WUS EO ,NFLOAT, 1 SE TUP 
COMMON WORl<.llI 

NWORIC - DIHENS ION OF THE uSER S CO.''''''ON BLOCK 1111 8LANK 
COMMON 

IWUSEO - THE NUMBER OF WORDS USED IN 8LANK COMMON 
NFLOAT - NUMBER OF wORDS FOR A FLOATING POINT VARUBLE 
ISETUP - THE SUBROuTINE SETUP SETS ISETUP .. 2HOK. 

SUBROUTINES WHICH REQUIRE THU SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP • 2HOK 8EfORE 
EXECUTING. . 

WORK - BLANK CO"''''ON WORI( ING ARRAY 

COMMON/ENTCOM/L 1M IT , ERENT, LXl AGR, LGRAO, LHWORK, L BCKE, LPR JE 
01 MENS! ON XLAGRI 11 ,GRADe 11 ,HWORK 111, BCKEI11, PRJEl11 
EQUIVALENCE (WORK (II, XlAGRl11 ,CRAOC 1) ,HWOPJ( (II, BCI<.E f II, P~JE 111 J 

lI"'n - "IAXIMUM NUMBER OF ITERATIONS ALLOWED TO MINJMIlE 
THE 06JECTIVE FuNCTION FOR THE DUAL pROGRAM 

ERENT - TEST VALUE REPRESENTING THE EXPECTED ABSOLUTE ERROR 
ERENTX SHOULD NOT Be ANY SMALLER THAN 10""4-0), 
WHERE 0 IS THE NUMBER OF SIGNIFICANT OIGITS IN 
FLOATt Ne; POINT IIEPRESENTATION. 

LXLAGR - POINTEP. TO THE ARRAY XLAGR IN BLANK COMMON 
ARRAY OF LAGRANGE MULTIPLIERS FOR THE OUAl 
PROBLE'" USED TO OPTI "'I ZE ENTROPY AS A 
RECONSTRUCT ION CR ITER ION 

LGRAO - POINTER TO THE ARRAY GR"O IN 8LANK COMMON 
T!--IE GRAOIENT ARRAY FOR THE FUNCTION OF LAGRANGE 
MULTIPLIERS 

lHWORK - POINTER TO THE ARIIAY HWDRK IN BLANK COMMON 
wORKING STORAGE OF DIMENSION 2.(No. OF LAGRANGE 
MULTIPLIERSI 

L8CKE - POINTER TO THE AP~AY BCKE IN BLANK ·COM",(1N 
A TEMPORARY BACK"PRoJECTION ARRAY 

LPRJE - POINTER TO THE AI!:Cl.AY PRJE IN aLANK CO", ... oN 
A PROJECTION ARRAY 

239 

5052 
5053 
5054 
5055 
505e 
~057 

505B 
!:05'1 
5060 
5061 
~Ob2 
5063 
5064 
5065 
5066 

5067 
50tB 
5069 
5070 
5011 
5072 
5013 
5014 
5075 
5076 
5077 
5078 
5079 
50BO 
5081 
5082 
5083 
5084 
5085 
508t 
5081 
5088 
5089 
5090 
5091 
~092 
509) 
5094 
5095 
5096 
5097 

5098 
5099 
5100 
5101 
5102 
5103 
5104 
5105 
5106 
5107 
Sloe 
5109 
5110 
5111 
5112 
5113 
5114 
5115 
5116 
5117 
51H~ 

5110; 
5120 
~121 
5122 
5123 
51Z4 
51Z5 
51Z6 
5127 
512B 
5129 
5130 
5131 
5132 
5133 
5134 
5135 
5136 
5137 
5138 
513'? 
5140 
5141 
5142 
5143 
51044 
5145 
5146 
5147 
5148 
5149 
5150 
'151 
5152 
5153 
5154 
5155 
5156 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C 
t 
C 
C 
C 
t 
C 
C 
t 
C 
t 
t 
C 
t 
C 
t. 
t 
t 
C 

CQMNON/PTP'tOM/NOIMU ,NOI". pWI 0, TC lR ,NMAT ,lNl, KNI 
LOGICAL TCIA. 
DIMENSION NtH) 
EOUI VAL ENCE( WORK IlJ ,H111I J 

NO!MU - THE LINEAR DIMENSION" OF THE TRANSVERSE SECTION 
NOH4 - THE CURRENT LINEAR: DIMENSION USED BY THE PROGRAM 
PWIO - PIXEL WIDTH lIN uNITS OF PROJECTION BIN wIDTH) 
TeIR - LOGICAL VARIABLE SET TRue FOR ctRCUL.&R REeDN. 
NHAT - THE NUMBeR OF CELLS IN THE TRANSVERSE SECTION 
LNJ - POINTER TO THE URAY HI IN BLANK cm.rltON . 

NJ(J) IS THE NUMBER OF CELLS IN THE J-TH POW OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

KNJ - SPECIAL FLAG FOR. HEMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

C OMMDN/TRGCOM/I GEDH, KOI"U, AX I SUr BW JO, KMOV, KMI Nt Kf'1AX, KOt ",AXI S, 
1 lPROJ, NANG ,HODANG, LANG, LS t NE, Leos tN, LOAT Eft I T EM IT 

LOGICAL TEMIT 
01 "!ENSION PROJ 111 tANGI 11 tS INE I 11, COSINE 11 1 ,DATERlll 
EQUIVALENCE (WORl(t 1 J, PROJI 11 ,ANGC 1 J, SINE' 1 J ,COSI"fE I 11 ,DATERllll 

IGEOM - GEOMETRY FLAG 
o - PARALLEL BEAM GEOMETRY 
1 - FAN BEAM GEOMETRY (CURVED DETECTOR I 
2 - FAN BEAM GE OMETRY IFLAT DETECTORI 
3 - RING DETECTOR GEO"lETRY 

KOIMU - NUMBER OF B INS IN T~E PROJECTION ARRAY SUPPlI EO 

AXI SU 

8wIO 
KMOV 

KMIN 

KMAX 

KOH4 

AXIS 

LPROJ 

HANG 
MODANG 
LANG 

LSINE 

LCOSIN 

lOATER 

TEMIT 

BY THE USER 
- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 

PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FAllS 

,IN THE CENTER OF A PROJECTION BIN.I 
PROJECTION BIN WIL)T~ lIN UNITS.OF PIXEL WIDTHI 

- THE DISTANCE BetWEEN THE AXIS FOR THE SYSTEM DATA 
ARRAY (AXISI AND THE AXIS FOR THE USER DATA 
ARRAY (AXISU). AXIS - AXISUt-FlOATlKMOVI 

- FUST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE F1RST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST L.OCATION IN SYSTEM DATA .ARPAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING T(I BE USED. 

- NUMBER OF BI~S IN THE PROJECTION ARRAY SUfFICIENT 
TO RECONSTRUCT AN .... 011'4 X NoiM ARIU.Y, USUALLY 
KDIM-KoIMU. 

- THE PROJECTEO LOCATION OF THE POTATION AXIS IN THE 
PROJECTION ARRAY, USUAllY AXlS-AXtsU.o 

- POINTER TO THE ARRAY PROJ IN BL.ANK COMMON 
INTERMEDIATE PROJECTION ANa PROJECTION ERROR 
VECTOR 

- NUM8ER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY' ANG IN 8LANI( COMMON 

PROJECTION ANGLES I .... RADIANS 
- POINTER TO THE ARRAY SINE IN BlANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COHMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY OATER IN 8LANK COMMON 

USER PROJECTION OATA AND UNCERTAINTIES 
- LOGICAL VARIA8LE SET TRue FOR EMISSION DATA AND 

FAlSE FOR TRANSMISSION alTA 

EXTERNAl PRJ,BCK 

NDAT A-KOI_NANG 

.FUNCTION 

L-LXLAGR 
DO 10 "'1, NANG 
CAU 8CI( I 8CKE(L8CKE) ,XLAGRtli ,M) 

10 l-L+KDIM 

Z-O. 
DO 12 1-1, NMAT 
1 SUB-L8CKE+I-l 

12 Z-Z+EXPC8CKEt ISUB) I 

FCN-AlOGIZ) 
DO 14 K-1,NDAlA 
I SUB1-LXLAGR+K-l 
ISUB2-LPRDJ+K-l 

14 FCN-FCN-XLAGR IISU81 ) .PROJ C ISU82) 

·GRADIENT 

00 16 1-1,NMAT 
ISUB-lBCKE+J-1 

16 BCKEIISU8.-EXPCBCI(EC ISU811 

L-LPRJE 
DO 18 M-l,NANG 
CALL PRJ 18CKECLBCKE),PRJEClf,NI 

18 L-L+KOIN 

DO 20 I-1,NoATA 
I SU81-LGRAo+l-1 
ISU82-LPRJ E+ 1-1 
I SU83-LPROJ+ 1-1 

20 GRADI I SU81) .PRJE {I SUB21/Z- PROJC I sua]) 

RETURN 

END 

IEMESGI 
SU8ROUTINE EMESG (NERR,HAME.IFATAL) .................................................................. 

RECLBL VERSION 1.0 170CT71 .................................................................. 
THE SUBROUTINE EMESG IS ·CAllED AFTER A ROUTINE DETECTS AN 

ERROR. IT PRINTS A 14ESSAGE CONTAINING T~E ERROR AND THE NAME 
. OF THE OETECTING ROUTINE IN EXTRA LARGE LETTERS ON LUNOUT TO 

ATTRACT THE USEP.S .aTTENTION. IF THE ERROR IS FATAL ExECUTION 
IS HALTED IN THIS ROUTINE. THE ARGUMENTS ARE 

NERR - ERROR INDEX 
NAME - NAME OF THE DETECTING ROUTINE lONE LETTER PER WORD 

LEFT JUSTIFIED. 

5157 
5158 
515'i1 
5160 
5161 
5162 
5163 
5164 
5165 
5166 
5167 
3168 
5169 
5170 
5171 
5172 
5113 
sin 
5175 
5176 
5177 
5178 
511'i1 
5160 
5181 
5182 
5183 
51B4 
SIBS 
5186 
5187 
5188 
518'i1 
5190 
5191 
5192 
5193 
5194 
5195 
5196 
5197 
5198 
5199 
5200 
5201 
5202 
5203 
5204 
5205 
5206 
5207 
5206 
5209 
5210 
5211 
5212 
5213 
5214 
5215 
5216 
5217 
5216 
5219 
5220 
5221 
5222 
5223 
5224 
5225 
5226 
5227 
5228 
5229 
5230 
5231 
5232 
5233 
523. 
5235 
523e 
5237 
5238 
5Z39 .... 
5241 
5242 
5243 

"44 
5245 
52lt6 
5247 
5248 
5249 
5250 
5251 
5252 
5253 
5254 
5255 
52!6 
5257 
5258 
5259 
5ltO 
5261 
5262 
5263 

5264 
5265 
526l: 
5267 
5268 
5269 
5270 
5271 
5272 
5273 
5274 
5275 
5276 
52n 
5278 

t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
t 
C 
C 
t 
t 
t 
C 
t 
C 
C 
t 
C 
C 
C 
t 
C 
t 
t 
t 
t 
C 
C 
C 
t 
C 

JFATAL .. FLAG SET POSITIVE IF THE ERROR IS FATAl 
- NEGATIVE· NONFATAL ERROP: BY SYSTEM CALLED ROUTINE 
- 0 - NONFATAL ERROR BY USER-CALLED ROUTINE 
- 1 '- FATAL ERROR BY USER-CALLED ROUTINE 
- 2 - CATAsTRopi-nc ERROR -- SYSTEM CODE HAS 8EEN 

CLDBBERREO . 
- 3 • FATAL ERROR BY SYSTEM CALLED ROUTINE 

THI S SUBROUTINE CALLS RECL8l ROUT INE - LGTxT 

lANGUAGE - FORTRAN 

COMMON/OUTCOM/LUNOUT, I 80132 

LUNOUT - LOGICAL UNIT NU"'BER FOR OUTPUT 
180132 - FLAG INDICATING NU,III8ER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNOUT 
o - BO CHARACTERS 1132 CHARACTERS OTHERWISE. 

INTEGER NAME 151, EMES SilO I, ES TOP I 41 .CHAP SilO) ,ESYS I 6) ,ME'UU46J 

DATA ESYS/IHS,IHY,lHS,l.,rT,lHE.IHMI 
DATA "'ERR/1, 29, 30, 31,20. 24t, 0,26,3,35,36,37,38, 3q, 10,7,12,13,14,15. 

19,2,4,5,6,40,1,2,3,4,5,1"6,17,32,33,19.8,25,34, 27,28, 18. 21,22,23, 11 
21 

DATA EMESS/IHE. IHR, 1HR, lHO, IHR, 5.1H I 
DATA ESTOP/IHS,IHT,IHO,IHPI 
OAT A CHARS/lHO, IHI ,lH2, IH3 ,1Hit, IH5. IH6, IH7. IHB, IHt;1 

IF INERR.EQ.lI WRITE ILUNOUT,121 NAME 
L. ERR-MERRI NERR J 
NI-LERR-LERR/I0.10+1 
N2-LERR/I0-LE RR/l 00.10+ 1 
EMESS I 7 I-CHARS I N2) 
EMESSt BI-CHARSnU I 
IF IlFATAL.EQ.2' CAll lGTXT IESYS,61 
CALL LG1XT (EMESS,8) 
IF IIFATAL.GE.2J GO TO 10 
IF (IFATAL.LT.OI RETURN 
WRITE I LUNOUT .14) 
CALL. LGTXT INAME,51 
IF (lFATAL .. EQ.OJ RETURN 

10 CALL. LGTXT I ESTOP ,41 
STOP 

12 fORMAT C 5x, 3]H ••••• SETUP MUST 8E CALLED 8EFORE ,SAL ,6H ...... . 
U FORMATI1I35X,llHoETE.CTED 8Y) 

END 

IENTPyl 
SUBROUTINE ENtpy U,PRJ,BCK,LIM]TX,EP:ENTXI .................................................................. 
• RECL8L VERSION 1.0 17OCT77. .................................................................. 

THE SU8ROUTINE ENTPY RECONSTRUCTS THE ARRAY x fROM A SET 
OF PROJECTIONS USING A MAXIMUM ENTROPY CRITERION FOR THE 
RECONSTRUCTED IMAGE. THE METHOD IS OESCRI8ED IN 

G. T. GUUBERG, ENTROPY AND TRANSVERSE SECTION RECONS-
TRUCTION. IN INFORMATION PROCESSING IN SCINTIGRAPHY 
(PROCEEOINGS OF THE IV TH INTERNATIONAL CONfERENCE, 
ORSAY, FRANCE, JULY lS-16, 1975, EOS. C. RAYNAUO AND 
A. TQOo-POJ(ROPEJ(, PP 325-3321. 

X 
.RJ 
BCK 
llMITX 

ERENTX 

- THE RECONSTRUCTION AP:RAY 
- THE PROJECTION SU8ROUTINE 
- THE BACI(-PROJECTION SU8ROUTINE 
- MAXIMUM NUMBER Of ITERATJ ONS ALLOWED TO MINIMtlE 

THE OBJECTIVE FUNCTION FOR THE DUAL PROGRAM 
- TEST VALUE REPRESENTING THE EXPECTED ABSOLUTE ERROR 

BETWEEN SLCCESSIVE ITERATIONS. EAENTX SHOULD NOT 
BE ANY SMAlLER THAN 10 •• (-01, WHERE 0 IS THE 
NUMBER CF SIGNIFICANT DIGITS IN flOATING POINT 
REPRESENTATION. 

THIS SU8ROUTINE CAllS RECLBL 1t0UTlNES - eISCI, EMESGt . FfI4CG, 
GETOE, LGTXT. fl4EMST, RCHEI( 

RECLBL ROUTINES WHICH MUST 8E CALLED FIRST - SETUP 

EXTERNAL RECLBl SUBROUTINES - BCK, PRJ 

L.ANGUAGE - FORTRAN 

COMMON/WRKCOM/NWQRK, I WUSEO ,Nfl OAT • IS ETUP 
COMMON WORi<.(1) 

NWORK - DIMENSION OF THE USER S (OMMON BLOCK IN 8LANK 
COHMON 

IwUSEO - THE NUMBER OF WORDS USED IN 8LANK COMMON 
NFL OAT - NUM8ER OF WORDS FOR A FLOAT ING POINT VARlA8lE 
ISETUP - THE SU8ROUTINE SETUP SETS ISETUP - 2HOK. 

SU8ROUTINES WHICH P.EQUIRE THAT seTUP IS CALLED 
FIRST TEST TO SEE IF ISETUP - 2HOK BEFnRE 
EXECUT ING. 

WORK - 8LANk COMMON WORKING ARRAY 

COMMONI ENTCOM/L 1M IT. ERENT, LXLAGR, LGRAD, lHWORK, LBCKE, lPRJE 
01 MENSI (Ji XLAGR (1 J ,GRAollJ .HWORKf 1', 8CkEIl J, P~JEI 1 J 
EClUIVAL ENCEI WORK 11 J ,XLAGRC 1) .GUol 11 • HwORK ClI, BCKE I 1 J, PR JE fill 

LIMIT - .... AXIMUM NUM8ER OF ITERATIONS ALLOWED TO "'INIMIZE 
THE OBJECTIvE FUNCTI'JN FOR THE DUAl. PROGRAM 

ERENT - TEST VALUE REPRESENTING THE EXPECTED ABSOLUTE ERROR 
ERENTX SHOULD NOT BE ANY S/IIALLER THAN 10**1-0," 
WHERE 0 IS THE ~UM8ER OF SIGNIFICANT DIGITS IN 
FLOATING POINT REPRESENTATION. 

lXLAGR - POINTER. TO THE ARRAY XLAGR IN 6LA~k COMMON 
ARRAY OF LAGRANGE MULTIPL IERS FOR THE DUAL 
PROBLEM USED TO OPTIMI ZE ENTROPY AS A 
RECONSTRUCTION CRITERION 

LGRAD - POINTER TO THE ARRAY GRAD tN BLANK CO"'MOIII 
THE GRADIENT ARRAY FOR THE FUNCTION OF LAGRANGE 
MULTIPLIERS 

LHWORK - POINTER TO THE ARRAY HWORK IN BLANK COMMON 
WORKING STORAGE OF DIMENSION 2.(NO. OF LAGRANGE 
MUL 11 PllE RS I 

LBCKE - POINTER TO THE ARRAY 8CKE IN eL ANK CO· ... "O .. 
A TEMPORARY BACK-PROJECTION ARRAY 

LPRJE - POINTER TO THE ARRAY PRJE IN BlANK COMMON 
A PROJECT ION ARRAY 

527'i1 
5180 
52Bl 
5282 
5283 
52B~ 
528! 
5286 
5267 
5288 
5289 
52QO 
5291 
52., 
52Q3 
529<4 
52Q5 
!!296 
5297 
5298 
5299 
5300 
5301 
5302 
5303 
530lt 
5)05 
5306 
5307 
5308 
5309 
5310 
5311 
5312 
5313 
5314 
5115 
5316 
5311 
5318 . 
5319 
5320 
5321 
5322 
5.323 
532" 
5325 
5326 

5]21 
5328 
5329 
5330 
5331 
5332 
5333 
533" 
5335 
5336 
5331 
5HS 
5339 
5340 
5341 
5342 
5343 

" .. 5345 
530\>6 
5347 
5348 
5349 
5350 
5151 
5352 
5353 
535~ 
5355 
5356 
5357 
5358 
5359 
5360 
5361 
5362 
5363 
5364 
5365 
5366 
5367 
5368 
5369 
5310 
537. 
5372 
5373 
537" 
5375 
5376 
5377 
5378 
5379 
5380 
5381 
5382 
5383 
5380\ 
5385 
5386 
5381 
33B6 
5389 
5390 
5HI 
53q2 
53Q3 
5390\ 
5395 
53'i16 
5H7 
5398 
53qll 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C· 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

COMMON/FANCOM/RFAN. TFANC, TFANF 
LOGICAl. TFANC.TFANF 

RFAN - FOR FAN BEAM GEOMeTRY RFAN IS THE 01 STANCE FROM 
THE SOURCE TO THE CENTER OF ROTATION. RFAN 
IS fo!EASLRED IN UNtTS OF PROJECTION BIN WIDTHS AT 
THE CENTER OF ROTATION. 

TFANC - L.OGICAl VARIABLE SET TRUE FOR. FAN BEAM wITH A 
CURvED DETECTOR 

TfANF - LOGICAL. VAP tABLE SET TRUE FOR FAN BEAM WtTH A 
FLAT DETECTOR 

COMMON/QUTCOM/LUNOUT,180132 

lUNDUT - LOGICAL UNIT tfJMBER FOR OUTPUT 
180132 - FLAG INDICATING NUMBER OF CHARACTERS IN A LtNE OF 

OUTPUT ON lUNOUT 
0- 80 CHARACTERS Cl32 CHARACTERS OTHERWISEI 

COMMON/ PRTCOM/TPRI NT (B I 
LOGICAL TPRINT 

TPRINT - LOGICAL PRINT flAGS 
I - PRINT REQUIRED FLOATING POINT BLANI( COfIU"ON 

WHENEVER CHANGED 
2 - PRINT PROJECTION DATA ANO UNCEPTAINTIES 
3 - PRINT SETUP VALUES FROM IPAR AND PAR ARRAYS 
~ - PRINT FILTER FUNCTION FOR CONVOLUTION AND FlLTER 

ROUTINES 
!'i - PRINT VALUES FOR THE LAGPANGE MULTIPlLERS AND 

THE GRADIENT FOR THE FUNCTION OF LAGRANGE MUL TI
PILERS FOR THE ENTROPY RECONSTR~TION 

b - PRINT POINTERS IN BLANI( COM"'ON WHENEVER CHANGED 
'DEBUGI 

COMMONI PTRCOM/NDI MU,NDI H, PWI 0, TC I R, NMAT, LNI .I(N I 
LOGICAL TCIR 
DIMENSION Ntlll 
EQUIVALENCEI WORI(C 11 ,NIl I J I 

NDIMU 
"101M 
PWID 
TCIR 
NMAT 
LNI 

<'1 

- THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
- THE CURRENT LINEAR DIMENSION USED BY THE PROGRAM 
- PIXEL wIDTH I IN UNITS OF PROJECTION BIN WIDTH' 
- lOGICAL VARIABLE SET T'UE FOR CIRCULAR RECDN. 
- THE NUMBER OF CELLS IN THE ilU,NsvERSE SECTION 
- POINTER TO THE ARRAY NI IN 8LANI( COMMON 

NI C JJ 1 S THE NUMBER OF CELLS IN Tt4E J-.fH ROW OF 
THE SQUARE OR CIRCULAR FORM OF THE URAY 

- SPECIAL FLAG FOR "EMST CALLS NEEDEO BECAUSE NI 
J S AN INTEGER VARI AOBLE 

COMMONI STRCO'" ITS TORE 
LOGICAL TSTORE 

TSTORE - lOGICAL VARIABLE SET TRUE WHEN TESTING STORAGE SIZE 
SETS TPRI NT 111 _ • TRUE. 

COM"'ON/TRGCOM/I GEOM, I(DIMU, AxI SU.BWIO, I(MQv .1(141 N, KMAX ,KOt M. UI S, 
1 LPROJ, NANG,MOOANG, LANG, LS INE .UOS I 1'4, L.OA TER, reMI T 

LOGICAL TEMP' 
DIMENSION PROJ H I. ANGll ',S INEllItCOSINE(11 ,DATER( 11 
EOUI Y AI.. ENCE I WORI( U It PRDJI U, ANGIl " SINE Ill, COS tNE IU, DATER II) I 

IGEOM - GEOMETRY FLAG 
o - PARAllEL BEAM GeOMETRY 
I - FAN BEAM GEOMETRY (CURYED DETECTOR I 
2 - FAN eEAM GEOMETRY IflAT DETECTOR I 
3 - RING OETECTOR GEOMETRy 

KDJMU - NUMBER OF BINS IN THE PROJECTION URAY SUPPLIED 
B't THE USER 

AXISU - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY {THIS IS SUPPLIED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FAllS 
IN THE CENTER OF A PROJECTION BIN.I 

BwIO - PROJECTION BIN WIDTH lIN UNITS Of PIXEL WIDTH' 
I(MOY - THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY lUIS' AND THE AxiS FOR THE USER DATA 
ARRAY (AX ISUI. AXIS - AXISU+FLOATIIC.MOY) 

I(/IIIIN - FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF TME FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

I(fI4AX - LAST LOCATION IN SYSTEM DATA ARRAY THAT STOPES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
I S Gal NG TO BE USEO. 

1(01/11 - NU/IIBER OF BINS IN THE PROJECTION ARRAy SUFFICIENT 
TO RECONSTRUCT AN NDIM X NOIM ARRAY. USUAllY 
KOIM-I(DI/IIU. 

AxIS - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUAllY AXIS-UISU. 

LPROJ - POINTER TO THE ARRAY PROJ I~ BlANI( COM"ON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

NANG - NUMBER OF PROJECTIONS 
MODANG - MO~E' FOR PROJECTION ANGLE INPUT 
LANG - POINTER TO Tt4E ARRAY ANG IN BLANI( COMMON 

PROJECTION ANGlES IN RADIANS 
lSINE - POINTER TO THE ARRAY SINE IN BlANI( COMMOIII 

SINE OF THE PROJECTION ANGLES 
lCOStN - POINTER TO THE ARRAY COSINE IN BtANI( COMMON 

COSINE OF THE PROJECTION ANGlES 
LDATER - POINTER TO THE ARRAY OATH IN BLANI( COMMON 

, USER PROJECTION DATA AND UNCERTAINTIES 
TEMIT - LOGICAL VARIABLE SET TRUE FOR EMISSION DATA ANO 

FALSE FOR TRANSMISSION DATA 

EXTERNAL PRJ. BCK 
DIMENSION Xu, 
DIMENSION NAMER(9J 
LOGICAL TBo,T132 
DATA. NAMER/1HEtlHN,lHD,lH ,lHE,1HN,lHT,IHP,lHYI 
DATA IOK,EPS/2HQI<.,I.E-61 

T80s180132.EQ. O. AND. TPRINT (!'i' 
Tl32- I B0132 .NE .0 .AND. TPRIN TI 51 

-BE SURE THAT SETUP HAS enN CALLED 

IF IISETUP.NE.IOI(. CAll EMESG 11,NAMER'15Itll 

lIMn-L.IHlTX 
ERENT-ERENTX 
CALL LGTXT (NAMERI5) ,51 
WRITE ILUNOUT,301 
WRITE ILUNOUT ,32' L1 MIT 
WRITE ILUNOUT,34J ERENT 

CALL RCHEI( IBCI(,PIU,5' 

NDATA._I<.DIM_NANG 
CALL MEMST ILPROJ,NDATA+KOIM' 
CALL MEMST IlBCKE.NMAT' 
CALL HEMST IlPRJE,NOATA' 
CALL MEMST ILXLAGR,NOATAI 
CALL MEMST ILGRAO,NOATA! 
CALL MEMST IlHWORK,2*HDATA I 

5400 
5401 
5402 
51t03 
5404 
5405 
5406 
5407 
5~08 

5409 
5410 
5411 
!'i'H2 
5413 
5414 
5415 
SUb 
5417 
5418 
5H9 
5420 
5~21 
5422 
5423 
5424 
5425 
5426 
5427 
5~28 
5429 
54)0 _ 
5431 
!'i432 
5433 
5434 
5435 
5436 
5437 
5438 
5439 
5440 
5441 
5442 
5 .. , 
5404. 
544' .... 
5447 
5448 
5449 
5~!'i0 
5451 
5HZ 
5451 
5454 
5455 
5456 
!'i457 
545B 
5459 
5460 
5461 
5462 
5463 

5'" '0465 
5466 
5467 
546B 
50469 
5HO 
5471 
5472 
5473 
5474 
5415 
5416 
5417 
5~18 
5419 
54BO 
5481 
5482 
54B3 
5484 
54B5 
5466 
5487 
546B 
H89 
5490 
5491 
5492 
549) 
5494 
5495 
5496 
5497 
5498 
5 ... 
!'i500 
!'i5Dl 
5502 
5503 
550~ 
5505 
5506 
5507 
5~08 
5509 
5510 
5511 
5512 
5513 
551\ 
5515 
5516 
5517 
5518 
551<; 
5520 
5521 
5522 
5523 
5524 
5525 
552b 
5521 
5528 
5529 
5530-
5531 
5!'i32 
5533 
5534 
!'i!'i35 

IF ITs.JOREI GO TO 28 

_GET THE PROJECTION DATA 

L.MI<.OI loh 0 
l WGTE -L PROJ+NOATA 
DO 10 M_l,NANG 
ISUB-LMI(D I M+l, PROJ 
CAll. GETDE IM.PROJltsUBI,PROJILWGTEJJ 

10 LMKOIM-LMI(OI/ll+KOIM 

_OETER.MiNE TOTAL DENSITY OF TRANSYERSe SECTION 

TOTDEN-O. 
L"'I<.Dl/11-0 
DO 14 M_l,NANG 
I SUB-LMKDI M+LPROJ 
DO 12 K-l.KDIM 
tSUBI-ISU8+1(-1 
1 Fl. NOT .1 TFANC .OR. TFANF II TOTDEN-TOTOEN+PROJ I ISUBll 
IF (T FANC I TOTDEN-TOTDEN+PROJ C ISUB 1 J -COS, I FLOAT (l(1-AXI SI IRFANI 
[F CTFANF I TOTOEN-TOTOEN+PROJ« ISU811*( 1 ... II flOAT II<. I-AX IS I/RFAN '"2 

11"1-1.51 
12 CONTINUE 
14 LMI(OiM-lMI(OiM .. I(DIM 

TOTOEN-TOTOEN/FLOAT I NANG. 

-SET UP INJT IAl SOLUTION 

LMKOIM-O 
DO 18 "'-l t NANG 
I SUB-lMI<.Ol M"l PROJ 
ISUBB- LMI<.O 1M f'\.XL AGR 
00 16 1(-ltKDI'" 
I SUB1-} SU8+1<.-1 
ISU82-} SUBB+I(-l 
PROJ« 1 SUBII -PROJ II SUBI I ITOTOEN 
XLAGRI I SUB21-PROJ I ISUBlJ 
IF 1 ABS C XLAGR 11 suez I J .l T .EPS. XLAGR (tsUB2 '-l.ITOTDEN 

16 CONTINUE 
18 LMKOI",,"UIKDIM+I(OI" 

*OPTHUZE THE DUAL PROGRAM 

IF CTPRlNTl5I1 WRITE ClUNOUT,36 • 
IF (TPRlNTI5U WRITE 'LUNOUT,38J NDATA 
I(I_lXLAGR 
1(2-LXLAGhNDATA-l 
IF (f801 WRlTE ILUNOUT,.o. IXLAGRCIC.),K-l(ltk21 
IF IT1321 WRITE (LUNOUT,421 IXLAGIHK).I(-1(1,1(2. 

CAL.L FMCG IFCN,IER,PRJ,BCK' 

IF fTPRINTC5J1 WRITE (LUNOUT,441 
IF (fPRINTl5I1 WRITE CLUNOUT,UI HOAfA 
Kl-lXLAGR 
1(2- LX LAGR+NOAT A-I 
IF (f801 WRITE flUNOUT,4-0J IXLAGRII(, ,1(-1(1,K2' 
IF ITU21 WRITE CLUNOUT,421 IXLAGRlKl,l<.-kl,1(21 
IF ITPRINTI5I1 WRITE ClUNOUT,48. FCN 
IF ITPRINTCSII IoItJTE CLUHOUT,!5ZJ HOArA 
I<.I-lGRAD 
K2-LGRAO+NOA T"-l 
IF (T80' WRITE ClUNOUT,40J IGRAOlIC.ltK-I(I.1(21 
IF IT1321 WRITE ILUNOUT,4-21 CGA.A0Ikl,l(-kl,K2' 

_EVALUATE THE OPTIMUM FOR THE ENTROPY FUNCTION 
DETERMINE THE PRIME SOLUTIONS 

lSue-LXLAGR 
00 20 M-l,NANG 
CALL BCI( IX,XLAGR(lSUBI,MI 

20 ISUB_ISUB"I(OIM 

Z-D. 
DO 22 I_l,NMAT 

2Z Z_Z+EXPIXII') 

RTOTON-O. 
DO 24 I_l,NMAT 
XI I I-TOTDEN_EXP CX I I • liZ 

24 RTOTDN-UOTON+XII J 

ENTRPY-O. 
DO 26 I_l,N"AT 
IF IXU I.LE.O.' GO TO 26 
ENTRPY_ENTRPY_XC J tlR;TOTD~AlOGIX I II/RTOTONI 

26 CONTINUE 

IF (T~RINTl511 WRITE (lUNOur,501 EONTAPY 

IF (TCIRI CALL clsa ()(,Xt! 1 

28 CALL MEMST (LPROJ,OI 
CALL MEMST (lBCKE,O' 
CALL MEMST ILPRJE,O' 
CAll HEMST ILXLAGR,DI 
CAlL "EMST CLGRAD,OI 
CALL MEMST IlHWORIC..O' 
CAU MEMST CMAXFW,-I I 
WRITE I LUNOUT, '4' /IIAXFW 
CALL LGTXT 'NAMER,9) 

RETURN 

3D FORMATI IIl1l1X,31HPARAMETERS FOR SUBROUTINE ENTPYII19X,llHDESCRI 
lPTlQN/lXl 

32 FORMATClOH LIMITX - ,I8.2X,52H"'UIMUM NUMBER OF ITERATIONS ALLOWED 
1 TO MAXI/IIIZE THE/22X,39HOBJECTIYE FUNCTION FOR THE DUAL PROGRAM' 

34 FORMATIIOH ERENTX - ,E8.1,2x,51HTEST VALUE REPRESENTING THE EXPECT 
lED ABSOLUTE ERROR' 

36 FORMATI 1146H INITIAL ESTIMATE FOR THE UGfiANGE MULTlPllERSI 
3B FORMATe 1139H THE INITIAL SOLUTION FOR Xl.AGR{JJ,I-l"I4' 
40 FORMATllx,5ElZ.3' 
~2 FORMAT I IX, lDH2.3' 
44 FORMATe 114ltH FINAL SOLuTION FOR THE LAGRANGE MUL TIPIlERS. 
46 FORMATI I13TH THE FINAL SOLUTION FOR )(I.AGRCIJ,I-l,,141 
48 FORMAYI1I29H THE YALUE Of THE MINIMUM IS ,Fl.04,2H .1 
50 FORMAT(1I3BH THE ENTROPY OF TME RECONSTRUCTION IS .F1.4,2H .1 
52 FORMATI 1126H THE GRADIENT GRAOUI,I-l"t4, 
54 FQRMATlIIIDX,38HMAXI"UM SIZE OF BUNK COMMON THUS FAR-,n, 

122M FLOATING POINT WORDS •• 

"0 
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5536 
5531 
5538 
5!'i39 
5540 
5'41 
5542 
5543 

55" 
55045 
5546 
!'i!'i41 
'548 
5549 
5550 
5551 
5552 

55" 
5554 
5555 
'556 
!'i557 
5558 
5559 
5560 
5561 
5562 
5563 
5564 
5565 
5566 
5561 
5568 
5569 
5570 
'!!in 
557Z 
551] 
5574 
5515 
5516 
5577 
557a 

:::~ 
5581 
5582 
558] 
55 .. 
5U5 " .. 5587 
55aa 
5!'is' 
5!90 
5591 
5592 
5591 
55 .. 
5595 

" .. 
"97 
5598 
559'9 
5600 
5601 
5602 
5603 
5604 
5605 
5606 
560T 
5608 
5609 
5610 
5611 
5612 
561.1 
5614 
5615 
5616 
56tl 
5618 
5619 
5620 
5621 
5622 
5623 
562. 
5625 
5626 
5627 
5628 
5629 
5630 
5631 
5632 
5633 
5634 
563! 
5636 
5637 
5638 
5619 
5640 
!'i641 5." 
56043 
5." 
5604' 
5646 
5647 
5648 
5649 
5650 
56!5l 
5652 
5653 
5654 
5655 
5656 
5657 
5658 
5659 
5660 
5661 
56b2 
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SUBROUTINE EVATN 161 .......................•................•......................... 
"RECLal VERSION 1.0 170CT17 '" .................................................................. 

THE SuBROUTINE EvATN EVALUATES THE ATTENUATION FACTORS 
REQUIRED TO CORRECT FOR ATTENUATION IN AN EMISSION SCAN. THE 
ATTENUATION FACTORS FOR EACH CHl (I,JI IS eXPI-ZI WHERE Z IS 
THE INTEGRAL Of ATTENUATION COEFFICIENTS IN THE OIA.ECTION OF 
THE ANGLE ANGIJ'O.. FOR A NXN ARRAY IT IS NECESSARY TO eVALUATE 
N*".*NANG ATTENUATION FACTORS wHERE NANG 15 THE NUMBER OF 
PROJECTION ANGLES. DuE TO THE LARGE NUM!!IER. THE FACTORS ARE 
STORED ON FILE LUNAlN .. 

- ARRAY OF ATTENUATION COEFFICIEN"S 

THIS SUBROUTINE CAllS REClBL AOUTlNES - ATENf, EMESG, LGTXT, 
"'EMST, STATN 

REClSl ROUTINES WHICH MUST BE CALLED FIRST - SETuP 

LANGUAGE - FORTRAN 

COMMONI WRKCOM/NWORK, I WUSED, NFL OAT , I SETUP 
COMMON WORKlll 

NWORK - DIMENSION OF THE USER S COMMON BLOC I( IN BlANt( 
COMMON 

IWUSED . - THE NUMBER OF WORDS USED IN BLANK (OMMON 
NFLDAT - NUMBER OF WaRDS FOR A FLOATING POINT VARIABLE 
I SETUP - THE SUBROUTINE SETUP SETS I SETUP - 2HOk. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CAllED 
F JRST TEST TO SEE IF I SETUP _ 2HOK BEFOP.E 
EXECUTING. 

WORK - BLANK COMMON \IIORk ING ARRAY 

COMMON! ATNCOM/LATEN, l BMAP ',TATEN ,lUNA TN 
LOGIC Al TATEN 
DIMENSION ATEN(1),BMAPI1i 
EQUIVAL ENC~ (:-ORk tl J, ATENt 11 , BMAP( 111 

lATEN - POINTER TO THE ARRAY ATEN IN 8LANk COMMON 
STORES ATTENUATION FACTORS FOR ONE ANGLE 

LBMAP - POINTER TO THE ARRAY 8J11AF IN BLANK COMMON, 
A MATRIX USED TO STORE THE CONSTANT ATTENUATION 
COEFFICIENTS < 

TATEN - lOGICAL VARIABLE SET TRUE FOR ATTENUATION 
RECONSTR.UCTION 

lUNATN - LOGICAL UNIT NUMBER FOR ATTENUATION FA<;TOP !TOR.AGE 

CO"lMON/OUTCO"'/LUNOUT, I 80f32 

LUNCUT - lOG I CAL UNIT NUMBER FOR OUTPUT 
180132 - FLAG INDICATING NUM8ER OF CHARACTEP:S IN A LINE OF 

OUTPUT ON l UNOUT 
o _ 80 CHARACTERS 1132 CHARACTERS OTHEP:WISE) 

COHM')NI FTRCOM/NOI MU, NDIM, FW 10, TC IR, NMAT, LNI, kNI 
. LOGICAL TCIR 

DIMENSION NIllJ 
EQUIVAlENCEhlORK 11) ,NIl I ) I 

NOIMU - THE LINEAR DIMENSION OF THE TRANSVfP:SE SECTION 
NDI'" - THE CUP:P:ENT LINEAR. DIMENSION USED BY THE PP:OGRA'" 
PWIO - PIXEL WIDTH (IN ~ns OF PROJECTION 8IN WIDTH) 
TeIR - LOGICAL VAA tABLE SET TRUE FOP: CIRCULAR RECON. 
NM,u - THE NU"'BER OF CELLS IN THE TRANSVERSE SECTION 
LNI - POINTEP: TO THE ARP:AY NI IN BLANK COMMON 

"II (JJ IS THE NUM8ER OF CELLS IN .THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

KHI - SPECIAL FLAG FOR MEHST CALLS NEEDED BECAUSE "II 
IS AN INTEGER VAP:I ABLE 

COM"IONI STRCOM/TSTOP: E 
LOGICAL TSTOP:E 

TSTOP:E - LOGICAL VAR tABLE SET TRUE WHEN TESTING STORAGE SIZE 
SETS TPRI NTllI e '. TRUE. 

COMMONITRGCOM/I GEO"', kDI MU, AX I SU, BW I 0, KMDV, kMIN, kMAX, KOII", AXI S, 
1 L PROJ, NANG, MODANG, L~NG, lSINE, Leos 1 N, lDATER, TE"In 

LOGICAL !EMIT 
DIMENSION PROJ t 1), ANGI1), SINE 111 ,COSINEll) ,DATER (1) 
EQUIVALENCE IWORK 11), PFl.OJll J ,AHGll), SINE (11 ,COSINE III ,DATERI}) J 

IGEDM 

r<DI1'!U 

AXl SU 

BWIO 
KMCV 

KMIN 

KMAX 

KOIM 

AXIS 

LPRDJ 

NANG 
MQOANG 
LANG 

LS JNE 

- GEO"'ETR;Y FLAG 
.. PARAllEL BEAM GEOMETRY 
e FAN BEAM GEOHETP:Y ICURVED DETECTO") 
a FAN BEAM GEOMETRY (FLAT DETECTOR) 
'" q,ING DETECTOR GEO"1ETRV 
- NUMBER OF BINS IN THE PROJECTION ARR.AY SUPPLIED 

BY THE USER 
- THE PROJECTED LOCATtClN OF THE ROTATION AXIS IN THE 

PROJECTION AP:RAY (THIS IS SUPPLIED BY THE USER. 
AND, IF AXISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A FROJECTION BIN.) 

- PROJECTION 81N WIOTH (IN UNITS OF PIXEL WIDTH) 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY (AXIS) AND THE AXIS FOR THE USER DATA 
ARP:AY IA~ISU). AXIS Of j!,xISU+FLOATIKMQV) 

- FIRST LOCATION IN SYSTEM DATA ARP:AY THAT ST(lR.ES 
THE DATA OF THE FIRST USER. PROJECTION BIN THAT 
IS GOING TO BE USED. 

-, LAST LOCATI ON IN SYST EM OAT A ARRAY THAT STr)PES 
THE DATA OF THE LAST usep: PROJECTION 81N THAT 
IS GOING TO BE USED. 

- NUMBER OF 8INS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NOIM X NDIM ARRAY, USUALLY 
KDIMetr.OtMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS 1"1 THE 
PP:OJEC.TION ARRAY, USUALLY AXIS-AXISU. 

- POINTER. TO THE ARRAV PROJ IN BLANK COMMClN 
INTERMEDI ATE PROJECTION AND PROJECTION ERROR 
VECTOR 

- NUM8ER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARP:AY ANG IN BLANK COMIOI~N 

PRO,JECTION ANGLES IN RADIANS 
- POINTER TCI THE ARRAY SINE IN BLANK COMMON 

SINE OF THE FROJECTiON A~GlES 

5663 
566'" 
S665 
56&6 
5667 
5668 
5669 
5670 
5671 
5f.7Z 
5673 
5bn 
5t 75 
5676 
5677 
5~78 
~679 
5680 
5681 
5682 
5683 
508'" 
5685 
5686 
~687 
5688 
5689 
5690 
5691 
5692 
5693 
569'" 
569~ 
5696 
5697 
5698 
5 .... 
5700 
5701 
5702 
5703 
5704 
5705 
5706 
5707 
5708 
5709 
5710 
5111 
5112 
5'713 
571'" 
5715 
5716 
5717 
5H8 
5719 
5720 
5721 
5722 
5723 
572'" 
5725 
57Z6 
5727 
57Z8 
5729 
5730 
5731 
5732 
5733 
5734 
5715 
5736 
5737 
5738 
5739 
57"'0 
57.1 
n42 
5H3 
57" 
5HS 
5746 
5747 
3748 
5749 
5nO 
5751 
5752 
5753 
5154 
5755 
5756 
5157 
5758 
5759 
5760 
5761 
5762 
5163 
516'" 
5765 
5766 
5161 
5768 
5769 
5710 
5771 
5772 
5773 
5774 
5775 
5776 
5771 
51"i8 
5779 
5180 
5781 
5782 
5783 
5784 

, , ,. , 

, 
C 
C , , , , 
C , , 

LCOSIN 

LOATER 

TEMIT 

- POINTER TO THE ARRAY tOSI ~e IN BLANK COMMON 
COSINE OF THE PROJECTION ANGlES 

- POINTER TO THE AP:RAY DATER IN BUNK COMMON 
USER P~OJECTION DATA ANO UNCERTAINTJES 

- LOGICAL VAl( tA8LE SET TRUE FOR EMISSION DATA AND 
FAlSE FOR TRANSMISSION DATA 

DIMENSION 811 J 
DIMENSION NAMERI91 
DATA NAMER/1HE,U .. ,lHD,lH ,IHE,IHV,IHA,lHT,IHNI 
DATA IOK/2HOKI 

.BE SUP:E THAT SETUP HAS BEEN CALLED 

IF ClSETUP.NE.IOk, CALL EMESG (l,NAMER(5J,1I 

CALL LGYxT INAMER( 51,51 
TATEN-.TRUE. 

CALL MEMST (LATEN,NMATJ 

IF I TSTORE) RETURN 

00 12 "'-1 ,NANG 
IJ-O 
DO 10 J-l,NDIM 
ISU8-LNI+J-l 
NN_NIIISU8) 
DO 10 II-l,NN 
1J-IJ+1 
I- (NO IM-NN II 2 +Il 

.EVALUATE THE ATENUATION fACTOR FOR THE CELL II,JJ IN THE 
Ot P:ECTION OF THE ANGL E ANGOU 

CALL ATENF fI,J,M,8,ZI 
I SUB-LA TEN+ I J-l 

10 ATENIISUB)-EXPI-ZJ 

.STORE THE ATENUATION FACTORS FOR ALL CELLS FOR THE ANGLE 
ANG(H) 

12 CALL STATN IM,ATENHATENJ,NMATJ 
CALL MEMST ""AXFW,-II 
WRITE IlUNOUT,HI MAXFW 
CALL LGUT (NAMER ,91 

RETLmN 

1'" FORMATCII10X,38HMAXIMUM SIZE OF 8UNK COMMON THUS FAI:t-,I7, 
122H FLOATING POINT \ojORDS.) 

END 

SU8ROUTINE EVATU (B,XLEV,ATENll .................................................................. 
• RECl Bl VEP:S ION 1.0 170C177. .................................................................. 

THE SUBROUTINE EVATU EVALUATES THE ATTENUATlC»I FACTORS 
R.EQUIRED TO CORRECT FOR ATTENUATION IN AN EMISSION SCAN ASSUM-
ING A CONSTANT ATTENUATION COEFFICIENT. THE ATTENUATION 
FACTORS FOR EACH CELL II,JJ IS EXP(-IJ WHERE l IS THE INTEGRAL 
OF ATTENUATION COEFF ICI ENTS IN THE DIRECTION OF THE ANGLE 
ANGIMI. THE INTEGRAL IS EVALUATED ASSUMING A CONSTANT ATTENUA-
TION COEFFICIENT ArENl. FOR A NXN UP:AY IT IS NECESSARY TO 
EYAlUATE N.N*NANG ATTENUATION FACTORS WHERE NANG IS THE NUMBER 
OF PROJECTION ANGLES. DUE TO THE LARGE NlIf1tBER., THE FACTORS 
ARE STORED ON FILE LUNArN. 

- TRANSVERSE SECTION wHICH HAS NOT 8EEN CORRECTED 
FOR ATENUATION 

XlEV - APPROXIMATE RATIO OF THE CONCENTRATION IN THE 
OSJECT TO THE 8ACKGROUND 

ATENL - CONSTANT ATTENUATION COEFFICIENT 

THIS SUBROUTINE CALLS RECLSl P:OUTINES - AR!l:AY, ATENF, EMESG, 
LGTXT, MEMST, SRCH, STUN 

RECl.8L ROUTINES WHICH MUST 8E CALLED FIRST - SETUP 

lANGUAGE - FOR TRAN 

COMMDN/WRkCOH/NWORK, rWus ED,fIIFlOAT, I SETUP 
COMMON WORK (J I 

~WORk - OIMENS ION OF THE USER S COMMON BLOCK IN SlANK 
COMIIION 

IWUSED - THE NUM8ER OF WORDS USED IN 8LANK COMMON 
NFLOAT - NUMBER OF WORDS FOR A FLOATING POINT VARI ABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP - 2HOK. 

SU8RDUTINES WHICH P:EQUIP:E THAT SETUP IS CAllED 
FIRST TEST TO SEE IF ISETUP _ 2HOK BEFORE 
EXECUTt NG. 

WORK - BLANK COMMON WORKING ARRAY 

COMMON/A TNCO"'I LATEN, LBMAP, TATEN,lUNA TN 
LOGICAL T ATEN 
DIMENSION ATENlll,BMAPllJ 
EQUIYALENCE IwORKI11,ATEN(1),BMAP(1IJ 

LATEN 

LBMAP 

TATEN 

LUNATN 

- POINTEP: TO THE ARRAY ATEN IN BLANK COHMON 
STORES ATTENUATION FACTORS FOR ONE ANGLE 

- POINTER TO THE ARRAY SMAF IN BLANK COMMON 
A MATRIX USED TO. STORE THE CONSTANT ATTENUATION 
COEFFIC IENTS . 

- LOGICAL VARIABLE SET TRUE FOP: ATTENUATION 
RECONSTRUCTION 

- LOGICAL UNIT NUMBEP: FOR ATTENUATION FACTOR STORAGE 

CDMMDN/OUTCOM/LUNOUT t 180 132 

LUNOUT - LOGICAL UNIT NUM8ER FOR OUTPUT 
180132 - FLAG INDICATING NUMBER OF CHARACTEP:S IN A UNE OF 

OUTPtIT ON LUNOUT 
0- 80 CHARACTERS (132 CHUACTERS OTHERWISE' 

5715 
51 .. 
5787 
5788 
5789 
5790 
5791 
5792 
5793 
5794 
5195 
5796 
5797 
5798 
5199 
5800 
5801 
5802 
5803 
5804 
5805 
58011 
5807 
5808 
5809 
5810 
5811 
5812 
5813 
581", 
5815 
5816 
5817 
5818 
5819 
5820 
5821 
5822 
5823 
5824 
5825 
5826 
5827 
5828 
5829 
5830 
5831 
5812 
58ll 
583'" 
5835 
5836 
5837 
5838 

5839 .... 
5841 
5842 
584) ..... 
5845 .... 
5847 
5848 
58"'9 
5850 
5851 
5852 
58!) 
5854 
5855 
5856 
5857 
5858 
5859 
5860 
5861 
5862 
5863 
58U 
5865 
5866 
5867 
5868 
5869 
5870 
5871 
5872 
5873 
58n 
5875 
5876 
5877 
5878 
5879 
5880 
5881 
5882 
5883 
5881t 
5885 
5886 
5881 
5888 
5889 
5890 
5891 
5892 
5893 
5894 
5895 
5896 
•• 97 
5898 
5899 
5900 
5901 
5902 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COMMON/PTRCOM/NDI MU,NDI M,pwi 0, TC IR ,NMAT, LNI, KNI 
LOGICAL TC IR 
DIMENSION HI III 
EQUIVALEHCEIWORKI U,NI I U. 

HDIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NO 1M - THE CURRENT LINEAR DIME"SIO .. USED BY THE PIl,OGIl,AM 
PWIO - PIXEL WIDTH (IN UNITS OF PROJECTION eiN WIDTH' 
TCIR - LOGICAL vAq,IAeLE SET TRUE fOR CIRCULAR RECON. 
NMAT - THE HUMBER OF C.ELLS IN THE TRANSVERSE SECTION 
LNI - POI NTER TO THE ARRAY NI IN BLANK COMMON 

Nt(JI IS THE NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUAR E OR CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL HAG FOR MEMST CALLS NEEOEO SECAUSE HI 
IS AN INTEGER VARIABLE 

COMMONI STRCOM ITSTORE 
LOGICAL TSTORE 

TSTORE - LOGICAL VARIABLE SET TRUE WHEN TESTING STORAGE SIZE 
SETS TPRtNTll' - .TRUE. 

C OMMON/TRGCOM/IGEOM, KO IMU, AX ISU, BWI D .l(fIIIOV, I(fIIIl N ,I(MAX, KDt fill, AXI S. 
1 LPROJ, NANG,MODANG, LANG,lS INE, LCOS IN, LDAT ER, TEM IT 

LOGICA" TeMIT 
OIMENSICN PROJ (U. ANGlll,S INE( 1. ,COSINE( U ,OATERll' 
EQUIVALE\lCE I WORK I U ,PROJ 1 U ,ANGIl .. SINE 11 Jt COS INE« LJ f DATER ( 1) I 

tGEOM - GEOMETRY FLAG 
o - PARALLEL SEAM GEOMETRY 
1 If FAN SEAM GEOMETRY (CURVED DETECTOR I 
2 - FAN BEAM GEOMETRY (HAT DETECTOR' 
3 - RING DETECTOR GEOMETll:Y 

KDIMU - NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 
8Y THE USER 

AXISU - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 

SWID 
KMOV 

KMIN 

KMAX 

KOI" 

AXIS 

LPROJ 

NANG 
MODANe 
LANG 

LstNE 

LCOStN 

LOATER 

TEMIT 

PROJECTION ARRAY (THIS IS SUPPLIED 8Y THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN •• 

- PROJECTION 81N WIDTH (IN UNITS OF PIXEL WIDTH' 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTE'" DATA 

ARRAY CAXISI AND THE AXIS FOR THE USER DATA 
ARRAY IAXISU'. AXIS - AXISU.FLOATlKMOVI 

- FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATION IN SYSTEM DATA APRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- NUMBER OF 81NS IN THE PROJECTION APRAY sufFICIENT 
TO RECONSTRUCT AN NDIM X NOIM ARRAY, USUALLY 
KDIM-KDIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN :THE 
PROJECTION ARRAY, USUALLY AXIS-AXISU. 

- POINTER TO THE ARRAY PROJ IN BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLlNK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BL.6NK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN 8LANK COMMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN 8lA~1( COMMON 

USER PROJECTION DATA AND ~CERTAINTIES 
- LOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANS"'I SSION DATA 

DIMENSION S( 11 
DIMENSION NAMERC91 
DATA NAMER/IHE,l~,lHD,lH ,IHE,IHV,1HA,lHT,11fJ1 
DATA IOKI2HOKI 

.BE SURE THAT SETUP HAS SEEN CALLED 

IF (JserUP.NE.toKJ CALL EMEse U,NAMER(5',U 

CALL LeTXT (NAMERt5),5' 
WRITE CLUNDUT,20. 
WRITE ILUNOUT,221 XLEV 
WRITE ILUNOUT,241 ATENl 

TUEN-.TRUE. 

CAll MEMST CLATEN,NMATI 
CALL HEMST ILBMAP,NMATJ 

IF (TSTORE' GO TO 18 

CAU SRCH IB,BMAP(lBMAPJ,ATENl,XlEV. 
IF CSMAPU8MAP •• GT.-.51 GO TO 12 
IF (8MAPCLSMAPI.LT.-l.51 GO TO 10 
WRITE CLUNOUT,2bl 
CALL EMESG 04,NAMERI5.,U 

10 WRI TE (LUNOuT,28J XLEV 
CAll EMESG I 35.NAMER (" f U 

12 CALL ARRAY 18MAPIL8MAP. ,NOIM, 

00 Ib ""l,NANG 
IJ-O 
DO 14 J-l,NDIM 
ISUB-llIIl·J-l 
MN-NI (I SUS 1 
DO 14 lI-l,NN 
IJ-IJ+l 
I-INOIM-NNI/2+11 

.EVALUATE THE ATENUATJON FACTOR FOR THE CELL Il,JJ IN THE 
DIRECTION OF THE ANGLE ANG(M' 

CALL ATENF II,J,M,BMAP(LBMAPI,ZI 
ISUB-LATEN·IJ-l 

14 ATENIISUB'-EXPI-ZI 

.STORE THE ATENUATION FACTORS FOR All CELLS FOR THE ANGLE 
ANel"4' 

16 CALL STA TN 1"4,ATENlLATENI, NMAT' 

18 CALL MEMST ILBMAP,O' 
CALL MEMST ("4AXFW,-U 
WRITE ClUNOUT.30J MAXfW 
CAll LGTXT OlAMER,9J 

RETURN 

5Q03 
5904 
5905 
5906 
5907 
5908 
590C; 
5910 
5C;11 
5912 
5913 
5914 
5915 
591t 
S'H7 
5918 
5919 
5920 
5921 
5922 
5n3 
5924 
5925 
5926 
5927 
5928 
5929 
5930 C 
5931 C 
5932 C 
59B C 
59}4 C 
5935 C 
5936 C 
5937 C 
5938 C 
593Q C 
5940 C 
5941 C 
5e 42 C 
S91t3 C 
5944 C 
5945 C 
590\6 C 
5947 ·C 
5948 C 
5949 C 
5Q50 C 
5951 C 
5952 C 
5953 C 
5954 C 
5955 C 
5<:156 C 
5957 C 
5958 C 
5959 C 
5960 C 
59bl C 
5962 C 
S963 C 
5961t C 
5965 C 
5'?6b C 
5967 C 
5968 C 
5969 C 
5970 C 
5971 C 
5972 C 
5973 C 
597. 
5975 
597b 
5977 
5978 
5979 
5<;80 
5981 
5982 
5983 
5984 
5985 
598b 
5987 
598B 
5989 
5990 
5991 
5992 
5993 
5994 
5995 
5q9b 
5997 
5998 
5999 
6000 
bOOl 
6002 
6003 
6001t 
6005 
600b 
6007 
b008 
6009 
6010 
601L 
6012 
6013 
6014 
6015 
b01b 
b017 
6018 
b019 
6020 
6021 
6022 
6023 
b024 
6025 
602b 
b027 
6028 
6029 
6030 
b031 
6032 
6033 
t034 

20 FORMATe JlllllX,llHPARA!'!ETERS FOR SU8ROUTINE EVATUII19X, 11HOESCRI 
1 PTION/lX, 

22. FORMATI9H XLEV - ,F8.3.4X.29HTI-IE TARGET-TO-NONTARGET RATIO' 
24 FOR,MATC9H 4TENL - ,F8.3,40X,23HATTENU.6TtON COEFFICIENT) 
26 FORMAT I!I:/;(. b9HZERQ RANGE IN REC'lNSTRUCTED APRAY. NO UTENUATION F 

lACTORS CALCULATED. I 
29 FORMAT (llOX, 59HTARGET TO ~ON-TARGET MUST 6E GREATER THAN 1. THE VA 

lLUE wAS ,ElO.]1 
30 FORMAT (//1 Ox, 38101/11.6)(1 MUM SIZE OF eLA NK C C"'~ON TI-IU5 FAR.., I 17, 

122H HOATING POINT WORDS. I 
END 

FFTC 
sueROUT INE FFTC C 8R ,BI, LN, KS I ............................. "' ................................... . 
• RECLBl VERSION 1.0 170CT17" .................................................................. 

THE SUeROuTINE FFTC GIvES THE 1-OI"4ENSI0NAL FAST FOUP:IER 
TRANSFORM OF AN ARRAY WITH ~EAL ELEMENTS STORED IN THE ARPAY 
BR AND COMPLEX ELEMENTS STORED IN THE ARRAy BI. THE COMPLEX 
ARRAY IS TRANSFORMED IN PLACE. 

THE SUBROUTINE FFTC USES THE FOLLOWING DEFINITION Of THE 
DISCRETE FOURIER TRANSFORM 

FIKI - (GIO' • GI U.EXP(-1.2.PI.'<lNJ 
• G(2J·EXPI-I·2·PI·2*K/N. + ••••••••• 
+ G (N-LJ *EXP t-I.2.P I. (N-ll.K IN')lN 

WHERE F IS THE DISCRETE FOURIEFl TRANSFORM AND G IS THE FUNCTtON 
BEING TRANSFORMED. 

THE COMPLEX ARRAY A OF LENGTH 2 •• LN COMPLEX ELEMENTS MAY 
BE TRANSFORMED IN THE FOLLOWING MANNER, 

COMPLEx AI ••• I 
OIMENSI£m 812,U 
EQU IVALENCE C A, B I 
CALL FFTC (8(l,l_,BI2,1ItLN,2' 

I.E. THE ADDRESS OF THE FIRST REAL PART IS PASSED IN 8R, THE 
ADDRESS OF THE FIRST IMAGINARY PART IS PASSED IN 81. 2**LN IS 
THE NUMBER OF COMPLEX ELEMENTS TO BE TRANSFORI'IEO •. LN MUST 8E 
LESS THAN OR EQUAL TO 15. 12 •• 15· 32KI IABS(KS. IS THE 
SPACING 8ETweeN ELEMENTS. (uSUALLY 2J THE SIGN OF KS 
DETERMINES THE OIRECTtON OF THE TRANSFORM. 

BR - REAL ELEMENTS OF THE COMPLEX ARRAY 
81 - IMAGINARY ELEMENTS OF THE COMPLEX ARRAY 
LN - 2 •• LN IS THE NUMBER OF COMPLEx ELEMENTS TO (I.E 

TRA"SFORMED. 
KS - IABSIKSI IS THE SPACING BETWEEN ELEMENTS. 

IF POStTI VE THEN FFTC GIVES FOURIER TRANSFIlR. 
IF NEGATIVE THEN FFTC GIVES INVERSE FOURIER 

TRANSFORM. 

LANGUAGE - FORTRAN 

DIMENSION 8RUitSI (11 
INTEGER 63,84,B5,86,B7,85b 
OIMENSIOPli TABUl5J 
DATA TABlI 9.5S7379Q0959115E-05, l.911~759TH0103E-04, 

1 3.834951875 71395E-04, 7.b6990318742704E-04, 1. 5339 8018b28~ 16E-03, 
2 3. 06195b76296598E-03, 6.13588464915~49E-03, 1. 22715382851199E-02, 
3 2 .45412285229123E-02. ~.90b76 7~3274181E- 02, 9.80171403295604E-02, 
4 1. 95090322016128E-0 1, 3. 82683~3236!i090E-01, 7.0710678116b546E-01. 
5 1.00000000000000E.001 

N';Z •• LN 
K-USSIKSI 
L-1b-LN 
B3·N.K 
8b-S3 
67_K 
SGN"I. 
IF (KS.LT.OI GO TO 12 
SGN--1. 
RNI_1./FLOATfN' 
J" 

·00 10 I-1,N 
BRIJ'''8RIJ I.RNI 
81(JllfBIIJJ·RNI 

10 J'"J.K 

12 B6-Bb/2 
S5-B6 
S4-2·B6 
B5b-B5-Bb 

14 TRI-BR 1 B5+1. 
T11-SIIB5.1I 
TR2-SR(656·1J 
TJ2-SIIBS6.U 

BRCSS·l.-U2-TR1 
8I(BSHI-T12-Tll 
SR I B56+ U .. TR I.TR 2 
S t (B56+11- Tt 1.Tt2 

B5-e5+B4 
B56-B5-66 
IF (B5.LE.B31 GO TO 14 
IF C 86. EQ. Sll GO TO 20 

64 .. 87 
CC-2.·UBIILI··2 
C"l.-CC . 
l-L+l 
SS-SGN.TABl(U 
S-SS 

16 B5-Bb.B4 
84-2·B6 
S56-S5-B6 

18 TR1"BR(B5+U 
TI1-BIIB5·U 
TR2-8R(B5b.1I 
T 12-B 1165b.1 J 
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6035 
6036 
6037 
6038 
6039 
bOItO 
6041 
6042 
6043 
6044 
6045 

604b 
60~7 
6048 
601t9 
6050 
6051 
6052 
6053 
6054 
6055 
6056 
6057 
6058 
6059 
60bO 
6061 
6062 
b06) 
6QU 
b065 
b066 
60b7 , ... 
6069 
6070 
b071 
6072 
bOT> 
bOH 
6075 
6076 
6077 
b078 
b019 
b080 
b081 
6082 
b083 
6084 
6085 
b08b 
6087 
6088 
6089 
b090 
bD91 
b092 
b093 
b094 
6095 
609t 
b097 
b098 
600 9 
bl00· 
6101 
bl02 
6103 
6104 
bIOS 
bl06 
bl07 
bl08 
6109 
6110 
b111 
b112 
61U 
6114 
bl15 
6116 
b117 
b1l8 
0119 
6120 
6121 
b122 
6123 
6124 
6125 
b126 
tIZ7 
6128 
6129 
b130 
6131 
6132 
6133 
b134 
6135 
6136 
6137 
6138 
b139 
61ltO 
6141 
b142 
6143 
014_ 
6145 
6146 
6147 
6148 
6149 
6150 
bA.51 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

BRISS. 1) .C., TA,2-TRl )-5*1 Tll-.Ttll 
Bl185+1 )·S., TR.2-TRl J +c*( T1 2-11 l) 
BR1856+ il-TR.t .TR,2 
BII BSo~ lJ .. TIL .TI2 

85-65+84 
B560:85-86 
IF IBS.LE.B31 GO TO 18 
84-85-B6 
85-Sit-B3 
C--C 
84'"'86-65 
IF IBs.LT.S41 GO TO ,. 
84-84+87 
IF I BIt.GE.S51 GO TO lZ 

r-c-cc.C-SS*S 
S· S+ SS.C-CC. S 
CoT 
GO TO 16 

20 IXO-S3/2 
. B3-83-87 

84-0 
85-0 
56-nO 
lXI-a 
IF IS6.EQ.S7) RETURN 

22 BIt-e3-B4 
85-e3-85 
xz-eRls ... l' 
X3-SIUB5+l) 
X4-81184+11 
)(5-eI185+11 
BRIB4+1'·X3 
BA.IBS·U-X2 
Bt I Bolt +11" x!5 
81 (85.1)-)(4 
IF IBb.lT-541 GO TO 22 

24 84-84+87 

.2. 

85-86+85 
XZ-SA. (84+1' 
Xl-SRISS.lJ 
X4-61 164+11 
X5-SI165+l) 
8A. I 81t+ lI-x 3 
BRI85+lI-x2 
81(64+lI"x5 
BI185+1)-x. 
I XO-86 

IXO- IXO/2 
IX1-IxI-IXO 
IF I IX1.GE.OI GO TO 26 

txO-2·UO· 
64-64+87 
IX1-IXl+rxo 
8S-IX1 
IF CSS.GE.B.' GO TO 22 
IF C8".LT .8tll GO TO 24 

RETURN 
END 

IFFTR 
SU8RIJUTINE FFTR Ix,NY, ........ "'''' ......... ''' ...... '''.'''.''' ... ''' .............................. ... 
'" RECLBL YEA.SION 1.0 170C177. ............................................ "' .................... . 

THE SUBROUTINE FFTR GIVES THE FOUII:IER TP:ANSFORM OF THE 
REAL ARRAV X "NO RETURNS THE RESULT IN THE ARRAV X. THE 
DIMENSION OF X IS· Z"'.A8SINY, AND THE FOURIER TRANSFORM HAS 
VALUES· FOA. POINTS FROM 0 TO ~8SINVI/2-1 TN FREQUENCY SPACE. 
THESE VALUES ARE STOREO IN THE ARRAV .It AS FOLLOWS 

FOR N _ 2 •• ABSCNVI 

XI11 - REAl VALUE FDA. THE POINT 10,01 
XI21 - REAL VAlUE FOR ·THE POINT N/2 
X(31 - REAL VALUE FOR THE POINT 1 
Xllt' - IMAGINARV VALUE.FOA. THE· POINT 1 

XIN-1I - REAL VALUE FDA. .THE POINT NI2-1 
XINI - IMAGINARV VALUE FOR THE POINT NI2-1 

x - ARRAY 
NV - A POWER OF 2 SUCH THAT THE DIMENSION OF X EQUALS 

2**ABSINV, 
IF NV POSITIVE THEN FFTR GIVES FOURIER TRANSFORM 
IF NV NEGATIVE THEN FFTR GIVES INVERSE FOURIER 

TR.ANSFORM 

THIS SUBROUTINE CALLS RECLBl ROUTINES - FFTG 

LANGUAGE - FORTRAN 

DIMENSION X(2,11 
DIMENSION TA8l115' 
DATA TA811 

1 3.83495187571395E-04, 
2 3.067956H296598E-03, 
3 2.1t5lt12285229123E-02, 
" 1.95D90322016128E·01, 
5 1.000000000DOOOOE+OOI 

NU-UBSINVI 
INYaNV/NU 
NUI-NU-l 
N-2··NUI 
Isue-16-NUI 
SS-TABUIsuel 
CC--2.*TAe t( ISUB-lJ •• 2 
C-l. 
5-0. 

9.5 8737990959775E- 05, 
7.6699031874270ltE"OIt, 
6 • 13588464915lt49E-03 , 
4.90676743214 IS1E- 02, 
3.8 268343236'090E-Ol, 

1.91747597310103E-0lt, 
1.533<l8018628476E-03, 
1.2211 '382 857199E-02, 
9.801 nlt0329'604E-02, 
7 .071061811S6546E- 01. 

6152 
6153 
6154 
60155 
6156 
615'7 
61SS 
6159 
6160 
6161 
6162 
6163 
6164 
6165 
616b 
6167 
6168 
6169 
6170 
6171 
6172 
6173 
6114 
6175 
6176 
6171 
6178 
6179 
6180 
6181 
6182 
6183 
6184 
6185 
6186 
6187 
6188 
6189 
6190 
6191 
6192 
6193 
6194 
6195 
6196 
6197 
6198 
6199 
6200 
6201 
6202 
6203 
6204 
60205 
6206 
6207 
6208 
6209 
6210 
6211 
6212 
6213 
6214 
6215 
6216 
6217 

6218 
6219 
6220 
6221 
6222 
6223 
6224 
6225 
6226 
6227 
622S 
6229 
6230 
6231 
6232 
6233 
6234 
6235 
6236 
6237 
6238 
6239 
6240 
6241 
62 .. 2 
6243 
621t1t 
621t~ 
6246 
6247 
6248 
62 .. 9 
0250 
6251 
6252 
6253 
625. 
6255 
6256 
6257 
62,e 
6259 
6260 
6261 
6262 
6263 
6264 
6265 
6266 
6267 
6268 
6269 
6210 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

·C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

N2-N/2 
IF (INV.LT.O' GO TO 12 
CALL FFTC IXCl,U.XI2,II,NUI,2) 
TR-Xll,11 
TI-X( 2.11 
XII, 11-.5.CTR.+Tt J 
XIZ,II-.5·ITR-TII 
DO 10 I-l,N2 
Jl-J+l 
12-H-I+l 
TRI-Xll,1lJ 
TR2-X I 1, 12) 
TIl-xI2,IlJ 
TIZ-XI2,I21 
T-ICC.C-SS.S I +c 
S-ICc*s+ss.e J +S 
CoT 
XII ,lll-.25.llnl+TR21+1 TI I+TI2'.C-( nl-TR2 ).S I 
XII, 121-.25.11 TRl+TR21-1 TI .. Tt21.C+1 TAI-TR21.SI 
x(2.11 )- .25.1 IT Il-TI 2 I-IT I I+TI 2 I.S- I TR I-TR 2'*C' 

10 X 12, I 21 -.25*1-1 TI 1-TI 2 )-1 T 11 +TI 2 I".S- (TRI-TR2 I.e J 
RETURN 

12 TR-XIl,U 
TI-XI2tll 
X 11, u-nR+TlJ 
XIZ,l'-(TR-TI, 
DO 14 l-l,N2 
11-1+1 
IZ-N-!+1 
TRI-x(l,IlJ 
TRZ-XI1,121 
Ttl-XI 2,1 11 
TI2-XI2, 12 1 
T-ICC.C-SS.S I+C 
S-ICC·S+SS·CI+S 
CoT 
XII, 111-' I TRl+TA.21- ( TRl- TR2) .S-I TI 1 +TI2 ).C' 
XII. 121-1 ITRI+TR2'+1 TRI-TR2'.S+1 n1+Tt 2,*c, 
X( 2,111-11 TII-T121+( TRI-TR21*C-(TIl+TI2).S I 

lit X( 2,121 - ( .. I TI I-T12" ( TR I-TR2'.C-I TI 1+T121.S1 
CALL FFTC IXll,1I,XI2,II:NUI,-21 
RETURN 
ENO 

I FFTR21 
SUBROUTINE FFTA.2 tx,NY) ................................................................... 
• RECL8l VERSION 1.0 11OtT71. .................................................................. 

THE SUBROUTINE FFTR2 GIVES TH·E TWO DIMENSIONAL FOURIER 
TRANSFORM OF THE REAL ARRAV X AND RETURNS THE RESULT IN THE 
ARRAY X. THE OIMENSION OF THE ARA.AY x IS Z •• ABSINY' •• 2. THE 
VALUES OF THE FOURIER TRANSFORM ARE RETURNED IN THE ARUY x 
"HICH IS EQU.tVALENT TO A TWO-DIMENSIONAL ARRAY AIt,J) U(I,JI 
XIIJ-II.2 •• ABSINVI+JlI IN WHICH THE TRANSFORMED VALUES ARE 
STORED AS FOllOWS 

FOR N - 2 •• A8SINYI 

AU,11 
AI2, lJ 
A13,1I 
Allt,tJ 

AIN-l,1I 
AIN,I J 
AI1,21 
A12,21 
A(3,21 
A(4,2' 
AIN-I,2) 
AIN,2' 
All,31 
AI2,)) 
A(3,31 

A14,31 

AIN,3! 

AI1,41 
A12,1t1 
AIl,It' 

.6. 11 ,N-1) 
AI2,N-ll 
61],N-1I 

AI4,N-1l 

... REAL VALUE FOR THE POINT 10,0) 
- REAL VALUE FOR THE POINT INI2,OI 
- REAL VALUE FOR THE POINT 11.0) 
- IMAGINARV VALUE FOR THE POINT (1,0) 

- REAL VAlUE FOR THE POINT IN/2-1,01 
- IMAGINARY VALUE FOR THE POINT IN/2-1,O' 
- REAL VALUE FOR THE POINT (0,N/2) 
- REAL VALUE FOR THE P01NT IN/2,N/2' 
- REAL VALUE fOR THE POINT 11,N/2) 
- IMAGINARY VALUE FOR THE POINT· n,N/2' 
- REAL VALUE FOR THE POINT INI2-l,N/2' 
- IMAGINARY VALUE FOR THE POINT IN/2-1,N/2) 
- REAL VALUE FOR THE POtNT (0,1) 

- REAL VALUE FOR THE POINT IN/2.lI 
- SUMMATION, K, L - 0, N-l, 

coSt Z.PI.K IN I.COS( 2.P1.l/NI 
fOR THE PO tNT 11. II 

- SUMMATION. K, L - 0, N-l, 
-5 IN (2.PI.K/NI *COS( 2.PJ .l/N' 

fOR THE POINT tIt 11 

- SUMMATION, K, l - 0, /It-:-1, 
COSI 2.PI.( N/2-1'.K/N') *COS I 2.PI.l IN I 

FOR THE POINT IN/2-1,l1 
- SUMMATION, K, l - 0, N-l, 

-5 IN 12.P I •• N/2-1) .K/N) .COS 12.P I.LlN) 
FOR THE POINT IN/2-1,t) 

- IMAGINA!l:Y VALUE FOR THE POINT 10,11 
- IMAGINARY VALUE FOR THE POINT (N/2,lJ 
- SUMMATION, K, l - 0, N-l 

-COS IZ"'P I.K/N' -SI NI2.PI.LlN) 
FOR THE POINT (1,1' 

- SUMMAT ION, K, L - 0, N-l 
SINI Z-PI.K/NI.SINI2.P!.L/NI 

FOR THE POINT 11,11 

- SUMMATION, K, L - 0, N-lt 
-COS I 2_P I. IN 12-11.K/N' .51 NI2.PI.L/N' 

FOR THE POINT IN/2-1,11 
- SUMMATION, K, L - 0, N-1, 

S INI2.PI.CNI2"'1I.IC./N).SINI 2.PI.LlNI 
fOR THE POINT (N/2-1,l1 

- REAL VALUE FOR THE POINT (O,N/2-1I 
- REAL VALUE FOR THE POINT IN/2,N/2-1I 
... SUMMATION. K, l - 0, N-l, 

coS I 2.PI.K/N) -COSI 2.PI.1 N/2-1) .L/N I 
FOR THE POINT I1,N/2-lJ 

- SUMMATION, K, L - 0, N-l, 
-S IN 12.PI .K/N ) -COS t 2.P 1.1 N/2-11.l/N) 

FOR THE POI NT 11, N/2-1' 

6271 
6272 
6273 
627" 
6215 
6276 
b217 
6278 
6027'9 
6280 
6281 
6Z82 
6283 
6284 
6285 
6286 
6287 
6288 
6289 
6290 
6291 
6292 
6293 
6294 
6295 
6296 
6297 
6298 
6299 
6300 
6301 
6302 
6303 .'04 
6305 .'06 
630' 
6308 
630'9 
6310 
6311 
6312 
6313 

631it 
631!1 
6116 
6317 
6311 
6319 
63zet 
6321 
632Z 
6323 
6320\ 
6325 
6326 
6327 
632S 
6329 
6330 
6331 
6332 
6333 
6334 
6335 
6336 
6331 
6338 
6339 
63.0 
6341 
6342 
6343 .," 
6345 .," 
6347 
6348 
6349 
6350 
6351 
6352 
6353 
6)54 
6355 
6356 
6357 
6358· 
6359 
6360 
6361 
6362 
6363 
6364 
6365 
b366 
6367 
6368 
6369 
6370 
6371 
6372 
6373 
6374 
6375 
6376 
6377 
6378 
6379 
6380 
63el 
6382 
6383 
638lt 
6385 
6386 
6387 
6388 
6389 

J, 



c 
c 
c 
c 
c 
e 
e' 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
c 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
c 

AIN-l,N-lI - SU'IUt4ATION, K, l • A, 111-1, 

A(l,NI 
A(2,NI 
An.NI 

case z-Pt- tN/2-11*1(/-., *COS I z*p 1*' N/Z-ll*L INI 
FOR THE PCINT tN/2-1,N/2-lI 

- SU"''''A1 ION, IC, L • a. N-l 
-s IN t z*p 1* (N/2-1,.1( INI *cos (Z*PI*CN/2-1 J -LIN I 

FOR THE POINT 11II/2-1,1II/2-U 
- IMAGINARY VALUE FOR. THE POINT IO,NI2-1 I 
- IMAGINARY VALUE FOR THE POINT 111112,111/2-11 
- SU"''''UI0N, K, l • 0, N-i, 

-cos (z*p 1*1(/1111*51 III t Z-PI. (N/l-ll-lIN I 
FOR THE POINT (l,N/2-U 

- SUMMATION, K, L • 0, "I-I 
51 Nt Z*Pt*K/N) _SI NI 2* PI*CN/2:-11*lfllll 

FOR THE POINT (1 ,N/2-1I 

AIN-l,Nl - SUMMATION, K, l • 0, N-l. 
-cos (z*p 1*' N 12-11 *I(/N).,) t NI Z.PI. (N/l-I'.L/N) 

FOR THE POINT (111/2-1,N/2-11 
- SUMMATION K. L • O. N-I 

S INC Z-PI., Nll-I'_KIN '-SIN IZ*PI*' N/l-II.L/N) 
FOR THE POINT INI2-1,1II/2-1) 

FOR THE POINT (f,JI, I, J. 1, NIl-1, 

AIZ.I+1,l.J+1) • SUMMATION, K, L • 0, N-l, 
eoslz *" 1.1 .K/N, -COS IZ*Pl*J*l/N I 

AIZ-t+Z,2*J+U'. SUMMATION, K, L • 0, N-1, 
-S IN I Z -PI *I*K IN'*COSI2*PI.J*l/NI 

AIZ.I+1,2*J+ZI • SU~MATION. K, L - 0, N-l, 
-cos I z*p I*I*I(/N)*SI NIZ.PI. J*l/N) 

AI2.I+Z,Z.J+21 • SUM~ATIOH, K, L • 0, H-I 
SI NIZ*PI *I*K/NI.SINIZ.PI *J.L/H I 

THE VALUE OF THE FOURIER TRANSFORM SATISFI ES 

FOR II,J) 
REAL - AIZ.I+l,Z.J+lI - AIZ*hZ,Z.J+ZI 
IMAGINARY - AU.I+l,Z.J+ZJ + ,AU.I+2,Z.J+lI 

FOR I-I,J) 
REAL - AIZ*I+l,Z.J+lI + AIZ.I+2,Z*J+2) 
IMAGINARY _ AI2.J+1,Z.J+ZJ - A(Z.I+Z,Z*J+lI 

FOR (I,-J I 
REAL - A(Z.I+l,Z.J+l) + AIZ.I+Z,Z.J+21 
IMAGINARY - -AIZ.I+l,Z.J+ZI + AIZ.l+Z,Z.J+11 

FOR I-I ,,oJ, 
REAL - AIZ.I+l,Z.J+U - AI2*I+Z,Z.J+Z, 
IMAGINARY - -tIZ.I+1,Z.J+ZI - AU.I+l,Z*J+l) 

WHERE I, J - 1, N/Z-1. 

x - APRAY 
NY' - A POWER OF Z SUCH THAT THE DIMENSION OF X eaUAlS 

Z"USI NVI 
IF NV POSITIVE THEN FFTRZ GIVES FOURIER TPANSFORM 
IF NV NEGATIVE THEN FFTRZ GIVES INVERSE FOUR IER 

TRANSFORM 

THI S SUBROUTI NE CALLS RECUl ROUTINES - FFTR 

LANGUAGE" FORTRAN 

OIMENSION XllI 

THE ALGORITHM DOES A ONE-DIMENSIONAL FOURJER TRANSFOR", 
ON THE COLUJilNS OF THE ARUY X, TRANSPOSES THE ARRAY X, DOES 
ANaTHER ONE-DIME"tSIONAl 'TRANSFORM ON THE COLUMNS OF THE 
TRANsposeo ARRAY AND FINALLY TRANSPOSES X AGAIN TO GIVE THE 
FOURIER TRANS FOR'" OF THE ORIGINAL ARRAY. 

N-Z··UBSCNVJ 
DO 14 L-l,z 
IJ-l 
DO 10 J-1,N 
CAll FFTR UUJJ.NVI 

10 IJ-IJ+N 
NJ-N+l 
DO 12 J-2,N 
JI-J 
I J-NJ 
NJ-NJ+N 
JJ-J-l 
00 12 I-l,JJ 
xx-xc IJ I 
X(lJ J-XCJII 
XI JII-XX 
IJ-IJ+l 

lZ JI-JI+N 
14 CONTINUE 

RETURN 
END 

I FILBK I 
SUBROUTINE FIlBK I X ,F Il ,BC K, DRDElt.X, FIIEQxl .................................................................. 
• RECLSL vERSION 1.0 170077. .................................................................. 

THE SUBROUTINE Fll8K RECONSTRUCTS THE ARPAY X USING THE 
FILTER OF THE BACK-PROJECTION ALGORITHM. 

X 
FIL 
BeK 
QRDERX 
FREQX 

-'THE RECONSTRUCTION ARRAY 
- THE F IL TER SUBROUTI NE 
- THE BACK-PROJECT ION SUBROUTINE 
- FILTER PARAJoIETER USED ONLY 8Y THE FIl TER BUTER 
- F IL TER PARAMETER 

THI S SUBROUTINE CALLS REeLBL It.OUTINES - CISQ, EMESG, FFTR2, 
GETDE, LGTXT, MEMST, RCHEK, STPTR. 

RECLBL ROUTINES WHICH MUST BE CAllED FIRST - SETUP 

ExTERNAL RECLBl SUBROUTINES - BCK, F II 

LANGUAGE - FORTRAN 

6390 
6391 
6392 
6393 
63'?4 
6'3<;5 
6396 
6391 
6396 
639<; 
6400 
6401 
640Z 
6403 
6404 
6405 
6406 
6407 
6 .. 0B 
6409 
6410 
64il 
641Z 
6413 
6414 
6415 
6416 
6411 
6418 
641'il 
6420 
6421 
6422 
6423 
6424 
642~ 
6 .. 26 
6427 
64Z8 
6 .. 29 
6430 
6431 
6432 
6433 
6434 
643! 
6436 
6437 
6436 
6439 
6440 
6441 
644Z 
6443 ..... 
6445 
6446 
6447 
6448 
6449 
64'0 
6451 
6452 
b453 
61t'4 
61t,' 
6458 
6457 
6458 
645'il 
6460 
6461 
61t6Z 
64U 
6464 
H65 
H6t-
6467 
6lth8 
6469 
6470 
6471 
6472 
6473 
64n 
6475 
6476 
6471 
6478 
6479 
6480 
6481 
6482 
64S3 
6484 
6485 
6486 
64B7 

&488 
6489 
6490 
6491 
649Z 
6493 
61t94 
649, 
649& 
&497 
&1t98 
649<; 
6500 
t501 
6502 
6503 
&504 
6505 
6506 
6507 
6508 
6509 
6510 

COM"10N/WRKC OM/NwORK, I WUS ED, NFL OAT , IS ETUP 
COMMON WOq,K III 

NWORK - DIMENSIOJ'.j Of THE uSER S C('''1'''OJ'.j BLOCK I~ BLANK 
COM"10N 

IWUSED - THE NUMBER Of WORDS USED IN BLANII' COM"10N 
NFLOAT - NUMBE~ OF WORDS FOR A FLOATING POI~" VARIABLE 
I SETUP - THE SUBRQUT INE SETUP SETS ISETUP .. ZHOK. 

SUBRouTINES WHICH REQUJIIE THAT snup IS CAllED 
FIRST TEST TO SEE IF ISETUP • 2HOK BEFORE 
EXECUT ING. 

WORK - BLANK CO~M('IN WORKING ARRAY 

COMMON/F ILC OM/ORDER, FII: EQ, L SC)(A, L PRJA, lF I L T 
DIMENSION BC)(AllI,PRJAC lI,flLTCl) 
EQU IVALENCE I WOII.K tll, BCKA! 11, PRJA( 11, FIL Tf 111 

ORDER - FILTER PARAMETER: USED ONLY SY THE FILTER SUTER 
FREQ - fILTER PARAMETER 
LBCKA - POINTER TO THE AAR:AY BOA IN BLANK CO"''''O~ 

SACK-PROJECTION APRAY WHICH HAS THE DIME~SIO~ 
Not'" X NOIM 

LPRJA - POINTER TO THE APRAY PRJA IN BLANK. CO'"''''ON 
A PROJECT leN APR.AY FOR ONE ANGLE 

LFILT - POINTER TO THE ARRAY FILT IN 9LANK ""'",ON 
ARRAY OF FILTER VALuES 

CO"'"ON/OUTC014/LUNOUT, 18013 2 

lUNOUT - LOGI CAL UNIT NUMe.ER. FOR OUTPUT 
18013Z - FLAG INDICATING NUMSER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNOUT 
0"' 80 CHARACTERS 113Z CHARACTERS OTHERWISE I 

C OMMONI PRTCOM/TPRINT 18 J 
LOGICAL TPRtNT 

TPR.INT - LOGICAL PRINT flAGS 
1 - PRINT REQUI RED FLOATING POINT BLANK COMMON 

WHENEVER CHANGED 
2 - PRINT PROJECrrON DATA AND UNCERTAINTIES 
3 - PRINT SETUP VALUES FROM IPAR AND PAR ARRAYS 
4 .. PRINT" FILTEP FUNCTION FOR CONVOLUTION AND FILlER 

ROUTlNE S 
5 - PRINT VALUES FOR THE LAGRANGE "'ULTIPIlERS AND 

THE GRAOI ENT FOR THE FUNCTlOI'II OF LAGRANGE IIIUL T 1-
PILERS FOR THE ENTROPY RECDNSTRUCTJO~ 

6 - PRINT POINTERS IN BLANK COIIIMON WHENEvER CHANGED 
IOEBUG) 

COM "'aNI PTR.COM/NDI~U ,NO 1M, pwID, TC IR, NM' l, LNI ,KNt 
LOGICAL TCIR 
DIMENSION NI (1) 
EQUIVAlENCElwORK (11 ,NIf 1 J I 

NDIMU - THE llf..lEAR DiMENSION OF THE TPANSvERSE SECTION 
NDIM ... THE CURRENT LJNEAR. DIMENSION USED BY THE PROGRA'" 
PWID - PIXEL WIDTH lIN UNITS OF PROJECTION BIN WIDTHI 
TeIR - LOGICAL VARIABLE SET TRUE FOR CIRCULAR REeoN. 
N~4AT ... THE NU"'BER OF CELLS IN THE TRANSvERSE SECTION 
LNt - POINTER TO THE AIlRAY NI IN BLANK COMMON 

NIIJI IS THE NU"'BER Of CEllS IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FOR'" OF THE ARRAY 

KNI - SPECIAL FLAG FOR ME"'ST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

COM",ONI STRCOM ITSTORE 
LOGICAL TSTORE 

TSTORE - LOGICAL V/JA IABLE SET TRUE WHEJ'.j TESTING STORAGE SIZE 
SETS lPRINTili _ .TRUE. 

C O"'MON/TRGCO"1/I GEOM, I( OI"'U, AX ISu, SW 10, K"'OV, K'" IN, I(MAX, KOI'" t A XI S, 
1 L PROJ ,NANG, "'OOANG, LANG, LS I NE, LCOS J N, LDAT ER, T e"'tT 

LOGICAL TEMIT 
01 "'ENSION PROJ I 11 ,ANGl1 J,S JNE« 1 J, COSI NEill ,DATER III 
EQUIVALENCE (WORK! 1), PROJI 11 ,ANGll J, SI NE IlJ ,COSINE III ,DATER Ii J J 

IGEOM - GEOMETRY FLAG 
o ., PARAllEL BE A'" GEOMETRY 
1 ., FAN SEAM GEO"'ETRY I CURVED DETECTQP: J 
2 ., FAN BEA" GEC"'ETRY IFlAT DETECTOR I 
3 ., II. ING OETECTO~ GEO"ETRY 

KDIMU - J'.jUMBER OF BINS IN THE PROJECTION ARR.t.Y SUPPLIED 
BY THE USER 

AXISU ... THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY ITHIS IS SUoPllEO SY THE USER 
AND IFAXISU IS INTEGER, THEN ReTATlON AXIS FAllS 
IN THE CENTEI'. OF A PIIOJECTION BIN. I 

8WID - PROJECTION 81N WIDTH (IN UNITS OF PIXEL WIDTH) 
K"'OV - THE DISTANCE BETWEEN THE AXIS FI"!R THE SYSTEM DATA 

ARRAY IAXIS) AND THE AXIS FOR THE USER DATA 
ARRAY IAXISUI. AXIS t AXISU+FLOATlKfilOVI 

KMIN - fIRST LOCAT ION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA (IF THE FIRST USER PRI)JE(TION 6t,.. THAT 
J S GOING Te. SE USED. 

KMAX - LAST LOCATION IN SYSTEM DATA AP,RAY THAT STORES 
THE DATA OF THE LAST USER. PROJECTION 8IN THAT 
IS GOING TC BE USED. 

KOI'" - NUMBER OF 81NS IN THE PROJECTION AIIRAY SUFFICIENT 
TO R"ECONSTRUCT AN NOI'" X NOI'" ARRAY, USUALL.Y 
KDIM"KDIMU. 

AXIS - THE PROJECTED LOCATION OF THE R076.TION AXIS 1J'.j THE 
PROJECTION ARRAY, USUALLY AxIS.,UISU. 

lPROJ - POINTER TO 'rHE ARRAY PPOJ IN BLANK COMMON 
INTER"'EDlATE PROJECTION AND OROJECTION ER~JR 
VECTOR 

"lANG - NUMBER OF PIICJECT IONS 
MODANG - MODE FOR PROJECTION ANGLE INPUT 
LANG - POINTER TO THE ARRAY ANG I'll BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
LSlNE - POINTER TO THE A~RAY SINE IN BLANK COMMON 

SINE Of THE PROJECTION A'IIGLES 
LCOStN - paINTE~ TO THE ARItAY COSINE IN SLANK ceHMON 

COSINE OF THE PROJECTION ANGLES 
LOATER - POINTER TO THE ARItAY DATER IN SlAJ'.jK CO~HON 

USER PROJECTION DATA AND UNCERTAINTIES 
reMIT - LOGICAL V6,RIABLE SET TRUE fOR EMISSION DATA AND 

FALSE FOR TRANSMI SSION DATA 

EXTER.NAL F IL, BCK 
DIMENSION XIII 
01"'ENS10N NAMERI91 
LOGICAL TSAVE,TaO,TlJZ 
DATA NAMER/IHE,lHN,IHD,IH ,IHF,lHI,lHL,IHB,lHKI 
DATA IOK/2HOKI 

TBO=18013Z.EQ.0 
113Z- J 8013Z. NE.O 

.SE SURE THAT SETuP HAS BEE~ CAllED 

IF IISETUP.NE.IOKJ CALL EMESG Il,NA"'ERI5I,lI 
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b511 
6!!H2 
bS13 
b514t 
0515 
6516 
6517 
6518 
651'1 
b520 
b521 
6S22 
e5Z3 
6524 
0525 
6526 
6~ 27 
6528 
652q 
6530 
6531 
6~32 
6~ 33 
65H 
6~ 35 
6536 
6~37 
6538 
653<;1 
t:540 
6541 
t:542 
b543 
b~44 

6545 
6546 
6~1t7 
6548 
654Q 
6550 
6551 
6~52 
6553 
t!:54 
6555 
eS5b 
0~51 
0558 
6559 
6560 
6561 
t56Z 
6563 
6564 
65t:5 
&566 
6567 
0568 
6569 
6570 
6571 
6572 
6573 
6574 
6~75 
6576 
6577 
657B 
6579 
6~80 
6581 
6582 
65B3 
6584 
6585 
6586 
6587 
65B8 
~589 
6590 
65<;/1 
65<;1Z 
6593 
6594 
6595 
6596 
6597 
65<;8 
65C19 
beOO 
6eOl 
6t-02 
6603 
6eOC. 
6605 
6606 
6t:-07 
660B 
0609 
6HO 
6611 
6012 
e613 
6614 
6615 
b616 
HI7 
6l:18 
6619 
6620 
6621 
66ZZ 
6623 
6624 
60Z5 
66Zt: 
66Z7 
66Z8 
6629 
6630 
eD1 
6632 
6633 
6634 
6!:35 
6636 
6e37 
6638 
0639 
6~40 
b641 
6H2 
6e43 
6644 
6645 
6b4! 
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c 
c 
c 
c· 

OROER"OIl:DERX 
FREQ;FREQX 
CALL LGTxT (NA"IERI51,SI 
wRITE IlUNOUT.2tll 
WRITE ILUNQUT,z81 ORDER 
wRI TE ILUNOuT dOl FREO 

CALL ReHEl( IBCl<.,FIl,41 

IF IZ*INDJM/2J.EQ.NOI"41 GO TO 10 
WRITE ILUNOUT,32J 
CAll EMESG I t;,NA"IER {51, 1 J 

10 NO!MU"NOIM 
I POwl" INT (ALOGI FLOAT I NO! MU 1-. 51/ALOG (2. I h2 

*IPQw2 SATISFIES NDl"'''Z**IPQw2 wHEPE NOIM IS 2 TIMES THE 
SMALLEST INTEGER THAT IS A POwER OF 2 AND G~EATER THAN OR 
EQUAL TO NOIMU. 

NDIM"ZU'IPOW2 
T$AVE=TCIR 
TC IR" .FALSE. 
WRITE IlUNOUT,31t' 
IF IIGEOM.EQ.1.OJt.IGEOM.EQ.21 WRITE 4LUNOUT,3bl 
CAll STPTR 

CALL ME"ISl (L~CI(A,NMATI 

CALL ~E"'ST (LPRJA,KOIMJ 

IF n$TOREI GO T(' 24 

N2""'0IM/2 

IF I.NOT.TPPI~T(41) GO TO it' 

.PRINT OUT TI-IE F IL TER VAlUES 

FR,EQSP., 1./ FLOA T« NO! M J 
WRITE lLUNOUTt381 N2,"IOI"'. FPEOSP 
~U"l 
N21=N2+1 
00 14 l-l,N21 
0') lZ J"l,NU 
Z"'SQRT t FLOAT C C 1-1' •• 2+( J-l' •• ZII/FlOATCNOIMI 
I sua"LBCKA+J-1 

12. CALL flL (BCKACISUBI,Z,l1 
(SUB1-LBCKA 
1 SUBZ "'LBCKA+NU-1 
JJ=I-1 . 
If (TeOI WP:lTE ILUNOuT,401 JJrCBCKAltIl,II.YSUBl,tSUBZ' 
IF (T13Z' WqITE (LU"lOUT,4Z1 JJ,CBCK~Ctt.,II·ISU81,ISUB21 
NU-NU+l 

14 CONTINUE 
160 CONT INUE 

*BACK-PROJECTlQN OF DATA 

00 IB "''''l,NAfliG 
CALL GETDE IM,pqJA(lPIUAJ,OUMI 

1B CALL BCK IBCKAClIlCKAI,PP:JA(LPRJAI,"') 

.FOURIER TRANSFOR.M THE BACK-pqOJECTION 

CAll FFTRZ (BCI(AfLBCI(AJ.tPOlol2) 

*F IL TER THE FOUP IER TRANSFORM 

N2"'NDIIIII/Z 
CAll. FtL (F,FVlAT(NZJ/FLOAHNDtM),11 
BCKACLBCKA'mO. 
aCI(AC L BCKA + 1,,,,aCKAI LE!CKA+ll.F 
I sua- L BCKA +NO 1M 
BCKA I t SUB) c8CI(A I I SUBI.F 
CUL FIL CF,SQRTl2.I.FLOATINZI/FLOATINDJMI,11 
BCKAI ISU8+U=BCI(AC ISUB+11.F 

N21"N2-1 
00 20 J0I1,N21 
YZafLOATCJI··Z 
CALL FIL IFO,FLOATIJI/FLOATfNDIMloll 
CALL FH IFN,SQPTCfLOATIN21 •• Z+Y2)/FLOATfNDIMJ,lJ 
t J ... LBCKA+Z."WIM.J 
I IN-I J+NDIM 
BCKAI 1 J I =BCKA t I J).F 0 
BCKAIIJ+ll"SCItAClJ+l)*FN 
BCI(Af I JNI"BCKAC IJNJ.FO 
BCU ( I IN+ll :BCKA 11 IN+ 11 .FIII 

JI"'LBCKA+2·J 
J IN=JI+NOJM 
aCKAt JI I-BCKAI JII*FO 
BCI(A( J I +11 cBCKA IJt +l,.FO 
BCKA (J I N I., BCKA (J I N I.FN 
BCKA! J IN+l'''BCKAI J IN+ll.FN 

DO ZO l"l,J 
CALL FIl IF. SORTfflOATC IJ •• Z+YZIIFLOATCNDP41.11 
IJ"'IJ+Z 
IJN"IJ+NDIM 
BCKAIIJI"'BCKAIIJI·F 
BCKAIIJ+11:BCKAIIJ+1'·F 
BCKA I I JNI.,aC KA 11 JNI.F 
BCKAIIJN+1IcBCKAIIJN+1I.F 
I F I I .EQ.J J GO TO ZO 

Jlo:JI+Z·NDIM 
JIN"J I+NDI/ol 
!3CKAI J I) :BCKAI J t '.F 
BCKAI JI+l la6CKACJ 1+1 ).F 
BCKA C J I NI" BCKA I JINI.F 
BCKAI J IN+ll.,BCKAI JIN+ll.F 

ZO CONTINUE 

.INVERSE FOURIER TRANSFOR~ GIVES THE RECONSTRUCTED AR!<4Y 

CALL FFTRZ IBCKAiLBCKAI.-tPCWZI 

."'AP THE LARGER ARRAY INTO THE HCONSTRUCTJON ARRAY X 

1>1"'4 •• ATAN(I.1 
FAC .. P I I (fL OAT I NANG' *pwl OJ 
NX" I Nor M-NOI MU 112 
L-l 
DO Z2 J:1,NOIMU 
K"L BCKA+NX +NOI M. C J+NX-ll 
00 Z2 Ial,NOIMU 
XILI:BCKAII()*FAC 
K"K+1 

Z2 L=L+l 

24 CALL ME/I4ST ILSCKA,O) 
CALL "'EIoiST ILPRJA.O) 

6641 
66~8 
b6~9 

60650 
606051 
b65Z 
60653 
6654 
b6SS 
606560 
60657 
606058 
6659 
60660 
6060601 
b6bZ 
66603 
60664 
6060605 
66606 
60667 
bbbS 
60669 
606070· 
6671 
H72 
bbn 
6674 
M75 
6676 
bbH 
667B 
606079. 
HSO 
b~Sl 

6bS2 
bbS3 
66084 
6685 
bbB6 
b6S7 
66BS 
b6S9 
66090 
66091 
60692 
60693 
60694 
66095 
6696 
66097 
6698 
bM9 
60700 
6701 
6702 
6703 
6704 
60705 
670b 
6707 
60708 
6709 
6710 
6711 
b71Z 
60713 
6714 
b7l5 
607160 
60717 
b7l8 
0719 
67Z0 
60721 
60722 
60723 ' 
60724 
60725 
67260 
6727 
6728 
60729 
6730 
60731 
6732 
60733 
6734 
6735 
6736 
60737 
6738 
60139 
6740 
6741 
60742 
6743 
60744 
6745 
6746 
60747_ 
60748 
60749 
60750 
b75L 
60152 
6753 
60754 
60755 
67560 
60757 
675B 
60759 
607600 
67601 
607602 
6763 
67604 
6765 
6766 
60767 
6168 
b7b9 
60770 
60711 
677Z 
60773 
60774 
b77~ 
67760 
60777 
677S 
6779 
67S0 
6781 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C· 
C 
C 

NDIMo!NDIMU 
TCIR-TSAVE 

,WRITE ILUNOUT,441 
CALL STPTR 

CALL MEMST (MAXFW.-1) 
,"RITE ILUNOUT.461 MAXFW 
CALL LGTXT INAIoIEP ,9J 
IF ITSTORE.OR ... NOT.TCIRI RETURN 
CALL CISQ (X,X,2) 
CAll CISO (X.X.1I 
RETURN 

260 FORMAT I IIIIIIX,31I-lPARAMETERS FOR SUBROUTINE FILBKlIlI;X,llHDESCRI 
LPTJ')NIlX) 

Z8 FORMUILOH ORDERX - ,F6.1,4x,4bHFILTER PARAMETER USED ONLY 8Y THE 
IFILTER BUTERI 

30 FORMATIlOH FR,EQX - ,Ft,.3,4X,34HFREQUENCY PARAMETER FOR THE FIL TER 
11 

3Z FORMATlllx,51HNOIM MUST BE EVEN FOR SUBROUTINE FILBI< ••• STOP ••• I 
34 FORMUIIIIOX,b3~FILTERED BACI(-PR,OJECTtON RECONSTRUCTIONS !04UST 8E E 

lxECUTED IN AN/Iox,bSHARRAY 1oj1TH OIMENStONS AT LEAST TWICE AS LARGE 
2 AS THE FINAL IMAGE. . 
3/10X,61HTHUS, THE EFFECTIVE SIZE OF THE RECONSTRUCTION AA;RAY WILL 
J,NOWIlOX,l3HBE INCREASED. I 

36 FORMUI178H FOA; FAN BEAM RECONSTRUCTIONS THE F.AN SOURCE MUST BE OU 
lTSIDE TI"4IS LARGE ARRAY.' 

3B FORMAl(/lX,05HTHE VALUES FOP: THE FR.EQUENCY SPACE FILTEA; IFH.T(J,J' 
1,I-0,J , J-O.,13.BHI WITH AIZX.Z4H FREQUENCY· SPACING OF 1/,13. 2H 
Z",E9.3,21H CYCLES PER PIXEL AREJ 

40 FORMAH3H J-,I3,5E12.3/CbX,5EIZ.311 
42 FORMAlC3H Ja,13,10Ei.2.3I1bX,10E12.311 
44 FORMATIIIOX,58HTHE FINAL RECONSTRUCTION IS RETURNED WITH DIMENSION 

1 NOIMU./10X,49HNOIMU WIll NOW BE RETURNED TO ITS ORIGINAL VALUE.) 
4t6 FORMATII/I0X,38HMAXIMUH SIZE OF BLA~K COMMON THUS fAR_,I7, 

122H FLOATING POINT IojOROS.1 
END 

IFMCG 
SUBROUTINE FMCG (FCN, IER,PAJ, SCI< I .................................................................. 
• REClBl VERSION 1.0 17OCT77. .................................................................. 

THE SUBROUTINE FMCG OETER"'INES THE LOCAL MINU4UM JF A 
FUf..ICTION OF SEvERAL VARIABLES BY THE METHOD OF CONJUGATE 
GRADIENTS. THIS PROGRAM WAS MODIFIED FROM THE SU8ROUTINE FMCG 
IN THE IBM SYSTEM/360 SCIENTIFIC SU8ROUTINE PACKAGE, VERSION 3, 
PA.OGRAMMER.S MANUAL, PROGRAM NUMBER 360A-CM-03X. . 

FCN - SINGLE VARIABLE CONTAINING THE MINIMUM FUNC:rION 
VALUE ON RETURN, I.E. F .. FCX'. 

IER - ERROR PARAMETER 
IER .. 0 MEANS CONVERGENCE WAS OBTAI~EO 
lEFt. " 1 MEANS NO CONVERGENCE IN LIMIT ITERATIONS 
IER --I MEANS ERRORS IN GRADIENT CALCULATTON 
IER _ 2 MEANS LINEAR. SEARCH TECHNIOUE INDICATES 
IT IS 1I1(ELY THAT THERE EXISTS NO MINIMUM. 

PRJ - THE PROJECTION SUBROUTINE 
BCI< - THE BACK-PROJECTION SUSRClUTINE 

REMARKS 
IllER IS SET TO 2 IF, STEPPING IN ONE OF THE COMPUTED 

DIRECTIONS. THE FUNCTION WILL NEVER INCREASE WITHIN 
A TOLERABLE RANGE OF THE ARGUMENT. 
IER .. Z MAY OCCUR ALSO IF THE INTERVAL WHERE f 
INCREASES IS SMALL AND THE INITIAL ARGUMENT WAS 
RELATIVELY FAR AWAY FPOM THE I4JNI~UM SUCH THAT THE 
MINIMUM WAS OVERLEAPED. THIS IS DUE TO THE SEARCH 
TEC,"",IQUE WHICH DOUBLES THE STECISIZE UNTIL A POINT 
IS FOUND WHERE THE FUNCT ION INCREASES. 

III THE METHOD IS DESCRIBED IN THE FOLLOWING ARTICLE 
R. FLETCHER AND C. M. REEVES. FUNCTION MINIMIZATION BY 
CONJ UGA TE GRADI ENT 5, 
COMPUTER JOURNAL VOL. 7, ISS. Z, 1964. PP. 149-154. 

THIS SUSROUTINE CALLS RECLBl ROUTINES - DULFC, EMESG, "'E"ST 

RECLBl ROUTINES WHICH MUST BE CALLED FIRST - ENTPY, SETUP 

EXTERNAL RECLeL SUBROur INES - BCK, PRJ 

LANGUAGE - FORTRAN 

COMMONI WR~ COM/NWORK, IWUS EO. NFLOAT. I SETuP 
COMMON WORKIlI 

NWORK - DIMENS ION OF THE USER S COJIIIMON SLOCK IN 8LANK 
COMMON 

IOIUSED - THE NUMBER OF wORDS USED IN BLANK COMMON 
NFLOAT - NUMBEP OF WORDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP .. 2HQIt .. 

SUBROUTINES WHICH REQUHi.E THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP - ZHO~ BEFORE 
E XECUT! NG. 

WORt( - BLANK COI1"'ON WORI(ING ARRAY 

COMMONI ENTCOM/LIM IT, EA; E~T, LXLAGR. LGRAD, LHWQRK, L8CKE. LPRJE 
OIMENSJ ~ XL AGR Ill, GRADf 11 ,HWORK( 11, 8CKEll1, PRJE C 11 
EQUIVALENCEI WORK f 11, XLAGR( 1I,GRAD( IItHWORK( 11, BCKE Ill, PRJE H J 1 

LIMIT - MAXIMUf'I NUMBER OF ITERATIONS AllOWED TO IoIINIMtzE 
THE OBJECTIVE fUNCTION FOR THE DUAL PROGRAM 

ERENT - TEST VALUE REPRESENTING THE EXPECTED ABSOLUTE ERP:OP: 
ERENTx SHOULD NOT BE ANY SMALLER THAN 10**1-01, 
WHERE 0 IS THE "IUMBEq OF SIG~IFICANT DIGITS IN 
FLOATING POINT REPRESENTATION. 

LXLAGR - POI~TER TO THE ARRAY XLAGCI. IN BLANK COMMON 
ARRAY OF LAGRANGE MULTIPLIERS FOR THE ~UAL 
PROBLEM USED TO OPT IMlZE ENTROPY AS A 
RECONSTRUCTION CRITERION 

LGRAD - POINTER TO THE ARRAY GRAD IN BLANK COMJIIION 
THE GRADIENT ARRAY FOR THE FUNCTION OF LAGRANGE 
MUL TlPL IERS 

LHWORK - POINTER TO THE ARRAY HWORK IN BLANK COMMON 
WORKING STORAGE OF DIMENSION 2*(ND. OF LAGRANGE 
MULTIPLIERSI 

60782 
6789 
6078. 
6785 
6786 
60787 
60788 
b78C} 
60790 
60791 
6792 
6793 
6794 
6795 
6796 
6797 
6798 
6799 
bSOO 
6eOI 
6e02 
60803 
6.04 
6805 
6806 
60807 
60808 
6."" 
60810 
bBll 
b81l 
60813 
6814 
60815 
60816 
6817 
6818 
6819 
6820 

68n 
6822 
60823 
6!!2~ 
60825 
6826 
6827 
60828 
6829 
bS30 
6831 
6832 
68ll 
6834 
683!! 
bB36 
6837 
6838 
6839 
6840 
6B~1 
60842 
60843 
6." 
b84!! 
60846 
60847 
6848 
6S~9 

60850 
60851 
6852 
60853 
60854 
60855 
6856 
6857 
60858 
6859 
60860 
6861 
6862 
6863 
6864 
68605 
6866 
b8b7 
60868 
6869 
60870 
6871 
6872 
60873 
6814 
6B75 
68760 
6en 
60878 
60879 
60880 
bBSI 
6882 
60883 
6884 
60885 
bB8b 
6BS7 
6888 
60889 
bS90 
6S91 
6S92 
6893 
6894 
6895 
6B96 
60897 
6898 
6899 
60900 

l 
l. .... 



L8CKE - POINTER TO THE ARRAY aCKE IN 8LANK CO"NON 
A TEI'IPQRARY 8ACK-Pfl:OJECTION ARRAY 

LPRJE - POINTER TO THE ARRAY PRJE IN BLANK COMMON 
A PROJECT tON ARRAY 

CO"MON/OUTCOJill/L UNOUT ,IS0132 

LUNOUT - LOGICAL UNIT NUMSER fOP. OUTPUT 
180132 - FLAG INDICATING NUMSER Of CHARACTERS IN A LINE Of 

OUTPUT ON LUNOUT . 
o - 80 CHARACTERS (132 CHARACTERS OTHERWISEI 

COM"ONI PRTCOJIII/TPRI NT (8) 
LOGICAL TPRINT 

TPRINT - LOGICAL PRINT FLAGS 
1 - PRINT R.EQUIR.ED flOATING POINT BLA~K COIlllIo'lON 

WHENEVER. CHANGEO 
2 - PR.INT PROJECTION DATA AND u~CERTAINTIES 
3 - PRINT SETUP VALUES FRO~ IPAR 6NO PAR ARRAVS 
It - PRINT FILTER FUNCTION FOR CONVOLUTION AND FIl.TER 

ROUTINE S 
5 - PRINT VALUES FOR THE LAGRANGE MULTI1)llERS AND 

THE GRAol ENT FOR THE FUNCTION OF LAGRANGE "'Ul Tt
PILERS FOR THE ENTROPY RECONSTRUCTION 

6 - PRINT POINTERS IN 6LANK COM"'ON WHENEVER CHANGED 
I OE6UG) 

COMMON/PTRCOM/NoIMU.NDI"4, PW I 0, TC IR, N"'AT, LN I, KNJ 
LOGICAL TCIR 
DI/I4ENSION N)Il) 
EQUIIJALENCE~WORK 11 It NIl 111 

NOIIo'lU - THE LINEAR 0lMENSH1N OF TI-IE TIU~SIJE~SE SECTION 
NOIM - THE CURRENT lINEAR DIMENSION USED 6Y THE PROGRU4 
PWIO - PIXel WIDTH I IN UNITS OF Pq,OJECTION BIN WIDTH I 
TCYR. - LOGICAL VAIUA8lE SET nUE FOR CIII:CULAR RECON. 
""AT - THE NU"IBER OF CEllS IN THE TRANSVEfiSE SECTION 
1.NI - POINTER TO THE ARRAY Nl IN BLANK COMJIIION 

NIIJ) IS THE NU"4BER OF CELLS IN THE J-TH ROW OF 
THE SQUARE OR CI RCULAR FORM OF THE ARRAY 

KNI - SPECIAl. FL.&.G FOR. MEMST CALLS NEEDED BECAUSE HI 
IS AN INTEGER VARIABLE 

COHMClNIT RGCOM/I GEO"" KOtJI4U, AX ISU, BWI 0 .IC.MOV,KHIN, KHAX, KDt M ,A XI S, 
1 1. PROJ, NANG ,MOOANG, LANG, LS I NE, lCOS IN, LOAT Eft, T EM IT 

LOGICAL TEMIT . 
01 MENSI eN PROJ 11), ANGlll ,S INEI 1 ,,COS INEe 11 ,DATER Ii) 
EQUIVALENCE IWORKll I, PROJI11, ANGI1' ,SINE 11' ,COSINE( 1) ,DATER III I 

IGEO'" - GEOMETRY FLAG 
o - PARAllEL BEAM GED"4ETRY 
1 - FAN SEAM GEO"ETA:Y (CURVED DETECTOR' 
2 - FAN SEAM GEOMETRY IFlAT DETECTOR) 
3 • RING DETECTOR GEOMETRY 

KDI/IIU - NUMBER OF BINS IN THE PROJECTION ARPAY SUPPI.IEO 

AXISU 

BwlO 
.HOY 

KMIN 

.... x 

KOIM 

AXIS 

LPROJ 

NANG 
MuDANG 
I.ANG 

LSINE 

lCOSIN 

LDATER 

TEMtT 

BY THE USER 
- THE PROJECTED LOCATION Of THE ROTATION AXIS IN THE 

PROJECTION ARRAY ITHIS IS SUPPLIED BY THE USER 
AND If AXrsU 15 INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN •• 

- PROJECTION BIN WIOTH liN UNITS OF PIXEL WIOTHI 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY IAxISI AND THE AXIS FOR THE USER DATA 
ARRAY UXISUI. AXIS _ AXISU+fLOATIKMOV) 

- FIRST LOCUION IN SYSTEM DATA ARRAY THAT STOItES 
THE DATA OF THE FIRST USER PROJECTION 8IN THAT 
IS GOING TO 8E USEO. 

- LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA Of THE lAST USER PROJECTION SIN THAT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN THE PROJECTION AR.R,AY SUFFICIENT 
TO RECONSTAutT Alii NOIM X NOtM ARRAY, USUALLY 
KoIM-KoIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY. USUALLY AXIS-.lXISU. 

- POINTER TO THE ARRAY pRQJ IN BLANK COMMON 
INTERMEDIATE PflOJECTION AND PROJECTION ERROR 
VECTOR 

- NUM8ER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER. TO THE ARRAY ANG IN 8LANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARUY SINE IN BLANK C.OMMON 

SINE OF THE PROJEC.TION ANGLES 
- POINTER TO THE ARRAY COS INE IN BUNK COMMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATEP IN BlAm< COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VARU8LE SET TPUE FOR EMISSIO~ DATA. AND 

FALSE FOR TA.ANSMISSIO~ DATA 

EXTERNAL PRJ,8CK 
DIMENSICJII NAMER(4) 
DATA NAMER/l"F,IHM,lHC,IHGI 

NDATA -KDI JiIII_NANG 
RNX-FLOAT INMAT J 

_EST IS AN ESTIMA'TE OF THE MI-'IMUM FUNCnmt VALUE 

E ST-ALOG« RN.lC1 
IF ITPRINT(5.J WRITE ILUNDUT,114) EST 

COMPUTE THE FUNCTION VALUE AND GRADIENT VECTOR FOlt THE 
INITIAl. ARGUMENT 

CAU OUlFC (FCN,PRJ, BCKI 

RESET ITERATION COUNTeR 

KOUNT-O 
IER-O 
N1-NOATA+l 

START ITERATION CYCLE FOR EVERY NOATA+1 ITERATIONS 

1000 104 I1-1,Nl 

CALL USER IKOUNT,XlAGR(lXLAGRJ,FCN) 

STEP ITERATION COUNTER AND SAVE FUNCTION VALUE 

KOUHT-KOUNT+l 
OloF-FCN 
GNRM- O. 

COMPUTE SQUARE OF GRADIENT AND TERJiIIIJNATE JF ZBW 

00 12 J-l,NDATA 
I SUS-lGRAO+J-1 

12 GNRM-GNRM+GRAOtISUBI_GRAof {SUB) 
IF IGNRfII. 112,112,14 . 

6901 
6902 
6903 
6904 
6905 
6906 
6907 
6908 
6909 
6910 
Mll 
t912 
6913 
691ft 
6915 
6916 
6917 
6918 
6~19 
6920 

.6921 
6922 
6923 
69Z4 
6925 
6q26 
6927 
6928 
6n9 
6BO 
6931 
6932 
6933 
6934 
60;35 
6936 
6937 
6938 
6939 
6940 
6941 
6942 
69lt3 
69lt4 
6<;45 
6946 
6947 
69lt6 
6949 
6950 
6951 
6952 
6953 
6954 
1)955 
69~6 
6957 
6958 
6959 
6960 
6961 
6962 
6963 
69H 
6965 
6966 
6967 
69t8 
6969 
6970 
6911 
6972 
1)973 
6974 
6'775 
6976 
6977 
6978 
6'n9 
6980 
6981 
6982 
6983 
6984 
6985 
6986 
6987 
6988 
6989 
6990 
6991 
6992 
6993 
6994 
6995 
6996 
6997 
6998 
0999 
7000 
7001 
7002 
7003 
700'> 
7005 
7006 
7007 
7008 
7009 
7010 
7011 
7012 
7013 
7014 
7015 
7016 
7017 
70lS 
7019 
7020 
7021 
7022 
7023 
7020\-
7025 
7026 
7027 
7028 
1029 
7030 
7031 
7032 
7033 
7034 

'EACH TIIoIE THE ITERATION LOOP )S EXECUTED, THE FIRST STEP WILL 
BE IN DIRECTION Of STEEPEST DESCENT 

lit IF {II-II 16.16,20 
10 DO 16 Jel,NOATA 

I SUB 1" LHWORK+J-I 
I SUBZ"LGItAO+J-l 

16 HWORK(ISUBlI=-GRAOIISUB21 
GO TO 21t 

FURTHE~ DIRECTION VECTORS 1-1 WILL BE CHOSEN COItRESPONOY1oIG 
TO THE CONJUGATE GRADIENT ... nHOO 

20 A"4BDA"GNR~/OLOG 
00 22 J=l,NOATA 
I SUSl"LHWOItt{+J-l 
I SU62"'L GRA O'J-l 

22 HWlJ ItK II SUBI '''AMBDA*HWORK ( I SUSII-GI1 AD I I SUB2 I 

COMPUTE TEST VALUE FOR DIHCTIONAL VECTaR. A",b DIRECTIONAL 
DERIVATIVE 

24 0'1''''0. 
HNR"''' O. 
DO 26 J"l,NOATA 
I("J+NOATA 

SAVE THE AP.GUfIIENT VECTOR 

I SU81-l HWORK+K-l 
I SUB2"lXLAGR+J-1 
1 SUB 3-L HWORK+J-l 
HWORK ( ISUB 11" Xl AGR II SUBZ I 
HNR M:::HNRM+AB S (HWORK I I SUB31 I 
I SU64=L GRAD+J-l 

2b Oy.,OY+HWDRK(ISUB31*GRADIISUB4) 

CHECK WHETHER THE FUNCTION WILL DECREASE STEPPING ALONG HWORK 
AND l I",EAR SEARCH ROUTINE If NOT 

IF CDYI 2B,102,102 

COMPUTE SCALE FACTOR USED IN UNEAR SEAIlCH ROUTINE 

SEARCH FOR MINIMUM ALONG DIRECTION HIoIORK AND SEARCH AlONG 
HWORt< FOR P('ISITtVE DIRECTION DEfllVATIvE 

FY-FCN 
ALFA .. 2. -I E ST-FCN. 10'1' 
AMBDA-SNItM 

USE ESTIMATE FOR STEPSIZE ONLY IF IT IS POSITIVE AND .LT.SN~M. 
OTHERWISE TAKE SNRfiIt AS STEPSlZE. 

IF CALFA) 34,34,30 
30 IF (ALFA-AMBOA' 32,34,32 
32 AMBDA-ALFA 
34 ALFA-O. 

SAVE FUNCTION AND DERIVATIVE VA!.UfS FOR OLD ARGUMENT 

STEP ARGUMENT ALO..,G HWORK 

00 38 1-1,NOATA 
I SUB 1-I..XLAGA+I-1 
I SU82-lHWORK+ 1-1 

38 XLAGR (I SUBII-XLAGR 11 SUB 1 I+AJIIBDA*HWORKC I SU821 

COMPUTe FUNCTION VALUE AND GRADIENT FOR NE":' ARGUMENT 

CAll DULFC IFCN,PRJ,BCKI 
FV-FCfII 

COMPuTE DIRECTIONAL DERIVATIVE 0'1' FOR NEW ARGUMENT. ;EPHINATE 
SEARCH IF POSITIVE. IF 0'1 IS ZERO THE MINIMUIIII IS FOUND. 

0'1-0. 
oa 40 1_1,NOATA 
I SUBl-I..GRAD+I-1 
1 SUB2-LHWORK+I-1 

ItO DY-OY+GflAoIISUB11*HWORK(ISUB21 
IF 10'1') 42,91t,50 

TER.MINATE SEAfiCH ALSO IF THE fUNCTIClN VALUE INDICATES THAT A 
MINIMUM HAS BEEN PASSED 

1t2 If IFY-FXI 44,50,50 

REPEAT SEARCH AND OOUBLE STEPSI ZE FOR FU!URE SEARCHES 

44 AMeOA-AM6DA+AlfA 
A1.FA-AHBOA 

TER"4INATE IF THE CHANGE IN ARGUMENT GETS VERY LARGE 

IF IHN~M*AM60A-L.EI01 36,36,46 

LINEAR. SEARCH. TECHNIQUE INDICATES THAT NO MINIMU"I EXISTS 

1t6 IERe2 

~ESTORE OLD VALUES OF FUNCTIO~ AND ARGU ... ENTS 

FCN.,OlDF 
OJ 48 J a 1, NOATA 
I SUBl"LGRAO+J-1 
ISU62=LHWORK +J-l 
GRADIISU811 1t l-lWORK (I SU132 I 
I SUBl"l XLAGR+J-l 
ISUB2-1. HWORK +NDAT A+J-l 

Its XLAG.:tIISUB1'-HWOPKCISUB21 

WR ITE I LUNOUT ,1161 1 ER 
CALL EMESG 14!i,NAMER,3J 

E"'O OF SEARCIoI I.OOP 

INTERPOLATE CU8ICAllY IN THE INTERVAL DefINED BY THE SEARCH 
ABove AND CO"'PUTE THE ARGUMENT XlAGfi FOfl WHICH THE 
INTERPOLATION POLYNOMIAL IS ~INIMIZEO 

50 T=O. 
52 If I AMBOAI 54.94,54 
54 Z"3 •• 1 FX-FYIlAMBDA+OX+OY 

AlfA= AMAXI lABS I Z I ,ABS I OX), A8SC 0'1 I. 
OAL FA" ( Z*Z -OX*OY I/( AlfA.AlFA I 
IF (DALfAI 56,66,b6 

fI.ESTORE OLD VALUES OF FUNC.TION AND ARGUMENT 
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7035 
7036 
7037 
7036 
7039 
7040 
7041 
1042 
7043 
7044 
704~ 
7046 
10." 
1046 
7049 
7050 
7051 
70~2 

7053 
7054 
7055 
7056 
7051 
7058 
7059 
7060 
70bl 
70~2 
70b3 
7064 
7065 
7066 
1067 
7066 
7069 
7070 
7071 
7012 
7073 
7014 
70l!-
7016 
7077 
7078 
7079 
70BO 
7081 
7082 
7083 
70B4 
7085 
7086 
7087 
1088 
7089 
7090 
7091 
7092 
7093 
7094 
7095 
7096 
7097 
7098 
7099 
7100 
HOI 
7102 
7103 
710,," 
7105 
7106 
7107 
1108 
7109 
7110 
7111 
7112 
7113 
7114 
711! 
7116 
7117 
7118 
7\19 
7120 
7121 
7122 
7123 
712"" 
7125 
7126 
7127 
7128 
7129 
7130· 
7131 
7132 
7133 
7134 
7135 
7136 
1137 
7138 
1139 
7140 
7141 
7H2 
H43 
Hit ... 
1145 
7146 
7tH 
7l1t6 
7149 
7150 
7151 
7152 
1153 
7154 
7155 
7156 
7157 
7l5B 
7159 
7160 
7161 
7162 
716) 
7164 
7165 
1166 
7167 
7168 
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S6 00 5B J-,l,NDATA 
I SU81-LXLAGR+J-l 
I SUBZ-lH\oIORI(+NDA U,+J-l 

58 XlAGRC ISUBU"HWQPI<.I I5UB21 

CALL OUlFC IFCNtP~J,BCKI 

CHECK FOR REPEATED fA (LUliE Of tTERATIO~ 

60 If IIERI 62,6-\,62 
tlZ WRITE ILUN(]Ultl221 IER 

CALL EI'IESG (43,NA"IER,31 
04 IERe-I 

GO TO 10 
66 W-AlFA"SQPTCDALfAI 

A LF A= OY-Qx+w+W 
IF CALFAI 68,70,68 

68 AlFAG IDY-Z+WI/ALH 
GO TO 72 

10 ALFA., Z+OV-W)I( Z+DX+Z+Ov) 
12 ALFAeALFA,*AMBOA 

00 74 I-L,NDAlA 
I SU~l.L XLAGR+ J-1 
I SUBZ.L HWORK. 1-1 

74 XLAG!U I SUB 11 eXl.AG!U I SUBt). I T -A LF A)_HWORK (J suez J 

TERMINATE, IF THE VALue OF THE ACTUAL FUNCTION AT XLAGR IS lESS 
THAN FUNCTtO'll VALUES AT THE INTERVAL ENDS. OTHERWISE REDUCE 
THE INTERVAL BY CHOOS ING ONE END-POINT EQUAL TO XLAGR AND 
REPEAT THE HHERPQLATION wHICH END-POINT IS CHOSEN DEPENDS 
ON THE VALUE OF THE FUNCTION AND ITS GRADIENT AT XLAGR. 

CALL DULFC (FCN,PRJ,BCK, 

IF IFCN-FXI 76,76.78 
76 IF (FC~-FYI 94,<;4,7B 

COMPUTE THE DIRECTIONAL DERIVATIVE 

78 DALFA-C. 
DO 80 lal,NDATA 
I SUBl-LGRAD+I-l 
t SUB 2-LHWORK+I-l 

BO DALFA-OALFA+GRAO( ISUSl '.""ORKI ISUB2 I 
IF (OALF.U 82,B8t8B 

82 IF (FCN-FXI 86,B4,88 
8~ IF lox-OALFA» 86,94,86 
86 FX_FCN 

OX-OALFA 
T-ALFA 
AMBOA_ALFA 
GO TO 52 

88 IF CFY-FCNI 92,90,92 
90 IF (OY-DALFAI 92,94,92 
9Z FY .. FCN 

OY-OALFA 
AHBOA_ AMBDA-AL FA 
GO TO 50 

TERMINATE, IF FUNCTION HAS NOT OECREASED DURING LAST ITERATION 
OTHERWISE, SAVE GIlADlENT ~ORM 

94 IF (OLOF-FCN+EP:ENT I 46,60,96 
96 OLOG-GNRM 

COMPUTE DIFFERENCE Of NEW AND OLD ARGUMENT VECTOR' 

T-O. 
DO 98 J-ltNDAU 
I SUBI-LHWORK+NDATA+J-l 
I SUB2-LXLAGR+J-l 
HW,JRKI I SUBU -XLAGR I I SUB2J-HWORKI ISU811 

98 T-T+ABSIHWQRKfISUBU I 

TEST LENGTH Of DIffERENCE VECTOR IF AT LEAST NOATA+l ITERATIONS 
HAVE EXEcuTED. TERMINATE, IF LENGTH IS LESS THAN ERENT. 

If (KOUNT-Nlt 102,100,100 
100 If IT-ERENTJ 110,110, 10Z 

TERMINATE, IF NUM8ER Of 1TERATIQNS WOULD EXCEED LIMn 

10Z IF IKQUNT-LIMITI 104,106,lOt 
10. I a-a 

ENO OF ITERATION CYCLE 

START NEXT ITERATION CYCLE 

GO TO 10 

NO CONVERGENCE AFTER LIMIT ITERATIONS 

106 tER"l 
IF (GNRM-ERENH 112,112,108 

108 WRITE (LUNOuTtl201 lER,KOUNT 
CALL EMESG (",NAMER,-l) 
RETURN 

TEST fOR SUFFICIENTLY SMALL GRADIENT 

110 If (GNRM-ERENTJ 112,112,60 
112 IER"O 

IF ITPRINT(5l1 WRITE (LUNOUT,118J KOUNT 
RETURN 

114 FORMAT I 1138H Tt-lE ESTIMATE OF THE MIN1I'IUM IS EST,. ,F1.4,2H ., 
116 FORMATII127H THE ERPOR PAUMETEII: IER .. ,13,49H MEANS THAT THE UNE 

lAR SEARCH TECI+IIQUE INOICATESI3X,42HIT IS LIKELY THAT THERE EXISTS 
2 NO MINIMUM.) 

118 FORMAT( 1150t-l THE OPTIMUM SOLUTION FOR THE LAGRANGE MUL TIPILERSI 
1.Xwt8HWAS DETERMINEO IN ,14,12H ITERATIONS.' 

120 FOR14ATI/127H THE ERROR PAIUMETER IER .. ,l3,33H MEANS NO CONVEPGENC 
IE IN LIMIT. ,I4rl2H ITERATIONS.) 

122 FORMATlII21H THE ERROR PARAMETER IER .. ,n,38H "1EANS ERRORS IN GRA 
1DlENT CALCULATION. I 
E~a 

7H9 
7170 
7171 
717Z 
7173 
7174 
7175 
7176 
7177 
7178 
7179 
7180 
7181 
7182 
7183 

- 7184 
7185 
7186 
7187 
n8B 
7189 
7190 
7191 
7192 
7193 
1194 
7l9~ 
7196 
7197 
7198 
7199 
7200 
7201 
7202 
7203 
7204 
7205 
7206 
7207 
7208 
7209 
7210 
7211 
7212 
7213 
7214 
7215 
7216 
7217 
7218 
7219 
7220 
7221 
7222 
7223 
7224 
722~ 
7226 
7227 
7228 
7Z29 
7230 
7231 
1232 
7233 
7234 
7235 
7236 
7237 
7238 
7239 
7240 
7241 
7242 
72-0 
72"" 
7245 
7246 
TZU 
7248 
7249 
7250 
7251 
7252 
725J 
7254 
1255 
7256 
7251 
7258 
7259 
7260 
7261 
7262 
7263 
7264 
7265 
7266 
7267 
7268 
7269 
7210 
7271 
7272 
7273 
7214 
7215 
7276 
7271 
7278 
7279 
72BO 
7281 
7282 
7283 
7284 
7285 
7286 
72B7 
n8B 

c 

SU8ROUTINE HATN (M,A,NI ................................•..........•...................... 
• REeLBl VERSION 1.0 nOCT77. ...........................................•...................... 

THE SUBROuTINE FTATN READS FROM FILE LUNATN INTO CORE N 
ATTENuATION FACTORS REQUIRED FOR THE ANGLE ANGIMI. see THE 
OESCRI PTION FOR THE SUBROUTINES EVATC, EVATN, EVATU FOR AN 
EX.PlANATION OF HOW THE fACTORS ARE EVALUATED AND SEE SUBROUTINE 
ST ATN FOR A OEseR IPT ION Of HOW THE~ ARE STORED. 

- THE ANGLE INDEX 
- ARRAY OF ATTENUATION FACTORS 
- NUMBER OF FACTORS 

RECLBl ROUTINES WHICH lIIIuST BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMON/WRKCOM/NWORK, I WUSEO, NFLOAT, I SETUP 
COMMON 'l«JRK(ll 

NWDRK - OIMENS ION OF THE USER S CO"'MON BLOCK IN BLANK 
CO '"'MaN 

JWUSEO - THE NU"'BER OF WORDS USED IN BLANK COIIIIMON 
NfLOAT - NUMBER OF WORDS FOR A fLOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP - 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETuP IS CAl.LED 
FIRST TEST TO see If ISETUP - 2HOK BEFORE 
EXECUTING • 

WORK - BLANK COMMON WORKING ARRAY 

COMMONI ATNCOM/LATEN, LBMAP, TATEN ,LuNA TN 
LOGICAL TATEN . 
DIMENSION AlENt 11, BMAPt 11 
EQU IVA/,. ENCE (WORK (11, ATENt 1), BMAP ( 111 

LATEN - POINTER TO THE ARRAY ATEN IN SLANK COMMOfII 
STORES ATTENUAT ION FACTORS FOR ONE ANGLE 

LBMAP - POINTER TO THE ARRAY SMAP IN BLANK COMMON 
A MATRIX USED TO STORE THE CONSTANT ATTENUATION 
COEFFICIENTS 

TAT EN - LOGICAL VARIABLE SET TRUE fOR ATTEMJATJON 
RECONSTRUCTION 

LUNATN - LOGICAL UNIT NUMBER FOR ATTENUATION fACTOR STORAGE 

C OMMONI CiUTCOM/lUNOUT, 180132 

lUNOUT • LOGICAL UNIT NU"SER FOR OUTPUT 
180132 - FLAG INDICATING NUMBER OF CHARACTERS IN A LINE OF 

o UTP tJT ON L UNCUT 
o - 80 CHARACTERS (132 CHARACTERS OTHERWISE' 

o IMEHS ION oj, ( 11 
DIMENSION NAMERI5J 
DATA NAMER/1HF,lHT,IHA,IHT,lHNI 
DATA MEQf-11 

IF IMEQ.EQ.M) RETURN 
IF (M.NEoO-l) GO TO 10 
REwIND LUNATN 
GO TO 12 

10 IF (M.NE.MEQ+lI CALL EMESG (27,NAMER,21 

12 MEg.M 
READ ILUNATNI (A(KI,K-1,N' 
RETURN 

END 

IGETDE I 
SUBROUTINE GETOE (M,O,EI 

C ................................................................ .. 
C • REC1.BL VERSION 1.0 170CT77 * 

'C ................................................................. . 
c 
C THE SUBROurI,..E GETOE STORES THE PROJECTION DATA AND ERRORS 
C IN THE PROPER LOCATIONS IN THE AltR.AYS 0 AND E SO THAT THE 
C SYSTEM PROJECTION ANa BACK-PROJECTION ROUTINES CAN OPERATE 
C ON THE DATA. THE OAT.A IS PRINTEO IF APPPOPRIATE PRINT OPTIONS _ 
C HAS aEEN SElECTED BY THE USER.. 
C 
C THIS SUBROUTINE CALLS RECLBl ROuTINES - GETUM, EMESG, MEMST, 
C ZERO 
C 
C R.ECLBL ROUTINES WHICH MUST BE CALLED fIRST - SETUP 
C 
C LANGUAGE - FORTRAN 
C 
C 

COMMON/WRKCOM/NWORK, I WUS ED, NFLOAT, ISETUP 
COMMON WORK ( 11 

NWORK - DIMENSION OF THE USER. S COIIIIMON BLOCK IN BLANK 
COMMON 

1 WUSED - THE NUMB ER OF WORDS US ED I N BLANK COMMON 
NFLOAT - NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUT INE SETUP SETS I SETUP - 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALlEO 
fiRST TEST TO SEE IF ISETUP • 2HOK BEFORE 
EXECUTING • 

WORK - BLANK COMMON WORKING ARRAY 

7289 
7290 
7291 
7292 
7293 
7Z9~ 
1295 
7296 
7297 
7298 
729~ 

13DO 
1301 
7302 
7303 
730~ 
7305 
1306 
7307 
1308 
1309 
1310 
7311 
1312 
7313 
73H 
7315 
1316 
7317 
7318 
7319 
7320 
7321 
1322 
7323 
732~ 
7325 
732ft 
7327 
7328 
7329 
1330 
7331 
13)2 
7333 
7334 
733' 
133ft 
7337 
7338 
1339 
7340 
7341 
7HZ 
73~3 
13« 
731t5 
13 •• 
7H7 
1348 
7349 
7350 
135l 
1352 
1353 
73'4 
7355 
735ft 
1357 
1358 
7359 
7360 

1361 
7362 
7363 
7364 
7365 
7366 
7367 
7368 
7369 
7370 
7371 
7372 
1313 
7374 
7375 
7376 
7377 
7318 
1319 
7380 
1381 
7382 
7383 
1384 
1385 
7386 
1387 
7388 
7389 
13'>0 
7391 
73'12 
1393 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COMJIiION/ITItCOMINSTP, TRLX ,TERR ,TZER,LWGT, LDEL, L TEMP,LCDH,L TUN 
LOGICAL TRU,TERR,TZER 
DUEN510N WGT III ,DELI U ,TEMPU J,CDEL 11 I, TRANI 11 
EQU IVAL ENCE I WORK Ill, WGH 1) ,DELI 11 ,TEMPI1I ,CDELI1' ,TRANI 111 

NSTP - NUMSER OF ITERATION STEPS 
TUX - LOGICAL VAR tASLE SET TRUE FOR RELAXATION 
TERR - LOGICAL VAR IABLE SET TRUE FOR WEIGHTED LEAST SQUARE 
TZER - LOGICAL VARIA8LE SET TRUE TO ZERO INITIAL SOLUTION 
LWGT - POINTER TO THE ARRAY WGT IN SLANK CO~"'ON 

WEIGHTS FOR WEIGHTED LEAST SQUARES (SEE TERRI 
LDEL - POINTER TO THE ARRAY DEl IN SLANK COMMON 

GRADIENT VECTOR 
L TEMP - POINTER TO THE ARRAY TEMP IN BLANK COMMON 

TEMPORARY STORAGE TO INCREASE SPEED 
LeDEl - POINTER. TO THE ARRAY COEL IN BLANK COMMON 

STEP DIRECTION FOR CONJUGATE GRADIENTS 
URAN - POINTER TO THE ARRAY TRAN IN BLANK COMMON 

TRANSFORMATION MATRIX FOR RELAXATION (SEE TRLXI 

C OMMONI OUlCDMI LUNOUT, IB013 2 

LUNOUT - LOGICAL UNIT NUMBER FOR OUTPUT 
180132 - FLAG INDICATING NUMSER OF CHARACTERS IN A LINE OF 

OUTPUT aN LUNOUT 
o - 80 CHARACTERS (132 CHARACTERS OTHEP.IiIISEI 

COMMONI PRTCO"4/TPRINT I 81 
LOGICAL TPRINT 

TPRINT - LOGICAL PRINT FLAGS 
I - PRINT REQUIRED FLOATING POINT 8LANK COMMON 

WHENEVER CHANGED 
2 - PRINT PROJECTION DATA AND UNCERTAINTIES 
3 - PRINT SETUP VALUES FROM IPAR AND PAR ARRAYS 
4 - PRINT FILTER FUNCTION FOR CONVOLUTION AND FILTER 

ROUT INES 
5 - PRINT VALUES FOR THE LAGRANGE MULTIPIlERS ANO" 

THE GRADIENT FOR THE FUNCTION OF LAGRANGE MULTI
PILERS FOR THE ENTROPY RECONSTRUCTION 

6 - PRINT POINTERS IN BLANK COMMON WHENEVER CHANGED 
( DE8UG) 

COMMONI PTRCOM/NOIMU, NDIM, pwt 0, TC IR ,NMAT ,LNt ,KNI 
LOGICAL TCIR 
DIMENSION Ntlll " 
EQUIVALENCEIWORK(1 I ,NIl U I 

NDIMU - THE LINEAR DiMENSION OF THE TRANSVERSE SECTION 
NDIM - THE CURRENT LINEAR DIMENSION USED 8Y THE PROGRAM 
PWIO - PIXEL WIDTH liN UNITS OF PROJECTION SIN-WIDTHI 
TCU - LOGICAL VAR IABLE SET TRuE FOR CIRCULAR REeON. 
NMAT - THE NUMBER OF CELLS IN THE TPANSVERSE SECTION 
LNJ - POINTER TO THE ARRAY NI 1 N BUNK COMMON 

NIl J) IS THE NUM8ER OF CelLS IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FD'tM OF THE ARRAY 

KNt - SPECIAL FLAG FOR HEMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIA8LE 

COMMONITRGCOMI I GEOM, KDIMU, AXI SU, BWID, KMOV, KMI N, KlUX, KOI M, AXI S, 
1 L PRDJ, NANG,MOOANG,LANG, LS tNE ,LCOSIN, LOATER, TEMI T 

LOGICAL TEMIT 
DtMENSION PROJ I 11 ,ANGlll.S INElll ,COSINEll' ,DATER (1' 
EQUIVALENCE IWDRKI U, PROJ( 11 ,ANG! 11, SINEt U ,COSINE! U ,OATERU' I 

IGEOM - GEOMETRY FLAG 
o - PARALLa SEAM GEOMETRY 
1 - FAN BEAM GEC!METRY (CURVED DETECTOP' 
2 - FAN 8EAM GEOMETRY (FLAT DETECTOR' 
3 - RING DETECTOR GEOMETRY 

KDIMU - NUM8ER OF BINS IN THE PROJECTION ARRAY SUPPLIED 

AXISU 
BY THE USER 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FAlLS 
IN THE CENTER OF A pROJECTION BIN.' 

BWID 
KMOV 

- PROJECTION 81N WIDTH (IN UNITS OF PIXel WIDTHI 

KMI N 

KMAX 

KDIM 

AXIS 

LPROJ 

NANG 
MODANG 
LANG 

LSINE 

LeoSIN 

LOATER 

TEMIT 

- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 
ARRAY IAXISI AND THE AXIS FOR THE USER DATA 
ARRAY CAxISul. AXIS. AxtSU.FLO,UCKMOVI 

- FIRST LOCAT ION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJEctION 81N THAT 
IS GOING TO 8E USED. 

+ LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION 81N THAT 
IS GOING TO BE USED. 

- NUMBER OF SINS IN THE PROJECTION ARRAY SUFfICIENT 
TO RECONSTRUCT AN NOIM X NOIM ARRAY, USUALLY 
KOIM-KDIMU. 

- THE PROJEtTED LOCATION OF THE ROTA.TlON AXIS IN THE 
PROJECTION ARRAY, USUAllY AXIS-UISU. 

- POINTER TO THE ARRAY PP:OJ IN BLANK CO"MON 
INTERMEDIATE PROJECTION ANO PROJECTION ERROR 
VECTOR 

- NUM8ER OF PROJECTIONS 
- MODE fOR PROJECTION ANGLE INPUT 
- POINTER TO THE APRAY ANG 1N BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN 8LANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSJNE IN BLANK COIiIMON 

COSINE OF THE PROJECTION ANGlES 
- POINTER TO THE ARRAY DAlEF!: IN BLANK COMMON 

US ER PROJ ECT ION DATA AND UNCERTAt NTI ES 
- LOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

DIMENSION OUI ,EI U 
LOGICAL T8C,1132 
DIMENSION NAMERIS' 
DATA NAMER/IHG,lHE ,lHT, 11<1 ,1HEI 

T80-TPRI NT IZI.ANO. 18013Z .EQ.O 
T 132-TPR INTI2'.ANO.I80132. NE. 0 

CALL ZERO ID,KDtMI 
IF (.NOT.TERRI GO TO 12 
00 10 K_l,IC.DIM 

10 EIK'-l. 
12 CONTINUE 

ISUS1-LDATER 
I SuS2-LOATER.KD IHU 
eALL GETUM IM,OATERIISUBll,OATERtlSUS211 

I SUS1-1 SUBl.KMI N-KMOV-l 
I SUS2-1 SUB2+KMI N-KMOV-l 
00 lit K-KMtN,KMAX 
01 K)-OATER II SUSI J 
ISUBI-ISU81·1 
IF (.NOT.TERRI GO TO 10\ 
IF IDArERtlSUS21.LE.0.1 GO TO 18 
ElK I-DATER (I SUB21 
ISUSZ-ISUBZ·1 

14 CC3NTINUE 

1394 
7395 
1396 
1391 
7398 
7399 
1400 
7401 
7402 
1403 
7404 
7405 
7406 
7407 
H08 
7409 
7410 
7411 
7U2 
7413 
7414 
7415 
H1b 
7417 
741B 
7419 
7420 
7421 
7422 
1423 
742,. 
7425 
7426 
1427 
1o\2B 
7429 
7430 
1431 
7It32 
1433 
1434-
1435 
7436 
1437 
1lt3B 
7439 
H40 
7441 
7442 
7443 ,. ... 
''''5 7446 
7447 
7448 
7449 
7450 
7451 
1452 
7453 
7454 
7455 
7456 
7457 
7458 
1459 
146"0 
7461 
1462 
7463 
7464 
7465 
7466 
74t7 
746B 
7469 
1lt70 
7411 
74T2 
7473 
7474 
7475 
7416 
7477 
141B 
1419 
7480 
1481 
1482 
1483 
nn 
74B5 
7486 
7487 
Has 
7489 
7490 
7491 
1tt92 
7493 
7494 
7495 
1tt96 
7497 
7498 
7499 
7500 
7501 

"1502 
7503 
7504 
1505 
7506 
7507 
750B 
7509 
7510 
7~1l 
7512 
1513 
7514 
7515 
75 It: 
7!11 
751B 
7519 
1520 
7~21 
7522 
7523 
7524 
7525 
7526 
7527 
752B 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

I SUS-LANG."'-l 
PI_4.·ATANll.1 
ANGOa ANGI ISUBJ.180 ./P I 
IF !T801 WRITE ILUNOUT,ZOI M,ANGIISUBJ,ANGO,(oOU,I(-1,!(DIMI 
IF (Tl321 WRITE ILUNOUT,221 M,ANGIISUBI,ANGO.(DIKI,K·l,KOll~1 
IF tTBO.AND.TERA:) WRITE ILUNOuT,24) "4.1EIKI,K-l,KOIM' 
IF ITI32.AND.TERR) WR.ITE ILUNOUT,26) M,IEIKI,Kc l,KDIMI 

.AOJUST PROJECTIONS AND ERRORS sa THAT SUI'! OF PIXELS WILL 

.EQUAL SUM OF PROJECTIONS. 

FAC-1. 
IF (T EM IT 1 FAC-FLOAT( NANGI.PliltD 
00 16 K-1,KDIM 
D(K'-DIK).FAC 
IF (.~OT.TERRI GO TO 16 
EIKI-EIKI.FAC 

16 CONTINUE 
RETURN 

18 WRITE ILUNOUT,281 M,K,DATERIISUBZI 
CALL EMESG 17,~AMER,31 
STOP 

20 FORMATI 130H PROJECTION QATA FOil: ANGLE NO.,14,FI0~3,6H flo\DlANS 
l,F10.3,8H DEGREES/I3X,5E12.311 

22 FORMAT 1 130H PROJECTION DATA FOR ANGLE NO.,I4,FlO.3,6H RADIANS 
I,FtO.3,8H DEGREES/t3X,10E12.311 

24 FORMAT142H PROJECTION DATA UNCERTAINTY FOR ANGLE NO •• I4 
1/13X, SEI2.3" " 

26 FORMATt4ZH PROJECTION DATA UNCERTAINTY FOR ANGLE ~0.,14 
1/t3X, 10E12.31) 

28 FORMATfIl16H ERROR. FOR ANGLE,I3,4W BIN,I3,17H NEGATIVE OR ZERO,F15 
1.51 

END 

I GETDMI 
SUSROUT1~E GETDM IM,DI .................................................................. 
• RECLSL VERSION 1.0 17OCT77. .....................•..............••............................ 

THE SU8ROUTINE GETDM IS THE EQUIVALENT OF GET DE, BUT 
HANDLES ONLY CHORD DATA FOR RI~G GEOMETRY. IF ANY ERRORS ARE 
PASSED TO IT BY GETUM, THEY ARE IGNOPEO SINCE NO RING GEOMETRY 

" RECONSTRUCTION ROUTINES (AN USE ERRORS. 

THIS SUBROUTINE CALLS RECLSL ROUTINES - GElUM, ZERO 

RECL8L ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMON/WRKCOM/NWORK, twuS EO.NFLOAT, I SETUP 
tOMMON WORK( 11 

NWORK - DIMENSION OF THE USER. S COM"'ON BLOCK IN BLANK 
COMMON 

IWuSED - THE NUMBEP OF WORDS"USED IN 8LANK COMMON 
NFLOAT - NUMBER OF WORDS FOR A FLOATING POl~T VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP - ZHOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP • 2HOK SHOPE 
EXECUTING. 

WOA.K - BLANK COMMON WORKING ARRAY 

COMMONI OUTCOM/tUNOUT, I BO 13 2 

LUNOUT - LOGICAL UNIT NUMBER FOR OUTPUT 
-180132 - FLAG IIIIDICATING NUMBER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNOUT 
0- 60 CHARACTERS 1132 CHARACTERS OTHERWISEI 

COMMON/PRTCOM /TPRJ NTI8' 
LOGICAL TPRINT 

TPRINT - LOGICAL PRINT FLAGS 
1 - PRINT REQUIRED FLOATING POINT BLANK COMMON 

WHENEVER CHANGED 
2 - PRINT PROJECTION OATA AND UNCERTAINTIES 
3 - PRINT SETUP VALUES fRO"4 IPAR AND PAA. ARRAYS 
4 - PRINT FILTER FuNCTION FOR CONVOLUTION AND FILTER 

ROuT JNES 
5 - PRINT VALUES FOR THE LAGRANGE MUL TIPtLERS AND 

THE GRADI ENT FOR THE FUNCTIO~ OF LAGRANGE '4UL TI
PILERS FOR THE ENTROPY RECONSTRUCT10N 

6 - PRINT POINTEAS IN BLANI< CCiMMON WHENEVER CHANGED 
( DEBUGf 

COMMONITRGCOM/I GEOM, KDt MU, AX t SUI 8WI 0, I<MOV, 1</111 N, KMAX, KOI M, AX IS, 
1 LPROJ, NANG,MOOANG, LANG, LS INE ,LeOSt N, LDAT EA. ,TEMIT 

LOGICAL TEMIT 
01MENS ION ·PROJI 1 I ,ANG! 1) ,S INE III .COSINE( 1I.0ATERlll 
EQUI V Al ENe E (WORK Ill, PROJ lIlt ANGe 11, SINE« lJ ,COS I!\IEt 1" DA reRI 111 

IGEOM - GEOMETRY FLAG 
o .. PARALL EL BEAM GEOMETRY 
I - FAN SEAM GEOMETRY (CURvED DETECTOR 1 
2 - FAN BEAM GEOMETRY tFLAT DETECTOR) 

" 3 - RING DETECT01l: GEOMETRY 
KOlf04U - NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 

SY THE US Efi. 
AXISU - THE PROJECTED LOCATION OF THE ROTATION AXIS IN T!-IE 

PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
M.O IF AxtSU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION 8IN.1 

BwiD - PROJECTION BIN WIDTH I IN UNITS OF PI xEl wlDTHI 
KMOV "- THE DISTANCE BETWEEN THE A,( IS FOR. THE SYSTEM DATA 

ARRAy (AXIS) AND THE AXIS FOR THE USER DATA 
ARRAy (AxISUI. AXIS - AXISU.FLOATIKMOVI 

KMIN - FIRST l.OCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

KMAX - LAST LOCATlON IN SYSTEJoI DATA ARA.AY THAT STORES 
THE DATA OF THE LAST USER PROJECTION Bt~ THAT 
IS GOING TO BE USED. 

KDIM - NUMBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECQNsnuCT AN NOIM X NDIM ARflAY, USUALLY 
KOI M-KD I"'U. 

249 

7529 
7530 
7~31 

7532 
7!:33 
7~3fr. 
7!:35 
7536 
7537 
71)3B 
153'? 
15ltO 
1541 
7!:42 
7543 
7544 
1545 
7546 
7547 
7548 
154t; 
7550 
1551 
7552 
H53 
75~4 

75~5 
7556 
7557 
75~ 8 
7559 
7560 
7561 
7!62 
7563 
7564 
7565 

7566 
7567 
1568 
7560; 
75TO 
7571 
7572 
7573 
7514 
757~ 

7576 
7571 
757B 
7579 
7560 
7581 
7582 
7583 
7584 
7585 
7586 
75B7 
7588 
7589 
7590 
7591 
7592 
7593 
7594 
75C;5 
1596 
7597 
759ft 
7599 
7600 
7601 
7602 
U03 
7604 
7605 
n06 
7601 
n08 
7609 
n10 
7611 
7612 
7613 
761'. 
761:1 
7616 
7617 
761B 
7619 
7620 
7621 
7622 
7623 
7624 
7625 
7626 
7627 
7628 
7629 
7630 
7631 
7632 
7633 
7631t 
7635 
7636 
7631 
7636 
7639 
7640 
7641 
7642 
7643 
7644 
1645 
7646 
7641 
7648 
7649 



250 
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c 
c 
c 
c 
c 
c 
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c 

c 
c 
c 
c 
c 
c 

c 
.C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

AXIS 

LPROJ 

NANG 
MDOANG 
LANG 

L$INE 

LCOSIN 

LOATER 

TEMIT 

- THE P~OJECTEO LOCATION OF THE ROTATtON AXIS IN THE 
PROJECTION ARRAY, USUALLY' AXIS-AXlSu. 

- POINTER TO THE ARRAY PROJ JN BlANK COMMON 
INTERMEDIATE PROJECTION o,NO PROJfCTlON ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COMMON 

P~OJECTION ANGLE S IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COHMON 

SINE OF THE PROJECTION ANGLES _ 
- POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN BLANK COHMON 

USER PROJECTION DATA AND UNCERUINTIES 
- LOGICAL VARIABLE seT TRUE fOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

DIMENSION Dfll 
lOGICAL T8Q,Tl32 
180-TP fl.J NT 121 • AND. I 80132.of 0 .. 0 
Tl3Z .. TPRINH 21.AND. I aon2.NE.0 
CAll ZERO (O,NANGJ 
I sua lelOA TE R+NANG 
CALL GETuM O .. ,DATERfLOATERJ,OATER(ISUSlll 
NANGI tNANG 
IF (M.EQ.NANG/21 NANG1"'NANG/2 
DO 10 J-1 t NANGI 
1 sue -LDATER+I-1 
D(II-DATER(ISU81 

10 CONTINUE 
IF ITBOI WRITE ILUNOUT.t41 JI4'(OIIItI-1,NANGlI 
IF (11321 WRITE (LUNOUT,121 M,(D(IJ,I-l,NANGiJ 
RETURN 

12 FORMATII32H RING DATA FOR DETECTORS SPACED ,J3,6H APART/(3X,10E12. 
13)} 

14 FORMATI/32H RING DATA FOR DETECTORS SPACED ,I3,6H APARTf(3X, 5El2. 
1311 

END 

IGETUM I 
SUSROUT INE GETUM U~,OATA,ERR I 

•••••••••••••••••••••••••••••••••••• 111 ••••••••••••••••••••••••••••• 

• REClBl VERSION 1.0 . 170CT77. .................................................................. 
THE SUBROUTINE GETUM IS THE DATA INPUT ROUTINE FOR THE 

REClBl LI BRARY. SINCE THE DATA MAY BE IN ARBlTRARY FORMAT, 
THE USER MUST SUPPLY A GETUM ~OUTJNE THAT OBTAINS THE INPUT AND 
INSURES THAT IT IS IN THE PROPER FOAJI4AT FOR USE BY t.lEClBl .. 

IF SUCH" ROUTINE IS NOT PROVIDED, THIS ROUTINE WILL BE 
lOADED AND WHEN INVolilED WIlL GENERATE A FATAL ERROR. 

THIS SUBROUTINE CALLS REClBl ROUTINES - EMESG 

REClBl ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

lANGUAGE - FORTRAN 

COMMON/OUTCOM/LUNOUT,180132 

LUNOUT - lOGICAL UNIT NUMBER FOR ouTPuT 
180132 - FLAG INDICATING NUMBER OF CHARACTERS IN A lINE OF 

OUTPUT ON LUNOUT 
0- 80 CHARACTERS (132 CHARACTERS OTHERWISEI 

DIMENSION NAMERI5) 
DATA NAMER/IHG,lHE,lHT,lHU,lHMI 

WRITE ILUNOUT,10J 
CAlL EMESG 139,NAMER,1I 
RETURN 

10 FORMATI1I10X,65HA DATA INPuT SUBROUTINE NAMED GETUM MUST 6E SUPPLl 
lED BY THE USER.) 

END 

GINV 
SUBROUTINE GINV IA,U,IFlAG,A!E"IP,NR,NC) ............................•.......•............................. 
• REClBt VERSION 1.0 110CT77. .................................................................... 

THE SUBROUTlNE GINV CALCULATES THE GENERALIZED INVERSE OF 
THE MATRIX A AND STORES THE TRANSPOSE OF IT IN THE MATRIX A. 
THIS CODE IS A MODIFICATION OF THE AlGROITHM OF 6. RUST, 
W. R. BURRUS, AND C. SCHNEEBERGER, A SIMPLE ALGORTJHM 
COMPUTING THE GENERALIZED INVERSE OF A MATII.IX, COMM ACM, 
9( 1966', PP lSI-38th 

A - MATRIX 
U - BOOKKEEPING MATRI X 
IFlAG - TEMPORARY WORKING STORAGE 
ATP4P - TEMPORARY WORKING STORAGE 
Nil. - THE NUMBER OF ROWS IN THE MATRIX A 
NC .- THE NUMBER OF COLUMNS IN THE MATRIX A 

THIS SUBROUTINE CALLS RECLBl q,OUTtNES - DOT, ZERO 

LANGUAGE - FORTRAN 

01 ME NS t ON A INR ,NCl, U C NC, NC .. tFlAG I Ne I, ATEMPI NC I 

7650 
7651 
7652 
7653 
7654 
7655 
7656 
7657 
7658 
765t; 
7660 
7661 
7662 
H63 
7664 
7665 
7666 
7661 
7668 
1669 
7670 
1611 
1672 
1673 
7b7't 
7b75 
7676 
7617 
7n8 
7679 
Ib80 
1681 
7682 
1683 
1684 
1685 
1686 
7681 
7688 
1689 
7690 

1691 
7692 
1693 
7694 
7695 
1696 
7691 
1698 
1699 
1100 
1101 
1102 
1103 
1104 
7105 
1106 
1107 
1108 
1109 
7110 
1711 
7712 
7713 
1714 
7115 
7116 
7711 
7118 
1119 
7120 
1121 
1722 
1723 
1124 
1725 
1126 
1121 

1128 
1129 
7130 
7131 
7132 
7733 
7134 
1135 
7136 
1131 
7138 
1139 
7140 
7141 
1742 
7143 
1744 
7145 
1146 
1741 
7148 
1149 
1750 
1751 
7752 
7153 

CAll lEilO (U,NC •• 21 
.DC.ID. b...LlLC-

10 UII ,I .-r.o 

00 12 J-l,NC 
DOTI-oOTIA( l,JI, l,AC 1.J' ,1 ,NRI 
IF (DOTl.GT.O.l GO TO 14 

12 CONTINUE 
RETURN 

14 JFlAG-J 
FAC-1./SQRTIDOlll 
DO 16 t-1,NR 
T-AII, JFlAG) 
A(I,JF!..AG)-ACl,11 

16 AIt,lI-FAC.T 

UI1, 1 ) .. FAC 
IFlAG(1)-1 

DEPENDENT COL TOLERANCE FOR N BIT FLOATING POINT FRACTION 

N_Zl 
Tot.cllO •• O. 5 •• N ' •• 2 

IF INC.EO.1) GO TO 46 
00 44 J-2,NC 
aOTi·OOTI A( l,J J, 1,A{ 1,J J, 1 ,NR 1 
J'UIIJ-1 • 
IF 10011.LE.0.1 GO TO 30 
00 28 l-lt2 
DO 18 K"1,JM1 

18 AfEMP(K)IIOOT(AU,J), 1,A11, Kit 1,NRI 
00 26 K-1, JM1 
IF IIFLAG(KI.EQ.OI GO TO 22 
0020 I-1,NR 

20 AII,JJ-ACI,JI-ATEMP(KIUII,·KJ 
22 DO 24 I-I, NC 
24 UCI,Jl-UII,JI-ATEMP(K).UCI,KI 
26 CONTINUE 
28 CONTINUE 

00T2-aOTlAI 1,Jlt1,Al1,JI ,1,NRI 
IF (00T2.GT.TOl.OOTiI GO TO 36 

30 00 32 K-ltJl'Il 
ATEMPIKI-O. 
IF (JFLAGIKI.EO.OJ GO TO 32 
ATEMP I III )-OOT( Ul1 ,KJ ,1,UI1, JJ ,1 ,KJ 

32 CONTtNUE 
DO 34 I-ltNR 

3" AI I. J J --DOTIA( I, U ,NR.ATEMP,I.JMlI 
IFLAGIJI-O 
FAC-"l./SQRTCDOTC UC I, JI, 1,U! 1 ,JI ,1,NC I J 
GO TO 38 

36 IFlAGIJI-l 
FAC-l.a/SOR f( 00T21 

38 00 40 1-1,NR 
40 AI t,J I-All ,JI.FAC 

00 "2 I-1,NC 
42 UII,JI-UIJ,JJ.FAC 
4.., CONTINUE 

"6 DO 48 J-1,NC 
DO 48 I-1,NR 

48 A( I,J )-OOTUII.J},NR,U( J, J I; NC,NC-J+11 

IF CJFLAG.EQ. U RETURN 
DO 50 '-l,NR 
T_AII,JFLAGI 
A( I,JFLAGJ-ACI, 11 

50 AtI,U-T 
RETURN 
END 

I GRADY I 
SU8~OUTtNE GRAOY ex, PRJ ,BCK, I STP, I RLX, I ERR, IlER I .................................................................... 
• RECLBL VERSION 1.0 170CT17. .................................................................. 

THE SUBROUTINE GRADY RECONSTRUCTS THE ARRAY X BY MINIMIZ
ING A CHI-SQUARE USING THE METHOD OF STEEPEST DESCENT .. 

THE ALGORITHM H~S THE OPTION OF MINIMIZING A CHI-SQUARE BY 
METHOD OF STEEPEST DESCENT WHERE THE PAt.lAMETERS X HAVE BEEN 
TRANSFORMED INTO A NEW SPACE BY Y_OX. THE MATRix 0 WHICH 
DEFINES THE TRANSFORMATION IS A DIAGONAL fIiIIATRIx SU::H THAT 
0111 c SORTCMI ItI II WHERE CHISO • X M X - V X + c. THIS IS 
THE SAME ALGORITHM DUE TO GOITEtN .- THREE-DIMENSIONAL DENSITY 
RECONSTRUCTION FROM A Sat IES OF TWO-DIMENSIONAl PROJECTIONS, 
NuCLEAR INSTRUMENTS AND METHODS 101119721 509-518. 

X - THE RECONSTRUCTION ARRAY 
PRJ - THE PROJECTION SU8ROUTINE 
BCI( - THE BACK-PROJECTION SUBROUTtNE 
ISTP - NUMBER OF ITERATION STEPS 
IRlX - fRlX IS NON-ZERO FOR ITERATIVE RELAXATION 
I ERR - IERR IS NOt4-IERO FOR WEIGHTED LEAST SQUARE 
IlEA. - IIER IS EQUAL TO 0 IF INITIAL SOLUTION EQUALS a 

THIS SUBROUTINE CAllS RECLBl ROUTINES - CISQ, DOT, EMESG, 
LGTXT, RCHEK. SETn, USER 

RECLal ROUTINES WHICH MUST BE CAllED FIRST - SETUP 

EXTERNAL REClSl SUBROUTINES - aCK, PRJ 

lANGUAGE - FORTR AN 

COMM0t41 WRl<.COM/NWoRK, IWUS ED, NFL OAT , IS ETUP 
COMMON WORK! 11 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WORDS USED IN BLANK COMMON 
NFlOAT - NUMBER OF WOROS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUl tNE SETUP SETS I SETUP .. 2HOK. 

SU8ROUTINES WHICH REQUIRE THAT SETUP IS CAllED 
FIR ST TEST TO SEE I F I SETUP - 2HOK BEFORE 
EXECUTING • 

WORK - BLANK COMMON WORKING ARRAY 

115. 
1755 
1756 
1751 
7158 
1759 
7160 
1761 
7162 
7763 
1764 
7165 
1166 
7167 
7168 
17M 
7110 
7771 
7772 
7773 
7114 
777, 
7776 
7177 
7178 
7779 
7180 . 
1181 
nl2 
17B3 
7184 
1185 
7786 
7181 
7188 
7189 
7190 
1791 
1792 
7793 
7794 
7795 
7796 
7791 
7198 
7199 
7800 
7801 
7802 
7803 
7804 
780' 
1.06 
7807 
7808 
7809 
1810 
1811 
1812 
7813 
7814 
7Bl5 
1816 
7817 
7818 
7819 
7820 
7821 
7822 
1823 
1824 
7825 
7826 

1827 
1828 
7829 
7830 
7831 
1832 
7833 
7834 
7835 
7836 
1837 
7838 
7839 
1840 
1841 
7842 
1843 
1 .... 
1.", 
7846 
1847 
7848 
7849 
7850 
1851 
7852 
7853 
1854 
7855 
7856 
785'· 
1858 
7859 
1860 
7861 
1862 
7863 
1864 
1865 
7866 
1867 
7868 
1B69 
7870 
7811 
1872 
7813 
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COMMON/tTRCOM/NSTP, TRLX, T ERR, TlEA., LWGT, LDEL. L TEMP, LCDEL, L TRAN 
LOGICAL TRLX,TERR,TZER 
OtMENS ION WGT 11, ,DELI U, TEMPllJ,CDEL,lll, TR.ANILJ 
EQut VAL ENCE I WORK 11' ,WGT III ,DEll 11, TEMPI 1), CoELI 11, TRANI 111 

NSTP - NUMBER OF ITERATION STEPS 
TRLX - LOGICAL VARIABLE SET TRUE FOR RELAXATION 
TERR - LOGICAL VARIABLE SET TRUE FOR WEIGHTED LEAST SQUARE 
HER - LOGICAL VARIABLE SET TRUE TO ZERO INITIAL SQLUTIIJN 
LWGT - POINTER TO THE ARRAY WGT IN BLANK COMMON 

wEIGHTS FOR WEIGHTED LEAST SQUARES ISEE TERRI 
LDEL - POINTER TO THE ARRAY DEL IN BLANK COMMON 

GRADIENT VECTOR 
LTEMP - POINTER TO THE ARRAY TEMP IN BLANK COMMON 

TEMPORARY STORAGE TO INCREASE SPEED 
LCDEL - POINTER TO THE ARRAY CDEL IN BLANK COMMON 

STEP DIRECTION FOR CONJUGATE GRi\OIENTS 
L TRAN - POINTER TO THE ARRAY nAN IN BLi\NK COMMON 

TRANSfORMATION MATRIX FOR RELAXAT10N (SEE TRlXI 

COMMON/OUTCOM/L LNOUT ,180132 

LUNDUT - LOGICAL UNIT NUMBER FOR OUTPUT 
180132 - FLAG INDICATING NUMBER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNOUT 
0" 80 CHARACTERS 1132 CHARACTERS OTHERWISEI 

COMMON/PTRCOM/NOt MU, NoIM, PWI 0, TC JR, N~AT ,LN I, I(;NI 
LOGICAL TCIR 
DIMENSION NIIlI 
EQUIVAL ENCE (WORI(; I 11 ,NIt 111 

NDIMU - THE LINEAR OIMENSION OF THE TRANSVERSE SECTION 
NDIM - THE CURRENT LINEAR DIMENSION USED BY THE PROGRAM 
PWID - PIXEL WIDTH I IN UNITS OF PROJECTION BIN WIDTHI 
TCIR - lOGICAL VARIABLE SET TRUE FOR CIRCULAR RECON. 
NMAT - THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 
lNI - POINTER TO THE i\RRAY NI IN Bl06NK COM"'ION 

NlCJI IS THE NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUARE OR. CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR MEMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

COMMONI STRCOMITSTDRE 
LOGICAL TSTORE 

TSTORE - lOGICAL VARIABLE SET TRUE WHEN TESTING STORAGE SIZE 
SETS TPRINTClI •• TRUE. 

CDM/IIONITRGCOM/I GEO/ll, KDl/11U, AX I SU,BWID .KMOV, K.,.. N, KMAX ,KOI N, AX IS, 
1 LPROJ, NANG,"'OOANG, LANG, LS INE, lCOSIN, LDATER, TEMI T 

LOGICAL TEMlT 
DIHENS ION PAOJ HI, ANG' 1,. S tNE ( U ,COSINE ( 1) ,OATEA' 11 
EQUIVALENCE (WORK' 11. PROJ( 11, ANGI 11, SINE( II,COS INEf l), DATER ( III 

IGEDM - GEOMETRY FLAG 

KDlMU 

AXISU 

BWID 
KMOV 

KMIN 

KMAX 

KDtM 

AXIS 

LPRDJ 

NANG 
MODANG 
LANG 

LSINE 

lCOSIN 

LDATER 

TEMIT 

o - PARALLEL BEAM GEOMETRY 
1 - FAN BEAM GEOMETRY (CURVED DETECTOR. 
2 - FAN BEAM GEOMETPY (FLAT DETECTOR. 
3 - RING DETECTOR GEOMETRY 

- NUMBER Of B INS IN THE PROJECTION ARRAY SUPPLIED 
BY THE USER 

- THE PROJECTED LOCATION OF THE ROTATION AxiS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IFAXISU IS· INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER. OF A PROJECTION BIN. I 

- PROJECTION BIN WIDTH C IN UNITS OF PIXEL WIDTH' 
- THE DISTANCE BETwEEN THE AXIS fOR THE SYSTEM DATA 

ARRAY (AXIS' AND THE AXIS FOR THE USER DATA 
ARRAY CAXISU •• AXIS - AXlSU.FlO,uCKMOV. 

- FIRST lOCAT1(1N IN SYSTEM DAU ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATtON IN SYSTEM DATA ARRAY THAT STOPES 
THE DATA OF THE lAST USER PROJECTlON BIN THAT 
IS GOING TO BE USED. 

- NUM8ER OF B INS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NOIM X NOIM lRRAY, USUALLY 
KDIM-KDIMU. 

- THE PROJECTED LOCATION Of THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXIS-AxISU. 

- POINTER TO THE ARRAY PROJ IN SLAHI(; COMMON 
INTERMEOUTE PROJECTION AND PROJECTION ERROR 
vECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN 8LANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN BUNI(; COMMON 

USER PROJECTION OATA AND UNCERTAINTIES 
- LOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSMI SSION DATA 

EXTERNAL PRJ,BCK 
DIMENSION XU) 
DIJiltENSION NAMERC9J 
DATA NAMER/1HE,lHN,IHD,lH ,IHG.IHR,lHA,lHD,lHYI 
DATA IOK/2HDKI 

.BE SURE THAT SETuP HAS BEEN CALLED 

IF (JSETUP.NE.IOK' CALL EMESG fl,NAMERI51,l) 

CALL lGTXT (NAMER(')") 
NSTP-ISTP 
TR.LX-IRLX.NE.Q 
TERR-IERR.NE.O 
lZER-tzER.EQ.O 
WRITE (LUNOUT,341 
WRITE ILUNOUT,36. NSTP 
IF ITRLXI WRITE (lUNOUT,38J IRLx 
IF hNOT.TRLXI WRITE {lUNOUT,ItOI IRU 
IF (TERRI wRnE IlUNOUT,421 IERR 
IF (.NOT.TERRI WRITE HUNOUT,"J IERR 
IF trlERI WRITE tlUNQUT,46. HER 
IF I.NOT.TIERI WRITE HUNOUT,4BI IZER 

CALL RCHEK IBCK,PRJ,1) 

CALL MEMST ILPROJ,2.I(DHO 
IF (TERR) CALL MEMST (LWGT,KOIM*NANGI 
IF ITRI.XI CALL MEMST ILTRAN.NMATI 
CALL MEMST (lDEl,NMATI 
CALL MEMST ILTEMP,NMATI 
IF (fSTOR.EI GO TO 32 

IF (TCIR.ANO •• NQT.TIER) CALL CISQ (X,X,21 
CALL SHIT IX,CHI,PRJ,BCK) 

ITER-O 

7874 
7815 
787b 
1871 
7818 
7819 
7880 
7B81 
7882 
7883 
1884 
7885 
7886 
7887 
7688 
7889 
7890 
7891· 
7892 
7893 
7894 
7895 
7896 
7697 
769B 
1899 
7900 
7901 
1902 
7903 79.,. 
7905 
1906 
1907 
190B 
7909 
7910 
7911 
7912 
7913 
7914 
7915 
7916 
1911 
791B 
7919 
7920 
7921 
7922 
1923 
7924 
7925 
7926 
7927 
7928 
7929 
7930 
7931 
7932 
7933 
7934 
1935 
7936 
7931 
7938 
79,9 
7940 
7941 
7942 
7943 
7 .... 
79"'5 
7 ... 
79",7 
7948 
7949 
7950 

·7951 
7952 
7953 
7954 
7955 
79'6 
7~57 
7958 
7959 
7960 
7961 
7962 
7963 
7964 
7965 
1966 
7967 
7968 
7969 
7970 
7911 
7972 
7973 
7914 
1975 
7976 
7971 
7918 
7979 
79BO 
79Bl 
1982 
79B3 
79B4 
7985 
7986 
7987 
7988 
7989 
7990 
7991 
1992 
7993 
7991t 
7995 
7996 
7991 
799B 
7999 
8000 
8001 
B002 
8003 
8004 
BOOS 
8006 
8007 
B008 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

IF (TClR) CALL CISQ (X,XtlJ 
CALL USER IITER,X,CHII 
IF ITCIR) CALL CISQ (X,x,2' 
IF INSTP.LE.OJ WRITE (LUNClJJT,501 
IF INSTP.lE.OI CAll EMESG IS,NAMER(51,11 

10 DELSQ-OOT (OElllOEll , 1, DEl( LOELI , 1 ,N"'A TI 

.PROJECTION OF THE GRADIENT THEN 8ACKPctOJECTION 

IF I .NOT. TRlXI GO TO 14 
00 12 l_l,NMAT 
ISUB1"LDEL+I-l 
ISUB2"l TRAN+I-l 

12 DELI ISUB1,cOE\..( ISUBll.TRANI ISUB21 
14 CONTINUE 

00 IB M"l,NANG 
CALL PRJ 10ELllDELJ,PROJllPROJItMI 
IF I.NOT.TERRI GO TO 18 
00 16 I-l,KDIM 
1 SUBl "'l PROJ+I-l 
I sue2-l WG T+ (M-ll.KDI 14.1-1 

16 PRoJ II SUBU ",PROJ (I SUB U.WGTI I sue21 
lB CALL BCK ITEMPILTEMP),PROJILPPOJhMI 

DOTP"DOT I DELI LDEL I tl ,TE MPI l TEMPI, 1, NMAT I 
IF CA6SIOOTPI.GT.0.) GO TO 20 
WRITE ILUNOUT,521 
IF ITCJR) CAll CISQ (X,X,U 
GO TO 32 

20 P_OEl SQ/OOTP 

.THE NEW SOLUTION FOP. THE RECONSTRUCTED AR.RAY 

00 22 Iml,NMAT 
I SUB-LDEL+I-l 

22 XI II"X{ I I+P.OELI ISUBI 
IF (.NOT.TRlXI GO TO 26 
00 24 1_I,NMAT 
ISUB1-l0El+l-l 
I SU82"l TRAN+I-l 
ISUB3-l TEMP.I-1 

24 DEllI SuB 1 I_DEL ( ISUB 11 /TRAN I ISUB21-P.TEMP I I SUB3) .TRAN( I SUB2 I 
GO TO 30 

26 00 28 l-l,NMAT 
ISUBl c LOEL+l-l 
tSUB2-L TEMP+I-1 

2B OEl ( I SUBLJ -DEl( ISUB LJ -P*TEMPI I SUB2) 

.THE NEW CHI-SQUARE 

30 ITER-ITER.1 
CHI-CHI-P.OElSQ 
IF (TCIR) CALL CISQ (X,x,lI 
CALL USER fllER,X.CHII 
IF (TCIRI CAll eISQ IX,X,2) 
IF (ITER.LT.NSTPJ GO TO 10 
IF ITCtRI CAll CISQ lX,x,!1 

32 CAli. MEMST IlPROJ,OI 
IF ITERR) eAl.l MEMST (LWGT,OI 
IF ITRlX) CALL MEMST IlTRAN,OI 
CALL MEMST (lOEL,O) 
CALI. MEMST Il TEMP,OJ 
TERR_.FALSE. 

CALL MEMST IMAXf'oh-l) 
WRITE (lUNOUT,541 ".UFW 
CALL lGTXT INAMER,C;) 
RETURN 

34 FORMAT( IIlIllX,31HPARAMElERS FOR SUBROUTINE G~AOYII19X, llHDESCRI 
IPTlON/lXI 

3b FORMAT(9H ISTP - ,16,4X,25HNUMBEP. OF ITERATION STEPS. 
38 FORfr4ATI9H IRlX - ,lb,4X,27HITERATIVE RELAXATION METHOD' 
40 FORMATI9H IRlX - ,16,ItX,2'HlTERATIVE GRADIENT "'ElI--100} 
42 FORMAT(9H IERR - ,16,ltXtl5HUSE ERROR ARRAYI 
0\4 FORMA1I'9H IERR - ,Ib,4X,22HOO NOT USE ERROR ARRAY' 
4b FOR"AT(9H IZER - ,16,4X, 24HINITIAL SOLUTION IS ZEROI 
48 FOR".AT(9H I ZER - , 1b,4Xt33HINITIAl SOLUTION SUPPL lEO BY USER' 
50 FO"RMATllll0X,21HTHE NUMBER OF STEPS NSTP • ,13,16H IS LESS THAN O. 

11 
52 FORMATllllX,,"H .. nHE GRADIENT IS EQUAL TO ZERO ••• 
S4 FORMATIIII0X,38HMAXIMUM SIZE OF BLANK COMMON TI-IUS FARm,l7, 

122H FLOATING POtNT WOROS.I 
END 

I GVERsl 
SUBROUTINE GVERS (X,XE,PRJ,BCK,CHISQ,IERRI .................................................................. 
• RECLBl VERS ION 1.0 nOCT17. ..........................•...............................•....... 

TH~ SUBROUTINE GVERS RECONSTRUCTS THE ARRAY X USING 
GENERAL lHO MATRIX INVERSION. 

X - THE RECONSTRUCTION ARRAY 
XE - ARRAY IN WHICH ERRORS ON THE RECONSTRUCTED VALUES 

ARE R.ETURNEO IF IERR IS SET TO 2. SHOULD BE THE 
SA,..E DIMENSION AS X. 

PRJ - THE PROJECT ION SUBROUTINE 
BCK - THE BACK PROJECTION SUBROUTINE 
CHISQ - THE RESULTING CHI-SQUARE 
lERR - ERROR INOICATOR, SET AS FOllOWS 

1 - INPUT DATA UNCERTAINTIES USED, BUT NO EFlROR.S 
CALCULATED FOR RECONSTRutTEO VALUES 

2 - INPuT DATA UNCERTAINTIES USED AND ERRORS ARE 
CALCULATED FOR THE RECONSTRUCTED VALUES. 

OTHERWISE - INPUT DATA UNCERTAINTIES NOT USEO AND 
ERRORS NOT CALCULATED 

THIS SUMOUTINE CALLS REClBl ROUTINES - EMESG,GETOE, GINV, 
LGTXT, MEMST, RCHEK, ZERO 

RECLBL ROUTINES WHICH MUST BE CALLED FI RST - SETUP 

EXTERNAL RECLBL SUBROUTINES - BCI(, PRJ 

LANGUAGE - FORTRAN 

251 

8001l 
8010 
8011 
8012 
8013 
8014 
8015 
8016 
8017 
8018 
8019 
8020 
8021 
8022 
8023 
8024 
B025 
802& 
8027 
8028 
8029 
8030 
8031 
8032 
8033 
8034 
8035 
8036 
8037 
8038 
8039 
8040 
8041 
8042 
8043 
8044 
8045 
601t& 
8047 
80lta 
8049 
8050 
B051 
B052 
B053 
8054 
8055 
8056 
8051 
8058 
80,Q 
8060 
80b! 
8062 
8063 
8064 
60&5 
8066 
8067 
8068 
BOb9 
8070 
8DTI 
8072 
8073 
8074 
B075 
8076 
8071 
8078 
B079 
BOBO 
8081 
8082 
8083 
8084 
BOB5 
B086 
8081 
BOB8 
80B9 
8090 
8091 
8092 
B093 
8094 
8095 

80CJ6 
8097 
8098 
8099 
8100 
BIOI 
8102 
BI03 
8104 
8105 
8106 
8107 
810S 
8109 
8110 
8111 
8112 
B1l3 
8114 
8115 
8116 
8117 
811e 
Bl19 
B120 
8121 
8122 
8123 
8124 
81Z~ 
8126 
8127 
8128 
8129 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

C Q"'MON/WRKCQM/NWORt< t 1 WUS ED, NFlDAT, I SETuP 
COMMON WORK 11 J 

NWORK - aIMENSION OF THE USER S CO"'MO" BLOCK IN BLANK 
COMMON 

I wUSeD - THE NUMBER OF WOROS USED IN BLANK COMMON 
~FLOAT - NUMBER OF WORDS FOR A HeATING POINT VARUBlE 
ISETUP - THE SUBROUTINE SETUP SETS lSETUP ·2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CAllED 
FIRST TEST TO see IF ISETup • 2HOK-BEFOI":E 
EXECUTING. 

WORK - BLANK COMMON WORK! NG ARRAY 

COMMON! GNVC OM/lGI'IAT r LUMAT, LI GFlG. K I GFlG, lGT EMP, L GVEC 
o IMEN$ ION GMATI 1 J ,UHATI 11 , 1 GflGI 1I ,G TE MPfll • GVEC I U 
EQUIVAL ENCe (WORK! 1" GHATlll ,WUT I 1), IGFLGI 1l,GTEMP 111 ,eVEt! 11) 

LG"'AT - POINTER TO THE ARRAY "GHAT IN ~LANK COMMON 
MATRIX TO INVERT IN GVER$ 

LUMAT - POINTER TO THE ARRAY UIIIAT IN BLANK COMMON 
BOOKKEEPING MATRIX FOR GVERS 

LI GFLG - POINTER TO THE A'IHY IGFLG IN BLANK COMMON 
FLAGS FOR GVERS 

KIGFlG - SPECIAL FLAG FOR MEMST CALLS NEEDED BECAUSE IGflG 
r S AN INTEGER 

lGTEMP - POINTER. TO THE Uq,AY GTE"'P IN BLANK COMMON 
TE"'PORARY STORAGE FOR GVERS 

LGVEC - POINTER TO THE ARRAY GVEC IN 8LANK COMMON 
PROJECTION STORAGE FQR. GIJERS 

COMMONI I TRCOM IN STP, TR. LX. TERR ,T ZE R, LWG T, LOEL, l. TEfIIIP, LCDEt, L TRAN 
LOGICAL TRl)(,TERR,TZEP 
OP4ENSI CJ.I WGT 11) ,OHllI, TEMPI 1 J, COEL (1) ,TRANI 1) 
EQuiVALENCE IWORK! 1) ,wGT(1) ,DELlI), TE"IP( 1) ,CDE l( 11, TRANI 11 J 

NSTP - NU"IBER OF ITERATION STEPS 
TRLX - LOGICAL VARIA8LE SET TRUE FOR RELAXATION 
TERR - LOGICAL VARlA8LE SET TRUE FOR WEIGHTED LEAST SQUARE 
HER - l.OGICAL VARIABLE SET TRUE TO ZERO INITIAL SOLUTION 
LWGT - POINTER TO THE ARRAY WGT lilt BLANK COMMON 

WEIGHTS FOR WEIGHTED LEAST SQUARES ISEE TERRI 
LOEL - POINTER TO THE ARRAY DEL IN BLANK COMMON 

GRADIENT VECTOR 
LTEMP - POINTER TO THE ARRAY TEMP IN BLANK COMMON 

TE"'PORARY STORAGE TO INCREASE speeD 
LCOH - POINTER TO THE ARRAY COEL IN BLANI( COMMON 

STEP DIRECTION FD~ CONJUGATE GRADIENTS 
LTRAN - POINTER TO THE "'RAY TR.6.N IN f'LANK COMMON 

TRANSFORMATION ~TRIX fOR RELAXATION CSEe TALX) 

COMMON/OUTCOM/LUNOUT, I 8013 2 

LUNOUT - LOGICAL UNlT NUMBER FOR OUTPUT 
180132 - fLAG INDICATING NUM8ER OF CHARACTERS tN A llNE. Of 

OuTPUT ON LUNOUT 
o • 80 CHARACTERS fl32 CHARACTERS OTHERWISEI 

COMfilDN/ PTRCOM/NDHIU, NO 114, PWI 0, TC tR ,NMAT, lNt ,KNI 
LOGICAL TCIR 
DIMENSION NI III 
EQUI VAL ENCElwOFlI( Ill, NH 1) I 

NDIMU - THE LINEAR DIMENSION OF TI-IE TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAR DIMENSION USED BY THE PROGRAM 
pwto - PtXEL WIDTH lIN UNITS OF PROJECTION 81N WIOTHI 
TCtA. - LOGICAL VAR tABLE SET TRUE FOR CJR~ULAR RECON. 
NMAT - THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 
LNI - POINTER TO THE ARq,AY Nt IN BLANK COMMON 

NIIJI TS THE "'UMBER OF CELLS tN THE J-TH ROW OF 
THE SQuARE OR CIRCULAR FOR'" OF THE APRAY 

KNI - SPECIAL FLAG FOR MEMST CALLS NEEDED BECAUSE NI 
IS AN INTE(:.ER VARJAPoLE 

COMMON/ STRCOM/TSTORE 
LOGICAL TSTORE 

TSTORE - LOGICAL VAR tABLE SET TRUE WHEN TESTING STORAGE SIZE 
SEiS TPR.INTI1I _ .TRUE. 

CO"4MON/TRGCO"4/ IGEOH, KDt MU, AXI SU,BwlO, KM(JV, KMJ N, KMAX, KOt"', AX IS, 
1 L PROJ, ~ANG, MQOANG, LANG, LS tHE, LCOS 1 N, LO.6. T ER, TEMJ T 

LOGICAL TEMIT 
DIMENSION PRQJ I 11 ,ANGf U, SINE! 1 I ,COSINE! 11 ,DATER I 11 
EQuiVALENCE (WORKIl J, PRQJI 11, ANGC 1" S tNE 111,COSt NEI 11 ,DATER t ill 

IGEOM 

KOIMU 

AXI SU 

BWID 
KMOV 

K .... IN 

KMAX 

KOHl 

AXI S 

L.PROJ 

NANG 
MDOANG 
LANG 

LSINE 

LCOSIN 

LOATER 

TEM IT 

- GEOMETRY FLAG 
o - PARALL EL 8EAM GEOMETRY 
1 " FAN BEAM GEOMETR.Y ICURVED DETECTJRI 
2 - FAN 8EAM GEOMETRY IFLAT DETECTORI 
3 .. RING DETECTOP GEOIIIETRY 

- f..IUMBER OF E!IP.'S IN THE PROJECTI(!N ARRAY SUPPLIED 
BY THE USEFI 

- THE PROJECTED LOCHION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AXtsu IS INTEGEFI, THEN ROTATION AXIS F.6.LLS 
IN THE CENTER OF A PROJECTION 8IN •• 

- PROJECTION 8IN WIDTH I IN U~UTS OF PIXel WIDTH) 
- THE DISTANCE BETWEEN THE AXIS FOR THE SySTEM DATA 

ARRAY IAXIS) ANO THE AXIS fOR THE USER DATA 
ARRAY IAXISU). AXIS - AXISU+FLtJATII(MOVJ 

- fiRST LOCATION IN SYSTEM DATA AFIRAY THAT STORES 
THE DATA OF THe FIRST USER PPOJECTlON BIN THAT 
IS GOING TO BE USED. 

- LAST lOCATION IN SYSTEM DATA a.RRAY THAT STORES 
THe DATA OF THE LAST USER PROJECTION BIN THAT 
I S Gal NG TO BE USED. 

- NUM8ER OF 81NS IN THE PROJECTION APRAY SUFFICIENT 
TO RECONSTRUCT AN NOIM X NOI'" ARRAY, USUALLY 
KDIM_KOIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
p~OJeCTION APRAY, USUAllY AXIS-AXISU. 

- POINTER T'J THE ARRAY PROJ IN 8LANK COM"'ON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

- NUMBER Of PROJECTIONS 
- MODE FOR PROJECTI ON ANGLE INPUT 
- "OINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RAOIA"-IS' 
- POINTER TO T"'E ARRAY SINE IN BLANK COMMON 

SINE (IF THE PROJECTION Af..IGLES 
- POINTER TO THE ARR.AY COSINE IN BLANK COIIIMaN 

COStNE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN BlA"-IK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOG [CAL VAq,UBlE SET nUE fOR EMISSION DATA AND 

fALSE FOR TRANSMISS10N DATA 

EXTERNAL BCK,pRJ 
OIMEfIISION XIU.XEIll ,NAMERtS) 
LOGICAL TERRt.TERRZ 
DATA NAMER/IHE,lHN,lHO,lH ,1HG,IHV,lHE,lHQ;,lHSI 
DATA IOK/2HQKI 

.8E SURE THAT SETUP HAS 8EEN CAlLEO 

8130 
8131 
B132 
8133 
S13~ 
S135 
B136 
8137 
8138 
S139 
B140 
B141 
BlitZ 
8143 
B14~ 
B145 
S146 
8147 
814S 
8149 
B150 
8151 
B152 
8153 
815. 
B155 
8156 
8157 
8158 
8159 
8160 
BUI 
B162 
8163 
B164 
8165 
8166 
8167 
8168 
8169 
8170 
8171 
8112 
8113 
81H 
8175 
S176 
8177 
8178 
B179 
8180 
SlSl 
8182 
8183 
8184 
8185 
B186 
B187 
8188 
8189 
8190 
8191 
S192 
8193 
8194 
8195 
B196 
SI97 
8198 
8199 
8Z00 
8201 
B202 
8203 
820ft 
8205 
8206 
B207 
8Z08 
8209 
8210 
8211 
8212 
8213 
8214 
8215 
8216 
8217 
8218 
8219 
822a 
8221 
8222 
8223 
8224 
8225 
B226 
8227 
822B 
8229 
8230 
8231 
8Z32 
8233 
8234 
8235 
8236 
8237 
8238 
8239 
8240 
8241 
8242 
8243 
8244 
8245 
8246 
B247 
8248 
8249 
S250 
8251 
S252 
8253 
8254 
8255 
8256 
8257 
8258 
825C1 
8260 
8261 
8262 
BU3 
8264 

IF IISETUP.NE.tOK) CALL EHESG I1,NAMERC5I,1I 

TERRi- I ERR. EO.l 
TERR2-1 ERR.EQ.2 
TERR.-TERR1.0R. TERR 2 

CALL LGTXT INAMERI5. ,51 
WRITE C LUNOuT. 26) 
IF ITERRlJ WRITE (lUNOUT,28) IERR 
IF lTERR2. ",RITE CLUNouT ,3D' JERR 
IF 1.NOT.TEq;RI WRITE ILUNOUT,321 tERR 

CALL RCHEK 18CK,PRJ.l1 

NOAT-KOIM*NANG 
CALL MEMST CLGMAT,NOAUNMAT) 
CALL MEMST ILUMAT,NMAT"21 
CALL "4EMST IKIGFlG,NMATI 
CAll MEMST ILGTEMP,NMAT I 
IF (TERRI CAll MEMST ILGVEC,2.NDATI 
IF I.NOT.TERRI CALL MEMST CL.GVEC,NOATJ 
If ITERRI CALL MEMST ILPROJ,2*KDIM' 
IF I.NOT.TERRI CALL "1EMST ILPROJ.KDIMJ 
IF (TSTOREI GO TO 24 

CALL ZERO IUHATILUMATI ,KOHli 
I<:M"O 
00 12 M-1,NANG 
I SUB- L PROJ +1< DIM 
CALL GETOE IM,PROJILPROJJ, PROJCISu81) 

00 12 K-l,KOIM 
KM-KM+1 
CAU ZERO IGTEMPtLGTEMP),NMATI 
ISU8-LUMAT+K-l 
UMAre ISU81-1. 
CALL BCK IGTEMPILGTEMPJ,UMATIL.UMATJ,MI 
UMAT(ISU8J-0. 

FAC-1. 
IF «.NOT. TERRI GO TO 10 
1 SU8-LPROJ "':'OIM+I(-l 
FAC-l./PROJ II SU8' 
1 SU8-LGVEC +KM+NOAT-l 
GVEClISU61-FAC 

10 ISUBI-LGVEC+KM-l 
I SU82 -LPROJ+K-l 
GVEC C I SU8 11-FiC.PROJC I SU8Z I 

I SU8 1-L GMA T+KM-l' 
ISU82-LGTEMP 
0012 IJ-1,NMAT 
GMATII SUBlI-FAC*GTEMPI I sue2' 
ISU81-ISU81 +NDAT 
I SUB2-I SUB2+1 

l2 CONTINUE 

CAlL GI NV C G"',n I LGMAT I.UMAn LUMAT I, I GFlG I L I GFt G' t GTE"'P I L.GTEM'" NOA 
1 T,NMATJ 

I SUS-lGMAT 
00 lit IJ"l,NMAT 
X I IJJ-OOnGvEC( LGVEC) ,hGMAT IISU8" 1,NOAT I 
tF (T ERR 2) XEC IJ I-SOR T COOT( GMAT! ISUB, ,1, GMAT t I SUB) ,1 ,NOAT II 

14 I SUB- I SUB+NOAT 

CHISQ-O. 
IF C .NOT. TERR.l GO TO 18 

00 16 M-l,NANG 
CALL PRJ CX,PROJtLPROJ)',M) 
I SUB 1-L PROJ 
ISUB2-LGVEC+NOAT+KDI""·CM-l' 
I SUB.3-J SU82-NOAT 
00 16 K-l, KDt'" 
CHI SQ_CHI SQ+ I PROJI I SU811.GVECC ISUB21-GVECI J SU831 ) •• 2 
ISU81-1 SU8Hl 
ISUB2-JSU82+l 

16 I SU83-1 SUB3+1 
GO TO 22 

18 00 20·M-1,NANG 
CAll PRJ fX,PROJCLPROJ),M) 
I SUBI-LPROJ 
I SUB3-L GVEC +KOI ""*1 1'1-11 
00 20 Ka 1,KDIM 
CHI5Q-CHISO+IPROJ I I SU8U-GVECllSU83J 1**2 
ISU!H-ISU81+1 

20 I SUB-, SUB 3+ 1 

22 IF lTeIR) CALL CISQ eX,x,lI 
IF ITeIR.AND.TERR2) CALL. CISQ IxE,XE,lI 

2~ CALL HEMST ILGMAT,OI 
CALL MEIIIST CLUMAT,O) 
CALL MEMST (KIGFLG,O' 
CALL MEMST CLGTEMP,OI 
CAll MEMST ILPROJ,OI 
CAll MEMS7 ILGVEC,O) 
CALL MEMST CMAXFW,-l1 
WRITE I LUNOUT,34J MAXFW 
CALL LGTXT INAMER,9) 
TERR.=.FALSE. 
ReTURN 

26 fORMAT! IIl/llX,31HPARiMETERS FOR SUBRCUTINE GVERSII19X,11HOESCRIPT 
IION/) 

28 FORIIIAT(9H IERR - tl6,ltX,1t2HUSE UNCERTAtNTIES, 00 NOT CALCULATE ER 
lRORS) 

30 FOA.,.AT!9H JERR - ,I6,4X,38HUSE UNCERTAINTIES AND CALCULATE ERRORS 
11 

32 FORMAT{9H IERR - ,16,4X,241-100 NOT USE UNCERTAINTIESI 
34 FOR."4UII/IOX,38HMAXIMUM SIZE OF BLANK COMMON THUS FAR-,I1, 

122H FLOATING POINT WORDS.) 
END 

82" 
82 .. 
8261· 
8268 
B269 
8270 
8271 
8Z72 
8273 
8274 
8275 
8276 
B277 
B278 
8279 
8280 
8281 
8282 
8283 
8284 
B285 
8286 
8287 
8288 
8289 
8290 
8291 
8292 
8293 
8294 
8295 
8296 
8297 
8298 
8299 
8300 
B301 
8302 
8303 
8304 
830' 
B306 
8307 
8308 
8.09 
8310 
8311 
B312 
8313 
83H 
8315 
8316 

.8311 
8.318 
B319 
8320 
8321 
8322 
8323 
83204-
832' 
8326 
BU7 
8328 
8329 
8330 
8331 
8312 
8333 
83J4 
8335 
8336 
8337 
8338 
833CJ 
8HO 
83~1 
8H2 
8343 8." 
8H' 

8'" 8347 
8H8 
8349 
83'0 
8351 
8352 
8353 
63'4 
83" 

:iI~ 
8358 
83'9 
8360 
B361 
8362 
8363 
S364 
B365 
8'66 
8367 
8368 
8369 
8370 
6.rt 
8372 
8373 
8374 
8375 
8376 
B377 
8378 
8379 
8380 
83Bl 



SUBROUTINE HAJIII {H,XI,JIIII .................................................................. 
REClBl VERSI~ 1.0 170077 .................................................................. 
THE SUBROUTINE HAJIII EVALUATES AT THE POI",T XI THE VALUE OF 

THE FILTER OBTAINED BY MULTIPLYING THE HAMMING WINDOW BY THE 
ABSOLUTE VALUE OF THE MEASURE, A8SIXII. 

H - THE FUNCTIONAL VALUE 
XI - THE INDEPENDENT VAIn ABLE 
M - HAS THE FOllOWING VALUES 

.LE. 0 THE FLAGS ARE RETURNED IN H 

.GT. 0 THE FUNCTIONAl VALUE IS RETURNED IN H 

THE FilTER PARAMETER FP.EQ IS PASSED IN THE C(lJIII"'ON BLOCK FllCDM. 

lANGUAGE - FORTRAN 

COMMON/WRKCOM/NWORK, J WUSEO,NflDAT, I SETUP 
COMMON WORK (11 

NWORK - 01 MENS ION OF T!-IE USE R S C(lIII"'fQN BLOC K IN BLANK 
COMMON 

IWUSEO - THE NUMBER OF WORDS USED I'" BLANK COMMON 
NFLOAT - NUMBER OF WORDS FOR A flOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SHUP SETS ISETUP - 2HOK. 

SUBROUTINES WHICH REOUIRE THAT SETUP IS CALLED 
FIRST TEST TO seE IF tSETUP - 2HOK BEFORE 
EXECUTING. 

WORK - BLANK COMMON WORKING ARRAY 

CO"''''ON/F I LCQIr4/0ROER, FREQ, l BCKA, lPRJA, LF t l T 
DIMENSION BCKA(LI,PRJAI1',FlLTC11 
EQUIvAL ENCE t WORK Cl ), BCKA 111, PRJ A HI, F IL T« 111 

ORDER - FilTER PARAMETER USED ONLY BY THE FILTER BUTER 
FREQ - FILTER PARAMETER 
lBCKA - POINTER TO THE ARRAY BtKA IN BLANK COJIIIJIIIQN 

BACK-PROJECTtON ARRAY WHICH HAS THE DI"'ENSJON 
NDIM X NDIM 

LPAJA - POINTER TO THE ARRAY PRJA IN BLANK COMMON 
A PROJECTION ARRAY FOR eNE ANGlE 

IF 1L T - POI NTER TO THE ARRAY F 1 l TIN BLANK CoIIOION 
ARRAY OF FILTER VALUES 

DIME~SIDN HIli 

BCK/PRJ/C~YI2DF.WT.ATE~.FAN ARE THE J FLAGS RETURNED IN H 
IF M .. LE. 0 

DIMENSJO~ FlAGS(4) 
DATA FlAGSI3 •• -1.,0.,-I.1 

IF IM.lE.Ol GO TO 14 

PI-4.·ATANI1.) 
HA-O. 
IF ()(J.GT.FREQI GO TO 12 
HA_, .. 540+.46.COS I PI.X1/FREQ ) t.xl 
IF (HAl 10.12.12 

10 HA-D. 
12 H(1)-HA 

RETURN 

14 DO 16 1-1,4 
16 HI I l-nAGSI I J 

RETURN 
END 

SUBRoUTI~E HAN IH,XI,MI .................................................................. 
• RECLal VERSION 1.0 17oCT77. .................................................................. 

THE SUBROUTINE HAN EVALUATES AT THE POtNT XI THE VALUE OF 
THE FILTER OBTAINED BY MULTIPLYING THE HANN WINDOW BY THE 
ABSOLUTE VALUE OF THE MEASURE, ABSlXI I. 

104 - THE FUNCTIONAL VALUE 
XI - THE INDEPENDENT VARUBlE 
M - HAS THE FOllOWING VALUES 

.LE. 0 THE HAGS ARE RETURNED IN H 

.GT. 0 THE FUNCTIONAL VALUE IS RETURNED IN H 

THE fILTER PARAMETER FREQ IS PASSED IN THE CoHMON BLOCK FILCoM. 

lANGUAGE - FORTRAN 

COM"ON/WRKCO/lll/NwDRK ,I wuSEO, NflOAT, t SETUP 
CO"MON WORK (1 J 

NWoRK - DIMENSION OF THE' USER S COMMON BLOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WORDS useD IN BLANK COMMON 
NFLOAT - NUMBER OF WORDS FOR A FLOATING POINT VAlUABLE 
IS ETUP '- THE SUBROUT INE 5 ETuP SETS 1 SETUP - 2HOK. 

SuBROUTINES WHICH REQUI RE THAT SETUP IS CAllED 
FIRST TEST TO SEE IF ISETUP - 2HOK BEFORE 
EXECUTIMi. 

WORK - BLANK COMfIIlN WORKING ARRAY 

83B2 
B3B3 
8384 
838~ 
B38b 
8387 
636B 
8389 
6390 
83C!1 
8392 
B393 
839ft 
8395 
8396 
8397 
8398 
8399 
8400 
8401 
8402 
8403 
8,.0" 
840~ 
8406 
B,.07 
8408 
8409 
81t10 
8411 
81t12 
SitU 
8414 
81t15 
8416 
6417 
8416 
8419 
8420 
8421 
6422 
8423 
8424 
8425 
6426 
8427 
6428 
B429 
8430 
8lt31 
8432 
84)! 
8434 
B435 
8436 
8437 
8,.38 
8439 
8440 
8441 
8442 
84""3 

" .. 6445 
8H6 
8447 
8446 
6449 
8450 
8"5l 
8452 
6453 

84'4 
8455 
8,.56 
8457 
8458 
8459 
8460 
8461 
8462 
8463 
8464 ... , 
6466 
8467 
8468 
8469 
8470 
8 It 71 
8472 
BH3 
8474 
B475 
8476 
8·H7 
8478 
8·H9 
8480 
8Ul 
8482 
84B3 
8484 
846!! 
8486 
8ltS7 

t 
t 
t 
t 
t 
t 
t 
t 
t 
c 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 
t 

CO"''''ON IF I LCOM/QRoE j:t ,FREO, l6C KA, lPR JA, LF lL T 
DIMENSION BCKAllI,PRJAllI,FIlTlll 
EOUIVAlENCE I WORKI11, 8CKA111, PRJAtll, FIl T' 111 

ORDER - FILTER Poft,RAMETER USED ONl" BY THE FILTER BUTER 
F~EQ - F Il TEP PARAMETEIl 
LaCKA - POINTER TO THE ARRAY BCKA IN 8LA,,(f( COMMON 

BACK-PROJECTION ARRAY WHICH HAS THE DIIIIENSION 
NoIM X NOI~ 

lPRJA - POINTER TO THE ARRAY PRJA IN BLANK COMMON 
A PROJECT ION ARRAY FOR ONE ANGLE 

lFIlT - POINTER TO THE ARtl,Ay FllT IN flLANK ceMMON 
ARRAY OF FILTER VALUES 

DIMENSION Hlil 

BCK/PRJ/CNVI20F,WT,ATEN,FAN ARE THE J FLAGS RETURNED IN H 
IF M .lE. 0 

DIMENSION FlAGSI41 
DATA FlAGSI3.,-l.,O.,-l.1 

IF IM.lE.OI GO TO 14 

PI-4 •• ATANll.1 
HA_O. 
IF IXI.GT.FREOI GO TO 12 
HA_. 5. f 1.+COSI PI.xI/FREQII.X I 
IF (HAl 10,12,12 

10 HA-O. 
12 HIII-HA 

RETURN 

lit 00 16 1-1,4 
16 HI I I-FLAGS 111 

RETURN 
END 

I IOCTL I 
FUNCTION IOCfL UDEC) ................................................................... 
• REClBl '1EA-SIO'" 1.0 170CT77. .................................................................. 

THE FUNCTION JOClL PETlJR~S .. NUMBER WHOSE DECIMAl DIGITS 
REPRESENT THE OCTAL DIGITS OF IDEe. BY USING THIS FUNCTION 
THE RESUl. T CAN BE PRl ... TED 1 N I-FORMAT GIVING THE OCTAL 
REPRESENTATION OF IDEC. 

IDEC - DECIMAL REPRESENTATION OF THE VALUE TO BE CC,NYERTEO 

lANGUAGE - FORTRAN 

10-"'ODIIOEC,81 
to-IDEC/6 

00 10 1-1,19 
IF 110.EO.01 GO TO 12 
lo:MQDtID,81 
IO-IO+l·ID··I 

10 10-10/8 

12 tOCTl-IO 
RETURN 
END 

SUBROUTINE lAKS IX,RA,MI ................................................................... 
• RECl8l VERSION 1.0 170C171. .................................................................. 

SUB~OUTINE LAKS GENERATES THE CONVOLUTION AND WEIGHT 
FUNCTIONS FOR CONVOLUTION RECONSTRUCTION OF FAN BEAM DATA. 
TWO DIFFERENT SETS OF FUNCTIONS ARE AVAILABLE FOR CUIl'IEO AND 
FLAT DETECTORS. THESE FUNCTIONS ARE TAKEN FROM THE ARTICLE BY 
HERMAN, lAKSHMINARAYANAN AND "'U.PARSTEIC, COMPUT. BIO. MED •• 
VOL. 6, ~. 25C;, (19761. 

- ARRAY IN WHICH THE CONVOLUTION AND WEIGHT FUNt:TIONS 
All E RE TURNED 

RAUl - OISTA~CE F~O'" THE SOURCE TO THE CENTER OF ROTATION 
(POSITIVE FOR CuRVED DETECTOR. NEGATIVE FOR FLAT 
OETECTORI 

RAI21 - THE PROJECTED LOCATIO~ OF THE ROTATION AXIS 
... - IF ... IS lESS THAN OR EQUAL TO ZERO THEN FLAGS ARE 

RETURNED IN THE ARRAY X. OTHE!tWt SE THE 
CONVOLUTION FUNCTION IlENGTH"2."-11 AND THE 
WEIGHT FUNCTION IlENGTH ..... 1 ARE RETURNED 

LANGUAGE - FORTRAN 

DIMENSION X(lI,RAI21 
DIMENSION FlAGSI") 
DATA FlAGS/2.,-1.,0.,l.1 

IF (M.lE.OI GO TO 22 

A,cABSIRAllll 
AX-RAI2 I 
AlPHA-1./R 
PI-4 •• AUNll.1 
"1-"'-1 
M2-"'+1 

253 

£1488 
8489 
e490 
8~91 

8"92 
84C;3 
d49,. 
8495 
B496 
B497 
8498 
8499 
6500 
e~Dl 
8502 
6503 
6504 
8505 
8506 
8501 
8506 
8509 
8'510 
8~ 11 
8~ 12 
8513 
8514 
8~ 15 
8~ 16 
6511 
8518 
8519 
8~20 
8521 
8~22 
8~23 
852. 
8525 

B~26 
8527 
8!2B 
8~2Q 

8530 
8531 
B'532 
8!33 
6534 
8535 
8Be 
B531 
8538 
8539 
8!40 
8541 
6542 
8543 
8!1t4 
8~45 
8546 
8547 
8541) 
B54q 
8550 
8551 
B552 

8553 
855,. 
8555 
8556 
8557 
8558 
B55"1 
8500 
8~61 

8~62 
8563 
6!:64 
6~65 

856t 
8567 
85~8 
8569 
8570 
8511 
8572 
B573 
8514 
8n5 
B576 
8571 
8~18 

8579 
B580 
85Bl 
~582 
8563 
8584 
6585 
8586 
8587 
8588 
8589 
8590 
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e 
e 
e 
e 
e 
e 
e 
e 
e, 
e 
e 

15U81-1'41-1" 
15U82""'2+1 
DO 10 1(-2,Ml,2 
XII SU811.,0. 
XIISU821"O. 
ISUBlcYSU81-Z 

10 ISUBZ-rSUB2+2 

XIM)a.2S*Pl 
t SUBi"Ml 
I SUBZ .. HZ 
If IRA(lJ.LT.O.1 GO TO 16 

-CURVED DETECTOR 

DO 12 1("1, M1,2 
X ( I SUBlle-AI.. PHA**21 ( P t* SIN (FlOA,T I K '_ALPHA ' •• 2 I 
XII suez , .. X( lSUBl) 
ISUBI-ISUBl-2 

1 Z I SUBZ'" I suez +2 

I5ue-2·'" 
00 1ft K"l, M 
XII SUB I ~cos I I FLOAT( K I-AX '* ALPHA J 

lit ISUBcISUB+l 
RETURN 

.FLAT DETECTOR 

16 DO 18 K"1,PH,2 
XI J SU81 J "-1./1 P I.FlOAT( K )."'21 
XI IsuaZI-xl Isuell 
ISUBl"'ISUBl-2 

18 ISUBZ=ISU8Z+Z 

15ue"'2*'" 
DO 20 K-lt M 
XI ISU8)el./SQRTll.+( (flOAT( K,-AX)*ALPHA'''ZJ 

20 15Ue-15U8+1 
RETURN 

lZ 00 24 'c1,4 
2 .. xc II-flAGSII) 

RETURN 
END 

I LGTXTI 
SUBROUTINE LGTXT 04ESG,lENJ ................................................................... 
• REClBl VERSION 1.0 170CT77. .................................................................. 

THE SU8ROUTINE lGTXT WRITES OUT LARGER-THANoo-LIFE TExT 
ON THE FILE LUNDUT. THE TEXT IS EXPECTED TO BE FOUND IN THE 
ARRAY MESG, ONE CHARACTER PER WORD, IN Al FaRHAT. THE HUMBER 
OF CHARACTERS IS LEN WHIC·H MuST BE NO LARGER THAN 20. 

MESG - TEXT ARRAy WITH EACH WORD CONTAINING ONE CHARACTER 
LEFT JUSTIF lEO WITH BUNK FILL 

LEN - NUMBER OF CHARACTERS IN MESG 

LANGUAGE - FOHRAN 

COMMON/WRKCO"'/NWORK, twUS ED,NFlOAT, IS ETUP 
COMMON WORK III 

NWORK - DIMENSION OF THE USER S COMMON 8LOCK IN BLANK 
COMMON 

IWUSEO - THE NUI'IBER Of WOROS USEO IN BLANK COMMON 
NFL OAT - NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS tSETUP • 2HOK. 

SUBROUTINES WHICH REQUIFl:E THAT SETUP IS CALLED 
FIRST TEST ·TO SEE IF·I SETUP - ZHOK BEFORE 
EXECUTING. 

WORK - BLANK COMMON WORKING ARRAY 

C OMMON/OuTCOM/lUMOUT, I 80132 

LUNOUT - lOGICAL UNIT ""'MBER FOR OUTPUT 
I8013Z - flAG INDICATING NUMBER OF CHARACTERS IN A UNE OF 

ouTPUT 'ON LUNOUT 
o - 80 CHARAC"f\RS 1l3Z CHARACTERS OTHERWISEI 

INTEGER HESGll), CHAR 13, 5,4 il, LETR 147h INoX IZO', I 8UFI 60' 

INTEGER AilS)' BUS), CC 151, 01151 ,E 115) ,F 1151 ,G1151 ,HI 151, I USI, 
1 J115), K1151, L115), "'115., N( 151, Of 151, PI 15,,01151 ,R (151, 
2 SI 151 ,T( 151 ,UI 151, VI151 ,"'1151 ,Xfl5. ,YU51, lU5' 

INTEGER NOl151 ,NIl 151 ,NZ1151 ,N3(15) ,N.( 151 ,N51 151, Nbll~ I ,N7( 151, 
1 N8 1151.N91151, Plt 151 , "'t.1l5 I ,AS I 151, SU 15 I, OPI 151, CP1151, 
Z OSH51.EQIl5J,aLCI5',CMIlS"POtl51 

EQUIVALENCE IAIlI,CHARll,I, 11),IB(1),CHARl1tl, ZII, 
1 ICllI,CHARll,I, 31I,IOUI,CHARIl,I, 4'''IEtll,CHARfl,1. 511, 
2 IFIlJ,CHARtl,l, 6JI,lG(lI,CHAR.(l,l. 71I,IHI1I,CHARH,l, 811, 
3 (IUI,CHARIl,l,9IJ,IJUhCHARII,I,101),IKI1I,CHARII,I,lII', 
• (L( IhCHAR( Itl tIll' ,I "'C U ,CHARC 1,1,13) J .INIl I, CHAP 11 ,1.lItt J, 
5 IOU It CHARI 1, 1,15 J I, I P II J. CHAR( 1, 1, 161 J, IQI 11 ,CHAP I It 1, 171)' 
6 I Rill ,CHAR( 1,1 ,t81', I SIll ,CHARI 1, 1, 19) I, tTll' ,CHARI 1.1, ZOI), 
1 tvl1l ,CHARt 1, I,ZlJ It C V(ll ,CHARI 1 ,1 ,ZZI I, C WI lJ ,CHARIl, 1,231 J, 
8 ex (ll, CHAR (1, 1, Z4'" !YIII ,CHARI 1, 1, Z511. (ZIU ,CHAR 11,1,2611 

EQUIVALENCE (NO III ,CHAR ( i, I,Z711, I N11U ,CHARtl, 1,281), 
1 (NZU' ,CHAR 11, ltZ911, (N3UI ,CHAR 0, It 30' I, I NItO" CHARI 1, 1, 3111, 
Z C N50 It CHARI 1, 1,3Z1 J ,IN61 11 ,CHAR 11 tl,331 I. CN7 n J ,CHAR(1, 1, 3-It II, 
3 tN8H', CHARI I, 1, 35 J J, IN911. ,CHARI 1, 1, 3611, (pL( U ,CHARI 1, 1 ,371), 
4 IHI 111 ,CHARI 1, lt3811, (AS 01 ,CHARI 1 ,1,3911, ISLe 11, CHARI 1. l,.w)., 
5 lOP 111 ,CHAR 11,1 ,It 1 I ), ICP (1 I ,CHARI 1, l,4Z J I, lOS I 1 J, CHAR 11,1,431 I, 
6 I EOI 11 ,CHAR 11,1,,"11, CBl I 11 ,CHARI 1 , I ,1t51', ICMe lJ ,CHARI I, 1.4611, 
7 (POIl',CHARCltl,1t71) 

DATA L ETR/IHA, IHB, iHC, 1 HD, IHE, IHF , IHG, IHH, IHI , IHJ, IHK, IHl, IH"', 1 HN, 
1 lHO, IHP,l HQ,tHR, IHS, 1 KT, lHU, IHV, U~, lHX, IHY, 1HZ, tHO, IHl, 
Z 1HZ, IH3,IH4,lH5, 1H6, IH7, IH8, IH9,IH+,IH-, ll-ft, 1H/, 1HI, IHI, 
3 IH",IH-,lH ,lHtt 1H.1 

8591 
85'7Z 
8593 
8594 
8595 
8596 
85 1n. 
8!:98 
8599 
8600 
8601 
8602 
8603 
8601t 
8ta5 
8606 
8607 
StOB 
8609 
8610 
8611 
8blZ 
8613 
8614 
8615 
8616 
8617 
8618 
8619 
86Z0 
86Z1 
86ZZ 
86Z3 
86Z4 
86Z5 
86Z6 
86Z7 
86Z8 
8629 
8630 
8631 
863Z 
8633 
8634 
8635 
8636 

8637 
8638 
8639 
861t0 
861tl 
8b4Z 
8643 
861t4 
8645 
8 ... 
8647 
Bb48 
8649 
8650 
8t51 
8652 
8653 
8654 
8655 
8656 
8657 
8658 
8659 
8660 
8661 
866Z 
8663 
86b4 
8665 
8H6 
8667 
8668 
Bt69 
8670 
8671 
867Z 
8673 
8tllt 
8675 
8676 
8677 
8678 
8tl9 
8680 
B681 
8~8Z 
8683 
8684 
8685 
8686 
8687 
8688 
8689 
8690 
8691 
86QZ 
8693 
%94 
8695 
8696 
8691 
8b98 
8699 
B700 
B701 
970Z 
8703 
8101t 
8705 
8706 
8701 

DATA A IZH A, ZHAA~ ZH , ZHA ,ZH ,2HA , 2HA ,2H ,ZHA 8708 
1 ZHAA,ZHAA.ZHA iHA ,ZH ,ZHA I 8109 

DATA 8 IZH88,ZH8B,2H 2H8 ,2H ,ZHB ; ZH88,ZHBB,2H 8710 
1 ZH8 ,ZH ,ZI-jB ZH88,ZHBB,ZH 8711 

DATA C IZH C.ZHCC ,ZH 2He ,2H ,ZHC ; 2He ,2" ,2H 871Z 
1 2He ,2H • ZHC ZH C,ZHCC,ZH 8713 

DATA o IZHDO,ZHOO,ZH 2HO ,2H ,ZHD , 2HO ,2H ,ZHD 8714 
1 2HO ,2H ,ZHO ZHDO. ZHDO, 2H I 8115 

DATA E 12HEE,2HEE,2HE 2HE ,2H ,2H ZHE.E,ZHE ,2H 87H. 
1 2HE ,2H ,2H ZHEE,2HEE. ZHE I 8111 

DATA F IZHFF, ZHFF, 2HF 2HF ,2H ,2H ; ZHFF,2HF ,2H 9718 
1 2HF ,2H ,2H 2HF ,2H ,2H 9719 

DATA G 12H G,ZHGG,lH 2HG ,ZH ,ZHG , ZHG .ZH ,2H 87Z0 
1 ZHG , ZH G, ZHG 2H G,ZHGG,ZHG I 9721 

DATA H IZHH ,ZH ,ZHH 2HH ,ZH ,ZHH , ZHHH, ZHHH, ZHH 872Z 
1 2HH ,2H ,ZHH 2HH ,2H ,ZHH I 8723 

DATA 1 /2H I,2HII,2H 2H ,ZHI ,'H ; 2H ,ZHI ,2H 872~ 

1 2H ,2HI ,2H 2H 1 ,ZHI I ,ZH 8725 
DATA J /2H ,2H ,ZHJ 2H ,2H ,ZHJ ; 2H ,2H ,ZHJ , 8726 

1 ZHJ ,ZH ,2HJ ZH J, 2HJJ, 2H 8727 
DATA K IZHK ,2H ,ZHI( ZHI( ,ZH I(,ZH ZHI(K,2HI( ,2H 8728 

1 21--.K ,ZH K, ZH 'HK ,2H ,2HI( I 872g 
DATA l IZlll ,2H ,2H 2Hl ,2H ,2H ZHL ,ZH ,2H 8730 

1 _·"L ,2H ,2H ZHlL,2I-1LL,ZHL I 8731 
DATA M IZHM ,ZH ,ZH'" ZHMM,ZH M,ZH'" ZHM ,ZHM ,ZH'" , 8732 

1 2H'" ,ZH ,ZH'" 2H'" ,ZH ,ZHM I 97)3 
DATA N IZHN ,ZH ,ZI-IN ZHNN,ZH ,2HN , ZHN ,2HN ,2HN 873~ 

1 2HN ,2H N,ZHN ZHN ,ZH .2HN I 8735 
DATA o IZHOO,ZHQO,ZHQ ZHO ,ZH ,21010 , ZHO ,ZH , ZHO 8736 

1 ZHD , ZH ,ZHO ZHQO,ZHDO,ZHQ I 8737 
DATA p I2HPP,ZHPP,ZH ZHP ,ZH , ZHP ,. 2HPP, ZHPP, ZH 8739 

1 2H. ,2H ,2H 2H. ,2H ,2H I 8739 
DATA Q IZH Q,ZHOQ,ZH 2HQ ,2H ,ZHQ , ZHQ ,2101 .ZHQ 8740 

1 ZHQ ,ZH Q,ZHQ , 2H C,ZHQQ,ZHQ .I 8141 
DATA R IZHRR,ZHRR,ZH 2HR ,2H ,ZHR ZHRFl:,ZHRR.ZH 8742 

1 ZHR .ZH R,ZH ZHR ,ZH ,ZHR I 9743 
DATA S IZH ~,2HSS,ZH , 2HS ,'H ,2H ; ZH S,ZHSS,2H 87 .. 

1 2H ,2H .2HS 2H S,ZHSS,ZH 871t5 
DATA T IZHTT,ZHTT,ZHT , 2H .ZHT ,2H , 2H ,2HT , ZH B7It6 

1 2H ,2HT ,ZH 2H ,ZHT ,2H I 8747 
DATA u I2HU ,2H ,ZHU 'HU ,2H ,ZHU , ZHU ,ZH , ZHU 6148 

1 ZHU ,ZH ,ZHU 'H U,ZHUU,ZH I 8149 
DATA V IZHV ,ZH , ZHV ZHV ,ZH ,ZHV ; ZH V,ZH V,ZH , 8150 

1 2H V,ZH V,ZH 2H ,ZHV ,2H 8751 
DATA W IZHW ,ZH ,2H'" 2HW ,2H ,ZHW ; ZH'" .2H ,ZHW , 8752 

1 2HW ,2H'" ,ZHW ZH ",ZH W,2H B153 
OATA X I2HX ,ZH ,2HX , ZH X,ZH X,ZH , 'H ,ZHX ,2H , 8751t 

1 ZH X,ZH X,ZH 2HX ,2H ,ZHX I 8755 
DATA Y IZHY ,ZH ,ZHV ZH V,ZH Y,2H ; 'H ,ZHY ,ZH 8756 

1 'H ,ZHY ,'H 'H ,ZHY ,2H 8757 
DATA IIZHZl,ZHZZ,ZHZ 2H ,ZH l,ZH , 2H ,ZHZ ,2H B758 

1 ZH l,ZH ,2H . ZHZl,ZHlZ,ZHZ I 8759 
DATA NO/ZH O,ZHOO,ZH ZHO ,ZI-I ,2HO , ZHO ,2H ,2HO 9760 

1 ZHO ,ZH ,2HO 2H O,ZHOO,ZH I 8761 
DATA Nll2H ,ZHI ,2H , 2H 1,ZHI ,2H ; 2H ,ZH1 ,2H 876Z 

1 2H ,ZHI ,ZH , 'H ,ZHl ,2H 8163 
DATA NZ/ZH Z,ZH22,2H 'H2 ,'H ,ZH2 , 2H ,ZHZZ, ZH , 67b4 

1 ZH Z,ZH ,2H , ZHZZ,ZHZ2,ZHZ I 8165 
DATA t.l3/ZH33,ZH33,ZH3 , 'H ,2H ,ZH3 • 2H ,ZH 3,ZH , 8166 

1 ZH3 ,ZH ,ZH3 ZH 3,ZH33.ZH I 87bl 
DATA N4/2H ,ZH 4,ZH 'H ,2H~4,ZH ; ZH 4,ZH 4,2H 87b8 

1 2HIt4,ZH44,ZKIt , 2H ,ZH 4,2H 8769 
DATA N5/ZH!55,ZH55,ZH!5 , 2H5 ,2H ,'H ; ZHS!5,ZH55,ZH 8770 

1 2H ,'H ,ZH5 ZH 5,ZH5!5,ZH 9171 ... 
DATA Nb/2H ,ZH 6"ZH , 2H ,ZH6 ,'H ; ZH 6,ZH66,ZH 877Z .'--

1 ZH6 , ZH ,2H6 ,. ZH l:,ZH66,2H 8173 
, 

DATA N7IZH77,ZH77,ZH7 2H ,'H ,ZH7 , 2H ,2101 7, ZH 8774 
,,---

1 2H ,ZH7 ,ZH ZH 7,ZH ,2H I B775 
DATA N8/ZH 8,ZH88,ZH 'H8 ,2H ,ZH8 , 'H 8,210188, ZH 8776 

1 2H8 ,ZH ,ZH8 , ZH 8,ZH88,2H I 8771 
DATA N91 ZH 9, ZH99, ZH ZH9 .2H ,ZH9 ; ZH 9,ZH99,ZH BH8 

1 'H ,ZH9 ,ZH , 2H 9.ZH ,2H 8719 
DATA PUZH .ZH+ ,2H 2H ,ZH+ ,2H ; 2H++, ZH++, ZH+ 8780 

1 'H ,ZH+ ,ZH 2H ,ZH+ ,2H 8781 
DATA HI/ZH ,2H ,2H 2H ,2H ,2H ; ZI+--, ZI+--, 2M- 879Z 

1 2H ,'H ,2H 2H ,2H ,2H 8783 
DATA AS/ZH. ,2H •• ZH. , ZH .,ZH •• ,ZH ZH··.ZH··,2H. 878ft 

1 2H .,ZH •• ,ZH 2H. ,ZH. ,2H. I 8785 
DATA SL/2H ,2H ,ZHI 2H ,ZH I,ZH ; 2H ,2HI ,2H 8186 

1 ZH 1,2H ,2H 2HI ,2H ,'H 8787 
DATA OP/ZH ,ZHI ,2H , 2H 1,2H ,'H ; 2H (,ZH ,ZH. 9788 

1 ZH I,ZH ,2H 2H , ZHI ,2H 8789 
DATA CPI2H I,ZH ,2H 2H ,ZHI ,2H , 2H ,ZH) ,2H 8790 

1 'H ,ZHI ,2H 2H J ,ZH ,2H I 8791 
DATA DSllH S,ZHU,ZH ZHS ,ZH$ ,ZH ZH S,ZHSS,ZH 879Z 

1 2H ,ZHS ,ZH$ 2H S,ZH$$,ZH 8193 
DATA EQIZH ,2H ,2H , ZH .. c,ZH·"',ZH. 2H ,2H ,2H 879' 

1 ZH .... ,ZH· .. ,ZH· , 2H ,2H ,2H 8795 
DATA 8L/ZH ,'H ,2H 2H ,2H ,2H 2H ,2H ,2H B796 

1 2H ,2H ,2H 2H ,'H ,2H 87q7 
DATA CM/ZH ,2H ,2H 2H ,2H ,2H 'H ,2H ,2H 8798 

1 ZHIt,ZH ,2H , 2H, ,2H ,2H 8799 
DATA PD/ZH ,2H ,2H , 2H ,2H ,2H 2H ,2H ,2H 8800 

1 ZH •• ,2H ,2H 2H •• ,ZH ,2H BBOI 
880Z 

IF ILEN.GT.ll) RETUR~ 8803 
IF (LEN.LT .11 RETURN 860~ 

8805 
LENG'" 0 8806 
00 14 lI-l,LEN 8607 
00 10 JJ"I,47 8B08 
IF IMESG(IIJ.EQ.LETRIJJII GO TO 12 8809 

10 CONTINUE 8810 
GO TO ,. 8811 

12 LENG"l.ENG+l 8812 
INDxtlENGI"JJ 8813 

14 CONTINUE 8814 
IF lLENG.EQ.OI RETURN 8815 
LlL-139-3·LENGIIZ 8816 
IF ILll.EQ.OI GO TO 18 8817 
DO 16 II'"l,LLL 8818 

16 I8UFIIII"lETFl:1451 8819 
18 CONTINUE 88Z0 

WRI TE ILUNOUT,Z41 88Z1 
8an 

00 ZZ LINE"l,5 88Z3 
LLcLlL 88Z4 
00 ZO II"I,lENG eezs 
JJ-INDXII II 88Z6 
I BUFI lL +1 tcCHAR I l,LI NE, JJJ 88Z7 
I aUF I LL +Z I -CHAR 12, Ll NE, JJ) 88Z8 
I 8UFI LL+3 )"CHAR.13 ,ll NE, JJ I 8829 

ZO LL a lL+3 8830 
ZZ WRITE ILUNOUT,Z61 l'aUF I LLLl, LLL-l. LL I 8831 

WRITE (lUNOUT,2BJ 883Z 
8833 

RETURN 8834 
8635 

Z4 FORMAT I III S83f, 
Zb FOR"IATCZX,60A21 8837 
28 FORMAT I IXI a8~8 

ENO ae3<; 
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I MARR I 
SUBROUTINE MARR (X,NOEGI ................................................................•. 
.. RECLBl VERSION 1.0 170CT77 " ...............................•.................•................ 

THE SUBROUTINE MARQ. RECONSTRUCTS THE ARQ.AY X fOR A GIVEN 
seT Of CORDS FROM POSITRON ANNILIATION EVENTS DETECTED WITH 
A RING OF CRYSTALS. 

THE SUBROUTINE IS A MODIFICATION OF THE PROGRAM ZHEAQ 
( ••• VERSION Z.O -- 121101711 SUPPLIED TO uS BY R. MARR. THE 
CODE HAS BEEN CHANGED TO COMPLY WITH THE RECl8L LJBRAR.Y. THE 
ALGORJTM'" IS DESCRIBED IN THE ARTICLE - R. 6. MARR, ON THE 
RECONSTRUCTION OF A FUNCTION ON A CIRCULAR aOMAIN FROM A 
SAMPLING OF ITS LINE INTEGRALS, J. "'ATH ANALYSIS AND APPLICAT
[ONS, ft5(1971t1, PP357-3H. 

X - THE RECONSTRUCTION ARRAY 
NOEG ... DEGREE QF THE POLYNOMIAL EXPANSION 

THIS SUBROUTINE CALLS RECLBl ROUTiNES'" EMESG, GETOM, lGTxT, 
MEMST, RADAl 

RECLBl RQUTINES WHICH HUST BE CALLED FIRST - SETUP 

LANGUAGE ... FORTRAN 

COMMON/WRKCOM/NWDRK, I WUSED ,NFLOAT, I SETUP 
C aMMON WORK 111 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
COMMON 

IWUSED ... THE NUPCBER OF WORDS useD IN BLANK COMMON 
NFL OAT ... NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
I SETUP ... THE SUBROUTINE SETUP SETS ISETUP • 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TesT TO SEE IF UETUP - 2HOK BEFORE 
EXECUTING. 

WORK ... BLANK COM~N WORKING ARRAY 

C OMMON/MARCOM/lGAM, lGPRJ ,l BBMR, UA"R, LAMAR ,LBMAR 
OIMENS I ON GAM C 11 ,GPRJC 11 ,BBMR IlI,UMR 11. ,AMAR C 11, BMARC I' 
EQU IV AL ENCE (WORK (1 It GAM 11 J, GPRJ( 1" BBMR C 11 , ..... filR (11 ,AMAR (11, 

I SHARU" 

COMMON/ CUTCOM/lUNOUT, 180132 

LUNOUT ... LOGICAL UNIT NUMBER FOR OUTPUT 
taOU2 ... FLAG INDICATING NUM8ER OF CHARACTERS IN A LINE OF 

OUTPUT ON lUNOUT 
o - 80 CHAkiCTERS (132 CHARACTERS OTHERWISE' 

COM"ON/PRTCO" ITPRI NT (8' 
LOGICAL TPRINT 

TPRJNT .. LOGICAL PRINT FLAGS 
1 ... PRINT REQUIRED FLOATING POtNT 8UNK COMMON 

WHENEVER CHANGED 
Z ... PRINT PROJECTION DATA AND UNCERTAINTIES 
3 ... PRINT SETt,P VALUES FROM JPAR AND PAR ARRAYS 
• - PRINT FILTER FUNCTION FOR CONVOLUTION AND FILTER 

ROUTINES 
5 - PRINT VALUES FOR THE LAGRANGE MULTIPILERS AND 

THE GRADIENT FOR THE FUNCTION OF LAGRANGE Mll. TI
PHERS FOR THE ENTROPY RECONSTRUCTION 

b - PRINT POINTERS IN BUNK COM"ON WHENEVER CHANGED 
( DEBUG' 

CDMMDN/PTRCOM/NDIMU,NoI", PWIO, TC IR,NMAT ,LNI ,KNI 
LOGICAL TCIR 
OI"ENSJON NI' 11 
EQUIVALENeE{MORK u ItNU I.' 

NoIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAR DIMENSION USED SY THE PROGRAM 
PWID - PIXEL WIDTH UN UNITS Of PROJECTION BIN WIDTH, 
TelR - LOGICAL VARIABLE SET TRUE FOR CIRCULAR REeON. 
NMAl - THE NU"BER OF CELLS IN THE TRANSVEta.SE SECTION 
LNI - POINTER TO THE ARRAY Nt IN BLANK CO""ON 

NICJJ IS THE NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUARE DR CIRCULAR FeR" OF THE ARRAY 

KNI - SPECIAL FLAG FOR "EMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARIABLE 

CO"MONI STRCOM/TSTOR E 
LOGICAL TSTORE 

TSTORE - LOGICAL VAR JABLE SET TR·UE WHEN TESTING STORAGE SIZE 
SETS TPRINTU, - .TRUE. 

COM"ONITRGCOH/IGEOM, KDIMO, AX I SU, 8W] 0, I<MOV, KMIN, KMAX,KO JIlt, AXI S, 
1 LPROJ .NANG ,MOOANG.LANG.lS 1 HE. Leos IN, LoAT ER I TEMIT 

LOGICAL TEM IT 
DIMENSION PROJ HI ,ANGlll ,s INE H I ,COSINE' 1I,DATER( 11 
EQUIVALENCE (WORKt U, PROJ( 11 ,ANG( U, SINE 111 ,COSINE (U ,DATERClI' 

JGEOM ... GEOMETRY FLAG 
o - PARALLEL BEAM GEOMETRY 
1 - fAN BEAM GEOMETRY CCURvED DETECTOR' 
2 - fAN 8EA" GEOMETRY (FLAT DETECTOR' 
3 - RING DETECTOR GEOMETRY 

KDIMU - NUMBER OF 8INS IN THE PROJECTION ARRAY SUPPLIED 
BY THE USER 

AXJSU - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAy ITHIS IS SUPPLIED BY THE USER 
AND If AX ISU IS INTEGER, THEN ROTATION AXI S FALLS 
IN THE CENTER OF A PROJECTION BIN.I 

SWIO - PROJECTION BIN WIDTH lIN UNITS OF PIXEL WIDTHI 
KMOV - THE DISTANCE 8ETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY tAXIS) AND THE AXIS FOR THE USER DATA 
ARRAY uxtSU'. AXIS - AxlStJ+FLQATCKMOVI 

KMIN ... FIRST LOCATION IN SYSTEM nnA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION 8IN THAT 
IS GOING TO 8E USED. 

KMAX ... LAST l(lCATION IN SYSTE"I DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GDING TO BE USED. 

I<OIM - NUMSER on BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NOtM X NOIM ARRAY, USUALLY 
KDIM-KDIMU. 

8t:i.0 
88,.1 
8842 
8843 

88"""" 
884!!i 
8846 
8847 
88.8 
8849 
8850 
8851 
8852 
a853 
8854 
8855 
8856 
8857 
8858 
8859 
8860 
9861 
8862 
8863 
8864 
88tS 
9866 
88b7 
8868 
8869 
8870 
88n 
8872 
8873 
8874 
8875 
8976 
•• n 
8878 
8879 
B880 
8881 
8882 
8883 
8881t 
888, 
8896 
8897 
9888 
888t; 
8890 
88ql 
8892 
8893 
8894 
889' 
8896 
8897 
8898 
8999 
8900 
8901 
8902 
8903 
8~M 
8905 
8906 
8907 
8908 
•• 09 
8910 
8911 
8912 
8913 
8914 
8915 
8916 
8917 
8918 
8919 
8920 
8921 
8922 
8923 
8924 
810-25 
8926 
89.27 
8928 
8929 
8930 
8931 
8932 
8933 
89:14 
8935 
8936 
8937 
893B 
8939 
891j,0 
89.1 
8942 
8943 ..... 
8945 
894t 
8947 
8948 
8949 
8950 
8951 
8952 
8953 
8954 
8955 
8'956 
8S57 
8958 
8959 
8960 
89tH 
8962 

AXIS - THE PII;OJECTEO LOCATION OF THE ROTATTON AXIS IN THE 
PROJECTION ARRAY, USUALlY.AXIS-AXISU. 

LPROJ - POINTER TO THE ARRAY PROJ I N BLANK COMMaN 
INTER.~EOtATE PROJECTION A"IO PROJECTtON ERROR 
VEe-TOR 

NANG 
MOOANG 
lANe 

- NUMSEP. OF PROJEC TI ONS 
- "lODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN SLANK COMMON 

PROJECTION ANGLES IN R.ADIANS 
LSINE 

lCOSIN 

- POINTER TO THE ARIlAY SINE tN 8LA"I1( CO'4MON 
SINE OF THE PQ.OJECTIO~ A"fGLES 

LDATER 

TE"IIT 

- POINTER TO THE ARRAY COSINE IN 8LANK COMMON 
COSINE OF THE PROJECTION ANGLES 

- POINTER TO THE ARRAY DATER IN 8LANI< COMMON 
USER PIIOJECTION DATA AND UNCERTAINTIES 

- LCXJICAL VARUSLE SET TRUE FaR EMISSION DATA AND 
FALSE FOR TRANSMISSION DATA 

DIMENSION XUI 
LOGICAL TSAVE 
REAL MSGN 
DI"IENSION NAMERI9' 
DATA NAMER/IHE,lt-fl,lHD,lH ,1HM,lHA,IHR,lHR,IH I 
DATA IOK/2HOKI 

*8E SURE THAT SETUP HAS 8EEN CAllED 

IF (ISETuP .NE .10K I CAll EMESG «1. NAMERC 51, U 

CAll LGTXT (NAMERI51 ,51 
PI-4.·ATAN(l.1 
NDI 14M-FLOAT I NANGI" P I*PWI 0 I 
IF (NDIMM.GE.NOIMI GO TO 10 
HNOI M-FLOATI NDI "'101 112. 
wRITE CLUNOUT,S61 NANG,PWID,N01MM,NOIM,HNOIM 
CALL EMESG 140,NAMER(SIt01 

10 NXTAL -NANG 
IF C IGEOM.EQ.31 GO TO 12 
WRITE (LUNOUT,581 
CALL EMESG (38,NAMERCS).1I 

12 M-NOEG 
N2xTL-2·NXTAL 
NXTL2-NXTAL/2 

IF (2.NXTL2.EQ.NXTALI GO TO 14 
wRITE (lUNOUT,601 NXTAL 
CALL EMESG (9,NAMER(5I,11 

lit wRITE (lUNOUT,621 
WRITE CLUNOUT,64) NXlAl 
wRITE (LUNOUT,66) NOEG 

CALL HEMST I LGAM, (NXlAL-lJ *NXTL21 
CALL MEMST (LGPRJ,2.NXTALI 
CALL HE "1ST (LSS"'R,NXTAL-21 
CALL MEMST tLAAMR,NXTAL-21 
CALL MEMST tLAMAR,NXTL21 
CALL MEMST (L8MAR,NXTL21 

IF fTSTOREI GO TO 54 

**COMPUTE N-O COEHIC IENTS 

IMX-NXTAL 
DO 18 J-l,NXTl2 
IF IJ.EQ.NXTL2' IMX-NXTL2 
T-O. 
CALL GETOM (J,GPRJILGPRJIJ 
00 16 1-1, IMX 
I5UB-LGPRJ+I-l 

16 T-T+GPRJIISUB' 
ISUB-LSMAR+J-l 

18 SMARIISUBI-T 

KK-O 
LOMX-NXTAL-l 
00 22 lD-l,LDHX,2 
I<I(-KK+l 

•• LD-2.K+l AND KK-K.l 

lOO 
T-O. 
00 20 J-l,NXTL2 
L-L.LO 
IF IL .GT .NUTU L-L-NlxTL 
I SU81-L SINE+L-l 
tsU82 -L BMAA. +J-l 

lO T- T.S INE« I SUBlJ * SMAR. I ISU82 I 
ISU8-LGAM.C KK-ll*1 NxTAL- lJ 

22 GAM' I SUSI-T*FLOAT( L 0 1/ FLOAT (NxTAL •• 2'.2. 
TSAVE-TPRINT(21· 
TPRI NT C 21-. FAL SE. 

00 3. N"'l,NXTL2 
U"N-2*CN/21·1 c _ 

c •• Uel 121 FOR N EVEN COODI. 
C 

JMXeNXTL2.1-Ll 

** JMX - 16 1151 FOR N EVEN (0001. 

LO-N.N 
LZ--LO 
IMX-NXTAL 

*. COMPUTE NTH FOURIER COEFFICIENTS AT EACH VALUE OF J. 

DO 26 J-l,JMX 
IF CJ .EQ.NXTL2I IMX"NXTL2 
LZ-Ll.+N 
IF (U.GT.N2XTLI UeU-N2XTL 

•• EQUIVAlENTLY-- U"CJ-21.N 

CALL GETOM IJ,GPRJIlGPRJl1 

TeO. 
U"'O. 
L"LZ 
00 24 t e l,lMX 
L"'l.LO 
IF IL.GT.N2xTlI L-L-N2XTL 

.* EQUIVALENTLY-- L"'C2*I-2+J'.N 

I SUBl"LCOS 1 N.L-l 
I SUB2"LGPRJ.I-l 
I SUB3"LS INE+L-l 
T-T+COSINE I I SU811.GPRJ( t SUe2) 

24 U-U.SINEIISU831*GPRJllSUB21 
1 SUB-l.BMAR.J-1 
8MARIISUBI-T 
ISUe-LAMAR.J-l 
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69t3 
8964 
6965 
89bb 
8967 
89t8 
8~69 

8970 
800n 
8972 
8973 
8971to 
897S 
897t; 
8977 
8978 
8979 
8960 
8981 
8982 
8983 
BCl 84 
8985 
8986 
8987 
89B8 
8989 
8990 
8991 
8992 
8993 
8994 
8995 
8996 
8997 
8998 
89~9 
9000 
9001 
9002 
9003 
.004 
9005 
9006 
9007 
9008 
9009 
9010 
9011 
9012 
9013 
9014 
9(115 
9016 
9017 
9018 
9019 
9020 
9021 
9022 
9023 
902" 
9025 
9026 
902T 
9028 
9029 
9030 
9031 
9032 
9033 
9034 
9035 
903b 
9037 
9038 
9039 
90.0 
9041 
901t2 
90lj,3 
904" 
9045 
.046 
90,,7 
90.8 
90""9 
9050 
9051 
<;1052 
9053 
9054 
9055 
9056 
9057 
9058 
9059 
90tO 
9061 
9062 
9063 
90H 
9065 
90b6 
90b7 
9068 
9069 
9070 
90n 
9072 
9073 
907,. 
9075 
9076 
9077 
9078 
9079 
9080 
9081 
9082 
<;1083 
9084 
9085 
9086 
9087 
9088 
9089 
9090 
90'11 
9092 
909) 
9094 
9095 
9096 
9097 
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26 AHAR(I5UBI-U 

WHEN N-NXTl2, AMAR(LAMAA:+J-11.O F~ EVEN J 
AND BMARILBMAR+J-U-O FOR, 000 J AuTOMATICALLY 

LDMX-NXTAl-l 
DO 32 LO-L 1, LOIl4X, 2 
L-O 
1·0. 
U-O. 
DO 28 J-l, J"'X 
L-l+LD 
IF IL .GT .NUn I L.-,L-N2XTL 

•• EQUIVALENTL Y-- l"J*LD 

ISUSI-LSINE+l-l 
ISU8Z-LBMAR+J-l 
I SUB3-LAMAR+J-l 
1-T+5 tHE (I suai '*SMARI I5UB2' 

28 U-U+SINEllSUBliUMARIISU83,· 

IF . H.-Co L. T.NI GO TO 30 

FOR LO.GT.N WE ARE tOMPun He 
ALPHA AND BETA FOR INDICES N,K 
WHERE LO-N+Z*K+l 

IF C"4 .EQ.NXTL21 GO TO 34 

WHEN N-NXTl2, COEFFICIENTS HAVE ALREADY BEEN COMPUTED 
IN flO.LT.NI SRAPiCH 

COEFF-FLOAT I LO J IFLOAT( NXTAL •• 21 *".. 
K-llD-li-lIl2 . 

STORE BETAIN,K I-

I 5Ue-lGA""", NxTAL-11*K+N 
GAMI ISUB ,-eOEFF.T 

STORE ALPHACN,KI IN PACKED AR.RAY-

I SUe-LGA". (NxTAl-11. (NXTl2-K-11+NXT Al-N-l 
GA."'( ISUS)-COEFF*U 
GO TO 3Z 

••• FOR LO .. L T .N, WE ARE CO"'PUTING -BET A AND AlPHA FOR 
INDICES NXTAL-N, WHERE LO-f+-Z.I(-l. 

30 COEFF-FLOAT (NXT AL-LO "FLOAT (NXT AL •• Z '.4. 
K-C N-lo-1I/2 

••• STORE BETA(NXTAL-N,K) AND AlPHA(NXTAL-N,K) IN PACKED .RRAY--

ISUB-INXTAl-ll·I(+NXT,ll-N+lGA'" 
GA"'IISUB'--C!JEFF.T 
tSUS-INXT AL-11.(NXTL 2-K-ll.N.LGAl'I-l 
GAI'IIC tsUB'-COEFF.U 

3Z CONTINUE 
34 CONTINUE 

TPRtNT' 21-TSAYE 

• M- DEGREE OF POLYNOMIAL TO BE USED IN DISPLAY. 

IF IfIII .. LE.NXTAL-21 GO TO 36 
M-NXTAL-Z 
WRITE (lUNOUT,681 NxTAL.M 
tALL EMESG (41,NAMERI5),01 

•••• CLEAR OISPLAY AREA 

36 NSQ-NOIM.NOlM 
DO 38 l-l,NSQ 

38 XI IJ-o .. 

DEL TA-pwI0.Z •• PI IFI..OATt NANG) 
FAt-PWIO 
IF I TEMIT. FAC-PWI:l.pwID 
"'0-"'00(N01",21 
I Z-CNoIM.l 112 
oH-FL OA TH-MO 1* .. S.OEL TA 
IF (MD .. EQ.O) GO TO 4Z 

c t.··.·· c 
IF NOIM IS 000 COMPuTE DENSITY AT CENTER POINT 

c 

Il-NOIM/Z+1 
01-GAM(lGAM, 
K"'X-M/2 
OSGN-l. 
DO 40 K-1,K"'X 
OSGN--OSGN 
ISUS-LGAM+INXTAL- U.K 

40 01-ol+GAM( ISUS,.OSGN 
I SUB-NO I"'.' I Z-LI+I Z 
X I ISUBI-OI.FAt 

C......... THEN ~EMAINING POINTS, ONE POINT IN EACH OF 
EIGHT SECTORS AT A TIME ••••••••••••• 

42 I/I1X-NOI"'/2 
DO 52 1-1,IMX 
XX-FLOATlII.OEl TA-OH 
XSQ-XX·XX 
11-1+1'10 
DO SO JJel,I 1 
J-JJ-MD 
Y-FLOATI JI.OEl TA"'OH 
RSQ-XSQ+Y·Y 
IF (RSQ.GT .1.1 GO TO 52 

CALL RADAL (RSQ,M,NXTAL,S8Zl 

IP-IZ+I 
Iflil-NDIM+I-IP 
JP-I Z+J 
J"'-NOIM+I-JP 
t-t. 
SaO. 
OSGN-l. 
MSGN-l. 
al-SBl 
CZ-SSl 
o3-BBl 
04-SSl 
H-BSl 
EZ-SSl 
n-SBl 
E .... BBl 
00 4e N"l,'" 
CTEMP-XX·C-Y·S 
S-XUS+Y·C 
C-CTEMP 

9098 
9099 
9100 
1.0101 
9102 
9103 
9104 
9105 
910f: 
9107 
9108 
9109 
9110 
9111 
9112 
9113 
9114 
9115 
9116 
9117 
9118 
9119 
9120 
9121 
9122 
'H23 
91Z. 
9125 
91Z6 
9127 
9128 
cn2Q 
9130 
9131 
9132 
9133 
9134 
9135 
9136 
91)7 
'i138 
9139 
9140 
91.1 
91.2 
9143 ..... 
9145 

9'" 9147 
91';'8 
9149 
9150 
9151 
9152 
9153 
9154 
9155 
9156 
9157 
9158 
9159 
9160 
9161 
9162 
9161 
9164 
9165 
9166 
9167 
9168 
916'i 
9170 
9171 
9172 
9173 
9174 
9175 
9176 
9171 
9178 
9179. 
9180 
9181 
9182 
9183 
9184 
9185 
9186 
9187 
9188 
9199 
9190 
9191 
9192 
9193 
9194 
919S 
9196 
9197 
9198 
9199 
9200 
9201 
9202 
9203 
'i204 
nos 
9206 
9207 
9208 
9209 
9210 
9211 
9212 
9213 
921,. 
9215 
9216 
9Z17 
9218 
9219 
9220 
9ZZ1 
9222 
9223 
9224 
9225 
92Z6 
'i227 
9228 
9229 
9230 
9231 

c •••• (C,S)-IREAl,I"'AGJ PART OF IX+V.SQRT(-ll' •• N 
C XXX - 1 R •• N I. I COS IN.T HETA It S I NI N.THET Al ) 

c 

OSGN--QSGN 
1 SUBI-L BBMR +N-l 
I SUBZ-LAAMR +N-l 
n-C.9BMRI ISUBl' 
rz-SU,AMRI I sue21 
01-01+T1+T2 
04-0.+Tl-TZ 
DZ"OZtoOSGN.C Tl-TZI 
03.03 +QSGN. I T 1 +T 21 
IF II .EQ.JI GO TO 48 
IF 10SGN.LT.0.I GO TO 44 
n-"'SGN.Tl 
H __ "'SGN.T2 

GO TO 46 
44 I SUBI-lBBMR+N-l 

I SUBZ -L AAMR toN-l 
T3.MSGN.S.BBMR IISU81 J 
T4_MSGN.C.U"'R I I suez) 
HSGN·-MSGN 

.6 EI-EltoT3toT. 
E4-E."T3-T. 
E2-E2+QSGN·IT]-T., 
E3.E3+0SGN.' T3+H' 

48 tONTINUE 

I SUB-NOI "'. (JP-l J 
ISUBI-ISUB+IP 
I SUB2.I SUS+ I M 
XIJSUBll .. Dl*FAC 
XI JSUB2'IID2.FAC 
ISUB-NOIM·CJ'4-1) 
ISU81-I SUB+IM 
ISUS2"ISUB+JP 
X( I SUBII-03.FAC 
XI ISUB2 I-04.FAC 

IF 11 .EQ.J J GO TO 50 

I SU8-NOI "'.1 I P-ll 
ISUB 1= I SUS.JP 
ISU82-ISUB+JM 
XIISUBl,-EI·FAC 
XIISUB21-E2·FAC 
ISUB-NOIP4*IIM-ll 
ISU81·ISU8+JM 
ISUB2-ISUB+JP 
XI I SU8U-E3.FAC 
X((SUB2)-E4*FAC 

50 CONTINUE 
52 CONT INUE 

54 CALL ME"'ST (LGA"',OJ 
CALL fl4EMST IlGPRJ,OJ 
CAll HEMST ILBeMR.,OI 
CALL MEMST flUHR,OJ 
CALL HEMST ILAMAR,OI 
CALL "'EMST (LSMAIl,Ol 

tAll MEMST IMAXFW;-11 
WRITE ILUNOUT,70' MAXFW 
CAll LGTXT INA"'ER,9' 
RETURN 

56 FORMAT(l/25x, 101 IH.,,7HWARNING,10( IH.III 
15X,10HA RING OF ']3·,31101 DETECTORS AND PIXELS THAT ARE ,F'll.3, 
Z2611 THE SIZE OF ONE DETECTOR ,/5X,~9HII'IPLIES THAT THE ENTIRE RING W 
3ILl BE INSCRIBED IN A SQUARE tl3,7H PIXELSI 
45X,Z'ilHON A SIDE. USING AN ARRAY OF ,13,18101 PIXELS ON A SIDE 
5J5x,61HWILL ONLY RESULT I~ ZEROES IN ALL PixELS OUTSIDE A RADIUS 0 
6F ,F6.3,IH.1 

58 FORMAT ( III0X,65HTHE MARl! RECONSTRUCTION I'IETHOa tAN ONLY BE USED FO 
1R RING GEOMETRY/15X,)9HISETUP INPUT PARAMETER JGE0fl4-IPARI5'''3}) 

60 FORMATllll0X,68HTHE MARR RECONSTRUCTION MET-HOD REQUIRES Ali EVEN NU 
1MBER OF OETECTORS./I0X,33HTHE NUMBER OF OETECT·IJPS WAS NANG-,t31 

62 FaRHAT( IIlIllX,31HPARAMETERS FOR SUBRouTINE MARP 1I19x,llHOfSCRI 
IPTION/IX) 

64 FORMATI9H NXTAL - ,16t4X,16HNUMBER OF CPVSTALSI 
66 FORfIIIATI9H NOEG - t I6,4X,24HDEGREE OF THE POLYNOMIALJ 
68 FORNAT(I/!5X,51HTHE MAXIMUM OEGREE OF THE .POLY~OMIALS FOR A RING OF 

1,13,,"H DETECT(lRS IS ,t3/5x,57HTHE RECONSTRUCTED VALUES "ILL BE CO 
2MPUTEO TO THIS CEG~EE .. I 

70 FORMATI/l10X,38HMAXIMUM SIZE OF BLANK C("'MON THUS FAR_,I7, 
122H FLOATING· POINT WORDS. I 

END 

I MEMST 
SUB~OUTINE "'EMST IlPOINT,MEMSIZJ 

C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C • REeLSL vERSION 1.0 170CT77 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
c 
C SUBROUTINE MEMST RESERVES SPACE IN ALANK COMMON AND SETS 
C POINTERS TO THESE LOCAT IONS. LPOINT CONTAINS THE CURRENT VALUE 
C OF THE POINTER AND MEMSIZ CONTAINS THE NU"'BER OF WORDS TO 
C BE ~ESERYEO. THIS ROuT INE IS ALSO CAPABLE OF CHANGING THE 
C SPACE ALOCATEO TO A POINTER OP OF DELETING A POINTER AND ITS 
C SPAtE COMPLETELY. 
C WHEN tALLEO WITH LPOINT ZERO ALL POINTERS ARE RESET. 
C WHEN CALLED WITH ~EMSJl"-l. LPOINT IS RETUPNED WITH THE 
C LARGEST AMOUNT OF BLANK COMMON NEE OED THUS FAF 
C 
C LPOINT - THE CURRENT VALUE OF THE PCINTER 
t MEMSlZ - THe NUMBER OF WOROS TO BE PESEq,yeO 
c 
C THIS SUBROUTINE CALLS RECLBL q,OUTtNES - EMESG. IOClL, MEMOY 
C 
C RECLSL ROUTINES )lHICH MUST BE CALLED FIRST - SETUP 
C 
C LA~GUAGE - FORTRAN 
C 
C 

tOMMON/WRKCO"'/NWORK, I WUSEO ,NFLOA T, t ~ETUP 
COMMON WORK III 

N .. ORK - DIMENSION OF THE USER 5 CCI",I'ION SLOCK IN BLANK 
COMMON 

9232 
'il233 
9234 
<1235 
'il236 
9237 
9238 
92:lQ 
n.o 
9Z41 
9Z.2 
n.3 
92 ... 
9245 
9246 
92 .. 7 
92 .. 8 
9249 
'il250 
'il251 
9252 
9253 
<1254 
<1255 
925t 
92!57 
9258 
n59 
9Z60 
9261 
9262 
9263 
926,. 
9265 
9266 
n67 
9268 
~269 
9270 
9271 
9272 
9273 
9274 
9275 
9Z76 
9277 
9278 
9279 
9280 
9281 
9282 
9283 
9284 
9285 
<1286 
9287 
9288 
928'il 
9290 
9291 
9292 
92C;3 
9294 
9Z9~ 
9296 
'il297 
<1298 
9299 
9300 
9301 
9302 
9303 
9304 
9305 
9306 
9307 
9308 
9309 
9310 
9311 
9312 
9313 
9314 
'il315 
9316 
9317 
9318 
931<; 
9320 

'il321 
<13.22 
'i3Z3 
9324 
93Z5 
<;326 
9327 
93Z8 
932q 
9330 
9331 
9332 
9333 
933. 
9335 
<;336 
9337 
9338 
9339 
93.0 
9341 
9342 
9343 
93"" 
934!i 
9346 
9347 
9348 
9349 
9350 
fi351 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c· 
c 
c 

IWUSEO - THE NUMER OF WORDS uSED IN BlAN~ COJiliMON 
NFLOAT - NUMBER OF wORDS FOR A FLOATING POINT VARIABLE 
ISETUp - THE SUBROUTINE SETUP SETS ISETUP • ZHOK. 

SU8ROUTINES WHICH REQUIRE THAT SETUP IS CAllED 
F IR.ST TEST TO SEE I F I SETUP • ZHOK 8EFORE 
EXECUTING • 

WORK - BLANK COJiliMON wORK tNG ARf!:AV 

COJiliMONI ATNCOIII/LATEN, L8MAP, TATEN, LUNA TN 
LOGICAL TATEN 
DIMENSICW ATENtll,BMApIlJ 
EOU IVAL ENCE (WORKt U ,ATENI 11 ,8MApl 111 

LATEN - POINTER TO THE ARRAY ATEN IN BLANK COMMON 
STORES ATTENUATION FACTORS FOR ONE ANGLE 

l8MAP - POINTER TO THE ARRAY BiolAI' IN BLANK COM"'ON 
A MATPIX USED TO STORE THE CONSTANT ATTENUATION 
CO EFF IC IE NT S 

TATEN - LOOICAL VARIABLE SET TPUE FOR ATTENUATION 
RECONSTRUCTlO"l 

LUNATN - LOGICAL UNtT NUMBER FOR ATTENUATION FACTOR STORAGE 

CO!r4MDN/CNVCOM/LCCWV I LCONE 
DIMENSION CONVOLU1,CONEU) 
EOUIVAlENCE I WORK ( 11 ,CONVOU U ,CJNE ( 1 J 1 

lCCWV - POINTER TO THE ARRAY CONY IN BLANK COMNoN 
ARRAY OF CONvOLUTION FACTORS 

LeONE - POINTER TO THE ARRAY CONE IN 8LANK COMMON 
ARRAY OF VARIANCES lAND COVARIANCES OF ADJACENT 
BINSI OF THE CONVOLVED PROJECTIONS 

COJiliMON/OATCDM/L OAT A 
DIMENSIOIII DATAl II 
EQUIVALENCE I WORf(( II ,DATAl 1)) 

LDATA - POINTER TO THE ARRAY DATA 1-' BLANK cmUilON 
DATA - AN INTERMEDIATE PROJECTION ARRAY 

COMMON/ENTCON/L I M IT, ERENT, LXLAGR. LGRAD,U-IWORK, LBCKE, LpRJE 
DIMENSION XLAGR (ll,GRAD( 1I,HWORKI11, BCKE( 1"pRJEI 1I 
EOUI VAL ENCEI WORKI1' ,XLAGR( 11 ,GRADI 1), HWORK flit BCKEI 11, PRJE 1111 

LIMIT - "4AXI~W" NUMBER OF ITERATIONS ALLOWED TO NINIMllE 
THE OBJECTIVE FUNCTION FOR THE DUAL pROGIUN 

ERENT - TEST VALUE REPRESENTING THE EXPECTED "'BSOlUTE ERROR 
ERENTx SHOULD NOT BE ANY SMALLER THAN 10**'-0), 
WHERE 0 I S THE NUMB ER Of S IGNI F I CANT 01 GITS 1 N 
FLOATING POINT REPRESENTATION. 

LXL ... GR - POINTER TO THE ARRAY XLAGR IN &. ... IIIK COMMON 
ARRAY OF LAGRANGE MULTIPLtERS FOR THE DUAL 
pROBLEfIIII USED TO OpTI""1 ZE ENTROPY AS A 
RECONSTRUCTION CRITERION 

LGRAD - POINTER TO THE ARRAY GUO IN BLANK "(:O"'MON 
THE GftADtENT AAR.lY FOR THE FUNCTION OF LAGRANGE 
MUl TIPLIERS 

LHWORK - POINTER TO THE ARRAY HWORK IN BLANK (OMI'ION 
WORKING STORAGE OF DIMENSION Z*(NO. OF LAGA-APoiGE 
MUL T IpL JERS I 

L8CKE - POINTER: TO THE ARRAY BCKE IN BLANK CO"''''ON 
A TEMPORARY BACK-PROJECTION ARRAY 

lpRJE - PQlPolTER TO T~E ARRAY pRJE IN BLANK COJIII""ON 
A P.clOJECTION ARRAY 

CO"''''ONI FI L COM/OROER, FRE 0, l8CKA,L pRJA, LF IL T 
DI"'ENSION 8CKAIlI,pRJAI1I,FlLTI1i . 
EQUIVALENCE (WORK( 11, 8CKAI1I ,pRJAI1', FIl TI 11 J 

ORDE'!: - FILTER PARAMETER USEO ONLY B't" THE FILTER BUTER 
FREQ - FIlTER pAUMETER 
LBCKA - POINTER TO THE ActRAY 8C1(A 1 N 8LANK COM",ON 

8ACK-PpOJECTION ARRAY WHICH HAS THE DIMENSION 
NoI'" X ttlI" 

LPRJA - POINTER TO THE APRAY pRJA IN BLANK COMMON 
A PROJECT ION U'!:AY FOct ONE ANGLE 

LFILT - POINTER TO THE ARRAY FILT IN BLANK COMMON 
AI<.RAY OF FILTER VALUES 

CoIIIJIIION/GNVCOM/LGMAT, LUJIIAT, LIGFLG, KI GFLG, LGT EMp, LGVEC 
DIMENSION Gil AT I 1 J, UMAH 11, I GFLGI 11, GT EMPC lI,GVECllI 
EQUI VAL ENCE IWORK 11 I ,GMAT! 1 J ,UMAT 11 J, I GFlGI 1 " GTE"'PC 11, GVECC 11 I 

LGMAT - POINTER. TO THE ARRAY GMAT IN BLANK COIIIIIION 
MATRIx TO INVERT IN GVEAS 

LU"'AT - POINTER TO THE AR'l:AY UMAT IN BLolNK COMMON 
BOOKKEEPING MATRIX FOR GVERS 

LIGFlG - POINTER TO THE ARRAY IGFLG IN 8LANK .COMMON 
FLAGS fOR GVERS 

KIGFLG - SPECIAL flAG FOR MEMST CALLS NEEDED BECAUSE tGFLG 
I S AN INTEGER 

LGTEMP - POINTER TO THE ARRAY GTE"'P IN BLANK COMMON 
TE",pOR;'RY STORAGE FOR GVE'!:S 

LGVEC - POINTER TO THE ARRAY GVEC tN BLANK COMMON 
PROJECTION STORAGE FOR GVERS 

COMMONI IT RCO"'/NS1I', TR LX, fERR, T ZER,lWGT, lOfL, L TEMp,LCDEL, L TAAN 
LOGICAL TRlJ(,TERR,TZER 
DIJillENSION WGT 11 J,DEL (l"TEMPI 11 ,CDEU 11, TRANI it 
EQUIVALENCE IWoRK Cl J ,WGT 11 "OELI1', TE",pClI ,COELllI, TR ... NI it» 

NSTP - NU""BER OF ITERATION STEPS 
TUX - LOGICAL VARIABLE SET HUE FOR RELAXATION 
TERR - LOGICAL VARIABLE SET TRUE FOR WEIGHTED LE.AST SQUARE 
HER - LOGICAL VARIABLE SET TRUE TO ZERO INITIAL SOLUTION 
LWGT - POINTER. TO THE ARRAY WGT I N BLANK COMMON 

WEIGHTS FOR WEIGIHED LEAST SQUARES ISEE TERR.J 
LOEL - POINTER TO THE ARqAY DEL 1111 8LANk COM""ON 

GRADIENT VEC TOR 
lTEMP - POINTER TO THE ARA-AY TEMP IN eLANK COI'II'lON 

TEMPORARY STORAGE TO INCREASE SPEED 
LCDEL - POINTER TO THE ARRAY COEL IN BLANK COMMON 

STEP DIRECTION FOR CONJUGATE GRAOIENTS 
URAN - POINTER TO THE ARRAY TRAN IN BLANK COMMON 

TRANSFORMATION MATRIX FOR RELAXATION (SEE TPlXI 

C OMMONI MARCDM/LGAM,L GpRJ, L B8MR, LUMR, l AI'IAR, L B"IAR 
DIME/IIS ION GAN 11" GpR J 111 ,8BMR 111 ,UMR ( II, AMAR 111 ,BMActllJ 
EQUIVALENCE IWORK! 11, GAM( l" GPRJI11. BB",R! U ,AlMRI lI,AMARI lit 

1 SMARI 1I) 

C OMMON/OUTCOM/LUNOUT, 18013Z 

LUNOOT - LOGICAL UNIT NUMBER FOP OUTPUT 
18013Z - flAG INDICATING NUMBER OF CHARACTERS IN A LIP\lE OF 

OUTPUT ON LUNOUT 
o • 80 CHARACTERS 113Z CHARACTERS mHERwtSE' 

COMMONI pHNCOM/L pHAN 
DIMENSION pf-IAN( lJ 
EQUIVALENCE (WORKll),PHA"'1111 

LPHAN - POINTER TO THE ARRAY pHAN IN BLANK COMMON 
WORKING STORAGE FOR PHANTOM GENEI:tATING ROUTINES 

93!Z 
9353 
9354 
9355 
9356 
9357 
9358 
9359 
9360 
9361 
9362 
9363 
9364 
9365 
9366 
9367 
9368 
9369 
9370 
9371 
9372 
9373 
93H 
9375 
9376 
9377 
9378 
9319 
9380 
'n81 
938Z 
9383 
9384 
9385 
9386 
9387 
9388 
9389 
9390 
93~H 

9392 
9393 
9394 
9395 
9396 
9397 
9398 
9399 
9400 
9401 
9402 

"0' 9404 
9405 
9406 
9407 
9408 
9409 
9410 
9411 
9oH2 
9'H3 
9414 
9415 
9416 
9417 
9418 
9419 
9420 
9421 
9422 
94Z3 
9424 
94Z5 
94Z6 
9427 
94Z8 
94Z9 
9430 
9431 
943Z 
9433 
9434 
9435 
9436 
9437 
901,]8 
9439 

'''0 
9441 
944Z 
9443 .. "" 
9445 
9446 
9447 
9448 
9449 
9450 
9451 
945Z 
9453 
9454 
9455 
9456 
9457 
9458 
9459 
9460 
9461 
946Z 
9463 
9464 
9465 
9466 
9467 
9468 
9469 
9470 
9lt71 
91t72 
9473 
9471t 
91,75 
9476 
9U7 
'lit 78 
9479 
9480 
91t81 
948Z 
9483 
9484 
91t85 
91t86 

c 
c 

'c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

COMJIIONI pRTCOMlTpRINT I 8'1 
LCXiICAL TPRINT 

TPRINT - LOGICAL PRINT FLAGS 
1 - PRINT REQUI RED FLOATING POINT BLANK COIIIMON 

WHENeVER CHANGEO 
Z - PRINT PROJECTION DATA ANO UNCERTAINTIES 
3 - PRINT SETUP VALUES FRO'" IPAR AND PAR .aRRAYS 

.., - PRINT FILTER FUNCTION FOR CONVOLUTION ANO FlLTE1t. 
ROUTINES 

5 - PRINT VALUES FOR THE LAGRANGE "'ULTtpIlERS AND 
THE GRADIENT FOR THE FUNCTION OF LAGRAN"GE JIIUL TJ
PtLERS FOR THE ENTROPY RECONSTRLCTION 

6 - PRINT POINT ERS IN BLANK COMMON WHENEVER CHANGED 
I DEBUG) 

COMMONI PTRCOM/NOt "'U, NOI JIll, PWI 0, TC lR,NMAT. LNI, KNI 
LOGICAL TCIR 
DIMENSION NIIlI 
EQUI VALENCE (WDRKfll, Nle 111 

NDtNU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAR OIMENSION USED By THE PROGRAM 
pwlD - PIXEL WIDTH C IN UNITS OF PR.OJECTION 8IN WIDTHI 
TCIR - LOGICAL VM tABLE SET TRUE FOR CIRCULAR RECDN. 
NMAT - THE NUIII8ER OF CEllS IN THE TRANSVEPSE SECTION 
L.NI - POINTER TO THE ARRAY NI IN BLANK COIIIMON 

NIeJI IS THE NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUARE DR C lR.CULAR FORM OF THE ARRAy 

KNI - SPEC IAL FLA G FOR MEIIIST CALL S NEEDED BECAUSE NI 
IS "'N INTEGER V ... RIABLE 

COMMON/RAYCOM/NL EV, lMR.FAC, KMRFAC, LRFAC 
DI"IENSION MRFACC 11 ,RFAC 111 
EQUIV A1.ENCEIWORK(l I.MRFACI 1I,RFACI 111 

NLEV - NUMBER OF FRACTIofrl LEVELS 
LMRFAC - POINTER TO THE ARRAY MRFAC IN BLANK CoM/"IO" 

I'IRFAC(MANGLEI POINTS TO THE LOCATION IN BL.ANK 
COMJIIION WHERE RFAC{MRFA"NANGLEII IS STORED. 
RFAClMRFACf""AHGLEII IS THE FRACTION OF THE CEll.. 
WITHIN THE RAY VHEN THE CENTeR OF THE CELL IS IN 
THE CENTER OF THE RAY AT THE ANGLE MANGLE. 

KMRFAC - SPECIAL FLAG FOR MEMST CAllS NEEDED BecAUSE NRFAC 
IS AN INTEGER VARIABLE 

LRFAC - POINTER TO THE ARRAY RFAC IN BlANK CoM""ON 
FRACTIONAL AREAS Of ... CELL WHICH INTERSECT 
A RAY AND THIS FRACTION 15 MEASURED AS A FUfrCTlQH 
OF THE DISTANCE THE CENTER OF THE CELL IS FROM 
THE CENTER OF THE RAY. THE TOTAL DIMENSION OF 
THE ARRAY P FAC IS NRFAC-LL*EQANG, WHERE 

3*NLEy+i IF NLEV IS EVEN 
LL • 

3*HI,.EV+1 IF NLEV IS ODD 
AND EQANG IS THE StzE OF THE SET OF ANGLES FOR"Eo 
FROM THE SET OF TOTAL ANGLES WITH MOO OPERATION 
OF PHIIZ THEN REflECTION ABOUT pH1/4. 

COMIIION/STRCOMITSTORE 
LOGICAL TSTORE 

TSTORE - LOGICAL VARIA8LE SET TRUE WHEN TESTING STOIUGE SIZE 
SETS TPRINTClI •• TRUE. 

CoM"ONITRGCOMII GEO", KOt"'U, AX ISU, 8WIO, KMOV, KMIN,KMAX, KDt M. AXIS. 
1 LpROJ,NANG ,NODAHG. LANG, LS J NE,lCOS IN. LOAl ER, TEIIIIT 

LOGICAL TEMIT 
01 MENSION pROJClI,ANGlll ,S tNEI 11 ,COSINE( U,OATER( 11 
EQUIVALENCE (WORK 11" PRoJ( 1) ,ANGIlI. SINEUI ,COSINf III ,O&rERIlJ) 

IGEOM - GEOIIIETRy flAG 
o • pARALLa BEAM GEOMETRY 
1 • FAN BeAM GEOMETRY (CURVED DETECTOR) 
2 • FAN BEAM GEOMETRY IFlAT DETECTOR) 
3 • RING DETECTOR GEOMETRY 

KDIMU - NUJIIBER OF BINS IN THE pROJECTlON ARRAY SUPPLIED 

AXlSU 

BWID 
KMev 

KillIN 

KMAX 

KOI'" 

AXI S 

LPRDJ 

NANG 
IIIIOOANG 
lANG 

lS IHE 

LCOSIN 

LDATER 

TEM1T 

BY THE USER 
- THE PROJECTED LOCAl·ION OF THE ROTATION AXIS IN THE 

PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AX ISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION 8IN.1 

- PROJECTION 81N WIDTH liN UNITS Of PIXEL WIDTHI 
- THE DISTANCE BETWEEN THE AXIS FOR THE $YSTEJII DATA 

ARRAY I AX IS I AND THE. AXIS FOR THE USER OATA 
ARRAY IAXISUJ. AXIS - AXISU+FLOATIKMOV) 

- FIRST lOCAT JON IN SYSTEM OATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER. PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATION IN SYSTEIII DATA ARRAY THAT· STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOING TO BE USED .. 

- NUMBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NDIM X NOI"" ARRAY, USUALLY 
KDIM-KDIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXlS-UlSU. 

- POINTER. TO THE ARRAY PROJ IN BlANK CO,",MON 
INTERMEDI ATE PROJECTION AND PROJECTION ERROR 
VECTOR 

- NUJIIIBER OF PROJECTIONS 
- IIIIODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARltAY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK CO"'MON 

COS INE OF THE PROJECTION ANGLES 
- POYNTER TO THE ARRAY DATER IN BLANK COMMON 

USER PROJECTION DATA AND LNCERTAINTIES 
- LOOICAl VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

DIMENSION NAME (3,381, KpTR( 38', INDXI381 ,NAMER(S' 
LOOICAL TSTORS 
DATA IIIPTRI3BI 
DATA NAMEI 

1 
2HLA,ZHTE,ZHN , 
Z HLO, ZHEl, ZH 
ZHLC,2HDE,2HL • 
2HLP, 2HRO, ZHJ , 
ZHL 101, 2HRF,2 HAC, 
ZHLS .ZHI N,2HE 
ZHLC, 2HON, 2HV I 

2HLG,ZHRA,ZHD , 
2HlB,ZHCK,2HE 
Ztt.B, ZHCK, 2HA , 
2HLF,ZHIl,ZHT 
2HLB,ZH/IIIA,ZHp 
ZHLD,ZHAT,ZHA 
2HlG,2HVE,2HC 

ZHU.,ZHGT,2H 
ZHLT,ZI-1EM,ZHP , 
2HL T ,ZHRA, 2 ... , 
ZHLN,2HI .ZM 
ZHlA,2HNG,2H 
ZHLC ,2HOS ,ZHIN, 
ZHLX,2HLA,ZHGR, 
2HlH. ZHWO, 2HRK, 
ZHLp,ZHRJ,2HE , 
2HLp,ZHRJ,ZHA , 
2HLR,2HFA,ZHC , 
ZHLD ,ZHAT ,ZHER, 
ZHLG, ZHTE, 2HMp, 
ZHLG,ZHAM,2H 
2Hl8,ZHB~,2HR , 
ZHLA,ZHMA,2HR , 
2HlC, ZHoN, ZHE , 
ZHLG,2HMA,ZHT • 
2HlI,2HGF,ZHLGI 

2 , 
• 5 
6 
7 
8 
9 · . • 

Z .... G, 2HpR. ZHJ 
ZHLA,ZHAH,Z~ , 
ZHLB, ZMMA, 2HR , 
2HLP,ZHHA,2HN 
ZHLU,2HHA,ZHT , 

257 

.... 
90\11 
9489 
9490 
9491 
91t92 
9493 
94'0\ 
9495 
9496 
9497 
9498 
91t99 

"00 
9501 
9502 
950) 
9504 
950' 
950' 
9501 
9508 
•• 09 
9510 
9511 
9512 
951) 
9510\ 
9515 
951' 
'!H"T 
9518 
'519 
9520 
9521 
9522 
9523 
9524 
9525 
9526 
'5Zl' 
9528 
9529 
95'0 
95U 
9512 
95n 
'5)0\ 
9535 
'536 
9531 
9na 
9539 ..... 
95"1' ~ .. 
9542 
950\1 .... 
9545 .... 
950\1 
9548 
"0\9 
9SSD 
9551 
9"2 
955) .... 
'55' 9556 
9551 
9558 
"59 
"60 
9561 
'562 
9563 .... 
956' 
9'66 
'567 
'568 
9569 
9'70 
9571 
9572 
95T3 

9"" 9575 
9576 
9577 
9578 
9579 
'580 
9581 
958Z 
9583 
9584 
9585 
9586 
9587 
'5B8 
958' 
9590 
'591 
9592 
959] 
9590\ 
9595 
'596 
9597 
9598 
'59' 
9600 
9601 
9602 
'ltD! .. ~ 
9605 
.606 
9601 
9608 
•• 09 
9610 
9ft 1 
9612 
9613 
9614 
9615 
961b 
9611 
9618 
'611i 
9620 
9621 
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C 

DATA NA~ER/IHM,lHE,lH""lHS,lHTI 
DATA MAXFW/OI 
DATA TS10R5/.FALSE./ 

LPTR."'LPOINT 
"'51 Z""'EMSIZ 

-SEE IF wE NEED ONLY RETURN MAXFW OR. RESET POINTERS 

IF IMSIl.GE.OI GO TO 14 
IF (MSIZ.NE.-ll GO TO 10 
lPDINT.MAXFW 
RETURN 

10 IF IT5TOR5) TSTOREc.TIIUE. 

C .RESET ALL POINTERS 
C 

c 

DO 12 I"'l,NPTIt. 
12 KPTRIIJ=-l 

GO TO 38 
14 CONTINUE 

C SET KPTR TO POINTER VALUES 
c· 

c 

KPTR(l)=LATEN 
KPTRIZJ-LWGT 
KPTR. 131-LOEL 
KPTlUItI=LTEHP 
I(PTRISI-I,.CDfL 
KPTR(blelTRAN 
I(PTR.{7)"LPR.QJ 
KPTIU 81=KNt 
I(PTR. (91"I(MRFAC 
KPTftllO'·LANG 
KPTRlll)·lSINE 
KPTIU121-lCOSIN 
KPTRC lll-LCONV 
KPTIH 141=LXlAGR 
KPTRI151"'LGRAQ 
KPTR. 1161 cLHWQRK 
KPTRI171"L8CKE 
KPTR(181·LPRJE 
KPTRC 191-LBCKA 
KPTR(20)·LPRJA 
!(PTRI2U-LfllT 
KPTRIZZI-lRFAC 
KPTR(23IcLBMAP 
KPTR( 241-LDATER 
KPTR(2S)-lOATA 
KPTA.t2b)-LGTEHP 
KPTR(271-LGVEC 
KPTR(281-LGAH 
KPTR(291-lGPRJ 
KPTRf301-LBBHR 
KPTA.f31I-LAAMR 
KPTR( 321-lAHAR 
KPTR(331-LBHAR 
KPTR(3It1-LCONE 
KPTR'35'''LPHAN 
KPTR( 36 '''LGMAT 
KPU'371-LUI'IAT 
KPTR( 381"KIGFlG 

SEE IF LPTR IS VALID' 

ISETcO 
00 16 1-1,NPTR 

16 IF ILPTR.EC)"KPTRU)I ISET-t 

IF eISEl.EC).OI WRlTE (LUNOUT,581 LPTR 
IF (lSET.EQ.O) CALL EMESG (28,NAMER,2) 
IF (LPTR.LT.O.AND.ISET .. NE.-LPTRI WRITE ILUNOuT,601 LPTR,ISET 
IF ILPTR.LT.O.ANO.ISET.NE.-LPTRI CALL EMESG (29,NAMER,2) 

SPEC IAL FOR POINTERS TO INTEGER. ARP.AYS 

IF I IS ET • EQ. 8 .OR.l 5 ET. EQ.9 .OR.l,SET .EQ. 381 MSIZ-t "'SI Z+NFLOAT-11/NFL 
1 OAT 

C FINO THE ORDER OF POINTERS ALREADY SET. 
e IHDX WILL CONTUN,THE INDICES OF THE POINTERS WHICH HAVE BEEN 
C SET (IN ASCENDING ORDERI. 
e 
C SET LARGE BIGGER THAN A LL POINTERS 
C 

LARGe.cO 
00 18 I_l,NPTR 

18 IF (KPTRIII.GE.LARGE) LARGE-KPTRIJ)+l 

MOVE- 0 
NSET .. O 
MSET-O 
DO 22 I_l,NPTR 

MPTRaLARGE 
DO 20 J-l,NPTR 
IF IKPTA,(JI.LE.OJ GO TO 20 
IF (KPTRIJ).GT.MPTRI GO TO 20 
JPTReJ' 
HPTA,"'KPTRtJI 

2ei CONT JHUE 
~F IMPTR.EQ.LARGEI GO TO 21t 

N5ET;NSET+l 
IF (LPTR.EQ.KPTRIJPTRII MSET-NSET 
INOXI NSETJ=JPTR 

22 KPTR(JPTRJ"'-KPTR(JPTR) 

RESET KPTR; 

24 IF (NSET.EQ.O) GO TO 28 
00 2b 1-1,NSET 
J"'IPiOX( I I 

26 KPTRIJI=-KPTRtJI 

28 IF (MSET.NE.OI GO TO 30 
IF (1'I5lZ.LE.01 GO TO 38 

MAME NOT SET AND "ISH .GT. 0 SO INITIATE NEW POiNTER 

N5ET"NSET+l 
INOXC"ISETlcISET 
K PTR ( IS ET 1m IWUS EOt-l 
1 WUSED"l WUSEDt-MS II 
GO T:J 38 

MAME ALREADY SeT SO ALTER THE EXISTING POINTERS 

30 IF (MSET.NE.NSETI GO TO 34 

MAHE WAS THE LAST ONE SET SO JUST CHANGE. IWUSED 

IWUSE D .. KPTR f I SET 1-1 
IF (~Sll.LE.O) GO TO 32 
I WUSE D"IWUSEO+H Sil 
GO TJ 38 

"'S IZ .LE. 0 SO CL08BER MAME 

9622 
9623 
9624 
9625 
9626 
9621 
9628 
9629 
9630 
9631 
9632 
9633 
9634 
9635 
9636 
9b37 
9638 
9639 
9640 
9641 
9642 
9643 .... 
9645 
964b 
9647 
9648 
9649 
9650 
9651 
9652 
9653 
9654 
9655 
9656 
9657 
9658 
9659 
9660 
9661 
9662 
9663 
9664 
9665 
9666 
9667 
9668 
9669 
9610 
9671 
9672 
9673 
9674 
9675 
9616 
9671 
9678 
9679 
9680 
9681 
9H2 
9683 
9684 
9685 
9686 
9687 
9688 
9689 
9690 
9691 
9692 
9693 .... 
9695 
9696 
9697 
9698 
9699 
9700 
9101 
9702 
9703 
9704 
9705 
.706 
9701 
9708 
9709 
9710 
9711 
9712 
9713 
9114 
9715 
9716 
9711 
9718 
9119 
9720 
9721 
9722 
9723 
9724 
9725 
9726 
9727 
972:8 
9729 
9730 
9131 
9732 
9733 . 
9134 
9735 
973b 
9731 
9738 
9739 
9140 
9741 
9742 
9143 
9144 
9745 
9146 
9741 
9748 
9749 
9150 
9751 
9752 
9153 
97~4 
9755 
975e 
9757 
9758 
975CJ 
9760 
97bl 

32 KPTRCISETJ-ISET 
INOXIMSETJ-O 
GO TO 38 

MAME WAS NOT THE LAST ONE SET SO ALTER ALL POlPiTERS SET AFTER 

31t MM-INOX(MSET+lJ 
MOVE-I( PTR I IS ET I-KPTR (101M I 
IF (MSll.GT.O) MOVE-MOvE+MSIZ 
MSETl-MSET+l 
DO 36 J-MSETl,NSEl 
I-INDXIJI 

36 KPTRII)-KPTRCIhMOVE 
I WUSED-I WUSED+MDvE 
IF IMSIZ.GT.OI GO TO 38 

MSIZ .LE .. 0 SO CL08BER MAME 

KPTRtISETI--ISET 
INDX(MSETJ-O 

RESET POINTER VALUES FRO,. KPTR 

38 IF I IWUSED.GT .MAXFW) MAXFW-IWUSEO 
LATEN-KPTRC 11 
LWGT-KPTR 121 
LOEL"KPTR C 31 
l TEMP-KPTRUI 
LCDEL"KPTR(SI 
L TRAN"KPTR t 6) 
LPROJ-KPTRI71 
KNI-KPTR(81 
LNt-l +t KNI-ll*NFLOAT 
KMRFAC-KPTR(91 
LMRFAC.l +1 KHRFAC-l I*NFlOAT 
LANG-KPTRIlOI 
LSINE-KPTR( HI 
LCOSIN-KPTR(121 
LCONV-KPTR t 131 
LXLAGR-KPTRI141 
LGRAO-KPTR(151 
LHWORK-KPTR 1161 
LBCKE·KPTRCI71 
LPRJE-KPTR(181 
LBCKA-KPTRI191 
lPRJA-KPTRC201 
LFIL T.KPTRf211 
LRFAC_KPTR ( 22) 
L8MAP-I(PTRI231 
LOATER-KPTR (24' 
LOAT A-KPTR 125. 
LG TEMPcKPTR 126' 
LGVEC·KPTRI271 
LGAM-KPTRC28) 
LGPRJ-KPTR 129. 
'LS8MR-KPTft (301 
LAAI'IR_KPTR (3lJ 
lAMAR-KPTRI321 
L8MAR"KPTR 1331 
LCONE-KPTRC341 
LPHAN_KPTR(35) 
LGMAT-KPTRt361 
LUMU-KPTRI37J 
KIGFLG-KPUC381 
LI GFLG-l +( KIGFLG-l )*NFLOAT 
IF (MSI l.L T. O. RETURN 
IF (JWUSEO.GT.NWORK.OR.TPRINTClJ) GO TO 40 
IF "'40VE.NE.0) GO .TO 52 
RETUR~ 

PRINT OUT POINTERS AND CHECK FOR OVERFLO~ 

40 IF (NSET.EQ .. O) GO TO 50 
IF I.NOT.TPRtNTI6'l GO TO 0\6 
WRITE (LUNOUT,621 
JJ-O 
DO 44 J-l,NSET 
J-INDXII J 
IF I J .LE.OI GO TO 44 
IF IJJ.EQ.OI GO TO 42 
LEN-KPT R I J .-KPTR (JJ I 
KPOCT-IOCTLIKPTR(JJII 
wRITE (LU~OUT, b4 I (NAMEI K, JJ I, K.1, 31, KPTRt JJ I ,I(POC'T. LEN 

42 JJ.J 
44 CONTI~UE 

lEN-IWUSED-KPTR I JJ )+1 
KPQCT-IOCTLIKPTRIJJII 
WR ITE (LUNOUT, 64 I I NAME I K, JJ J ,I( -1,31, KPTR( JJI ,I(POCT, LEN 

46 JW(JCT-IOCTLIJWUSEDI 
WRITE (LUNOUT,66) IWUSEO, IwaCT 
IF ITSTQREI GO TO 48 
t F I NWORK. GE. I WUSEO I GO TO 48 
NWOCT- IOCTL I NWDRK) 
WRITE I LUNOur ,681 NWORK,NWOCT 
wRITE (LUNOUT,70. 
CALL EMESG 19,NAMER,-11 
TSTORS-.TRUE. 
TSTORE-.TRUE. 
TPRtNTtll-.TRUE. 

48 IF IMDVE.NE.C) GO TO 52 
RETURN 

50 WRITE (lUNOUT,721 
RETURN 

MOVE THE VARIOUS SECTORS OF BLANK CQMMQ)<f TO CORRECT POSITIONS 

52 IF I TSTORE) RETURN 

I I -I WUSEO-KPTR t MMI+ 1 
ISUSI-KPTR(MM) 
INC-I 
IF (MOVE.LT.O) GO TO ~4 
ISUSl-IWUSEO 
INCa-1 

54 0056 I-I, II 
I SUSZ-I SUSI-MOVE 
WORK ( Isue 1,,,WORK II SU82) 

56 ISUSl-ISUBl+INC 

RETURN 

58 FORMAT(lX,16,36H IS NOT A VAllO POINTER ••• STOP ••• ) 
60 FORHAT(l9H LPTR IS NEGATIVE (,lb,18H) SUT PiOT -15ET (-,14, 

li4H) ••• STOP ••• ) 
62 FOR"1AT( /lllH POINTER ,t5X,lOHDEC IMAl dOH OCTAL ,9H LEN 

IGTIH 
61t FORMAT' lX,3A2, 19X, 16, 4X,IH( ,I6,lH I ,ItX,I61 
66 FOPMATI 1/26H BlANI( COMMON REQUIRED ,J6,4X,lHI,I6,IH" 
68 FORMATl26H 8LANK COMMON SUPPLIED ,16,4X,IHI,16,IHII 
70 FOR,.AT( IIlX,80(lH*11 

llX,lH"',7X,b4HTHE AMOUNT OF SPACE REQUIRED IN COMHON BLOCI( WORK IS 
2URGER THAN, 7X, IH*I ' 
31X,80H'" THE AMOUNT ALLOCATED 8Y THE USER. THIS RUN IS NOW ASTOR 
ltAGE SIZE TEST, NO "'I ' 
5lX, IH"', 23X, 3lHRECON STRUC TION WILL BE EXECUTED, 24X, IH*/lX, 8011H"') ) 

72 FORMATI 1I16H NO POINTERS Ser) 
END 

9762 
976! 
.764 
976!l 
9766 
9767 
9768 
9769 
9710 
9771 
9712 
9773 
9770\ 
9775 
9776 
9771 
9178 
9719 
9780 
9181 
9782 
9783 
9784 
9785 
9786 
9781 
97118 
9789 
9790 
9791 
9792 
9793 
97 .. 
9795 
9796 
9791 
9798 
9799 
9800 
9801 
9802 
9803 
980. 
9.0. 
9806 
9807 
9808 
9809 
9810 
9811 
9812 
9813 
9814 
9815 
9816 
9811 
9818 
9819 
9820 
9821 
9822 
982! 
9824 
9825 
9826 
9821 
9828 
982'1 
.830 
9831 
9832 
98U 
9834 
9835 
9836 
9831 
9838 
9839 
9840 
9841 
9842 
9843 
9844 
9845 .... 
9841 
98048 
9849 
9850 
9851 
9852 
9853 
9854 
9855 
9856 
9857 
9858 
98S9 
9B60 
9861 
9862 
9863 
9864 
9865 
9866 
9861 
98&8 
9869 
9870 
9871 
9872 
9873 
9874 
9815 
9B76 
9877 
9818 
9879 
98eO 
9881 
9882 
9883 
988. 
9885 
9886 
9887 
9888 
9889 
9890 
9891 
9892 
9893 
9894 
9895 
9896 
9897 
9898 
9899 
9900 
9901 
9902 
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c 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c . 
c 
c 
c 
c 
c 
c 
c· 
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SUBItOUTINf PARIN IP,XI,"'" .................................................................. 
• RECLBL VERSION 1.0 170071. .................................................................. 

THE SUBROUTINE PARIN EV/I,LUATES AT THE POINT XI THE 'IHUE 
OF THE FILTER OBTAINED BY MULTIPLYING THE PAR-ZEN WINDOw BY THE 
ABSOLUTE VALUE OF THE MEASURE, ABSIXII. 

- THE FUNCTIONAL VALUE 
XI - THE INOEPE"IOENT VARIABLE 
M - HAS THE FOl..l..OwING VAI..UES 

.LE. 0 THE FLAGS ARE RETURNED IN P 

.GT. 0 THE FUNCTIONAL VALUE IS RETURNED IN P 

THE FILTER. PARAMETER FREQ IS PASSED IN THE COMMO,... BLOCK FILCCM. 

LANGUAGE - FORTRAN 

COM"'ON/WRkCO"4/NWORK, I WUSEO ,NFLOAT, I SETUP 
C O""'ON WORk III 

NWORK - DIMENSION OF THE USER S COMMON BLOCK IN BLANK 
CO...-MON 

IWUSED - THE NUMBER OF WORDS USED IN BLANK COMMON 
NFLOAT - NUMBER Of WORDS FOR A FLOATING POtNT VARtABLE 
I SETUP - THE SUBROUTINE SETUP SETS ISETUP _ 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETup • 2HOK BEFORE 
EXECUTING. 

WORK - BLANK COMMON WORKING ARRAY 

COI'IIMON/F ILeOM IORDER, FREQ ,L BCKA ,l PRJA, IF Il T 
DIMENSION BCKAIlI,PRJAI 11, FILTUI 
EQUIVALENCE I WORKU I, BCKAI U, PRJAU I, FILTt 111 

ORDER - FILTER PARAMETER USED ONLY BY THE FllTEP, BUTER 
FREQ - FILTER PARAMETER 
lBCKA - POINTER TO THE ARRAY BCKA I N BLANK COMMOfll 

BACK-PROJECTION ARRAY WHICH HAS THE OII'IIENS ION 
NoIM X NOIM 

LPRJA - POINTER TO THE ARRAY PRJA IN 'BLANK COI'II"mN 
A PROJECTION ARRAY FOR ONE ANGLE 

LFtLT - POINTER TO THE ARRAY FIlT IN BUNK COMMON 
ARRAY OF FILTER VALUES 

DII'IIENSIDN Pili 

BCK/PRJ/CNv/2 OF,WT,ATEN,FAN, ARE THE JFLAGS RETURNED IN P 
IF M .LE. 0 

OIMENSJON FLAGS(4) 
DAU FLAGS/3. ,-1.,0.,-1.1 

IF IM.lE.Ol GO TO 18 

PARZ-O. 
IF IXI-FREQ) 10,10,lb 

10 IF (x1-fREQ/2.) 12,l2,llt 
12 PARZ- 11.-b •• 1 X II FREQ , •• 2.1 1.-X t/FREQ' I.XI 

GO TO 16 
14 PARZ-2 •• ll.-XI/FREQ, •• 3.xI 
16 PIlI.PARZ 

RETURN 

18 DO 20 1-1,4 
20 PIU-FlAGSltJ 

RETUR.N 
END 

SU8ROUTINE PCO IB,P,I'II' ...........•...............•...................................... 
• RECL8l VERSION 1.0 170CT77 .................................................................. 

THE SUBROUTINE PCO PROJECTS fRCI'II T~E ARRAY e A SINGLE 
PROJECTION INTO THE ARRAY P. THE PROJECTION HAS THE ANGLE 
ANGeM' WHERE M IS THE INDEX OF THE ANGLE. THE PPOJECTION BINS 
AND THE TRANSVERse SECT tON CELLS MUST BE THE SAflilE SIZE. FOR 
THESE CONDITIONS THE SUBROUTINE PCDA GIVES AN APPROXIMATJO~ FO~ 
A I'IIODEl WITH UNIFORM DENSITY IN EACH CELL SUCH THAT EACH CELL 

.PROJECTS AS A SQUARE WAVe. 

- THE ARRAY OF DATA fOR THE TRANSVERSE SECTION 
- THE PROJECT ION ARRAY 
- THE ANGLE INDEX , 
- IF M .EQ. 0 ONLY A SET OF flAGS IS RETURNED IN B 

NO PROJECTION OPERATION IS PERFORf04ED 
(SEE THE SUBROUTINE RCHEK FOR EACH FLAGS I'IIEANINGI 

- If tot .LT. 0, ITS ABSOLUTE VALUE 15 US EO AS ANGLE 
INDEX. HOWEVER, RATHER THAN A PROJECTION OPERATION 
BEING PERFORIIED, A WEIGHTED BACK-PROJECTION 15 
CALCULATED. IT IS USED BY THE ITERATIVE RELAXATION 
RECO~STRLCTION -.ETHOO. 

THIS SUBROUTINE CALLS REClBl ROUTINES - ZERO 

REClBl ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMON/WRKCOf04/NWORK, IWUSEO, NFL OAT ,I SETUP 
COMMON WORK III 

9903 
9904 
9905 
990b 
9C}07 
9~08 

9C;0~ 

C}Ql0 
9C}ll 
C;912 
9913 
9'H4 
9 0 15 
9916 
9917 
9SHl 
991C} 
9920 
9921 
9n2 
9923 
9924 
9<;25 
9926 
9927 
9928 
9929 
9930 
9931 
9932 
9~33 
9n4 
9935 
9936 
.99037 
9938 
9939 
9940 
'7941 
9~'+2 
9943 .... 
9945 .... 
99H 
9948 
9949 
9950 
9951 
99S2 
9953 
9954 
9955 
C}C}5b 
9957 
9958 
c}959 
9960 
99bl 
9962 
99t3 
9964 
9965 
9966 
9967 
9968 
9969 
9970 
9971 
9972 
9973 
9974 

9975 
9976 
9977 
9918 
9979 
9geo 
9981 
90;B2 
9983 
9984 
99BS 
9986 
9987 
9988 
99B9 
9<;90 
99<;l1 
9992 
9993 
9994 
999S 
9996 
9C;97 
~99B 
9999 

10000 
10001 
10002 
10003 
10004 
10005 
10006 
10001 
10008 
10009 

c 
c 
c 
e 
c 
c 
c 
c 
c 
c 
c 

. c 

,NWORK - OIMENSIO~ Of THE USER S COMMON elOCK I~ BLANK 
COMMJN 

I;(uSEO - T~E "4UMBER 'JF wORDS USED 1"1 BLANK COMMON 
Nf.LOA.T - lIfUMSER OF w(lRDS FOR A FLOATING POINT VARIABLE 
I SETUP - THE SUBROUTINE SETUP SETS ISETUP ., 21"10K. 

SUBROUTI"IES wHICH REOUIRE THAT SETUP IS CALLEO 
FIRST TEST TO SEE IF ISETup ... 2HOK BEFOR.E 
ExECUTtNG. 

WORK - BLANK COMMON WOItKlNG ARRAY 

COMMONI PTRCOM/NDIMU, NO 1M, Plot 10, TC I R ,NMAT, LNI , KNI 
UXilCAL TCIR 
DIMENSION NI(li 
EQUIVALENCE(WORK Ill, N Ill) I 

NDIMU - THE LINEAR OIMENSION OF THE TRANSVERSE SECTtON 
NOI.... - THE CURRENT LINEAR DIMENSION USED BY THE PROGIIA"I 
PWID - PIXEL WIDTH ItN UNITS OF p~OJECTlON BIN WIDTHI 
TCIA - LOGICAL VAR tABLE SET TRUE FOR CIRCULAR RECON. 
N!lUT - T~E NU"IBER OF CELLS IN THE TRANSVERSE SECT 10"1 
un - POINTER TO THE ",'tRAY NI IN BLANK CO"4MO'II 

NI( JI IS T"'E NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FORI'II OF THE AR.RAY 

KNI - SPECIAL FLAG fOR "4E"IST CAllS NEEDED BECAUSE Nt 
IS AN INTEGER VARUBlE 

COMMON I TRGCOflilll I GEOM, KD 1"'U, AXI Su ,B wID, KMC/V ,K"It N, KMA x ,KDI", AXI S, 
1 lPROJ ,NANG,MOO 'NG, lANG, lS tNE, LCOS IN,loAT EA., TEI4 IT 

lOGICAL TEMIT 
01 MENS t ON PROJ (11, ANG( 1) ,S JNE (ll, COSINE( 11 ,DATER III 
EOUt VALENCE (WallKill, PROJllI, ANGII I, SINE 11 I t COSINE Ill, OAT EP, (111 

IGEOM - GEO"tETRY FLAG 
o • PARAllEL BEll. ... GEOMETRY 
1 II' FAN BEAI'II GEOMETRY ICURVED DETECTORI 
2 • FAN eEAM GEC''''ETRY IFLAT DETECTOR I 
3 _ RING DETECTOR GEOMETRY 

KOIMU 

AXtSU 

8WID 
KMDV 

KMIN 

KHAX 

KOI" 

AXIS 

lPROJ 

NANG 
MOOANG 
lANG 

lSINE 

lCOSIN 

lOATER 

TEMIT 

- NUMBER OF SINS IN THE PROJECTION AlI:qAY SUPPLIED 
BY THE USER 

- THE PROJECTED LOCATION OF THE ROTATION AX IS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THe USER 
AND IF AxISU IS INTEGER, THEN ROTATION AX[S FALLS 
IN THE CENTER OF A PROJECTION BIN. I 

- PROJECTION BIN WIOTH lIN UNITS OF PIXEL WIOTHI 
- THE DISTANCE BETWEEN THE AXIS FOP THE SYSTEI"I DATA 

ARRAY (AxIS, AND THE AXIS FOR THE USER DATA 
ARRAY (AXISUI. AXIS - AXISU+FLOATIK"'OVI 

- FIRST lOCATION IN SYSTEIo4 DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIIII THAT 
IS GOI NG TO BE USED. 

- lAST LOCATION IN SYSTEIII DATA ARRAY THAT STORES 
THE DATA OF THE lAST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN T"'E PROJECTiON ARRAY SUFFICIENT 
TO R.ECONSTRUCT AN NOIM X NOIM ARflAY, USUAllY 
KDIM-KoIMU. 

- THE PROJECTED LOCATION Of THE R.OTATtON AXIS IN THE 
PROJECTION ARRAY, USUAllY AXIS .. AXISU. 

- POINTER TO THE ARRAY PROJ IN BLANK COMMON 
JfllTERMEDI ATE PR'JJECTION A~O PROJECT 10,., ERROR 
VECTOR 

- NU"'BER Of PR(lJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE AR'tAY ANG IN BLANK COlo4MQN 

PrtOJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COI'IIMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COStNE IN BLANK CO"""ON 

COSINE OF THE PROJECT I CN ANGLES 
- POINTER TO THE AIlRAY DATER IN Bl/I"Ilt COM"'ON 

USER. PROJECTION DATA AND UNCEPTAINTJES 
- LOGICAL VARIABLE SET TPuE FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

OP"ENSION P(ll,BI1) 
BCK/pRJ,wT,ATEN,FAN ARE THE 4 FLAGS RETURNED IN B IF M .LE. 0 

DIMENSION FlAGS(ltl 
DATA FlAGSIl.,l.,O.,O.1 

If IM.LEoO) GO TO 20 

CALL ZERO (P,KOI"" 
I Sua-LSINE+M-l 
S"SINE( ISUBI 
ISUB.lC as t N.M-l 
C.COSINE( 1 SUB' 
ZN-.S .FLOAT INOIM + 11 
HS-.5·S 
ZZ-ZN.I S-C I+AXI S 
IJl .. l 
00 12 J-l,NOI" 
ZZ·ZZ+C 
I SUSII'LNI +J-l 
NN-NI II SUBI 
z. zz-FLOAT (NO IM-NN I.HS 
t JU-I JL+NN-1 
DO 10 IJ-IJLtlJU 
Z-Z-S, 
K-l 
P IK I=PIK ,.et IJ ,.( FlOAT( K+l'-Z I 

10 P(K+1''''PI!<+1J+SIIJ 1*1 Z-FlOATIIt II 
12 IJl'"I JL+NN 

RETURN 

14 1'11 .. -14 
IF (M.EQ.II CALL ZERO IB,"lMAT) 

Isue"lSINE+M-l 
S-SINE( ISUBI 
I SUBelC 051 N .... -l 
C.,COSINEIISUel 
Z N-. S.FL OAT (NOt"l+11 
HS" .5.5 
ZZ.,ZN·IS-CI+AXIS 
IJl-l 
DO 18 J e 1,NOIM 
ZZ"ZZ+C 
I SUB-LNt+J-l 
NN"NI ( I SUB I 
Z .. ZZ-fLOAT I NOIM-NN I.HS 
IJU-IJl+NN-l 
DO 16 IJ-IJl,IJU 
Z"Z-S 
K" 

16 BII JI .,el IJ' +1 FLOAT IK+II-Z 1 •• 2.PIK )+( Z-flOATlK II •• Z.PI K+ll 
18 IJl"IJl+NN M __ M 

RETURN 

20 If IM.LT.O' GO To 14 
DO 22 1-1,4 

22 S( II.,FLAGS( I I 
RETURN 
END 
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10010 
10011 
10012 
10013 
10014 
1001!5 
10016 
10017 
10018 
10019 
10020 
10021 
10022 
10023 
10024 
1002!!: 
10026 
10027 
100Z8 
10029 
10030 
10031 
10032 
10033 
10034 
10035 
10036 
10037 
10038 
10039 
10040 
10041 
100~2 
10043 
10041t 
100lt5 
10046 
100lt7 
100,,8 
tOD4e;; 
100S0 
10051 
10052 
10053 
100S4 
10055 
10056 
100!57 
10058 
10059 
10060 
10061 
10062 
10063 
100b4 
10065 
100b6 
10067 
10068 
1006Q' 
10010 
10071 
10072 
10073 
10074 
10075 
10016 
10077 
10078 
10079 
10080 
10081 
10082 
10083 
10084 
100B5 
10086 
10087 
1008B 
10089 
10090 
100Cil 
10091 
10093 
10094 
10095 
10096 
10097 
10098 
100'il° 
10100 
10101 
10102 
10103 
l010lt 
10105 
10106 
10107 
1010B 
10109 
10110 
101Il 
10112 
10113 
10114 
10115 
10116 
10117 
10118 
101117 
10120 
10121 
10122 
10123 
10124 
10125 
10126 
10127 
10128 
10120 

10130 
10131 
10132 
10133 
10134 
10135 
10136 
10137 
1013B 
10139 
10140 
10141 
10142 
10143 
10144 
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PCDA I 
SUBROUTINE peOA fe,p,M' ................................................................... 
.. REClBL VERSION 1.0 110CT77" .................... ~ .................•........................... 

THE SUBROUTINE peDA PA.OJECT·$ FRO,", THE ARRAY B A SINGlE 
PROJECTION INTO THE ARR.AY P. THE. PPOJECTION HAS THE ANGLE 
ANG(M, wHERE /II IS THE INDEX OF THE ANGLE. THE PROJECTION 61NS 
AND THE TRANSVl:RSE SECTION CELLS MUST BE THE SAMe SIZE. FOR 
THESE CONDITIONS THE SUBf:l:DUTINE peQA GIVES AN APPROXP.UION FOR 
A MODEL WITH UNIFQPM DENSITY IN EACH CELL SUCH THAT EACH CelL 
PROJECTS AS A SQUARE WA\lE WHICH IS ATTE"IUATED BY AN ATTENUATION 
FACTOR. 

- THE APRAY OF DATA FOR THE TRANSVERSE SECTION 
- THE PROJECTION ARRAY 
- THE ANGLE INDEX 
- IF M .EO. 0 ONLY A SET OF HAGS IS RETUfl:NEO IN B 

NO PROJECTION OPERATtON IS PEAFORMED 
(SEE THE SUBR.OUTINE RCHEK FOfl: EACH FLAGS MEANING I 

- IF /II .. IT. 0, ITS ABSOLUTE VALUE IS USED AS ANGLE 
INOEX.. HQWEVEP., RATHEfI: THAN A PROJECTION OPERATION 
BEING PERFORMED, A WEIGHTED BACK-PPOJECTION IS 
CALCULATED.. IT I S USED BY THE ITEPATIVE RELAXATION 
R.ECONSTRUCTIGN METHOD. 

THIS SUBROUTINE CAllS RECLBl ROUTINES - HAn" ZERO 

RECUR ROUTINES WHICH MUST BE CAl.LEO FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMON/WRKCOM/NWORK, IWUSED,NFlOAT, ISETUP 
COMMON WORK ( 11 

NWORK - DIMENSION OF THE USER S CO"1f1UJN BLOCK IN BLANK 
COM"'ON • 

IwUSED - THE NUMBER Of WORDS uSED .,.. BLANK COM"ON 
NFl OAT - NUMBER OF WOJilOS FOR A FLOATING POINT VARIABLE 
ISETuP - THE SUBROuT INE SETUP SETS I SETUP. '21-10K .. 

SueROUTJNES WHICH REQUIRE THAT SETUP IS CAllED 
FIR ST TEST TO SEE IF I SETUP - 2HOl( IJEFORE 
EXECUTING. 

WORK - BLANK COMMa"! WORKING ARRAY 

C OMMONI ATNCOfll/lATEN, L BMAP, T ATEN,LUNATN 
LOGICAL TATEN 
DIMENSION AT EN 11 I ,SI'IAPt 11 
EQUI VAL ENCE IWORI<.( 11 ,ATEN( 1) ,BMAPI11) 

LATEN - POINTER TO THE ARRAY ATEN IN BLANK CO)o'l"I)t.! 
STORES ATTENUATION FACTORS FOR ONE ANGLE 

LBMAP - POINTER TO THE U~AY BMAP IN BLANK COMMOt.! 
A MATRIX USED TO STOPE THE CONSTANT ATTE"!UATIO"! 
COEFFtC rENTS . 

TATEN - LOGICAL VARIABLE SET TRuE FOp· ATTENUATION 
RECONSTPUCTtON 

LUNATN - LOGICAL UNIT NUMBER FOR ATTENUATION FACTOF STOUGE 

COMMJN/PTRCOM/NDtMU,NOIM ,PWI 0, TC I R ,NMAT, LNI ,KNI 
L·OGICAL TCIR 
DIMENSION Nlfll 
EQUIVAL ENCEI waRI<.« U ,Nil 111 

NDIMU 
NOIM 

. pwtD 
. TCtR 

NMAT 
LNL 

<Nt 

- THE LINEAR OIJIIIENStON OF THE TRANSVERSE SeCTION 
- THE CURRENT LINEAR OIMENStO"l USED 8Y THE PROGPAM 
- PIXEL WIDTH (IN U"IITS OF PROJECTION BIN WIDTH) 
- LOGICAL VA~IABLE SET TRuE FOR·CI~CULAR RECON .. 
- THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 
- POINTER TO Tt-IE ARetAY NI IN BLANI( COMMON 

NIIJl IS TI-I£ NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUAR E OR CIRCULAR FORM OF TI-IE AA:P AY 

- SPECIAL no.G FOR. MEMST CALLS NEEDEO BECAUSE NI 
IS AN INTEGER VARIABLE 

COM"ION/TRGCOMI t GEO"4 ,KOI MU, AX I SU, B WI D, KMOV, KMI N, K"AX ,KOIM, AX IS, 
1 LPROJ ,NANG ,"OOA~G, lANG, LS I NE, LCOSt N, LOAT ER, TEMIT 

LOGICAL THIIT 
o l"4ENS ION PROJ III ,ANGI 1) ,S INE ( 11 ,COSI NE (11 ,DATeR (U 
EQU IVAL ENCE (WORK III ,PROJI 1) ,ANGll J, SINE ( 1), COS INE ( 11 ,DATER 1111 

IGEOM - GEOMETRY FLAG 
o '" PARALLel BEA'" GEOMETRY 
1 '"' FAN BEAM GEOMETRY ICURVED DETECTOR) 
2 s FAN BEAJIII GEOMETRY CFLAT DETECTOR) 
3 - RING DETECTOR GEO"4ETRY 

K.Di""U - NUMBER OF 81NS IN THE PROJECTION AP.RAY SUPPLIED 

AXI SU 

BWIO 
KHOV 

K .... IN 

K~AX 

AXI S 

LPROJ 

NANG 
MODANG 
LANG 

LSINE 

LCOSIN 

LOATER 

TE~lT 

BY THE uS EA 
- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 

PROJECTION AF.Rt.y (THIS IS SUPPLIED 8Y THE USER 
AND IF AX IW IS INTEGER, THEN ROTATION AXIS FAllS 
IN THE CENTER OF A PPOJECTION BI"! .. ) 

- PROJECTION elN WIDTH fiN u~nTS I"F PIXEl WIDTH) 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY (AXIS) AND THE AxiS FOR THE USER DATA 
AR!i.AY IAXISU) .. AXIS .. AXISU+FLOAT(K'40V' 

- FIRST LOCATION IN SYSTEM DATA AR.RAY THAT STORES 
THE DATA 'JF THE FIPST USER PROJECTION BIN THAT 
IS GOING TO BE uSED. 

- LAST LOCATION IN SYSTEM DATA AR~AY THAT STORES 
THE DATA OF THE LAST uSER PP.OJECTION BIN THAT 
IS GOING TO BE USED .. 

- NUMBER OF BINS HI THE PROJEC"TIOf.l AFQ,AY SUFFICIENT 
TO RECONSTRUCT AN NOIM X NDI"! ARfiAY, USUALLY 
KDI M-tC:DI MU. 

- THE PROJECTED LOCATtON OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUAllY AxtS .. AXI!=U. 

- POINTER TO THE ARRAY PROJ IN Bl.ANI<. CO,.."ON 
INTERME'OIATE PROJECTION AND PROJECTION ERQ;OR 
VEe TOR 

- NUMBER Of oROJECTlONS 
- ~OOE FOR PROJECTION ANGLE INPUT 
- POINTEP TO THE ARRAY ANG IN BLANK cnM"ION 

PROJECTION ANGLES IN RADIANS 
- POINTER TO Tt-'E ARRAY SINE IN PLANK COM~ON 

SI NE OF TI-IE PROJECTI eN ANGLES 
- POINTER TO THE AI<.PAY COSINE IN eLAN!!; CO"'""O"4 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARR.AY DATER IN BLANK CO"''ION 

USER PROJECT InN DATA ANI: UNCERTAINTIES 
- LOGICAL VARIABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRA~S""I SSION DATA 

101lt5 
101~ 
10147 
1014B 
101lt9 
10150 
10151 
10152 
10153 
10154 
10155 
10156 
10157 
1015B 
1015<1 
10160 
10161 
10162 
10163 
10164 
10165 
10166 
10167 
1016B 
10169 
10170 
10111 
10172 
10173 
10174 

.10175 
10176 
10177 
10178 
1017'S 
101BO 
10181 
10182 
10183 
1018lt 
101B5 
1018b 
10187 
101BB 
1018'S 
10190 
10191 
10192 
10193 
1011";1t 
lOlC05 
10196 
101Ci7 
101'S8 
1019Ci 
10200 
10201 
10202 
10203 
10204 
10205 
1020b 
10207 
10208 
10209 
10210 
10211 
10212 
10213 
1021+ 
10215 
1021b 
10217 
10218 
102le; 
10220 
10221 
10222 
10223 
1022. 
10225 
10226 
10227 
10228 
10229 
10230 
10231 
10232 
10233 
10234 
10235 
1023f> 
1023T 
10238 
10239 
10240 
10241 
10242 
10243 
10244 
10245 
10246 
10247 
10248 
10241; 
10250 
10251 
10252 
10253 
10254 
10255 
10256 
102~7 

10258 
10259 
10260 
102H 
10262 
10263 
10264 
10265 
10266 
10U7 
10268 

OIMENSION BIlI,Plli 
BCKfPRJ,WT,ATEN, FAN ARE THE It FLAGS RETURNED IN 8 If III .. LE .. 0 

DIMENSION FLAGSI4' 
DATA FLAGS/I .. tl.,l.,O .. 1 

IF (III .. LEoOI GO TO 20 

CALL FlATN (M, ATeN( LATEN I ,NMATI 
CALL ZE!lO (P,KoIM, 

ISUiJ-LSINE+M-l 
S-SINEf ISUBI 
tSuB-LCOSIN+14-1 
CsCaSINE(ISUBI 
HS-,5·S 
ZN-. S.FlOAT (NoI M+ 1 J 
ZZ-ZN.' S-C) +AXI S 
I JL-1 
DO 12 J-l,NOIM 
ZZ·ZZ+C 
I sua-LNt+J-1 
NN.r.U I ISUB) 
Z-ZZ-FLOAT I NOtM-NN ).HS 
IJU-IJL+NN-I 
00 10 IJ-JJL,IJU 
Z-Z-S <., 
I SU!J-lATEN+1 J-1 
FACT-BIIJI*UEN( ISUBI 
P (K)_ POt I+FACT*{FL.OAHK+ lJ-Z J 

10 PII<;+11-P(K+11+FACT.IZ-FLOATIKJ) 
12 IJL"IJL+NN 

RETURN 

14 M __ fr4 

IF (M .. EQ.lI CALL ZERO IB,NMATI 
CALL FlATN 'M,ATEN(LATENI,NMATI 

I SUS-LSINE+M-I 
S-SINEIISUB) 
I SUS-LCOS IN+"'-1 
C-CCSINEfISU81 
HS-.5·S 
ZN-.5·FlOATINOIM+1 ) 
ZZ-ZN.I S-C' +AXI S 
IJL-l 
DO 18 J-l,NDIM 
ZZ-ZZ+C 
ISUS-LNI+J-l 
NN_NI ( I SUB J 
Z-ZZ-flOAT( ~DIM-NN I*HS 
I JU-I JL+NN-1 
00 16 IJ-IJL,IJU 
Z-Z-S K., 
I SUB-LATEN+ I J-l 
FACT_ATE~IISUBI 

16 B ( I JJ -Bf I J) +FACT.*2.' f FLOATI K+lI-Z ' •• 2.P I K J+(l-FLOAT(I( J 1 •• 2.P (1(+11 
11 

18 I Jl-I Jl+N"! '4 __ 11( 

RETURN 
20 IF 'M .. LT.OJ GO TO lit 

01) 22 I-I,. 
22 81I1-FLAGS(lJ 

qETUR~ 

END 

PCDF 
SU8ROUTINE PCDF (B,P,MI ................................................................... 
• R.ECLBL VERSION 1.0 170CT77. ......................................................•........... 

THE SUBROUTINE OCOF PROJECTS FROM THE ARRAY B A SINGLE 
PROJECTION INTO THE ARRAY P USING A FA"! P.EA"4 GEOl'IETRY~ THE 
PR1JECTION HAS THE A~GLE ANGUli) WHEPE III J S THE INDEX (IF THE 
ANGLE. THE SUBROuTI~E BCQF GIVES AN APPROxIMATION FOR A MODEl 
wiTH UNIfORM DENSITY J~ EACH CElL SUCH THAT EACH CEll PROJECTS 
AS A SQUARE WAVE. 

- THE ARRAY OF DATA FOR THE TRANSVERSE SECTION 
- THE PROJECT ION ARRAY 
- THE ANGLE INDEX 
- IF M .EQ. 0 ONLY A SET OF FLAGS IS RETURNED IN B 

NO PROJECTION OPERATION IS PERFORMED 
I SEE THE SUBROUTt~E RCHEI( FOR EACH flAGS IIIEANING) 

- IF "I .LT .. 0, ITS ABSOLUTE VALUE IS USED AS A~GLE 
INDEX. HOWEVER, RA"THER TH4N A PROJECTION OPERATtOti 
BEING PERFORMEO, A WEIGHTED BACK-PROJECTION IS 
CALCULATED. IT IS USED BY THE ITERATIVE RElAXATION 
R.ECONSTRLCTION "'ETHOD. 

THIS SUBROUTINE CAllS REClBL R.OUTINES - ZEPO 

RECLBL ROUTINES WHICH MUST BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

C OMMON/W RKCOM/NWORK, I WUS EO, NFL OAT, I SETUP 
COMMON WORK III 

NwORK - DIMENSION OF THE USER S COMMON HOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER Of wORDS USED IN BLANK CO"4MON 
~FlOAT - NUMRER: OF WOP OS FOR A FLOATING POINT vARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP .. 2HOK. 

SUBROUTINES WHICH REQuIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP = 2HOK· BEFORE 
EXECUTING .. 

w!:lRK - BLANK CO"4MON WORKING ARRAY 

C OH"ION/F ANCO'1/RF AN, T FANC, T FANF 
LOGICAL TFANC,TFANF • 

I\FAN - FOR FAN BEAM GEOMETPV HAN IS THE DISTANCE FROM 
THE SOURCE TO THE CENTER OF RaUTIO"!. RFAN 
IS "4EASUREO·IN UNITS OF PROJECTION BIN WIDTHS AT 
THE C ENTER OF ROTATION .. 

10269 
10270 
10271 
10272 
10213 
10274 
10275 
10276 
10277 
10278 
10219 
102BO 
10281 
10282 
10283 
10284 
10285 
102B6 
102B7 
10288 
102B9 
10290 
10291 
l0292 
10293 
10294 
10295 
10296 
10297 
10298 
10299 
10300 
10301 
10302 
10303 
10300\ 
10305 
10306 
10307 
10308 
10309 
10310 
10311 
10312 
10313 
10314 
10315 
10316 
10317 
1Q318 
10319 
10320 
10321 
10322 
10323 
10324 
10325 
10326 
10327 
10328 
10329 
10330 
103]1 
10332 
10333 
103]4 
10335 
10336 

10337 
10338 
1033Q 
10340 
10341 
10342 
10343 
10344 
10345 
10346 
10347 
1034B 
103"'9 
10350 
10351 
10352 
10353 
10354 
10355 
10356 
10351 
10358 
10359 
10360 
10361 
10362 
10363 
i03e4 
1036~ 
10366 
10367 
10368 
10369 
10370 
10311 
10372 
10373 
10314 
10375 
10376 
10377 
10318 
10379 
10380 
10381 
10382 
10383 
103B4 
10385 
103Be 
103B7 
10388 
10389 

A 
.• ·1 
~ilJP 



'c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c' 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

HANt - LOGICAL vARIABLE SET T~uE FOR FAN eEAJIII WITH A 
CURVED DETECTOP: 

TFANf - lOGIC"AL VAil. !A8lE SET TRUE fOR fAN BEAM WITH A 
FLAT DETECTOR 

(0"',",0"11 PTRCOMI 1'401 MU, NOI JIll, PW I O. TC r A ,NMAT ,LNt ,kNt 
LOGICAL TelP: 
DIMENSION NI11I 
EQU IVALENCElwQAK (11 IN 11 111 

NOIMU - THE LlNEU DiMENSiON OF THE TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAQ. DI!'4ENSION USED BY THE PRGGRA" 
PWID - PIXEL WIDTH fIN UNITS OF PROJECTION 81"1 WIDTH) 
lelR - LOGICAL VARIABLE seT TAue FI']R CIRCULAR REeDN. 
NMAT - THE NUI'IBER Of CELLS IN THE TPANSVEASE SECTION 
LNI - PQPHER TO THE ARRAY ~l I~ SLANI< COMMON 

Nf(JI IS THE Nl1'4BER Of CELLS IN THE J-11-1 ClOW OF 
THE SOUAI:I;E all CIRCULAR FORM OF THE ARRAY 

I<.NI - SPECIAL FLAG FOR MEMST CAllS NEEDED BECAU"E Nt 
IS AN JNTEGEIl VARIABLE 

C DMMO",ITRGCOMI I GEO"1, kO I "V, AXI SU, B wIO ,K"OV, K"'II N ,I(MAX, 1(01 "I, AX IS, 
1 l PROJ, NANG, MOOANG. LANG, lS INE, lCOS I N,L OAT EA., T E '1 I T 

LOGICAL TEMIT 
DIMENS ION PA.OJ 11 I, ANGI 11, S INEf 11 ,COSI NE 11I,DATER! 11 
EQUIVALENCE IwORKIl I, PRDJllItANGlll,SINEllI,COS I ... Ell I, DATEI;, 1111 

IGEOM - GEOMETRY FL &'G 

KOIMU 

AXI SU 

SWIO 
I<.MOV 

KMAX 

AXIS 

LPROJ 

NANG 
"'ODANG 
LANG 

LSINE 

LCOSIN 

LOAfER 

TEMIT 

o - PARALLEL BEAM GEOMEHIV 
1 - FAN BEAM GEO'"'ETRY ICURVED DETECTOR} 
2 - FAN BE&," GEO"'ETIl.V {FLAT DETECTOPI 
3 - RING DETECTOR GEOMETRY 

.• NUMBER OF ~INS IN THE PROJECTIO ... ARRay SUPPLIED 
~Y THE US Ell 

- THE PROJr:CTED LOCATION OF THE !'DlATION AXIS IN TI-IE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
A"lO IF &'X ISU IS INTEGEA, THEN ROTATION AXIS FALLS 
IN THE CENTEI<. OF A PROJECTION BIN.) 

- PII:OJECTION BIN wJDTH (IN UNITS Of PIXEL wIOr"U 
- THE DISTANCE BETWEE"l THE AXIS FDA THE SYSTEM DATA 

A!'.RAY (AXISI AND THE AXIS FOR '!"HE USER DATA 
ARRAY (b,XISUI. AXIS _ AXISU"fL'JATI)(.HOVI 

- FIIlST LOCATteN IN SYSTEM DATA ARRAY THAT STCRES 
THE DATA Of THE FIRST USER PROJECTION SIN THAT 
IS GOING TO H USED. 

- LAST LilCATJON IN SYSTEM OATA ARRAY THAT STORES 
THE DATA OF THE LAST USER pPOJECTtON ~HI THAT 
I S GOING TO BE USED. 

- NUM6ER. OF BIt\S IN THE PROJECTI'JN AR~AY SUFFICIENT 
TO RECONSTRUCT .t.N NDU~ X NDtM .u~RAY, USUAllY 
KDIM·KD I"!U. 

- THE PROJECTED LOCATION OF THE ROTATIO~ AXIS IN THE 
PROJECTIO~ ARRAY, USU.t.LLY AXIS.AXtSU. 

- POINTER TO THE ARRAY PR!lJ IN BLANK COMMCN 
INTERMEOI ATE PROJECT ION AND PROJECT ION ERRar.. 
VECTOR 

- NUMSER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECT ION ANGLES 'I N RAOt .t.NS 
- POINTER TO THE ARRAY SINE IN "LANI( CCMMO~ 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN SLANIf COMI40-., 

COSINE OF THE PROJECTION ANGLES 
- POINTEI' TO THE ARRAY DATER IN SLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VARIABLE SET TRUE FOR E"'ISSION OUA AND 

FALSE FOR TRANSfllUSSION DATA 

--.THESE VARIABLES ARE USED IN THIS SUBROUTINE 

OH - THE DISTANCE 6ETwEEN THE SOURCE AND THE PIXEL 
ARC - THE ARC 01 STANCE BEhleeN THE CENTED AX IS AND THE 

IMAGE ClF THE PIXEL 
BETAU - THE ANGLE BETWEE!'t THE CENTER AxIS AND THE LINE 

PASSING ABovE THE PIXEl 
BET AL - THE ANGLE SETW EEN THE C ENTER AX I S AND THE LI HE 

PASSING BELOW THE PIXEl 
BETAP - THE ANGLE BETWEEN THE CENTER AXIS AND LINE 

PASSING THROUGH TME PIXEL 
THETAU - THE ANGLE 6ETWEEIt THE LINE ·PASSING THROUGH THE 

PIXEL AND A LINE ABOVE 
THETAl - THE ANGLE BETWEEN THE LINE PASSING THROUG'" TH~ 

PIxel AND A Lt NE BElOw 
OU - THE PERPENDICULAR DISTANCE BETWEEN THE PIXEl AND 

A LINE ABOVE 
DL - THE PERPENDICULAR DISTANCE BETWEEN THE PIXEL AND 

A lINE BELOW 
ALPHAU - THE ANGLE THE UNE ABOVE THE PIXEL MAKES WITH 

THE S IDE OF THE SQUARE 
ALP HAL - THE ANGLE THE 11 NE BELOW THE P lXEL MAl( ES W IlH 

THE SIDE OF THE SQUARE 
ANGLE - THE ANGLE BETWEEN THE RAYS IN THE FAN BEA" 

DIMENSION 611J,P( 11 
8CI(/PRJ,WT,ATEN.FAN ARE THE 4 FL"'GS RETURNED IN 6 IF M .LE. 0 

DIMENSION H"'CS(41 
DATA FLAGS/1.,l. t O.,l.1 
DATA 1I.4999991 

IF (M.lE.OJ GO TO 56 

CALL ZERO (P,KOIM) 
ANGlE-l./RFAH 

lSU8-LSINe+fIIII-l 
S.SI~E( ISUBJ*pwIO 
I SUB·LCOS I N+H-I 
C.COS INE( I sueuPwlo 
HS·.5_S 
HC- .5.C 
ZN·.S*FlOATIHOIM+ll 
Zx·RFAN-ZN_' C+S I 
ZY. ZN. I S-C 1 
RFP-RFAN*PWID 
IJL-1 

IF fTFANF) GO TO 20 

0018 J-l,NDIM 
ZX-Zx+S 
ZY·ZY+C 
ISUS·UU+J-1 
NN·NIII sua I 
Zxx. ZX+FLOAT (NOI M-NN J .HC 
zyy. Z Y-FLOA T(NOPt-NN I*HS 
IJU-IJL+NN-l 
DO 16 IJ·IJL,IJU 
lXx·ZXX.C 
zVY·Zyy-S 
OH- SQR TllXX.-Z.ZYY-*ZI 
ARCTAN- AT AN (z'ty I ZXX) 
ARC·IlFAN .... RCTAN 
K· ... RC.AXIS ... 5 

103~0 
103Cfl 
1039Z 
10393 
10394 
103C;~ 
10396 
10)97 
10398 
10399 
10400 
10401 
10402 
10"03 
10404 
10405 
1040b 
10401 
10408 
1040<; 
10'+10 
10'+11 
10412 
10413 
10414 
1 0 .. 1 ~ 
1041b 
10417 
10418 
10419 
10420 
10421 
10422 
10423 
10424 
10425 
10426 
10427 
10428 
10 .. 2e 
10430 
10431 
10432 
10433 
10434 
10435 
.1043f. 
10437 
10436 
10439 
10440 
10441 
10442 
10443 
10444 
10445 
10446 
10447 
10448 
1044<1 
10450 
104!il 
10452 . 
10"53 
1045" 
10 .. 55 
1.0456 
10451 
10"5B 
10459 
10"60 
10"61 
10"62 
10463 
10"64 
1046!; 
10466 
10461 
10468 
10"69 
10470 
10411 
10472 
10473 
10414 
10475 
10476 
10477 
10478 
10479 
10480 
10461 
10482 
104a3 
10464 
10485 
1048~ 
10487 
10488 
10489 
10490 
10491 
10492 
1049) 
10494 
10495 
10496 
10497 
1049R 
10499 
10500 
10501 
10502 
10503 
10504 
10505 
10506 
10501 
10508 
10509 
10510 
10511 
10512 
10513 
10514 
10515 
10516 
10517 
10518 
10519 
10520 
10521 
10522 
10523 
10524 

6ETAu~ IFL~AT (I( I-"'X IS •• 5 I*ANGLE 
BET Al-SE TAU-ANGLE 
BETAP-ARCTAN 
THET AU"'8ET AU-8ET AP 
THET AL .BE TAP-SE TAL 
QU aOH_8W ID-TI-IETAU 
DL"'OH* 8 ~1 O*THE TAL 
AREA l=A"4 IN 11 .S,OUI· 
AREA2"'A~JNll .5, DL' 
A~E A. AR EA 1 ..... REA2 

~1(1,,"1( 

'11(2""11{ 
P fMI<. I .. P! I'll( I .SI IJ I*AREA*RFP 10H 
AREAX"AREAl 
AREAY"'AREA2 
IF IAREAl.GT.ZJ GO TO 12 

10 PiE TA UaTHE TAU .. AflfGlE 
DU",DH*8W IO*THEUU 
AREAUl c A"11Nl (.5,OUI 
AREAU*AQ E AU1-AI'. E AX 
AREAX:AREAUI 
"111.2:"111.2+1 
PI "!KZ I=P( "!K21 +8 I' J I*AREAU*RFP/DH 
IF IAREAUl.lE.11 GO TO 10 

12 IF (A~EA2.GT.ll GO TO 16 
l.lt THETALaTHETAL+ANGLE 

ell: OH* BwI D*THET Al 
A~EAl1:A .. tNlI.5,DLl 
AREA .. sAR EAlI-AP: EAY 
AREAY"AREAll 
~I( 1"~Kl-1 

P (110(1<.11- PI "'I( 11 +811 J '*AREAl-RFP/DH· 
IF IAREAU.LE.tl GO TO lit 

16 CONT INUE 
16 I JLaI JL .. NN 

RETURN 

20 DO 30 J"I,NDIM 
lX"ZX"S 
IY"'ZY"C 
I SU6-UU"J-1 
N~"'~I (ISUBI 
ZXX-Z X+FlOAT I NOI fI4-N..., I.HC 
l YYr.l Y-FLOAT C NOI M-NN I*HS 
IJu"IJL+NN-1 
DO 28 IJ-tJL,IJU 
lXX=lXX+C 
lYY·l'l'Y-S 
,)H" SQR T( ZXX**Z.Z YY--21 
APCTAN"ATA"" lY'tIlXX) 
'I'C e..,T R= ZYY I lXX*R FAN 
I(_YCENTR+AXI S+.5 
8ET AU-AT AN I (FLOAT C II: I-AX I S ... 5 IIRFAN) 
6 ETAL-ATANI (FlOA TC l(-ll-AXI S+. 5 I I RFAN I 
BETAP.AIICTAN 
THET AU.SET AU-8ET AP 
THE TAL ·BET AP-BET"'l 
au- OH-BW IO.THETAU 
OL.OH* swl O.THETAL 
AREAl·AMINlI.5,OUI 
AREA2·AMINt( .5,DU 
AREA·ARE ... 1· ... ~EA2 
"1(.1<.. 
,.,1(1-"'1( 
"41<.2·"41( 
P( MI( I .. PIMI( I.SIIJ I.AREA*RFP IZXX 
AREAX·AREAl 
AREAY-AREA2 
IF IAREAl.GT.ll GO TO 24 

22 "41<.2-MK2"1 
ANGLE-AT AN I RFAN/C RFAN •• 2.( FLOATI "4K21-AXI 51** 2-. 2 511 
THE T AU.,THETAU+ANGlE 
DU.OH.SW I D*THE TAU 
AR.EAUl .. AM!N11.5,oUI 
AREAU·AREAU1-AREAx 
AREAX·AREAU 1 
PC MI(2 I- P 11'1(2 I.EH IJ I *ARE AU. RFPI Zxx 
IF IAREAU1.LE.lI GO TO 22 

24 IF (AREA2.GT.lI GO TO 2B 
26 "'1(1·11'11(1-1 

ANGLE-AlANI RFANlfRFAN.-2.( FLOATI MK1 I-AXI SI"2-.251 J 
THETAL·THET AL +ANGl E 
Ol-OH*BWI O_THET Al 
AREAL1-AMIN11.5,Dll 
AREAL .AP EAl1-AR EAY 
AREAv·AREAll 
P ("'I( II.P I HI( 1) .BI IJ I*AREAl*RF P IlXX 
IF (AREALl.LE.ZI GO TO 26 

26 CONTINUE 
30 I JL-t JL.NN 

RETURN 

32 M_-M 
IF (M.NE.lJ GO TO 34 
CALL ZEPO (6,NMATI 
ANGLE·1./RFAN 

34 CONTI /IIUE 

I sue·LSINE.M-1 
S·SINEIISUBI*PWIO 
Isue-LCOSIN.M-l 
C.C OS INE I 1 SUB) -PWI 0 
HS-.5*S 
HC-.5.C 
ZN •• 5_FLOA HNDI M.ll 
ZX .. RFAN-lN* (C+S 1 
lY-ZN_(S_CI 
RFP·RFAN_PwIO 
IJl-1 

IF ITF.t."'F J GO TO 46 

DO 44 J-1,NOIM 
lX·lX"S 
lY-Zv·C 
ISUB-LNI·J-1 
NN-NI (ISUBI 
lXX"'ZX.FLOAT I NOI M-NN I.HC 
Zyy· l Y-fLOAT I NOI M-NN I-t-IIS 
IJU-IJl.NN-l 
0042 IJ-IJL,IJU 
lXX"lXX+C 
ZYY- zvv-s 
OH'" SQR T I ZXX**2+l YY**2 J 
ARCT AN- AT AN ( ZVY I IXX I 
ARC"RFA,.,..APCTAN 
I(,_AR.C.AXIS •• 5 
SET AU- (FLOAT II( I-AX IS+.51*ANGlE 
BETAL =SETAU-ANGLE 
BHAP·ARCTA", 
THET AU.BET AU-6ET,ap 
THE T .t.L.6ETAP-8ETAL 
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1052:5 
I 0~26 
10527 
10:528 
IJSZ~ 
10530 
LO!31 
10532 
10533 
105)4 
10535 
1053t 
10537 
l053P 
to!3<;-
10~40 
1 O~41 
10!:42 
10~43 

10~44 
10545 
1054t 
10~H 
10548 
10549 
10550 
10551 
10552 
10553 
1 O~54 
10555 
10556 
10557 
1 05~8 
lOSS'> 
10!:eO 
10561 
1 O~62 
10563 
10564 
10565 
105H 
IO!67 
lOSeS 
10~6q 

10570 
10!71 
10512 
10!73 
10~H 
I057~ 
10576 
10517 
1.0~78 
1057<1 
10580 
1058l 
10582 
l0583 
10584 
10585 
10586 
10587 
10588 
1056<1 
105QO 
10~Q1 
105n 
10593 
10594 
105<;5 
10596 
10597 
1059B 
1059 .. 
10bOO 
10601 
10602 
1060] 
1:1604 
10605 
10606 
10601 
1060B 
1060'9 
lot 10 
10611 
10612 
10613 
10614 
10115 
10616 
10617 
10616 
10619 
10620 
10e21 
10622 
10623 
10624 
10625 
10626 
10627 
10628 
10629 
lOBO 
10631 
10632 
10633 
10634 
10635 
10636 
10637 
1063B 
lot3C; 
10640 
10641 
10642 
1064] 
10644 
10645 
10646 
10647 
1064S 
1064" 
loe5D 
106!!1 
10652 
10653 
10654 
10655 
10656 
10657 
10e58 
10659 
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DU-OH*SW I O.THET AU 
al- DH* BWI O*THET A,L 
AREAl"AMINlI.5.0UI 
AREAZ"AMINlI.5,DLI 
AItEA_AREAl+AREAZ 
MK"K 
"'1<.1 .. 101.1<. 
MKZ"I'1K 
6( I J '.BIIJ I +P (loll< )., ,6,REA*RfP/DH'''Z 
ArtEAX=AREAl 
AREAY=AREA2 
IF IAREAl.GT.l) GO TO 3a 

36 THETAU=THETAU+ANGLE 
au .. DH*BW t O.THET AU 
ARE AU 1 =AMINi ( .5, DO I 
AREAU .. AREAUI-AR E u: 
AREAX=AREAUI 
"11<.2="'1<.2+1 
BI JJ ):Sf IJ '+P( MK21.UREAIfl'RFP/DHI •• Z 
If IAREAUt.lE.ZI GO TO 36 

36 IF (AREA2.Gl.ll GO TO 42 
40 THETAL=THETAL+ANGlE 

DL .. OH* BW 1 O.THET AL 
AREAL l=AMINll.5,DL.i 
AREAL-AREAL i-ARE AY 
AREAY"'AREAll 
MK lcMK 1-1 
BI I J)= BIIJ I+pC HK ll'" AREAL*RFP/OH'''Z 
IF IAREALl.lE.II GO TO 40 

42 CONTINUE 
44 I JLcI JL+NN 

/11 .. -"1 
RETURN 

46 Q!1 S6 J=l,NDIM 
Z.hlx+s 
ZY·ZY+C 
ISuS"LNI+J-l 
NN .. N! USUSI 
lXx .. Z X+fLOA l( NDt~-NN '-He 
IVy .. IV-FLOAT I NOI"l-NN I.HS 
IJU-IJL+NN-1 
00 Sit IJ-IJl,IJU 
zxx=zxx+c 
Zyy-ZYY-S 
OH_S ORT (ZXX •• 2+ZvY •• 2 I 
ARCTAN"AT AN I ZYY !ZXX I 
YCENTR_ ZYY /l XX.RFAN 
I<.-YCENTR+AXt S+.5 
eETAU-ATAN I I FlOATe I<. I-AX IS+.5 I /RF AN I 
BETAl-A TAN II FLOATt 1<.-1I-AXI S+. 51 IRFANI 
BETAP-ARCTAN 
THE TAu-eET AU-BET AP 
THET AL- BET AP-BET AL 
OU-DH.BWI O.THET AU 
OL"OH.BW 10.THETAL 
AREA1=AMIN1 C .5,OUI 
AREAZ_AMIN1 (.S,OLl 
AREA-AREA 1 +AR EAZ 
MI<._K 
1'11<.1"''''1<. 
HI<. z;" MI<. 
B ( I J J '"el tJ I +P (1'110. (AREA.RFPI LXX ) •• Z 
AREAX .. AREA1 
AREAY·AREAZ 
IF (AREA1.GT.II GO TO So 

1t8 MI<.Z_HI<.Z+l 
ANGLE-AT AN (PFANI UlFAN"Z +( FlOATI I'll<. Z I-AX I S I •• Z-. 251 I 
THETA U"'THET AU+ANGLE 
OU .. OH.aw IO.THETAU 
AQEAUI_AMI Nl ( .5, OU I 
AA.EAU"AREAU 1-AR EAX 
AREAX=AREAU1 
S( I J 'lOBI 1 J )+P{ MI<.ZI.IAREAU.RfPI LXX 1 •• 2 
IF IAREAU1.LE.ZI GO TO 48 

50 IF tAREA2.GT.ZI GO TO 54 
52 Ml<.l_Ml<.l_l 

ANGLE .. ATAN 1 RFANI( RFAN •• 2+1 FLOAT 1 MK II-A xl S ' •• 2-. Z 511 
TI-4ETAL" TI-4E TAL +ANGL E 
OL"'OH.ew I o*THET Al 
AREAl1"'AMINlI.5,OLl 
ARE AL .. AR EAL I-ARE AY 
AREAY"AREALl 
8( IJ I"SIIJ )+PI"'K 11.' AREAL.RFP/ZXX' •• Z 
IF IAREALl.LE.ZI GO TO 52 

54 CONTINUE 
5b IJLsIJL+NN 

M--M 
RETURN 

58 IF (M.L T.OI GO TO 32 
DO bO 1"'1,4 

60 B(JI"FLAGSII. 
RETURN 
END 

SUBROUT tNE PHAN (NPHAN, INTG, lTYPE ,DENS,X,Y ,A ,e ,PHI ,Be, N, PI XWI .................................................................. 
• RECLaL VER.SliJN 1.0 110077. .................................................................. 

SUBPQUTINE PHAN GENERATES A PHANTOM CONSISTING Of ELLIPSES 
A~D RECTANGLES IN THE SQUARE ARRAY BB WHICH HAS DIMENSIONS 
N X N. THE I~PUT PARAMETERS ARE 

NPHAN - THE TOTAL NUMBER OF ELLIPSES AND RECTANGLES 
INTG - AN I~TEGRATION FACTOR. WHEN A PIXEL LIES PARTLY 

INSIDE A~D PARTLy OUTSIDE A BOUNOARY IT IS 
DIVIDED INTO INTG X IN'TG PIXELETTES WHICH ARE 
EACH CHECKED FOR INSIDENESS. THE FINAL VALUE 
ASSIGNED TO 'THE LARGE PIXEL IS THE VALUE OF DENS 
MULTIPLIED BY THE FRACTION Of PIXELETTES THAT 
WERE fOUND TO LIE INSIDE THE BOUNDARY. IA GOOD 
VALUE IS 101 

IlYPE - AN ARRAY OF DESCRIPTORS FOR THE ELLIPSES/HCTANGLES 
1 FOR A ELL IPse 
2 FOR A RECTANGLE 

DENS - AN ·ARRAY OF DENSITIES OF THE ElllPSES/RECTANGLES 
FOR. TRANSMISSION THE UNIT'S ARE' PER PROJECTION 
BIN WIDTH -
fOR EMISS·ION THE UNITS AR.E PER (PROJECTION 
BIN WtOTHI •• 2 

10660 
10661 
1066Z 
10663 
10664 
10665 
10666 
10667 
106bS 
10669 
10670 
10671 
10612 
10673 
10674 
10675 
10616 
10677 
1067B 
10619 
10680 
10681 
1~B2 

10683 
10684 
106B5 
10686 
106B7 
.10688 
10689 
10690 
10691 
1069Z 
10693 
10694 
10695 
10696 
10697 
10698 
10699 
10700 
10101 
1070l 
10703 
10704 
10705 
10106 
10707 
1070B 
10709 
10710 
10711 
10712 
10713 
10714 
10715 
10716 
10717 
10718 
10719 
10120 
10721 
10722 
10713 
10724 
10725 
10726 
10127 
1072B 
10729 
10730 
10731 
10732 
10733 
10734 
10735 
10736 
10737 
10738 
10739 
10740 
10741 
10742 
10143 
10744 
107lt5 
10746 
10747 
10748 
10749 
10750 
10151 
10752 
10153 
107,. 

10755 
10756 
10757 
1075B 
10759 
lOUD 
10761 
107bZ 
IOU3 
10H4 
10765 
107H 
10767 
107bB 
10169 
10710 
10771 
10712 
10713 
10774 
10775 
10776 
10777 
10778 
10719 
10780 
10781 

X,Y - ARRAYS GIVING THE X,Y COORDINATES Of THE CENTHS 
OF THE ELliPSES/RECTANGLES WITH RESPECT TO THE 
CENTER Of ROTATION. I IN UNITS Of PROJECTION 
BIN WIDTH) 

A,B - ARRAYS GIVING THE MAJOR AHD MINOR AXES OF 
ELLIPSES OR THE LENGTHS OF THE SIDES Of RECT
ANGLES (IN UNITS OF PROJECTION BIN WIDTHI 

PHI - AN ARRAy OF ANGLES fIN RADUNS, WHICH THE MAJOR 
AXES Of THE ElliPSES OR THE -A- SIDES OF THE 
RECTANGLES MAKE WITH THE X-AXIS 

BB - SQUARE ARRAY WHICH STORES THE PHANTOM 
N - THE DIMENSION Of 8 
PIXW - PIXEL WIDTH WHICH IS UTILIZED BY THIS ROUTINE 

IN ORDER THAT THE vALUES FOR 8B BE AS RECONS
TRUCTED. ,+ FOR TRANSMISSION - FOR E"'ISSIONI 

THIS SUBROUTINE CALLS REClBL ROUTINES - EMESG; LGTXT, ZERO 

LANGUAGE - FORTRAN 

COMMON/OUTCOM/LUNOUT,180132 

LUNOUT - LOGICAL UNIT NUM8ER FOR OUTPUT 
180132 - FLAG INDICATING NUMBER OF CHARACTERS IN A LINE OF 

OUTPUT CN LUNOUT 
0- BO CHARACTERS 1132 CHARACTERS OTHERWISEI 

DIMENSION BB(N,NI 
DIMENS ION A(l •• Bill, X(lI,Y111 ,PHIC 11 ,OENSI 1), ITYPE( 11 
DIMENSION IELlPS(5I,IRECT(51 
DIMENSION NAMER(91 
DATA NAMEA./IHE,llf11,lHD,lH t!HP,lHH,lHA,ltlN,lH I 
DATA IElIPStIRECT/2HEL.2t1LI,ZHPS,2HE ,ZH 

1 2HRE,ZHCT,ZHAN,ZtlGL,2HE 

CALL LGTXT INAMERI51,51 
I.UH-I.UNOUT . 
CALL ZERO UB,N*.ZI 

.SET SCALE FACTOR TO CORRESPONO TO EITHER TRANSMISSION (+1 OR 
EMI SSION (-I 

DALEaASS(PIXWI 
SCALE-l./DALE 
IF (PIXW.LT.O.) DALEaPlXW.*2 

HALFN-(FLOAl(N 1+1.112. 
00 1t8 IPH-1,NPHAN 
CONST.OAlE.OENS( IPH ,/FLOAT (INTGI**Z 
XZ_X( IPHJ*SCALE 
YZ-Y(IPHI·SCALE 
R1- .5.AI IPH' .SCALE 
R2-.5*SIIPHI*SCALE 
S __ SIN(PHt UPHI) 

CaCOS(PHIC IPHI) 
JTYPE.I TYPE (I PHI. 
DO 46 l·l,N 

CONVERT PIXEL NUMBERS TO X,Y COORDINATES 

H-fLOAT( I J-HALFN 
DO 46 J-1,N 
T JaF L OAT (J I-HALfN 

INITIALIZE FLAGS AND LOCAL VARIABLES 

ACCUM-O. 
IFLGZ-O 
IFLG1-0 
SIGN1-.5 
SIGNZ-.5 

CHECI<. EACH OF THE 4 CORNERS FOR INSIOENESS 

00 26 12-1,Z 
00 21t It-1,Z 
X1-TI .SIGN1-X2 
n-TJ.SIGN2-Y2 

ROTATE TO THE RECTANGLES COORDINATE SYSTEM 

X3.ABS( Xl.C-Yl.SI 
Y3-ABS( X1*S+Y1.0 
If IJTYPE-lJ 48,10.12 

10 IF ItXl/RU •• Z+(Y3/R21 •• Z-1.1 14,14,18 
Il If «(X3-RlJ.GT.O •• OR.(Y3-R21.GT.0.J GO TO 1B 

IFLGI POSITIVE MEANS WE HAVE FOUND AT LEAST ONE CORNER INSIDE 
IFLG2 POSITIVE MEANS wE HAVE FOUND AT LEAST ONE CORNER OuTSIO 

14 IF (lfLG2' 16,16,34 
16 IFLGl-1 

GO TO 22 
18 IF tIFLG!) 2D,ZO,34 
ZO IFLGZ-l 
2Z SIGNI--SIGNl 
24 CONTI NUE 

SIGNZ"'-SIGNZ 
26 CONTINUE 

IF ONLY IfLGl 15 ON THE PIXEL IS COMPLETELY INSIDE 

IF (IFI.GlJ 28,28,32 

IF ONLY IFLG2 IS ON THE PIXEL IS COMPLETELY ouTSIDE 

28 IF IIFlGZI 30,30,44 
·30 CALL EMESG f30,NAMERt5J,Z) 
3Z ACCUM"'OALE.OENS( IPHI 

GO TO 41t 

IF BOTH flAGS ARE ON THE PIXEL IS ON THE BOA:OER AND wE MUST 
INTEGRAT E 

34 XINC"l./FLOAT( INTGJ 
Xl'"TI -X2-. 5. (1.+X J NC I 
00 42 Kc 1,JNTG 
Yl.,T J-Y2-.5.( I.HINC) 
XI-Xl+XINC 
00 4Z L"1,INTG 
YL"Yl+XINC 
X3.ABSI X1.C-Y1.S1 
Y3- ABS (Xl.S+Y1*C I 
IF IJTYPE-11 48,36,38 

36 IF tI X3/RU •• 2+( Y3/R21 •• 2-1. J 40,40,42 
3B IF IIX3-RLJ.GT.0 •• OR.IY3-R2J.GT.D.J GO TO 4Z 
40 ACCUM"'ACCUM+CONST 
4Z CONTINUE 
'" BBI I,JI=BB( I,J)+ACCUM 
46 CONTINUE 
48 CONTINUE 

WRtTE ILUN,521 NtN,INTG,SCALE 
WRITE (LUN,54) NPHAN 
WRITE nUN,501 
WRITE (LLN,5BI 
WRITE ILUN,60. 

10782 
10183 
10784 
10185 
101B6 
107B1 
10188 
1018'l 
10790 
10191 
101C12 
10793 
10194 
10195 
10196 
10797 
10198 
1079'l 
10800 
10801 
10802 
10803 
1080lt 
10805 
10806 
101101 
10808 
10809 
10BI0 
108ll 
1081Z 
10813 
10814 
10815 
10816 
10817 
1081B 
10819 
ID8Z0 
10821 
10822 
108Z3 
108Z4 
10825 
10826 
10827 
10828 
10829 
10830 
10831 
10832 
10833 
10834 
10835 
10836 
10831 
10838 
10839 
10840 
101 .. i 
10842 
1011" 
10844 
10845 
10a46 
10847 
10848 
10849 
101150 
10851 
10B52 
10853 
10854 
10U5 
10U6 
10857 
10858 
10859 
lOUD 
10861 
10862 
10863 
108blt 
10865 
10Bb6 
10867 
108b8 
10B69 
10810 
10871 
10B72 
10813 
10874 
108T5 
10B76 
10877 
10B78 
10B79 
108BO 
10881 
10882 
10B83 
108B. 
10885 
108B6 
10887 
1088' 
10889 
10B90 
10891 
10892 
10893 
10B94 
10895 
10B96 
10897 
10898 
10B99 
10900 
10901 
10G02 
10903 
lQ904 
10905 
10906 
10907 
10908 
10909 
100;10 
10Cll1 
10912 
10'l13 
10914 
10915 
10916 
10917 
10918 



c 

WRITE ILLN,62' 
WRITE ILuth6.' 
WRITE ILUN,66J 
WRITE UUN,6el 
DO 50 I-l,NPI1AN 
IF IITVPEIII.EQ.U WRITE nUN,70' ITVPEII"IElIPS,xlIJ,ylt',A( tI,B 

l~~'~~~!~~:i~:~~~~! WRITE ILUN,lOI nVPEIII,IPECT,X(II,VIII,AfJJ,el 
11 "PHI( I J ,DENSf I J 

XSC .. SCALE.XI I' 
YSC_SCALE.YI I) 
ASC_SCALE.AII I 
eSC-SCALE.SI I I 
DENSC-DAlE.DENSI I' 
WRITE (LUN,721 XSC,YSC,ASC,BSC,OENSC 

50 CONTI NUE 

CALL LGTXT tNAIoIER,9' 
RETURN 

52 FOR"'ATI /II/18H PHANTOM GENERATED/ISH ARRAV SIZE ,13,3H X ,13,3 
LX,21HINTEGRATION FACTOR - ,I3.3X,l7I1SCALI~G FACTOR" ,F8.3' 

5" FOR"4ATtlX."lH NU/lliBER OF ELIPSES AND/OR RECTANGLES - ,13) 
S6 FORMATILX,S5H TI-'E PAR;A/I4ETE~S FOR THE ELLIPSES ANO/OR RECTANGLES A 

lRE, 
58 FORMATI8X,13HX,Y - CENTERI 
60 FORMATI8X,37HA,B - lENGTH OF AXIS OR SIDE A AND 6' 
62 FORMATI8X,30HPHI - ANGLE OF AXIS OR SlOE AI 
6. FORHATl8X,16HOENS - INTENSITYI 
66 FORHATIU,""H THE PARENTHESIS INDICATES THE SCALED VALUE' 
6B FOR"'AT« 5X, 5HlTYPE, 18X, 11-'X. 9X, IHY. 8X, IHA, 9X, IH8, 7X, 3HPHI ,6X ,"HOENSJ 
70 FORMATlSX,13,3X,2H- ,5A2,2X,F7.2,3H , ,F7.2,2X,F7.2,3H , ,F7.2,2X, 

IF7.2,2X,F7.21 
72 FOR/II.UI2"X,lHI ,F7 .2, 3H), I, F7.2, 2HII ,F7. 2, 3H" (,F7.2, 1H I, 9X,lH( ,F7. 

12,lH' I 
END 

I PHANLI 
SUBROUTINE PHANL (N,ITYPE,DENS,X,Y,A,B,PHI,P,MI 

C ................................................................. . 
C • RECL.BL VERSION 1.0 170CT77. 
C ................................................................. . 
c 
C SUBROUTINE PHANL GENEPATES THE LINE INTEGRAL PROJECTIONS 
C OF A SET OF SOURCE ELLIPSES AND RECTANGLES ATTENUATED SY 
C ANOTHER SET OF ATTENUATING ELLIPSES AND RECTANGLES. THE INPUT 
C PARAMETERS. ARE, 
C 
C N - THE TOTAL NUMBER OF elLIPSES AND RECTANGLES 
C JTVPE - AN ARRAV OF DESCRIPTORS FOR THE ELLIPSES/RECTANGLES 
C 1 FOR A SOURCE ELLIPSE 
C 2 FOR A SOURCE RECTANGLE 
C -1 FOR AN ATTENUATING ELLIPSE 
C -2 FOR AN ATTENUATING RECTANGlE 
C DENS - AN ARRAY OF SOUCRE DENSITIES OR ATTENUATION CDEF-
C FICIENTS OF THE ELLIPseS/RECTANGLES 
C FOR TRANSMISSION THE UNITS ARE PER PROJECTION 
C B IN WIDTH 
C FOR EMISSION THE UNITS ARE PER (PROJECTION 
C BIN WIDTHI •• 2 
C X,V - ARRAYS GIVING THE X,V COORDINATES OF THE CENTERS 
C OF THE ELLIPSES/RECTANGLES WITH IIESPECT TO THE 
C CENTER OF ROTATION. UN UNITS (F PROJECTION 
C 8tN WIDTH' 
C A,B - ARRAYS GIVING THE MAJOR AND MINOR AlCES OF 
C ELLIPSES OR THE LENGTHS OF THE SIDES Of RECT-
C ANGLES UN UNITS OF PROJECTION BIN WIDnH 
C PHI - AN ARRAY OF ANGLES UN RADlANS1 WHICH THE MAJOR 
C AXES OF THE ELLIPSES DR THE -A- SIDES OF THE 
C RECTANGLES MUE WITH THE X-AXIS 
C - THE ARRAY INTO WHICH THE PROJECTION 1 S GENERATED 
C - THE PROJECT ION ANGLE INDEX AS DEFINED IN SETUP 
C 
C THIS SUBRouTINE CALLS RECLBL ROUTINE - E"'ESG 
C 
C RECLBL ROUTiNES WHICH MUST BE CALLED FIRST - SETUP 
C 
C LANGUAGE - FORTRAN 
C 
C 

COMMON/ WRKCDM/NWORK, IWUSED ,NFLOAT, I SETUP 
C O"'MON WORK 11' 

NWORK - DIMENSION OF THE USER SCaMMON 8LOCK IN BLANK 
COMMON 

IWUSED - THE HUMBER OF WORDS USED IN BLANK COMMON 
NFLOAT - NUMBER OF WORDS FOR A FLOATING POINT VARIABLE 
I SETUP - THE SUBROUT tNE SETUP SETS ISETUP _ 2HDK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETuP - 2HOK BEFORE 
ExECUTING. 

wORK - BLANK COMHON WORKING ARRAY 

CIJMMON/FANCOIl4/RFAN, TFANC, TFANf 
LOGICAL TFAHC,TFANF 

RFAN - FOR FAN BEAM GEOMETRY RFAN IS THE DISTANCE FROM 
THE SOURCE TO THE CENTER OF ROTATION. RFAN 
IS MEASURED IN UNITS OF PROJECTION BIN WIDTHS AT 
THE CENTER OF ROTATION. 

TFANC - LOGICAL VAR tABLE SET TRUE FOR FAN BEAM WITH A 
CURVED DETECTOR 

TFANF - LOGICAL VARIABLE SET TRUE FOR fAN BEAM WITH A 
FLAT DETECTOR 

COMMON/OUTCOM/LUNOUT I IB0132 

LUNOUT - LOGICAL UNIT NUMBER FOR OUTPUT 
I B0132 - FLAG INDICATING NUMBER OF CHARACTERS tN A LINE OF 

OUTPUT ON LUHOUT 
o _ BD CHARACTEP;S 1132 CHARACTERS OTHERWISE) 

Co/llMOH/ PHNCOM/lPHAN 
DIMENSION PHANIU 
EQUIVALENCE IWORKI1 J ,PHANC it l 

LPHAN - POINTER TO THE ARRAY PHAN IN BLANK COMMUN 
WORKING STORAGE FOR PHANTOM GENEPATING ROUTINES 

10919 
10920 
10921 
10922 
10923 
1092 .. 
10925 
10926 
10~27 
1092B 
10929 
10930 
10931 
10932 
10933 
10934 
10935 
10936 
10<;37 
10<;3e: 
10939 
109,jp0 
109.t,1 
10942 
109"3 
109". 
109"5 
10946 
109.7 
109.8 
109.9 
10950 
10951 
10952 
10953 
109H 
10955 
10956 

10957 
10958 
10959 
109bO 
10961 
10<;62 
10963 
1096. 
10965 
10966 
10967 
10968 
10969 
10970 
10971 
10972 
10973 
1097. 
10975 
10976 
10977 
10978 
10979 
10980 
10981 
10982 
10983 
1098 .. 
10985 
10986 
10987 
10988 
10989 
10990 
10991 
10992 
10993 
1099. 
10995 
10996 
10997 
10998 
10999 
11000 
11001 
11002 
11003 
1100 .. 
11005 
11006 
11007 
11008 
11009 
11010 
11011 
11012 
11013 
1101" 
11015 
1l01t: 
11017 
1101B 
11019 
11020 
11021 
11022 
11023 
1102,. 
11025 
11026 
11027 
11028 
11029 
11030 
11031 
11032 
11033 
1103" 
11035 
11036 
11037 

COMMON/ STRCOM/TSTORE 
LOGICAL TSTORE 

TSTORE" . - LOGltAL. VAA. IABLE SET TRUE WHEN TEST ING STORAGE SHE 
SETS TPRINTlli - • TPUe. 

COMMON I TRGeD"!/J GEO"', KDI MU, AX1 SU ,BWI 0, KMOV, KMI N, KII4AX, KDt M, AX I S, 
1 LPROJ, NANG, MDOANG, LANG, LS INE, LCOS IN, lDAl EA.. T EMIT 

LOGICAL TEMIT 
DIMENSION PROJ (1),A~GI1I, SINE Ill,COSINE (11 ,OATERIt! 
EQUIVALENCE IWORK 11 J, PROJ 111.ANG! 11, S tNE(1) ,COSINE Ill, DATER (111 

IGEOM - GEOMETRY FLAG 
o It PARALLEL BEAM GEOMETRY 
1 '" FAN BEAM GF.OMETRV (CURvED DETECTOR) 
2 - FAN BEAM GEOMETRY I flAT DETECTOR J 
3 - RING OETECTOP. GECMETRY 

Kt)IMU 

AXISU 

BWID 

'"OV 
KMIN 

KMAX 

- NUMBER OF BINS IN THE PROJECTION ARRAV SUPPLIED 
BY THE uSEP 

- THE PROJECTED LOCATION OF THE ROTATtO~ AxiS IN THE 
PROJECTION ARRAY (THIS IS SUPPL.IED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AxIS FALLS 
IN THE CENTER OF A PftOJECTION BIN.I 

- PROJECTION 8IN wiDTH lIN UNITS OF PIXEL WIDTH) 
- THE DISTANCE BETWEEN THE AxIS FOR THE SYSTEM DoHA 

. ARRAY (AXISI AND THE AxIS FOR THE USER DATA 
ARRAY (AXISUI. AXIS - AXISU+FLOAHKMOVJ 

- EIRST LOCATION IN SYSTEM DATA ARUV THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATION IN SYSTEM DATA ARRAV THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 

" IS GOING TO BE USED. 
KOIM 

AXIS 

L.PR:OJ 

NANG 
MOOANG 
LANG 

LStNE 

L.COSIN 

LDATER 

TE/I4IT 

- NUMBER OF BINS IN THE PROJECTION ARP:AY SUFFICIENT 
TO RECONSTRUCT AN NOlJl4 X NOIP" ARRAY, USUALLY 
KOl"'''KDIMU. 

- THE PROJECTED LOCATION OF THE ROTATtON AXIS IN THE 
PROJECTION ARRAY, USUAllY AXIS-AXISU. 

- POINTER TO THE ARRAY PROJ IN BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COMMON 

PROJECTION ANGlES IN RADIANS 
- POINTER TO THE ARRA., S IHE IN BL.ANK CDMIIIIOH 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COSINE OF THE PROJECTtCN ANGLES 
- POINTER TO THE ARRAY DATeR IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VARIABLE SET TRUE FOR EMISSION DATA A,.,O 

FALSE FOR TRANSMISSION DATA 

DtMENS ION nYPE 111, X( 11 ,YllI ,AI 1I,B11I ,PHI I 11 ,DENSllJ ,PIli 
01 "'ENSI CN" RX("', RY 14 I ,PZ 12 I 
DIMENSION NAMEII:t~1 
DATA ~AMER/IHE,lHN,lHD,lH ,1I-lP,lHH,lHA,IHN,lHL.1 
DATA 10K, E PS ,N SAVE/2HOK, 1. E-6, 0/ 

.BE SURE THAT SETUP HAS BEEN CAllED 

IF IISETUP.NE.IOKI CALL EMESG 11,NAMER151,11 

FAC_l. 
IF (TEMITI FAC-l./FLOAT(NANGI 
KATEN-O 
IERS-O 
I ERA_O 

ISUB-LSINE+M-l 
ST-SINEIISUB, 
I SU8_ L.COSIN+M-l 
CT-COSINE( ISUBI 

.CHECK THE PARAf"ETERS AND STORE AWAY SINES AND COSINES 

IF (N.L T.lI GO TO 62 
IF (LPHAN.LT.O.OR.N.NE.NSAVEI CALL MEMST IlPHAN,6*NI 
NSAVE-N 
IF I TSTORE' GO TO bO 
1 SUB-l PI-lAN+6.N 
00 10 l-l,N 
IF IITYPEtl).LT.OI KATEN-I 
IF IJABSltTYPEIIJJ.EQ .. 0.OR.JABSIITYPEIlII.GT.21 GO TO 62 
IF IAtIl.LT.EPSJ GO TO 62 
IF IBIII.LT.EPSI GO TO 62 
PHANI ISUBI-S HHPHI I I " 
PHANIISUB+U"COS(PHll II I 

10 Isue- ISU6+2 

.SET "IPCFR ACCORDING TO PARALLEL, CUPVED FAN, FLAT FAN OR RING 

KUM-KDtMU 
IPCFR_ ICEOM+l 
GO TO 112,1",18,16J,IPCFR 

12 S-ST 
C-CT 
GO TO 18 

14 DPSI_1./RFAN 
PS I __ AXI SU.OPSI 
SP-SINIPSI1 
CP-COSIPSI» 
S-ST·CP+CT*SP 
C"CT.CP-ST·SP 
SDP·S INIDPSI I 
COP-COSIDPSII 
GO TO IS 

16 1(L1I14-NANG 
IF IM.EQ.NANG/2) KLlM"NANG/2 
Ploo4 •• AlANll.1 
ZK-FlOAT(NANGI.CT /12 •• p I I 
FAC_2 •• p t/FlOAT I NANG) 

18 CONTI NUE 

.LOOP OVER THE PROJECTION 81NS FOR THIS ANGLE 

GO TO IZO,22,24,2b),IPCFR 
20 ZI(-FlOAT (K )-AXI SU 

GO TO 26 
22 T-S.CDP+C. SOP 

C"C.COP-S·SOP 

s-' 
ZKaRFAN_1 S.CT-C.STI 
GO TO 26 

2" lK-FlOAT(KJ-AXISU 
ZR I-l./SQIUI ZK •• 2+RFAN •• ZI 
SP"ZK·ZRI 
CP"RFAN*ZRI 
ZK-RFAN·SP 
S-ST·CP+CT.SP 
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11038 
ll03~ 

110"0 
HO"l 
110"2 
1104) 
110 .... 
11045 
11046 
110.7 
110,jp8 
11049 
110~0 
11051 
11052 
11053 
11054 
11055 
11056 
11057 
1105B 
1105Q 
11060 
11061 
11062 
11063 
1106. 
H065 
11066 
11067 
11068 
11069 
11070 
11011 
11072 
11073 
1l0H 
11075 
11076 
11071 
1107B 
11079 
110aO 
11081 
110B2 
11083 
110a .. 
110B5 
11086 
11087 
11088 
11089 
11090 
11091 
110n 
11093 
1109" 
11095 
110C;6 
11097 
11098 
11099 
11100 
11101 
11102 
11103 
1110" 
11105 
11106 
11107 
11108 
11109 
11110 
11111 
11112 
11113 
1111" 
11115 
11116 
11111 
11118 
11119 
11120 
11121 
11122 
11123 
1112" 
11125 
11126 
11127 
1112B 
11129 
11130 
11131 
11132 
11133 
1113" 
11135 
11136 
11137 
11138 
11139 
1 11 'to 
111"1 
111.2 
111"3 
111"4 
111.5 
111"6 
111,,7 
11148 
111"Q 
11150 
11151 
11152 
11153 
1115" 
11155 
11156 
11157 
11158 
11159 
11160 
11161 
11162 
11163 
1116" 
11165 
11166 
11167 
1116B 
111t9 
11170 
11171 
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c 

C:(. r.CP-$T*SP 
GO TO 28 

26 "''''''''=2*1(+101-) 
IF ''''!'''M.GE.Z*NANCI "IMM=~"'''I-2.NANG 
ISUB=LSINE+M'1M 
C=SINE( ISUe I 
I SU 8: Leos IN +MMM 
$::-COSINE( ISUBI 

25 CJNTI"lUE 

.THE FOLLOWING lOOP FINDS INTEFtSECTltJNS 

NIN=O 
ISUB=LPHA.N 
rSC:lPHAN+6_N 
DO 44 l=l,N 
S$=PHAN ( I SC ,*C-PHANI I SC. 1I*S 
C('" PHAlli ! iSCtl)*C+PHANI!SC,*S 
');lK+X( II*S-Y(II*C 
DD=X( JI*C+YII ''''S ' 

IF IlABSIITypeIIlI.EO.2) GO TO 30 

_T1-I15 IS FOR AN ELLIPSE, 

ASSC= (AI I '*S5 )*"2+( 6111.C( ,.*2 
ASaco,,_ ZS*ASP,c-onz 
IF (ASBCD.LE.O.I GO TO 44 
lPM"'ABS I AI I ,_el I) '-SORT{ ASBC 0 1/ ASBC 
1 PrO* SS*CC *' A (1 ' ..... Z-8( I , •• 21/A SBC+OD 
PHAlli (ISUBJ=ZP+IPM 
PHAN I I SUB+)) =IP-lP"I 
GO TO 38 

*T'"11 SIS FDR A PECUNGLE 

30 RYI11::.~.(A(II.SS+B(II.CCI 
RY (21";'. 5*{-41 t '*55+8 (I )*CC I 
RY 13 J= .S"{-AI 11*5S- BI I I.CC) 
RVI41=,.5.IA( 11.55-EII).CCI 
RVI'I"RVC 11 _ 
IF (RYI21.GE.RYM~ RYM==Ecy 12 1 
IF IRY(3J.GE.RYMI RYM .. RY(3) 
IF CRYI41.GE.P.YMI RYM"RY(4) 
IF (ASS(D).GE.9.Y~1 GO TO 44 
RXlll_. 5.1 AI I I.CC-SC t '.551 
RX 121= .5.(-AI I I.CC-81 I '.55' 
RXIl)". 5.(-AI II.ce .. SI I I.SS I 
RXI41".5.U( I ,.CC.BC I ).551 

J-' 
DO 32 I1.l.4 
JJ_lt-f1'DDII I ,41 
RYJI·RYIJJ)-RYIII' 
IF IASS(RYJII.LT.EPSI G£1 TO 32 
IF {ABS(.5.(RYIJJI+RY(1I1I-DI.GT.·.!5.AeSIRYJIII GO TO 32 
RZ I J 1= (RXI I I I.' Rye JJ 1-0 ,+RX( JJI"( O-RY( I1III1PYJI 
IF IJ .EQ.21 GO TO 34 
J" 

32 CO~Tl~UE 
GO TO 44' 

34 IF IRZt21.GE.P.lI U I GO TO 36 
PHA~ I ISUBIIIRlI11.DD 
PHAN I I sue+31 .. IU 12 J +00 
GO TO 38 

3b PHA"IIISUBI"'RZI21+00 
PHAN IISUS+31=FI Z 11 ) +00 

c' .SOTH ELLIPSES AND RECTANGLES COME HERE 
C 

38 IF (ITYPEIII.LT.OI GO TO 40 

·SOUFICES 

, PHANI tSUB+1IcOENS( I I 
PHANIIsua+2."0. 
PHAN( [Sue+41--0EN SI I I 
PHAN( ISUS+5 1.0. 
GO TO 42 

.ATTENUATORS 

40 PHANllsua+lI=o. 
PHANll SUS+2) cOENS 111 
PHANI J sue+4) =0. 
PHAN( ISUB+5 I .,-DENS I II 

42 NIN"NIN+2 
ISua"ISUB+e 

44 ISC'" ISC+2 

.IF NO tNTEQSECTIONS JUMP l~MEDtATELY 

SAC T .. O. 
IF (NIN.LE.OI GO TO 58 

.THE FOllOWING LOOP ORDEIl:S ALL INTERSECTIONS 

NIN~"'NIN-l 
I SUS"LPHAN 
DO 48 I"'l,NINM 
ZMAX.PHANIISUBI 
tSUB'1"YSU8 
JJ=I+l 
I SUBJ'" SUB+3 
00 46 J"JJ,NIN 
IF I PHANU SUSJt .LE.ZMAX) GO· TO 46 
I SUB"= I SU8J 
ZMAX_PHAN I ISUBJ' 

46 ISU!'JcISUSJ+3 
IF f ISUBM.EQ.ISU?) GO TO 48 
TePI.IANIIsuel 
PHANI IS UB) =PHAN C I SUB"'I 
PHANllSUBM,eT 
Te PHAN I I SUS'" 1 , 
PHANI ISUS+1,,,,PHMH ISUB"'+ll 
PHAN( I SUBM+l I .. T 
T .. PHAN ( I SUB+ 2' 
PHA!'I( I SUB+2 I" PHAN I lSU B"'+2J 
PHAN I ISUB"1+21.,T 

4B ISUB; ISUB+3 

.THE FOLLOWING lOCP MAKES INTERVALS OUT OF THE INTER-SECTIONS 

NI"IL=O 
I SUaLeLPHAN 
I"PHANIISUBLJ 
SO"PHAN I I SUBL+ll 
AC"PHA""C ISUBL+21 
ISUB"ISU8L+3 
00 52 le2tNIN 
IF IZ-PHAN(ISUal.LE.EPSI GO TO !50 
NINLcNINL+l 
PHAI\l( ISUSLI .. Z-PI-IAN( lSU8J 

11172 
11173 
111"!'4 
111 75 
11176 
11177 
11178 
111 79 
11180 
11181 
tl182 
11183 
11184 
11185 
1118e 
I11S1' 
11188 
11l8<1 
11190 
tH'H 
11192 
11193 
11194 
111"5 
11196 
11197 
1119'3 
11199 
11200 
B201 
11202 
11203 
11204 
11205 
11200 
11207 
11208 
11201? 
11210 
11211 
11212 
11213 
11214 
11215 
1121t 
ll2t7 
1I218 
11219 
11220 
11221 
11222 
11223 
11224 
11225 
11226 
11227 
11228 
1122C; 
11230 
11231 
11232 
11233 
11234 
11235 
11236 
11237 
11236 
1123C; 
11240 
11241 
11242 
1124'3 
11244 
11245 
11246 
11247 
11248 
1I249 
11250 
11251 
11252 
11253 
11254 
11255 
11256 
11257 
11258 
11259 
11260 
11261 
112b2 
112l:3 
11264 
11265 
11266 
11267 
11U8 
1126" 
11270 
11271 
11272 
11273 
11274 
11275 
11216 
11271 
11278 
11279 
112BO 
11281 
11282 
112e3 
11lB4 
11285 
11286 
11lB7 
1"12BB 
11289 
11290 
11291 
11292 
11293 
1 12c:l4 
112C;5 
11296 
11297 
11298 
112S9 
11300 
11301 
11302 
11303 
11304 
11305 
11306 

c 

Z.PHAN( ISUaJ 
PHANIISU8L"U"SD 
PI-<AN( ISUBL+ZI"'AC 
tSUBL=ISUBL+3 

50 SD;SD"PHANtISUS"11 
AC"'AC+PHAN( ISUa+2) 

52 I SUS" I SUa+3 

.THE FOLLOWING LOOP CALCULATES no(E PROJECTED, ATTENUATED 
ACTIvITy 

ATTN"O. 
ISUB"LPHAN 
DO 56 Izi,NINL 
l"PHAN( ISUBI 
SO"PHAN( I SUS"11 
IF ISD.LE.-EPS I IERS'" 1 
AC"PHANIISUB"21 
IF (AC.LE.-EPSJ IEFU.l 
IF ISD.LT.EPSI GO TO 54 
IF IAC.LT.EPS) SZsSO.Z 
IF IAC.(E.EPSI SZ"f~D/ACI.(I.-EXP(-AC.ZlJ 
SAC T,. SAC T" SZ.EX P I -ATTN) 

51t ATTN"'ATTN+AC.Z 
56 Isuemi SUB+3 

.SACT IS THE PROJECTED, ATTENUATED SOURCE ACTIVITY 

5B P(KI"SACT.FAC 

00 IF fM.EQ.NANGJ CALL HEMST eLPHAN,OJ 
IF IKATEN.EQ.OI RETURN 
IF ItERS.NE.O) WRITE (LUNOUT,66J 
IF IIERA.NEoO) WRITE ILUNJUT,68, 
IF (IER.St-IERA.NE.OJ CAll EMESG (l1,NAHEq,(51,OI 
RETURN 

02 WRITE fLUNOUT t 101 N 
IF (N.lT.lI GO ·TO 64 
lOR IfE ILUNOUT ,72. { ITYPEI I), XI I ',YIII,A(I I,BI II ,PHI (11 ,DENSll I ,1-1 

1,NI 
64 CALL EMESG 110,NAMERI5Jtl) 

RETURN 

6b FQRHATf/lX,77H WARNING ••• f"EGATIVE SOURCE ACTIVITY DETECT EO DURIN 
IG GENERATION OF PHANL DATA) 

6B FORMATtllX,73H WARNING ..... NEGATIVE ATTENUATION DETECTED DURING GEN 
lERATiON OF PHANL DATAl 

70 FORMAT( 1/73101 THERE IS A PAFI.,6.METER ERROR IN THE CAll TO SUSROUTt~ 
IE PHANL ••• STOP •••• I 
2 I 14H TI-<E RULES ,6REI 
3 5X, 1qH N HUST BE POSITIVEI 
It 5X, 30M !TYPE MUST SE 1, 2, -1 I OR -21 
5 5X, 25H A AND 8 HUST SE POSITI VEl 
6 lOX, 'tH N -,14' 

72 FOR"!A Tl/10X, 5HtTYPE, 9 X, 1HX, C; X, 1HY, 9X t IHA ,9)(, 1HB, 7X, 3HPHI , 
1 6X, 'tHDENSI 
2 ·/C5X,I10.6F10.311 

END 

Sus ROUTINE PI E I Bl ,N,P" Xl, Yl,l, I~TFAC,NSl IPt, ISTARTl 

C •••••••••••••••••••••••••••••••••••••••••••• ,. ••••••••••••••••••••• 
C ~ECl8L VERS ION 1.0 110CT77 
C ••••••• ,. ......................................................... . 
C 
C THE SUaROUTINE· PIE GIVES A PIE PHANTOM CONSISTING OF 
C 2.NSLIPI SLICES ALTERNATING BLACK AND WHITE 
C 
C SI - ARRAY WHERE PHANTOM IS GENERATED 
C N - OI!'4ENS ION OF THE SQUARE APRAY 81 
C R - RADIUS OF CIRCLE P""ANTQH 
C Xl,Yl - CENT Ell. OF ClflCLE RELATIVE TO THE CENTER 
C OF ARq,AY 
C Z - FUll VALUE OF 'FUNCTION 
C INTFAC - INTEGRATION FACTOR. EACH BOR-DER PIXEL IS'DIVIDED 
C INTO INTFAC •• Z PIXElETTES FOR INTEGRATION 
C NSLIPI - NUMBEFI OF SlICES IN HALF THE PIE ( IN PI flAOIANSI 
C ISTART - INDICATOR OF THE COLOR OF THE FIRST (COUNTERCLOCK-
C WISEI SLICE. 0" WHITE ELSE IT IS BLACK. 
C 
C THIS SUBROUTINE CAlLS RECl8L ROUTINES - LGTXT 
C LANGUAGE - FORTRAN 
C 

C DHMONI auTC OMIl UN OUT , 180132 

LUNOUT - LOGICAL UNIT NUMBER FOR OUTPUT 
180132 - FLAG INOICATING NU~BER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNIlUT 
O. BO CHARACTEA;S (132 CHARACTERS OTHER-WISEI 

DI~ENSION Bl (N,N) 
DIMENSION .NAMERI9) 
DATA NAMER/IHE,lHN,lHDtlH ,IHPtlHItlHE,lH tlH I 
DATA IDK,EPS/2HOK,1.E-61 

CALL. LGTXT tNA/oIERfSI,51 
PI-4 •• ATANIl.1 
THETA O-PI IFLOAT I NSLI PI J 

VALUE OF ONE PIXELETTE DURING INTEGRATION 

CaNST .. lIFlOATf INTFAC. INTFAC' 
HALFN""FLOAT I N"IIIZ. 
IF 11START.NE.01 ISTART .. 1 
0056 J=l,N 
TI "FlOA T III-HALFN 
DO 50 J"I,N 
T J"'F L OAT (J) -HAL FN 
ACCUM .. O. 
SIGNl" .5 
SIGN2 z .5 
IFLGl=O 
IFLG2"0 
IFLG3=O 
IFlG4"0 

.CHECI( THE FOUR CORNERS OF CURRENT PI XEL FOA POSITION 

11307 
11308 
11300 
11310 
11311 
IUIZ 
11313 
11314 
11315 
11316 
11317 
11318 
1131q 
11320 
11321 
11322 
11321 
11324 
11325 
11326 
11327 
11328 
11329 
11330 
11331 
11332 
11333 
11334 
11335 
11336 
11'337 
11338 
113)9 
11340 
11341 
11342 
11343 
11344 
11345 
11346 
11347 
11348 
11349 
11350 
11351 
11352 
11353 
11354 
11355 
11356 
11357 
11358 
11359 
11360' 
11361 
113b2 
tUU 
11364 
11365 
11366 
lU67 

11368 
11369 
11370 
11311 
1137Z 
11373 
113H 
11375 
11376 
11317 
11318 
11379 
11380 
1'1381 
11382 
11383 
11384 
11385 
11386 
11387 
11388 
11389 
11390 
11391 
113c:l2 
11393 
lL394 
11395 
11396 
11391 
1139'8 
11399 
11400 
11401 
11402 
11403 
11404 
11405 
11406 
11401 
11408 
11409 
11410 
11411 
LU12 
llU3 
11414 
110\15 
11416 
11417 
11418 

.11419 
11420 
11421 
11412 
I11t23 
11424 
11425 
11426 



00 30 11-1.2 
00 2S 12-1,2 
X_Th'SIGN1-X1 
y_T J+SI GN2-Yl 

.CCt4PUTE I'IUMBER OF SECTION WE ARE IN 

IF USSIXI.GE.EPS.OR.A8SlY'.GE.EPSI GO TO 10 
THETA-D. 
GO TO lZ 

10 THETA-ATAN2(Y,XI 
IF ITHETA.L T.O.' THETA_2 •• PI+THETA 

12 I PARAM-THET AITHETAO 

ARE WE INSIDE CIRCLE 

IF «X*X+Y.Y-R.R I 16,16, 1~ 
1~ IFLG1-1 

GO TO 22 
16 IFLG2-1 

FLAG 1 J.4EANS OUTSIDE CIRCLE 
FLAG 2 MEANS INSIDE CIRCLE 
flAG 3 MEANS AN ODD SECTION 
FLAG I, MEANS AN EVEN SECTION 

WHAT COLOP IS THE SECTIO~ WE ARE IN 

IF II1+I2.NE.2.AND.IPARAM.NE.IPOLOI GO TO 42 
IF «I PARAMI2.2-IPARAM, 18,20,18 

IS IFlG3-1 
GO TO 22 

20 IFLG4-1 

IF ALL THE FLAGS ARE UP, WE CAN BEGIN INTEGRATION 
EL SE CHECI< THE OTHER CORNERS 

22 IF IIFLG1-IFLGZI 26,24,26 
2~ IF I JFLG3+IfLG"'-2J 26,42,26 

TOGGLE SIGNS, GO TO ANOTHER CORNER 

26 SIGNI--SIGNI 
I POLO-I PAR AM 

28 CONTINUE 
SIGN2--SIGN2 

30 CONTINUE 

IF WE START WITH A ONE SECTION, THEN WE ARE BACKWARDS 

IF IISURTI 32,34,32 
32 IT-IFLG3 

IFLG3-IFLG4 
IFl.G4-n 

.ARE wE IN THE CIRCLE AND A 1 SECTION 
all. ARE we STRADDLING ANY LINES 

34 IF (IFl.Gl-IFLG21 36.40.54 
36 IF IIFLG3-IFlG4' 54,42,38 
38 ACCUM-Z 

GO TO 54 
~O IF IIFLG3-IFLG4' 5~,42,42 

2-0 INTEGRATION ROUTINE 

42 00 52 K-l,INHAC 
00 52 L-1,INTFAC 
x-TI +fLOAT I K "FLOAT I I NTFAC 1-. 5-Xl 
Y- T J+FL OAf( L JlFLOAT I tNT FAC 1- .5-Yl 

.COMPUTE THE POSITION OF PixELLETTE RELATIVE TO THE CENTER OF 
THE CIRCLE 

IF IX.X+Y.Y-R.RI 44,4~,52 

AUN2 BtOwS UP AT 10,01 

44 IF (ABS(XIt-USI YI.GT .EPSI GO TO 4t 
THETA-a. 
GO TO itS 

.COMPUTE ANGLE OF ouR POSITION 

46 THEU-ATAN21Y,X) 
ita IF ITHETo\.LT.O.1 THETA_2 •• PIt-THETA 

C 
C .COMPUTE THE NUMSER OF OUR SEC nON 
c 

J PARA"'- IFI X( THETA !THE TAOI 

WHAT COLOR IS IT 11 OR ,a) 

IF I I PARAM-I PARAHI2.2-ISTART I 50,52,50 

ADO ONE PIXELLETE VALUE IF WE ARE INSIDE AND IN A 1 AREA. 

50 ACCUM-ACCUM+CIlNST 
52 CaNT INUE 
54 allI,JI-ACCUM 
56 CONTINUE 

WRITE ILUNDUT,58' N,N,R,Xl,Vl,INTFAC,THETAO 
CALL LGTXT INAMER,91 
RETURN 

58 FORMAT I 1I122H PIE PHANTOIo! GENERATED/13M ARR"Y SIZE .13. 
llHXtI3/16H CtRCLE RADIUS .F6.2,7H AT (tF3.0tlH"F3.0,lHII 
213H INT FACTOJ{ ,13/15101 SECTOR WIDTH ,H.31 ,., 

I PJEeTI 
SuBROUTINE PJECT IB,P,H,pItJI .................................................................. 
• RECLBL vER.SIeN 1.0 170CT77. .................................................................. 

THE SUBROUTINE PJECT PROJECTS FROM THE AA.RAY B INTO A 
SINGLE PROJECTION ARIU,Y I' Of LENGTH KOIMU WITH POTATION AXIS 
EQUAL TO AKISU. THE PROJECTION HAS THE ANGLE ANGPU WHER.E M IS 
THE INDEX OF THE ANGLE., THE SUP.ROUTtNE PJECT REQUIRES THE 
USER TO SET THE DESIRED SYSTEM pPOJECTtON SUBROUTINE PRJ. THI S 
AllOWS THE USER. TO uSE THE SYSTE~ PROJECTION SUBR()JTINES AND 
PROJECT DATA HHO THE USER S OWN PROJECTION ARRAY. 

11427 
11428 
11429 
11430 
11431 
11432 
11433 
114H 
Lh35 
1143b 
11437 
11438 
11439 
11440 
11441 
111,42 
114~3 
11444 
11445 
11446 
114047 
114~8 
11449 
11450 
11451 
11452 
11453 
11454 
11455 
11456 
11457 
11458 
11459 
lllt60 
114fl 
11462 
11463 
11464 
11465 
11466 
11467 
1146B 
11469 
11470 
11471 
11472 
11473 
11474 
11lt75 
11416 
11477 
1147S 
11479 
I11t80 
11481 
11482 
11483 
llU4 
liltS' 
11486 
1H87 
114S8 
11489 
11490 
11491 
11492 
11493 
11494 
11495 
11496 
1H97 
11498 
11499 
11500 
11501 
11502 
11~03 
11504 
11505 
11506 
11507 
11506 
11509 
11510 
11511 
11512 
11513 
11H4 
IH15 
11516 
11517 
11518 
11!19 
11520 
1l~21 
11522 
11523 
11524 
11525 
11526 
11527 
11528 
11529 
11530 
11531 
11532 
11533 
11S34 
11535 
11536 

11537 
11538 
1153<1 
1151t0 
11541 
Il542 
11!::4) 
11~44 
11545 
1154b 
11541 
11548 
11 ~1t9 

c 
c 
c 
c· 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

- THE ARRAY OF OATA FOR THE TR"NSEvERSE !ECTHI"4 
- THE PROJECT ION ARRAY 

M - Tl-IE ANGLE INDEX 
PRJ - THE SY'STEM "RIJJECT1(IN SUB!:.OUTI NE 

THIS SUBROUTINE CALLS Il.ECLBL ROUTINES - CISO. EMESG. lGTxT. 
MEMST, ZERO 

RECLBL ROUTINES WHICH MUST BE ClottED FIRST - SfTUP 

EXTERNAL RECLSL SUBPOUTi"lES - PPJ 

LANGUAGE - FORTRAN 

COMMON/WRI<COM/NWORI(.I WUSED.NHOAT, I SETUP 
COMMON WORK 11 I 

~WORK - DIMENSION JF THE ,USER S COM"ION 8LOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WORDS USED IN BLANK COMMON 
NHOAT - "lUMBER OF ,.ORDS FOR A FLOATING "OINT VARIABLE 
ISETUP - THE SUBROUTINE SETuP SETS ISeTuP. 210401(. 

SUBR\)UTI"4ES WHICH REoulRE THAT SETUP IS CAllED 
FIRST TEST TO SEE IF ISETUP " 210401( 8EFORE 
EXECUTlfl/G. 

wORK - BLANI( CO"lMON WORKING ARRAY 

COMMONI ATNCOMI LATEN, L BMAP. TA TEN, LUNATN 
LOGICAL TATEN 
01J.4HISION ATENllh8MAPII' 
EQU I VAL ENCE I WORK' 1 ) ,AT ENI 11 ,8"'API 11 I 

LATEN - POINTER TO THE ARR"Y ATEN IN BLANK COMMON 
STORES ATTENUAT ION FACTORS FOR ONE ANGLE 

LeMAp - POINTER TO THE ARAAY BMAP IN 8LANI< COMMON 
A MATRIX USED TO STORE THE CONSTANT ATTENUATIO"l 
COEFF IC IENTS 

TATEN - LCGICAL VARIABLE SET TRUE FOR ATTENUATION 
RECONSTRUCTION 

LUNATN - LOGICAL UNIT NUM8ER FOR ATTENUATION FACTI"IJl STORAGE 

C0"4"40N/OATCOM/LoAT A 
DIMENSION DATAIlJ 
EQUIVALENCE (WORKlll,OATAllIJ 

LOATA - POINTER TO THE.ARRAY DATA IN BLANK COMMON 
OATA - AN INTERMEDIATE PROJECTION ARRAY 

COMMON/FANCOM/RFAN, TFANC, TFANF 
LOGICAL TFANC,TFANF 

RFAN - FOR FAN eEAM GEOf'iIETRY RFAN IS THE DISTANCE FROM 
THE SOURce TO THE CENTEP OF R1UTJnN. RFAN 
IS MEASURED IN UNITS OF PROJECTION BIN WIDTt04S AT 
THE CENTER OF ROTATION. 

TFANe - LOGICAL VAR tA8LE SET TRUE FOil FAN BEAM WITH A 
CURVED DETECTOR 

HANF - LOGICAL VAR. tA8LE SET TRUE FOR FAN 8EAM WITH A 
FLAT oETECTOR 

COMMON/ouTCOM/LUNQUT,180132 

LUNOUT - LOG) CAL UNf T NU"'8ER FOR OUTPUT 
180132 - FLAG tNDICATING NUI'I8EP OF CHARACTERS IN A LINE OF 

OUTPUT O~ LUNQUT 
011 BO CHARACTERS (132 CHARACTERS OTHEA.wISEI 

CDHMON/PTRCOM/NOIMU ,NOI H, PWI 0, TC I R, N"'AT, LNt ,KNt 
LOGICAL TC Ill. 
DIMENSION NI III 
EQU IVALENCE( WOA.I<11I ,N 1111 J 

NOIMU - THE LINEAR. DIMENSION OF THE TRANSVERSE SECTION 
NO 1M - THE CURRENT LINEAR DIMENSIOfl/ USED BY THE PROGR"", 
P",ID - PIXEL WIDTH lIN UNITS OF PROJECTION BIN wIDTHI 
TCIR - LOGICAL VARIABLE SET TRUE FOR CIRCULAR RECON. 
NMAT - THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 
LNI - POINTER TO THE ARRAY NI IN BLANI( CO"'MON 

NJ{JI IS THE NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUARE OR CtRCULAP PORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR MEMST CALLS NEEDED BECAUSE ,'it 
IS AN INTEGER VARIABLE 

COMMONI STRCOM/T STOll. E 
LOGICAL TSTORE 

TSTORE - LOGICAL VARIABLE SET TPUE WHEN TESTING STO~AGF SJlE 
SE TS TpRI NTllt - • TRUE. 

C O .... MOIII/TRGCOM/I GEOM ,KDI MU, AX I SLI, 8MI D.KMOV, KHI 1\1, KMA)(, KO I .... AX I S. 
1 LPROJ, NANG ,~OOANG, LANG, LS I NE, LceSl "I, LDAT Ell., T E"IlT 

LOG I C AL TEM IT 
DIHENS ION PROJ 11) ,A~Glll. S rr"EllJ ,COSI f.lE (ll ,DATER III 
EQU!VAl ENCE (WORK Ill. PA.OJI 11 ,AN~( 1" SINE I 11 ,COSINE III ,DATERI 111 

tGEO"" - GEO/llEnl:Y FLAG 
o ., PARALLEL BEA'" GEOMETRY 
1 ., FAN P.EAM GEOMETRY ICURVED DETECTOR) 
2 .. FAN BEA'" GEOMETRY IFLAT DETECTrIR) 
3 .. RING DETECTOR GEO"'ETRY 

KDI"'U - "lUMBER OF BINS 1"1 THE PROJECTION ARAAY SUPPLIED 

AXI SU 

BWJi) 
I(MCV 

KMJN 

KMAX 

KDtM 

AXt S 

LPROJ 

/\lANG 
MODANG 
LANG 

LSINE 

LCOStN 

LDATER 

TEMIT, 

8Y THE USER 
- THE "ROJECTED LOCATION OF THE ROTATION AxiS IN THE 

PROJECTION ARRAY (THIS IS SUPPLIED av THE use!!; 
AND IF AX ISU IS INTEGER, THEN ROTATION AXI S FALLS 
HI THE CENTER OF A PROJECTION BIN. I 

- PROJECTION BIN WIDTH lIN UNITS OF PIXEL WIOTHI 
- THE DISTANCE BETWEEN THE AXIS FOP, THE SYSTEM DATA 

ARRAY fAX I S I AND THE AXJ S FOR THE USER OAT A 
ARRAY fAXISUJ. AXIS" AXISlJ+FlOATII(MOVI 

- FIRST LOCATION IN SYSTEM DATA AR~AY THAT STORES 
THE oAT" OF THE FIRST USER PROJECTION BI"! TfoIAT 
JS GOING TO BE USED.' 

- LAST L')CATlON IN SYSTEM DATA ACIRAY THAT STORES 
THE DATA OF THE LAST USER PPOJECTTON BIN THAT 
IS GOING TO 8E USED. 

- NUMBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECO"lSTRUCT AN NOIM X NoIM ARRAY, USUALLY 
KDIM"KDIMU. 

- TJ04E PROJECTED LOCATION OF TfoIE qOTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXIS:AX!SU. 

- POINTER TO THE APHY PR('IJ IN BLANK CO"lMON 
INTER"IEDIATE PROJECTION AND P,,"OJECTION ERROR 
VECTOR 

- Nl.f1BER OF PROJECTIIJIIIS 
- "lODE FOR PI(OJECTION ANGLE INPUT 
- POINTER. TO TI-'E AR"AY ANG 1"4 9LANI< COMM'1N 

PR;OJECTIO"l ANGLES IN RADIANS 
- POINTE~ TO THE AR~AY SINE I"l BLANK CQMI1Q>.j 

StNE OF THE PROJECTI8"1 A"'GLES 
- POINTER TO THE AR~AY COSH:E IN BLANK COMMO~ 

COS tNE OF THE PR.C'JECTtC'N ANGL E~ 
- POINTER TO THE AR!:.AY OATER. IN BLANK CO .... MQN 

USER PROJECTION DATA AND LlNCERTAINTIES 
- LOGICAL VARIABLE SET TPUE FOR E"4ISSION DATA A~D 

FALSE FOR TRANSMtSStc:~ DATA 
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11~ 50 
11~51 
11552 
11 ~5) 
tl ~34 
11555 
1155ft 
11557 
11558 
1155<1 
115ftO 
115U 
11562 
1156) 
11564 
l1!it.!: 
11566 
11567 
11568 
1156<; 
11~70 

usn 
11572 
Il!:73 
11574 
t 1515 
11516 
11577 
11578 
11579 
11S80 
11581 
11582 
lH83 
11584 
11585 
1158b 
11587 
11588 
11589 
Ll590 
11591 
11592 
11593 
11594 
11595 
11596 
11597 
IISl18 
1159<1 
11600 
11601 
IH02 
11603 
11604 
11605 
11606 
11607 
IleOS 
11609 
11610 
11611 
11612 
tHU 
11614 
11615 
11616 
1 if: 17 
11618 
11619 
11620 
11621 
11622 
11623 
1162't 
11625 
11b26 
1H27 
11628 
1162'0 
11630 
11631 
11632 
Ll63) 
11634 
11635 
1163t 
11637 
11638 
1163<; 
I1b40 
11t-41 
11642 
11643 
11t:44 
Itt:45 
11646 
11647 
116,.8 
1164Q 
llt50 
11t51 
11652 
11653 
1165" 
lIe55 
Ilt:5o 
11051 
11658 
1165<; 
110eO 
11661 
1lb62 
11663 
1166" 
Llee5 
11666 
lIb67 
I1Ha 
1166<1 
11670 
11671 
11672 
11e73 
11614 
11675 
11eU 
lle77 
1167B 
lIt79 
11680 
lit:81 
I1b82 
11683 
lIta4 
11685 

" 11t-86 
11687 
11eR? 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

DIMENSION BIll,PllJ 
DIMENSION PFL.G(4J 
OIMENSION NAMERf'iJ 
LOGICAL TFANN,TATENN 
EXTERNAL PRJ 
DATA NAMER/IHE,lHN,lHQ,lH ,1HP,lHJ,lHE,lHC,lHTI 
DATA JOK/2HOKI ' 

.SE SURE THAT SETUP HAS BEEfIj CALLED 

IF (ISETUP.NE.IOK) CAll E/oiESG Il,NA!<1ERISJdl 

IF (IGEQ"'.l T .31 GO TO 10 
WRITE (LUNDUT.24J 
CALI. EMESG 136,NAMERI5I,lI 

10 IF (M.EQ.ll CAll lGTXT (NA/I!ER(SJ,51 
IF (NOIM.EQ.NOIMUI "GO TO 12 
WRITE ILUNOUT,261 
CALL EMESG UZ,NAMERI51,1I 

12 CONTINUE 

IF (LOAlA.I.E.OJ CALL ME"'ST (LDATA,KD!"" 

CALL PRJ I PFLG I au,",. 0 I 

IWTTcPFLGI2 J 
IATEN"PFLGO) 
IFAN",PFLGI41 

TFANN;;IFAN.EQ. L 
TATENN" I ATEN. EO.l 

I F II TFANC .OR. TFANF J .AND. TFANN .OR •• NOT .11 TF ANe .OR. TFANF J • OR. TfANN I 
LJ GO TO 14 

WRITE (LUNOUT,28J 
CAll EMESG 113,NAMERI5J,lJ 

14 IF ITATEN.AND.TATENN.OR •• NOT.(TATEN.OR.TATENN)) GO TO 16 
WRITE ILUNOUTt30) 
CALL EMESG 114,NAMEPIS),lt 

THE NUMBER OF BINS PPOJECTED 1)uTStDE T~E USEP P~OJECT10N 
AR~A'!' '" 1(0IM-KMAX+KMt N-l . 

THE IIIUMBER. OF BINS PROJECTED BELOw THE USER ARPA., IS f(MIN-l 
THE NUMBER OF BINS PR.OJECTED ABOVE THE USER ARRAY IS f(OIM-KMAX 

16 IF IM.IIIE.lI GO TO 18 
KX81 /\IS'" KO I M-KMAX+1(1o! IN-1 
IF IKXBINS.LE.O) GO TO 18 
KXBINL;'K/lilIN-1 
K XB I NU;;KOI M-K"4AX 
WRITE ILUNOUT,3Z) 1<X8JNS 
IF (KXBINL.GT.OJ wRITE ILUNOUT t 34) KX81NL 
IF IKX8INU.GT.01 WItITE (LUNOUT t 361 KXBI~U 

18 IF (TSTORE) GO TO ZZ 
IF fTeIR) CALL CISO ·(BrBtZ! 

FAC-l. . 
IF (TEJoIITI FACz:l./fFLOATINANG).PWIO) 

CALL PRJ Is,OATAnOATA) ,/IU 

CALL ZERO fP;KOI/lliUI 

K SUB1 :K/lilIN-K"IOV 
KSU81" LOA TA+KMI N-l 
DO ZO KcK"4tN,K/IIAx 
P (KSU81)-=OAT A "(SUBZ) .F,6C 
K SU~ 1 =1{ SUB 1 + 1 
KSUBZ=KsueZ+1 

20 CONTINUE 

IF !TCIR) CALL CISQ IB,a,1I 
Z2 IF I"'.NE.NANG) RETURN 

CALL MEMST ILOAn,OJ 
CAlL ME~ST ''''AXFW,-1 J 
WRITE'LUNOUT,381 HAXFW 
CALL LGTXT (NAMER I 91 

RETURN 

24 FORMAT(1I10X I 39HPJECT CANNOT BE USED l,nTH RING GEOMETR.'!'I 
1l0X, .. 9HCSETUP INPUT PARAMETER IGEOMtIPARI5! CANNOT 8E 311 

26 FORMAT(/lx,80HTHE SUBROUTINE PJECT CANNOT 8E CALLED DURING THE EXE 
1CUTION OF FIL8K ••• STOP .... ! 

Z8 FORMATII10X,50HTHE PROJECTION SUBROUTINE IS INCON5-ISTENT WITH THEI 
115Xt33HFAN BEAM PARAMETERS SEEN BY SETUP I • 

30 FORMATIIIx,71HATTEMPTEO CALL OF A PROJECTI:JN SURROUTINE WHICH USES 
lATTENUATION FACTORS/SX,3"HBEFORE THE FACTORS WERE EVALUATED. I 

32 FOR"4ATIIIX,65HTHE NU"18ER OF 9INS PPOJECTED OUTSIDE THE USER PROJEC 
ITJON ARRA'!' : tIS) 

31t FfJR/IIATI/5X,5ZHTHE NU"4~ER OF SINS PROJECTED 6ELOW THE USER ARRAY II 

1dSJ 
36 FORMATf/SX,52HTHE NUMSER OF BINS PP.OJECTED ABOVE THE USER ARRAY 

1 1 151 
38 FOR"lATIIIlOX,38HMAXIMUM SIZE OF SLANK CC~"'ON THUS FAR"'.I7, 

lZZH FLOATING POINT wORDS.) 
END 

SUBROUTINE PLL (B,P,M"') ................................................................... 
• R.ECLBL . VERSION 1.0 170CT77" .................................................................. 

THE SUBROUTINE PLl PROJECTS FROM THE ARRAY· 8 A SINGLE 
PROJECTION INTO THE ARRAY P. THE PROJECTION HAS THE A'"-IGLE 
ANGI~I WHERE M IS THE INDex OF THE ANGLE.· THE .VALUE FROM EACH 
CELL IS WEIGHTED ACCORDING TO THE LENGTH OF THE RA'!' INTERSECT-:
ING THE CELL. 

- THE ARRAY OF DATA FOR THE TRANSEVERSE SEC"'lON 
- THE PROJECTIO-.. ARRAY 
- THE ANGLE INDEX 
- IF M .EO. 0 r.NLY A SET OF FL"AGS IS PETURNED IN B 

NO PROJECTION OPER.ATION IS PERFOR"IEO 
I SEE THE SUBROUTINE ReHEK FOR EACH FLAGS MEANING! 

- IF M .LT. O. ITS ABSOLUTE VALUE IS USED AS A'IIGLE 
INDEX. HowEVER, RATHER. THAN A' PROJECTION JPERATION 
BEING PERFOPMED I A WEIGHTED SACK-PROJECTION IS 
CALCULATED. IT IS USED BY THE ITERATIVE RELAXATION 
RECONSTRUCT ION METHOD. 

11689 
11690 
Iun 
11692 
11693 
11694 
116<;5 
11696 
l16'H 
1169B 

··11-699 
ll700 
11701 
11702 
11703 
11704 
11705 
11706 
11707 
11708 
11700; 
11710 
11711 
11712 
U1t3 
11714 
11715 
11716 
11717 
11118 

·11719 
11720 
117Z1 
11122 
11123 
t17Z4 
11725 
117Z6· 
11727 
11128 
t1129 
11730 
11731 
11732 
11733 
11731t 
11735 
11136 
11737 
11738 
11739 
11740 
11741 
11742 
11743 
117H 
11745 
11746 
11741 
11748 
11149 
11150 
11751 
11752 
11153 
11754 
11155 
11756 
11757 
11758 
11 7 59 
11760 
I17H 
11762 
11763 
11761t 
11 765 
11766 
11167 
11768 
11769 
11170 
11771 
1177Z 
11773 
117710, 
11775 
II 776 
11777 
11778 
11779 
11780 
11 181 
11782 
11783 
11784 
11785 
11786 
11787 
11788 
11789 

11790 
11791 
11792 
11793 
l11'Ol4 
117';5 
11"'9t 
11197 
11798 
1110;9 
11800 
11801 
11502 
11803 
1160 .. 
11805 
11806 
I1B07 
11808 
11809 . 
11810 
11811 
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THIS SUBROUTINE CALLS RECl8L ROUTINES - ZERO 

REClf"L POUTINES WHIC'" ~UH BE CALLED FIRST - SETIJP 

LANGUAGE - FORTRAN 

COMMON/WRKC('''1/NWOR!< I IwUSED ,NFLnAT, I SETUP 
COM"40N WORK I 11 

NWORK - DI"'ENSIO~ OF Tf-lE USER S COMMON 8LOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WO~DS USED IN eLANK Cf"\~MON 
~FLOAT - NUM6EII. OF WORDS FOR A FlO.ATING POINT VAR!.ABLE 
I SETuP - THE SUBROUTINE SETUP SETS ISETUP : 2HOK. 

SUBROUTl~ES WHIC~ REQUIRE T~AT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP " 2HOK P.EFORE 
EXECUTING. 

WORK - BLANK C(lMMON WO~KING ARRAY 

COM"lON /PTRCO"4INOI '1U, NO I "'" P WID, TC 1 R, NMAT, L NI , KNI 
LOGICAL TCIR 
DIMENSION Nllll 
EOUIvALENCEfWORKllI,NlIlIJ 

NDIMU 
ND!M 
PWIO 
TCIR 
NMAT 
LNJ 

<NJ 

- THE ll!llEA~ DIMENSION OF THE TRANSVERSE SECTION 
- THE CURRENT LINEAR DIMENSIII)N USEO BY THE PROGR.AM 
- PIXEL WIDTH I IN UNITS OF PROJECTtJN BIN WIDTH) 
- LOGICAL vAR tA8LE SET TCl.UE FOil: CIRCULA~ RECON. 
- THE NU/IIBER OF CELLS IN TI-IE TRANSVER SE SEC TION 
- POINTER TO THE ARRA'!' NI IN BLANK caMMaN 

NI (J) IS THE NUM9EQ Of CELLS IN THE J-TH ROW OF 
THE SOUAR E OP ClRCULAR FORM Of THE AR.IIAY 

- SPECIAL FLAG FOR "'EMST CAllS NEEDED BECAUSE Nt 
IS AN PfTEGER VAPUBlE 

COll1"'ON ITRGCO"'l/J GEOM, KDt ... U, AX I SU.B wID, J<MOV, KMI N, KMAX 11<.01 "4, AX I S, 
1 l PROJ. NANG. MDOANG, LANGILS t NE, LCOS I N, LOAT Eq I TE MIT 

LOGICAL TEMIT 
DIMENS ION PROJ 1 111 ANGI 11 I SINE f 11 ,COS I '"-IE IUIOHERI 1) 
eOUI VALENCE I wORK (11 ,P~OJI 11 tANGI 1" SINE III ,COSt "'E I 1I1DATERI1i1 

IGEOM - GEOMETRY FLt.G 
o "' PARAllEL BEAM GEO"'ETRY 
1 z: f'AN BEAM GEOfoiETPY (CURvED OETECTQP.) 
1'" FAN BEAM GEOp.4ETRY IFLAT DETECTOR' 
3 .. RING OETECT(l1I GEOMETRY 

KDI"'IU - NUMB Ell. OF 8INS IN THE PFH'JECTl(l!'ol U:RAY SUPPLIED 
B" THE USEP 

AxtSU - THE DROJECTED LOCATION OF T'iE PClTATION AXIS IN THE 
PROJECTION ARRAY ITHIS IS SUPPlIED BY THE USER 
AND IF AX ISU IS I~TEGER, THEN ROTATtON AXIS FALLS 
IN THE CENTER OF A ~ROJECTtO'" BINal 

810110 - PROjECTION ell'll WIDTH lIN UNIT~ Of PIXFl WIDTH} 
KMOV - THE DISTANCE BETWEEN THE AXIS FOR THE SV.STE'" DATA 

ARRAY IAXIS! A"'IO THE AXIS Fo:'R THE uSER DATA 
ARRA'!' (AXISU). AXIS" AXISU+FLOATIKMOV) 

I{/lilIN - FIA.ST LOCATION 1"1 SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FJPST uSE!<. PROJECTION BIN THAT 
IS GOING TO BE USEO. 

KMAX - LAST LOCATI('IN IN SYSTE'" OAr A ARRAY THAT STOIIES 
THE OATA OF THE LAST USER PPI)JECTION 8IN THAT 
IS GOING TO BE USED. 

KOIM - NUt-!8ER OF BINS IN THE PROJECTION ·ARR.AY SUFFICIEN:r 
TO RECONSTRUCT b.N NOtM X NOtM AR.Rn, USUAllY 
I{Ot"''''KDtMUa 

AXIS - THE PR.OJECTEO LOCA.TION OF THE RQTATIII)N AXIS I"l THE 
PROJECTIOU APR.A'!', USUALl'!' AXIS"AXISUa 

LPIIOJ - POINTE~ TO THE AR.II.AY PROJ IN SLANK COMMON 
INTERMEDIATE PRJJECTION AND PROJECTION ERROR 
VEC TOR 

NANG - .NUp.4BER OF PROJECTIONS 
MOOANG - ~OOE FOR PRnJECTION ANGLE INPuT 
LANG - POI N TER. TO THE AR.RA YANG IN BL ANK cn'4MON 

PROJECTION J1NGLES IN RAOUNS 
LSINE - POINTER TO THE ARRAY SINE IN aLANK COMMON 

SINE OF THE PROJECTION ANGLES 
LCOStN - POINTER TO THE ARRAY COSINE IN BLANK cnMMON 

COSINE OF THE PROJECTlCN ANGLES 
LOATER - POINTER TO THE AR~A'!' DATEII IN BLANK CO~MO~ 

USER PROJECTION DATA AND UNCERTAINTIES 
1EMIT - LOGICAL VAR.tASLE SET TRUE FI)R E~ISStrl"l DATA AND 

FALSE FOR TRANS~tSSION DATA 

o I~ENS ION B{ 111 P 11 J 
OIMENSION FLAGSI41 
DATA FLAGS/l,"3.,O.tO./ 
DATA EPS/1.E-61 

1'1= IAB SI M"'I I 
IF (M.LE.O I GO T0 88 
IF fM~.GT.O) CALL z"ERO IPtKOIM, 
IF ("''''.EQ.-II CALL ZEF\O fB,NHAT) 

.SET ZEPOTH PROJECTION INTERSECTION AND OFFSET 

Zz:-AXIS·SwID 
H:: .5.FLOAT!NOTr-Il 

.SET SI"'I AND COS AND CHECK FOR VERY S"'ALL ANGLES 

I SU8"'LS I NE+M-l 
S"SINE (ISUS) 
I SU B:LCOS I N+M-l 
C"'COSJNEC ISU8! 
IF {ABSISI.LT.EPS! GO TO .. B 
IF CABSfC).lTaEPSI GO TO 68 

.OXL AND Oyl ARE TO STEP Ttfl.OUGH TI-IE B ARRAY 

.(DISTANCE TO STEP ALONG THE LINE! 

DXl:l.IABSICI 
OYL"I./AaSI SI 

.OX AND DY ARE TO FIND lARGE INTER.SECTIONS 

.ISIDEWAYS INCREMENTS FROM ONE LJ"IE TO THE NEXT! 

DX=-BwIO/S 
O""'BlltO/C 

.1(1 IS -THE 1 INCREME!\IT AS WE STEP ALONG THE. LINE 

.UST IS THf FIRST I FOR LARGE X INTERSECTIONS 

.IOuT TAI{ES US OUT OF THE ARPA'!' 

."OFF MAKES THE ROUNDING OF {I-XI OK FOR NEGHIVE KJ 

IF IC.LT.O.! GO TO 10 
KI"l 
11ST"1 
10UT"NOl "1+ 1 
XOFF"O. . 
GO TO 11 

10 KI:-l 
11ST"NOIM 
IDUTcO 
XCf'Fsl. 

1181Z 
11813 
118llt 
11815 
U816 
11817 
11918 
11819 
11620 
11821 
11822 
11823 
11824 
11825 
11826 
11827 
11828 
lI82e; 
11830 
11831 
11832 
11!'!33 
11834 
11835 
11836 
I1B37 
11838 
11839 
11640 
.l1B41 
lle42 
11843 
11844 
11845 
1184b 
11641 
11648 
1184'1 
118!0 
11851 
11R52 
11853 
11854 
IUISS 
11856 
118~7 
11858 
1185~ 
11860 
118t-! 
11662 
11863 
11864 
11865 
1186E-
11867 
1186E1 
118f.~ 

11610 
11871 
11812 
11813 
11874 
11875 
l1A7b 
11877 
11878 
I1B79 
11880 
11881 
11882 
llB83 
1188lt 
11865 
118Bf-
11887 
U888 
11889 
1180;0 
11891 
11B92 
1180;3 
t1e94 
11895 
118<;6 
118 0 7 
11896 
I1B~9 
11900 
110::01 
11<;02 
11903 
1190lt 
1190S 
11906 
11907 
11908 
11909 
11910 
11':011 
llq2 
nO;13 
11914 
11915 
llc;t6 
l1917 
1191.:j 
11'119 
11<;20 
11921 
11922 
110;23 
11 c 24 
11<;25 
11926 
11'127 
11928 
11929 
11930 
11'131 
11932 
11933 
11934 
11935 
l1q36 
11937 
11938 
111039 
11940 
11941 
111142 
11<;43 
11944 
11945 
l1C;40 
11947 
11<;4(:1 



_KJ, JlST, JOUT AND YOH ARE ANALAGOUS TO 
*KI, 11ST, lOUT AND XOfF RESPECTIVElY 

12 IF (S.lT.O.) GO TO 14 
KJ-l 
JiST., 1 
JOUT"NOIM+1 
YOFF" O. 
GO TO 16 

14 KJ.-l 
J1ST-NoIM 
JOUT-O 
YOFF~l. 

*X ANa Y ARE FOR UFIGE INTERSECTIONS 
*EPS INSURES THAT NONE FAll. THROUGf1 THE CRACKS 

16 x_ t -FLOA TI KJ ) *H*C-Z I/S+H+F LOATI KI ) .EPS 
Y~ t -FLOATI K 1 )*H*S +Z IIC+H+FLOAT I KJ I-EPS 
IJLAST-1 
IF (I( I .NE.KJ I IJL,'ST-2 

-LOOP THRU THE PROJECTION SINS 

_UPDATE THE POSSIBLE LARGE INTERSECTIONS ANO START SEARCHING 
WHERE THE LAST ONE WAS FOUND 

X~X+OX 

Y-Y+DY 
GO TO 118,ZZI,IJlAST 

_ IS THERE A lAPGE x INTERSECTION 

18 I-X+1. 
IF n.GE.l.ANO.I.LE.NDIMJ GO TO 20 
GO TO (ZZ,46.,IJLAST 

20 IJLAST-l 
J-JlST 
XL-AS SIt FLOAT I I )-X-XOFF) -OXLI 
YL.,OYL 
GO TO Z6 

_ I S THERE A LARGE Y INTERSEC HON 

2Z JcY+l. 
IF IJ.GE.1.ANO.J.LE.NOII4) GO TO 24 
GO TO 146,lB),IJLAST 

Z4 IJLAST-2 
I-JiST 
YL-AB SII FLOAT I JJ -Y-YOFF I-OYl) 
XL-OXL 

-STEP THRU THE B ARRAY 

*p ARRAY EQUAL TO THE SUM OF B AP:RAY TIMES LINE LENGTH 

26 I SUS-LNI+J-1 
NN-NI II SUB I 
lL"CNOIM-NNI/Z+1 
IU-IL.+NN-l 
ISUB-ISUB+NOI"4 
IJ-I+NI ClSUB' 
IF I "4M.L T.O' GO TO 360 
IF tXL .GE.YLI GO TO 32 

Z8 IF Il.LT.IL..1JP.I.GT.JUI GO TO 30 
PIK ).PIK '+Xl-al I JJ 

30 1"1+1( I 
IF (I .EO. IOUTJ GO TO 46 
IJ"IJ+KI 
Yl"YL-XL.' 
Xl"OXl 
IF Ixt.LT.YLI GO TO Z8 

3Z IF (I.lT.IL.OR.I.GT.IUI GO TO 34 
P (I().,P IK ,+n_BIIJ) 

34 J-J+KJ 
, IF IJ.EO.JOUTJ GO TO 460 

Isue-LNI+J-l 
NN_NIII SUB I 
IL. I NOI M-NN J I Z+l 
IU-ll+NN-l 
I SUB .. I SuB+NDIM 
IJ"I+NIIISU8J 
XL:XL-YL 
YL:DYL 
IF In.LT.XlI GO TO 3Z 
GO TO 28 

.51,52 TAKE THE PLACE 'JF 24,Z5 WHEN (MM .LT. 01 

36 IF IXL.GE.YlI G') TO 42 
38 IF II.LT.IL.OR.I.GT.IUJ GO TO 40 

BII J J-Bt IJ )+XL"Z*P«K J 
40 1-1+1(1 

IF «I .EO.IOUT) GO TO 46 
IJ-IJ+KI 
YL-YL-XL 
XL"'DXL 
IF (Xl.lT.YLJ GO TO 38 

1,2 IF (J.LT.IL.OR.I.GT.IUI GO TO 41, 
BIIJ I-B IIJ I+YL**Z.PI KJ 

4~ J .. J+KJ 
IF IJ.EO.JOUT) GO TO Itt 
ISUB-LNI+J-l 
NNtNI (ISUB) 
IL"'INDIM-NNI/Z+l 
lUtIL+NN-l 
I SuS_ISUB+NOI!ol 
IJe(+Nl( ISUB) 
XL:XL-YL 
YLeOYL 
IF 1Yl..lT.xlI GO TO 42 
GJ TO 38 

46 CONTINUE 
~ETURN 

*ANGlE IS VERY NEAR 0 OR PI 

48 y .. ZlC+H 
OY"5"'JD/C 
IF (M~.lT.OI GO TO 5B 
00 56 K=l,KOIM 
V~Y+OY 

JeY+l. 

"SEE IF THE LINE IS VEP,Y CLOSE TO b PIXEL BCUNOARY 

119~9 

11950 
119!H 
1195Z 
11~53 
11954 
11955 
11956 
11951 
11958 
11959 
11960 
11961 
11962 
11963 
11964 
11965 
119606 
11967 
11968 
11969 
11970 
llqll 
11c;72 
11913 
11914 
l1C;75 
11916 
11977 
l1CH8 
11979 
11980 
11981 
1198Z 
11983 
1198~ 
11985 
119B6 
119B1 
11988 
11989 
11990 
11991 
11992 
11993 
11994 
11995 
11996 
11991 
11998 
11999 
lZ000 
12001 
lZ00Z 
1Z003 
lZ001t 
12005 
12006 
12007 
1200B 
12009 
12010 
lZOl1 
1Z012 
12013 
12014 
12015 
lZ016 
12017 
1Z018 
12019 
12020 
12021 
120Z2 
12023 
12024 
12025 
12026 
12021 
12028 
12029 
12030 
12031 
lZ03Z 
12033 
12034 
12035 
12036 
lZ031 
1Z038 
lZ039 
12040 
12041 
12042 
lZ043 
lZ044 
12045 
lZ046 
1Z047 
lZ048 
1201t9 
12050 
12051 
120$2 
12053 
12054 
12055 
lZ05b 
12057 
lZ058 
12050;1 
12060 
12061 
120bZ 
12063 
12064 
12065 
12006 
120t.-7 
lZ0~9 
1Z0t.-9 
12070 
12071 
lZ072 
lZ073 
12074 
12075 
lZ016 
12077 
lZ078 
12070 

lZ090 
lZ081 
1Z08Z 
ll083 
12084 
120A5 

JJ-Y+l.+EPS 
IF (JJ.EQ.JI JJ-Y+l.-EPS 
FAC"I. 
IF I JJ.EO.JJ GO TO 5Z 
FAC_.5 
IF IJJ.LT.l.0R.JJ.GT.NOIMJ GO T'J 5Z 
ISUB-LNI+JJ-l 
NN-Nli I SUB) 
1 Lal NOI H-NN I/Z+1 
lU-tL+NN-1 
ISUB-ISUB+NOIM 
IJL-IL+NI t ISUBJ 
IJU"IU+NI (lSUBI 
0050 IJ-IJL,IJU 

SO PI KI-P( KI+FAC*B( IJI 
52 IF IJ.LT.1.0R.J.GT.NDIMJ GO TO 56 

I SUB-LNI+J-l 
NN_~I (I SUBJ 
Il-INOI JIII-NNJ/Z+1 
IU-Il.+NN-1 
I SUB- I SUB+NOI M 
IJL_I L+IIII USUBI 
I JU-t U+NJ« J SUB I 
00 54 IJ-IJL t IJU 

54 P(KJ .PO:.J+FAC*BI IJI 
56 CONTINUE 

RETURN 

*60-04 TAKE THE PLACE OF 30-34 WHEN (MJIII .LT. 01 

58 DO 66 Klll,KDIM 
y.y +OY 
J-Y+l. 
JJ"Y+l."EPS 
IF (JJ.EO.JI JJ"'Y+l.-EPS 
FAC-l. 
IF (JJ.EQ.JI GO TO bZ 
FAC-.25 
IF IJJ.lT.l.0R.JJ.GT.NoIM) GO, TO 62 
ISUB-LNI+JJ-1 
NN-NI « J SUB I 
I L-« NOIM-NN 1/2+ 1 
lUll Il+NN-l 
J SUB-I SUB+NOiM 
IJL-IL+"IIIISUB) 
IJU-IU+NI(ISUBI 
DO 60 IJ-JJl,IJU 

60 eIIJJ-BtIJ)+FAC_P(K) 
62 IF IJ.LT.1.0R..J.GT.NoIMI GO TO 66 

ISUB-l'H+J-1 
NN_NI «ISUS) 
I L-I NOI M-NNII Z+l 
ru-JL+NN-1 
ISUS"'ISUB+NoIM 
IJL-IL+NI(ISUB) 
IJU-W+NIIISUBI 
00 b~ IJ-IJL,IJU 

6it BCIJ'-BIIJI+FAC*P(K) 
66 CONT INUE 

RE TURN 

.ANGLE IS VERY NEAR PI/Z OR 3Pt/2 

bB x"-ZlS +H 
OX"'-6WID/S 
IF (MM.L T.O' GO TO 18 
DO 760 K-l,KoIJIII 
X-X+DX 
I-X+l. 

*SEE IF THE LINE IS VE'tY CLOSE TO A PIXEL 8(lJNOARY 

II-X+1.+EPS 
IF IlI.EQ.i' tI-x+1.-EPS 
FAC-l. 
IF III.EO.l) GO TO 1Z 
FAC_ .5 
IF 111.LT.l.OR..lt.GT.NoIMI GO TO 72 
ISUB-lNI+ll-l 
NN_NIIlSUB) 
Jl_(NOIM_NNI/2+1 
JU-JL.+NN-l 
I SUB-LNI +NoIM+JL-l 
DO 70 J-Jl,JU 
IJ-II+NtIISU6) 
P (K)_P( K) +FAC*SC IJ I 

10 I SUS"'I SU8+ 1 
12 IF (J.LT.l.0R..I.GT.NDIMI GO TO 76 

ISUB-lNi+l-l 
NN_NlctSUBJ 
JL .. « NDIJIII-NN )/2 +1 
JLJ-JL+NN-l 
I SUB"LN I +NOI JIII+Jl-l 
DO 74 J-JL,JU 
IJ"'I+NIIISUSJ 
PII( I"P(K I +FAC.B( IJ J 

H t SUB"'I SU8+ 1 
7b CONTINUE 

RETURN 

*bS":'69 TAKE THE PLACE OF 35-39 WHEN (MM .LT. 0) 

7B DO B6 Kcl,KoiM 
X"'X+OX 
I-X+l. 
J I"'X+1.+EPS 
IF III.EO.II 1I"X+1.-EPS 
FAC=I. 
IF Ill.E!;i. I), GO TO 82 
FAe ... zs 
IF III.LLI.OR.ILGT.NOIM' GO TO 8Z 
ISUB"'LNi+II-I 
N~III\II (I SuBI 
Jl"(NDIM-NNII2+1 
JU"JL+NN-l 
t sua= LN I +NO I JIiI+JL-1 
00 80 J"JL,JU 
IJ=II+NICISUBI 
Be IJI"SIJJ)+FAC*PIK) 

80'ISUB"'ISUB+1 
BZ IF II.LT.l.OR.I.GT.NOI"" GO TO B6 

ISUB"lNI+I-l 
NN"NI (ISUB) 
JL"I ~OIM-NNI/2+1 
JU"JL+NN-I 
I SUB"UH+NOI M+JL-1 
DO S~ J"JL ,JU 
t JII I+NII ISUS) 
BI IJJIIB( IJI+FAC*PI KI 

84 ISUBcISUB+l 
86 CONTINUE 

RETURN 

88 DO 90 I-l,~ 
<;0 BIIllIFLAGSll1 

RETURN 
"0 

267 

lZ0116 
120117 
12086 
12089 
1Z090 
12091 
1Z092 
1Z093 
12094 
lZ095 
12096 
12091 
12098 
12099 
1Z100 
12101 
12102 
12103 
12104 
12105 
12106 
lZ107 
121011 
1Z109 
12110 
12111 
12112 
12113 
1Z114 
lZ1.1.5 
12116 
12117 
12118 
12119 
121Z0 
lZ121 
lZ12Z 
12123 
121Z4 
1212' 
12126 
12117 
12128 
12129 
12130 
12131 
12132 
121n 
12134 
1213' 
1Z136 
12137 
12138 
12139 
12140 
12141 
12142 
12143 
1214-4 
12145 
12146 
12141 
1Z148 
12149 
121'0 
12151 
12152 
lZU3 
lZ154 
12155 
1Z156 
12U1 
12UB 
12159 
12160 
1Z161 
12162 
12163 
12164 
121M 
1Z166 
12167 
lZ168 
12169 
1Z170 
12171 
12172 
12173 
12171t 
12115 
12116 
12117 
12176 
12119 
12180 
12181 
12182 
12183 
1Z184 
12185 
12186 
12187 
12188 
12189 
12190 
1Z191 
12191,. 
12193 
lZ194 
12195 
12196 
12197 
lZ198 
12199 
12200 
12201 
lZ202 
12Z03 
lZZ01t 
lZZ05 
12Z06 
lZZ01 
12Z0B 
12Z09 
12Z10 
1Z211 
12Z12 
lZ213 
lZ214 
lZ21~ 
lZZU: 
12217 
12Z1B 
12219 
lZZ20 
12ZZ1 
122Z2 
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c 
c 
c 
c 
c 
c 
c 

"C 
( 

( 

( 

( 

( 

( 

C 
( 

C 
C 
( 

( 

SUB~Q:.JT!'lE PPT (e.p.~) ........................... "' ..................................... . 
.. ~ECLBL VEilS ION 1.0 170(177 '" .................................................................. 

THE SUBRC'UT JNE IIPT PQOJECTS FPO~ T~E ll'<IIAY B 4 SII~GLE 
p"JJECTION I"ITO THE A;lPfJ.'f p. lYE PRCJECTIUN HAS THE A"lGLE 
A'IIGfMI OIHE'RE 104 IS Tt-'E I'JOEx OF THE ANGLE. THE ~OOEL ASSUMES 
THAT EACH CELL IS PEPPFSE~ITEO ':IV A DELTt. FUNCTION wIff-' ALL THE 

"DE'I$1 TV AT Tf.4E CE1'>,I1EFl OF THE CElL. 

- THe ARRAY JF uAU Fa~ TI-iE HANSEVEIISE SECTION 
- T"1E PROJECT ION A~;UY 
- hiE ANGLE INDEx 
- IF M .fO. 0 eNLY A SET Of FLAG" IS !:rETURNED IN B 

1110 PRJJEr:TJUr.: ('!PEt:ATJON IS PERF-nAMED 
(SEE THE SUB'<OUTJ'IE ReHEl( FOR EA("'! FLAGS "'EA~INGI 

.- IF M .LT, 0, ITS ABSOlUTE VAlue IS USED &'S ANGLE 
I,"OE.-:. "OwEVF.~. oATHEP THA'" A PROJECTION ~PERATION 
BEING PEPFOA./'IEO. 4 WE!GHTEO BAC!<'-!)ROJECTION IS 
CAI.CULATED. IT IS USED BY THE lTEf<ATlVE A;ELAXATJO~ 
RECONSTOUCTTC"I "ET'100. 

THIS sueClOUTINE CHLS RECLEL i:lOUTINES - lEPO 

RECLBL ROUTI~ES WHICH MUST BE CALLED FIRST - SETuP 

LANGUAGE - FQRTRAN 

COMMON! wRK CO"'/"IwQRK. lwu~ EO, "'FL OAT, 1 SE TUP 
COM~ON WORKC 11 

NwCHI.K - OIMENSIQ~ OF THE lJSER S CO ...... ON BLnCK IN 8LANk 
CQIo4!M10N 

I wUSF.O - THE Nl1"'eER OF w~I\')S uSiO IN BLANK CO""'ON 
II.lFl'JAT - NUMBER Of w:')RDS FDA: A FLOATI"IG POINT VARIABLE 
ISETUP - THE SUf!R"uTINE SETuP SETS ISETUP .. 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS OLLEO 
FIRST TEST Tr) SEE IF ISETuP " 2HCk BEFORE 
EXECUT IlliG. 

WOA:j( - BLANIf CC","'ON wOR)(ING ARRAY 

C O"''''JN! PT ~ CO"1/NOjHU, NO 1M, PW I 0, TC 1 R. NMAT, LNI ,I(N I 
L1GICAl· TC IR 
OI ... E,~SIO"ll "11(11 
EQUIVALENCE{wORK(1I,NI( 11 J 

NOIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NOP' - THE CURRe..,T LI"IEAR oIME"ISION USED E'Y THE PRQGRA'" 
PwID - PIXEL wIDTH !TN U"ItTS GF PROJECTION SIN WloTHI 
TeIR - LOGICAL VARIABLE SET TRUE FOR CtRCl'LAR P.ECIJN. 
"''''AT - THE NUl.!flER. nf C.ELlS I"l THE TR.ANSVE;;'SE SECTION 
LlIjI - POINTER TO TI--<E AA..A.AY NI IN BLANI( COIolMON 

NJ(JI IS THE NUI18ER. of CELLS I"l THE J-TH ~OW OF 
THE SQuAClE ::IF! (I~CULAR FCR,.. Of THE ARRAY 

KNJ - SPECIAL FLAG fOo "'E-"IST CALLS NEEDED 9ECAUSE Nt 
IS AN INTH·ER VAPIAQLE 

COM"10N!TI(GCQMI IGEO~, ~ 01 HU. AX I ~U, SW! 0, KMOV, K!'IJ N ,I( "U X, KDI 101, A Xl S, 
1 L PROJ, NANG, "'ODANG, LANG, LSI NE ,LCOS J N, LOAT ER, T E:04lT 

LOGICAL TE'" IT 
:lJMEfoSION PROJ Ill, ANGC 1 ItS HIEll J,C(l~ INE{ 11 ,oArfPllI 
EOUIVALElIjCE ! WORK! 11 ,pROJ{ II,ANGI11. SINE III ,COSINEC lJ ,DATERIt J I 

IGEO'" - GEOMETRY FLAG 

KDI MU 

AXISU 

9WIo 
«cv 

K'1I'\1 

I<. MAX 

KOI M 

AXIS 

LPROJ 

NANG 
MJOANG 
LANG 

LSlllfE 

lCOSI N 

loAlEI<. 

TEMIT 

o ,. PAAALLEL BEA~ GEC"IETRY 
1· = FAN 8EA'" GEO~fTRY CCUPVED OfTEnOR) 
2 .. FAN 8 EA"! GE CMET RY {Fl AT OETEr:TOA: 1 
3 ... RING DETECTOR GEO"ETRY 

- NUMBER OF ~INS IN THE oROJECT]::lN AOIIAY SUPPLIED 
9Y THE USEII 

- THE PROJECTED LoCATI".., ::IF TI--<E POTATION AXIS IN THE 
PROJECHO"," ARFIAY ITI--<IS IS SuPPLIED BY T'1E: USER. 
AND IF AXI~u IS INTEGER, THEN A:OUTION t.XIS FALLS 
IN THE CENTEF" 01' A PROJECTION StN.1 

- pClOJECTION BIN WHH'"' I IN UNITS OF PIxEL wYOTHI 
- THE DISHNCE SETw'OEN T ... E AXIS FOR TI-jE SYSTEM DATA 

ARPAY lAX IS J AND THE AXIS fO~ TI-IE USER. DATA 
AR~AY jAXISUJ. AXIS = AXISU+FLOATIK .... OVI 

- "'"IR.ST LOCAT ICI'1 1"4 SYSTE~ DATA AA:RAY THAT qrRES 
THE DATA OF T!-IE fl1<.ST USER PROJECTION 51'\1 THAT 
IS GOI'\lG T(1 ElE USED •. 

- LAST LOC41IJN "'oj SYSTEI1 DATA ARPAY THAT STJIl.ES 
THE DATA OF THE LAST USE ... I'ROJECTIOIIf PIN TI-IAT 
IS G31"lG Tr 81=' USED. 

- lIju,",BER. OF 91NS IN THE PClOJECTI{"IN ARRAY SUFfICIEIIIT 
TO ~EC1NSTRUCT 4,"1 NOI'" )( lIjOI" A':'C:",Y. USUAllY 
KDIM=)(DJ"'U. 

- THE PR(lJEeTED LOC4,TION OF THE ROHTIG,"" AXIS IN THE 
PROJECTION A':'RAY, USUALLY AxIS"AXISU. 

- POINTE~ TO TI"'E ARRAY PROJ TN :\L"'''IK cO~o\."Inlll 
INTERIoIEOIATE PP1JEC"'!ON 4,0.,0 PQOJECTICN ERF,J1l 
VECTOR 

- Nl.!118ER OF PROJECT IrNS 
- "ODE FOR pp OJEC T1 ON ANGLE INPUT 
- IlIJINTER TO THE AR~AY ANG 1.\1 9LANI<. CCM .... ON 

PROJECTION A~GLES Il1j RAoIA..,S 
- POINTE~ TO THE AO"LY SIIIiE 1111 Bll.tll( cr"'''a~ 

SINE Jf TI-IE P~.QJECTIf]'\I ANGLES 
- Pf]INTER ToJ T"'E AR~n CGSIN!; IN eL4,N~ COlol110N 

COSINE or TH!, 1l000JECTt(l"f ANGLES 
- POI"tTER T·') THE AR;l.AY DATEf! IN I'ILAN!' C{"IMMON 

USER PFGJ"("TI'JII,j DATA AND UNCER.TAI"ITIES 
- lOGICAL VAil tABLE SET TRUE fOR EI1I SSIO"l DATA A~JO 

FALSE F:J~ TQt.NS"ISSI[N DATA 

DP1ENSIO"l BCll,!)111 
l:!(.I<!PIlJ,·,IT.ATEN,FAN ARE THE 10 FlAG~ RETUCI"IEO 1" ~ IF M .LE. a 

·DI ... ENSjr';\I FLAGS'101 
DATA hAGS!L,D.,O.,a.! 

IF '''.LE.OJ GO TI') 20 

I SUB=L SlNf+"-1 
5=5 INE { ISU ~ I .I"J\o: 10 
I SUS=LC':SI r....:+"1-1 
(=COS IIIIEII ~Ll!:' l.pwIG 
!"IS'" .S.S 
Zi',J-. S.FlOA TI'wt"'+ I J 
Z l" l"ll.1 <j-C I +A X I S+. ~ . 

1£223 
1222'" 
12 2 2~ 
1222b 
12227 
1222B 
12229 
12230 
11131 
12232 
12233 
12234 
1 ~235 
12236 
12237 
12238 
1223q 
12240 
12241 
12242 
122103 
1224 ... 
12245 
12246 
122ft7 
12248 
12249 
12250 
12251 
122~2 
12253 
12254 
1225~ 
12256 
12257 
12258 
12259 
12260 
122bl 
12262 
1220 
12264 
12265 
122H 
122b7 
12268 
122C9 
12270 
12271 
12272 
12273 
12274 
12275 
12276 
12277 
12278 
12279 
12280 
12281 
12282 
12283 
122"'. 
12285 
12266 
12287 
12288 
12289 
122<;0 
122S1 
12202 
122<;3 
122q4 
12295 
122Q 6 
12297 
12298 
1229Q 
12300 
12301 
12302 
12303 
1230. 
12305 
12306 
12307 
ll~Oq 

ll30<; 
12310 
12311 
12312 
12313 
123110 
12315 
12310 
12317 
123P! 
12319 
12320 
12321 
12322 
12323 
123210 
12325 
1232t-
12327· 
12328 
12329 
12330 
12331 
12H2 
12333 
12:;'310 
123 J~ 
123Je 
12337 
1233J'! 
1233C. 
12:40 
12Hl 
Inlo? 
1.:: ~ 10 3 
12H~ 
I~ 34::: 

IJl"l 
00 12 J"I,NDIM 
ZZ"-ll-+C 
ISUB=UH+J-I 
.'ljN:!Ij!! I '!UB I 
l = ll-FLOAT (N 0 I M-IIIN I .115 
I JU:::I Jl+NN-1 
00 10 IJ'" IJL ,IJU 
l=l-S 
K=l 

10 I'IKI",PP.I+BI IJI.pWID 
12 I JL:I JL+NN 

RETUR'" 

14 "',,-'1 
IF PI.EQ.lJ CALL lERO (S,NMATJ 

1 SU9"LStNE+~-1 
S.,SINE I ISUBI.pwIO 
ISUB:LCOSIN+M-I 
C",COSI"IEI I SUBI.Pwlo 
11$-.5·5 
z..,: ,5-FLOAT {NDP~+ 11 
ll:lN.( S-C I+AXI S+.5 
IJL=I 
iJO L8 Jzl, NDIM 
ll=ll+C 
ISUB:lNI+J-l 
NN·'H C I suel 
l= l!-FLOAT (NO IM-NN I.HS 
t JU"1 JL+NN-l 
OJ H; JJ"IJL.IJU 
l"l-S ,.z 

16 eCIJI:BIIJI+PIKI.PwIO •• 2 
18 IJ1.-I JL+NN 

'1,,_"1 

RETVA:N 

20 IF {"I.LT.OI GO TO 14 
DO 22 1"1,4 

.a ~I I I:FLAGS( I I 
RETURN 
,"0 

PPTA· 
SUBROuTINE PPTA {B,P,M) ................................................................... 
• R.EClBL VERSION 1.0 170C177. .................................................................. 

THE SU8ROUTINE PPTA P"QJECTS FROM THE AR.~AY 8·A SINGLE 
PROJECT ION I~TO THE ARKAY p. THE PROJECTION HAS THE A~GLE 
ANGOll wHERE'" IS THE INDEx :Jf THE ANGLE. THE I1QDEl asSUMES 
THAT EACH CELL IS REPRESENTED BY A DELTA FUNCTION WITH ALL THE 
DENSITY AT THE CENTER OF THE CELL. THE VALUE PROJECTED FROM 
EACH CELL IS WEIGHTED BY' AN ATTENUATION FACTOR. 

- THE ARRAY' OF DATA FOR THE TPANSVERSE SECTION 
- THE PROJECT ION ARRAY 
- TI-IE ANGLE INDEX 
- IF "I .EQ. 0 ONLY A SET OF flAGS IS RETURNED IN 8 

~o PROJEC TI O~ OPE RAT I ON t S PERFOCl:MEO 
(SEE THE SUBROUTt~E RCHEK FOR EACH FLAGS "lEANING) 

- IF M .LT. 0, ITS ABSOLUTE V"'LuE IS USED AS ANGLE 
INDEX. HOWEVER, AATI1ER THAN A PROJECTION OPERATION 
BEIN'; pEAFOR"'eO, A 'ojEJGHTEO 8AC)(-PRoJECTION IS 
CALCULATED. IT IS USED BY THE ITERATIVE RELAXATION 
RECONSTRUCTION "'ETHOO. 

THIS .SU8ROUTINE CALLS Ij,EClBL ROUTINES - FlATN, lERO 

RECLBL "OUT liliES WMICH MUST BE CALLED FIRST - SETUP 

LANGUAGE - FC'RTRAN 

CQM"10N/wRK("OM/NWORK, JwUS ED, NFL OAT, I SETUP 
COMMON WORK 111 

"'wORK - OIP4ENS 10 .... OF THE USER S COMMOIIf 8lDCIf I,.,. BLANIf. 
CO ... MON 

I.USED - THE NUMfOER OF wORDS USED IN BLANK COMI'4ON 
NflOAT - NUMBER OF WORDS FOP A FLOATING POINT VARIABLE 
ISETUp - THE SUflA:OUTINE SETUP SETS ISETUP " 2'101<. 

SUBROUTINES WHICH REOUIA:E THAT SETUP IS CAllED 
FIRST TEST TO SEE IF ISETUP .. 2HQ)( BEFORE 
EX ECUT ING. 

'ojI)RIf - BLANK CCM~nN WORK ING ARRAY 

C 0"""'01111 ATNCQM/L AT EN, L BMAP, TAT EN, L UNA TN 
LOGIC4L TA re.., 
i)IME~SIO"J ATENCIJ,B~AP(ll 
EQUIVALENCE (WORKC11,ATEN(II,P",APtlll 

I.ATEN - POINTE'!, TO THE ARRAY ATEN I'll 8LANK CO ... 1>40N 
STJRES ATTE""JAT ION fACTOA:S FOR ONE ANGLE 

L8"'AP - PQINTEi:I: TO TI--<E ARRAY 9101AP IN BlAN+< COMMON 
A "1ATRIX USED TO STORE T'1E CONSTA",T 4TTEr.lUATlnN 
COEFFIC IENTS 

TATEN - LO(";ICAl vAR UBLE SET HuE FOR ATTENUATION 
RECONSTRUCTION 

lUlIjATN - LOG!CAL UNIT "lUM8ER FOil ATTENuATION FACTOR STORIIGE 

C a ... "ION! PTRCOM/NO I "'U, !,(DI "I, Pw 10, TC I R ,N'" AT ,IN I ,KN I 
LOGICAL TC If! 
DIMElIjSION NIUI 
EQUI VALENC!: IWI)O!({ 11 ,lIjiC 1 I I 

NOI"IU - T!-IE LINEAR DI"'ENSION OF THE TRAN~VEoSE SECTION 
"101'" - THE CUJ:RE'IIT LINEAR. DIMENSION uSED BY THE Pf<;OGRA~ 
PwID - PIXEL WIDTH lIN UNITS OF PIlOJECTION BIN "'I on-l I 
TCI!<. - LOGICAL VARIA8LE SET TRUE fOR C1RCULAR RECON. 
"IMAT - THE NU~BER OF CELLS IN THE TRANSVERSE SECTION 
l"lJ - POI"lTEP ToJ THE A~tlAY fill IN 9LAN~ CO~ ... Ollj 

NttJI IS THE J~U"'P:ER Of CEllS I'll THE J-T!-I ROW OF 
THE SQLJ40E 011 CIRCULAR. FOR~ OF THE ARRAY 

I(NI SOECIAl FL4G FOCI "4E"'ST CAllS NEEDED BECAUSE ~I 
IS Alii IrnEG!:11 VARIABLE 

12346 
12347 
123.8 
123109 
12350 
12351 
12352 
12353 
123510 
12355 
12356 
12357 
12358 
12:'59 
12360 
12361 
12362 
12:363 
123b4 
12365 
12366 
12367 
12368 
12369 
12370 
12371 
12372 
12373 
12374 
12375 
12376 
12377 
12378 
12379 
12380 
12381 
12382 
12383 
12384 
12385 
12386 
12387 
12388 
12389 

123QO 
12391 
12392 
12393 
12394 
123Q5 
12396 
12397 
12398 
12399 
12400 
12.01 
12.02 
12.03 
12.04 
12405 
12406 
12407 
12.08 
12409 
12.10 
12.11 
12412 
124[3 
12414 
12415 
12416 
12411 
12418 
12~19 

12.20 
12"'21 
12422 
12~23 
12~2. 
12425 
I 24t26 
12427 
12 ... 2B 
12.29 
12430 
124t31 
12432 
12.33 
IH3lt 
12435 
12~36 
12~~1 
12438 
12.39 
12440 
12"..1 
12442 
12443 
12444 
12 .... 5 
124.6 
124~1 
12448 
12449 
12450 
121051 
121052 
12453 
12 .. 5. 
12455 
12456 
12451 
12458 
12459 
121060 
121061 
12462 
12463 
12464 



c 
c 
c 
c 
< c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c . c 
c 
c 
c 

CO"JiWN/TRGCO''''l'~EO", K01 ""-,, AXl SU, 6wIO, KMOV, KMI~, KMAX, KOHl, AXI S, 
1 LPROJ ,NAHG,MOOANG,LANG, lSINE, LCOSt N, lOAT ER, TEM I T 

lOGICAL TEflilIT 
OIHENS rON PROJ (11 ,ANG( 11 ,S tNE ( 11 ,COSt HE U I ,DATER( 1 ) 
EQUIVAI.ENCE (WORK( lit flROJll» ,ANGlllr SINE( 11 ,COSINE(1) ,DATEflll J) 

IGEOM - GEOMETRY FLAG 
o - PARALL EL BE.e.M GEOMETRY 
1 - FAN BEAM GEOMETRY (CURVED DETECTOR) 
2 - FAN SEAM GEOMETRY C FLAT DETECTOR) 
3 - lUNG DETECTOR GE01'IETRY 

KOU'U - NU"'SER OF 6INS IN THE PROJECTION ARRAY SuPPLIED 
SY -THE USER 

AXISU - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY CTHIS IS SuPPLIED BY THE USER 
AND IF AXISU 15 INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION SIN. I 

BWID 
K"OV 

- PROJECTION BIN WIDTH lIN UNITS OF PIXEL WIDTH) 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY IAXISI AND THE AXIS FOR THE USER DATA 
ARRAY IAXISU). AXIS _ AXISU+FLOATlKMOvl 

K'nN - FIRST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA nF THE FIAST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

KMAX - LAST LOCATION IN SYSTeM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BIN THAT 
IS GOI~ TO BE USED. 

KOI'" - NU"BER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSnUCT AN NDIM X NDI'" .lR.UY, USUALLY 
KDI"-KOI"'U. 

AXIS - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARftAY, USUALLY AxIS-AXtSU. 

LPROJ - POINTER TO THE ARRAY PROJ IN BLANK CO"'"ON 
INTER"'EDUTE PROJECTION AND PROJECTION ERROR 
VECTOR 

NANG 
"'OOANG 
LANG 

- NU"BER OF PROJECTIONS 
- MODE FOR PROJECTION ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN BLANK COM"'ON 

PROJECTION ANGLES IN RADJANS 
LSINE - POINTER TO THE ARRAY SINE IN BLANK COM"'ON 

SINE OF THE PROJECTION ANGLES 
LCOSIN - POINTER TO THE ARRAY COSINE IN BLANK (O"'''ON 

COSINE OF THE PROJECTION ANGLES 
LOAfER - POINTER TO THE ARRAY DATER IN BUNK CO""ON 

USER PROJEC TI ON OAT A AND UN( EftT AINTI ES 
TE"IT - LOGICAL VARUBlE SET TRUE fOR EMISSION DATA AND 

FALSE fOR TRANSMISSION DATA 

DIMENSION BtU,Pet) 
8CK/PRJ,WT,ATEN,FAN lRE THE. flAGS RETURNED IN 6 IF '" .LE. 0 

DIMENSION flAGS'''' 
DATA FLAG$/l.,O.,l.,O.1 

If IM.LE.O) GO TO 20 

CALL flATH 04,ATENtLlTEH),NMATI 
CALL lERO (P,KOIM' 

ISUB-LSINE+M-l 
S-S INE IISUB ItPMI D 
Isua-LCOSIN+14-1 
C_COSINEt tsu8).pwID 
HS-.5·S 
IH-.5.fLOATINDIM+11 
ZZ- IN. (S-C I +AX IS+.' 
IJL-l 
DO 12 J-ltNoI'" 
ZZ·ZZ+c 
ISUS-LNI+J-l 
NN-NItISU8) 
l- ZZ-FlOAT (NDIM-+tN ).HS 
IJU-IJL+HH-1 
00 10 IJ-IJL,IJU 
Z_Z-S .. , 
ISUB-LATEN+tJ-l 

10 PI K,-P(K)+ATEH(] sue'.BI IJ' .PMlo 
12 IJL-IJL+NH 

RETURN 

1 .. M_-M 
IF 'M.EQ.lJ CALL ZERO (8,N"AT) 
CALL FTATH '",ATENCLATENJrNMATJ 

JSU8-LSJNE+/II-l 
S-SINEIISUB,.PWIO 
I SUB-LeoS I N+"-1 
C_COSINEIISUBI.PWJO 

- HS-.5·S 
IN-. 5.flOATI NOI M+ll 
ZZ-ZN.' S-C I +AXI S+. 5 
IJL-l 
DO 18 J-l,Nol'" 
U-U+C 
I SUB-LNI +J-l 
NN-NII I SUB) 
l- Zl-FLOAT, NDIM-NN ).HS 
I Ju-r JL+NN-1 
00 16 IJ-IJl.IJU 
Z-Z"'S .. , 
aUB-LATEN+IJ-l 

16 Be I J 1-8 C I J' + lATENt tSUBI.PW 10 ' •• 2.PI K) 
18 IJL-IJL+NN 

"--/II 
RETURN 

20 IF 1".1.1.0) GO TO 14 
00 Z2 I-I," 

Z2 BI n-FlAGS II) 
RETURN 
END 

SUBROUTINE PPTF fB.P,fIIt' 

PPTF 
...............•.................................................. 
• REClBL VERSION 1.0 17DCT71. .................................................................. 

THE SUBROUTINE PPTF PROJECTS FRGM THE ARRAY BAS INGLE 
PROJECTION INTO THE ARRAY P fOR A FAIII BEAM GEOMETRY. THE PRO--
JECTION HAS THE ANGLE ANGIM, WHERE /II IS THE INOEX OF THE ANGLE. 
THE MODEl ASSUMES THAT EACH CELL [S REPRESENTED BV A DELTA 
FUNCTION WITH ALL THE DENSITY .&T THE CENT Ell OF THE CELL. 

12".,65 
lHb6 
IH67 
12468 
1246q 
12470 
12471 
12472 
12473 
12474 
12475 
12476 
12477 
1247B 
1247q 
124BO 
12481 
12482 
12483 
12484 
12485 
12486 
lZ487 
12.86 
124B9 
12490 
12491 
12492 
12493 
12.94 
12495 
12496 
12491 
124Cj8 
124q9 
12500 
12501 
12502 
12503 
1250. 
12505 
12506 
12507 
12508 
lZ50C; 
12510 
12511 
12512 
12513 
1251 .. 
12515 
12516 
12517 
12518 
12519 
12520 
12521 
125Z2 
12523 
125Z4 
12525 
12526 
12521 
12528 
12529 
12530 
1Z531 
12532 
12'33 
125n 
12535 
12!36 
12537 
12538 
12539 
125.0 
125 .. 1 
12542 
12543 
125" 
12545 
125 .. 6 
12547 
12548 
125.9 
12550 
12551 
12552 
12553 
12554 
lZ555 
12556 
12557 
12558 
12559 
12560 
125bl 
12562 
12563 
12564 
12565 
12566 
12561 
12568 
12549 
12570 
12571 
12572 
12573 
12574 
12575 
12576 

12577 
12578 
12579 
12580 
12581 
12582 
12583 
12584 
12585 
125B6 
12587 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

- THE A~RAY OF OATA FOR THE TRANSVERSE SECTION 
- THE PROJECTION A.R~AY 
- THE ANGLE INDEx 
- IF ~ .EO. 0 ONLY A SET Of FLAGS IS RETURNED 1"1 B 

NO PRDJECTl ON OPERAT 10'" IS PERFORMED 
f SEE THE SUBROUTINE RCHEI( FO~ EACH FLAGS MEANI~G) 

- IF /II .IT. 0, ITS A9SQLUTE Vb,lUE IS uSED AS ANGLE 
INDEX. HOWEVER, RATHEP THA,.. A PIIOJECTION OPERATION 
BEING PERFORMED, A wEIGHTEO BACK-PROJECTION IS 
CALCULATED. IT IS USED BY THE JTEt=:ATtVE RELAXATION 
RECO~STRLCTJNI "'ETHOD. 

THIS SUBROUTINE CALLS RECtBL ROUTINES - lElI:O 

IlECLBL ROUTINES WHICH MUST SE CAllED FIRST - SETUP 

L.ANGUAGE - FORTRAN 

CO"''''ON/WRKCOM/NWORK, IWUSEO, NFL OAT , t SETUP 
CO"'MON WORKllI 

NWORK - DHIENS ION OF THE USEI' S COM"DN BLOCK IN BLANk 
COM"ON 

(WUSED - THE NUMBE~ OF WORDS USED IN 8LANK CO"MON 
Nfl OAT - NUMBER Of wORDS FOR A FLOATING POINT VARUBLE 
t SETUP - THE SUBROUTINE SETuP SETS I SETUP - 2HOK. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP • 2MOK BEFORE 
EXECUTING. 

WORK - BLANK COMMON WORK ING ARRAV 

COHMON/F ANCDM/RFAN, TFANC, TFANF 
LOGICAL TFANC,TFANF 

RFAN - FOR FAN BEAH GEOMETRY RFAN IS THE DISTANCE fROM 
THE SOURCE TO THE CENTER OF ROTATION. RFAN 
IS MEASURED IN UNITS OF PROJECTION-BIN WIDTHS AT 
THE CENTEII OF RaTATION. 

TFANe - lOGICAL VAR tABLE SET TRUE FOR FAN _BEAM WITH A 
CUR V EO DETECTOR 

TFANF - LOGICAL VAR IABLE SET TRUE FOR FAN BEA .. WITH A 
flAT DETECTOR 

COMfi40NI PTRCOM/NDI"U,NDI M, PWI 0, TC IR ,NMAT ,LNI ,KNI 
L1X;ICAL TCIR 
OI"'ENSION NIllI 
EQUIv ALENCEIWORK (11 ,N 1111) 

NDJ"'U - THE LINEAR DI"'ENSION OF THE TRANSVERSE SECTION 
HOlM - THE CURRENT LINEAR DIMEN510N USED BY THE PROGRAM 
PWIO - ·PIXEL wtDTH I IN UNITS OF PROJECTION BIN WIDTH) 
TCIR - LOGICAL VARlA8LE SET TRUE FaA: CIRCULAR RECON. 
N",AT - THE NUMBER OF CEllS IN THE TAANSVEI'SE SECTION 
LHt - POINTER TO THE ARA.AY Nt IN BLANK COM "ON 

N](J) IS THE NUi'IIBER OF CELLS IN THE J-TH ROW OF 
THE SQUAR E OR CIRCULAR FORM OF THE ARRA ... 

KNJ - SPECIAL flAG FOR JoIEMST CAllS NeeDED BECAUSE NI 
IS AN INTEGER VARIABI.E 

CO"fI40N/TRGCO"/IGEOM, KOI"U, AXI SU, BWIO, KMQV, KMI Nt KMAX, KO I "" AXIS, 
1 LPPOJ, NANG, "'DDANG, LANG, LS INE, LCOS IN ,LOA TER, TEMIT 

LOGICAL TEMIT 
DI"'ENS ION PROJ (J), ANGI11, S tNEe 1) ,COSINE I 11 ,DATEQI 1) 
EQUIVALENCE I WORK C 1), PROJ ( 1 ), ANG( 1) t SINE II t, COSI~E ( 11 ,DATEI' III t 

IGEO'" - GEO"'ETR'" FLAG ° - PARAllEL BEAM GEOMETRY 
1 - FA~ BEAM GECPlETRY fCURVEO DETECTOR' 
2 - FAN BEAM GEOMETRY IFLAT DETECTOR) 
3 - RING DETECTOR GED"'ETRY 

KDIMU - NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 
8Y THE USE~ 

AXISU - THE PROJECTED LOCATION Of THE ROTATION AXIS IN THE 
PROJECTION ARRAY ITHIS IS SuPPLIED 8Y T~E USER 
AND IF AX]SU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTt{'lN BIN.' 

8WID - PROJECTION BIN WIDTH (IN UNITS OF PIXEL WIDTH) 
KMOV - THE DISTANCE BETWEEN THE AXIS fOR THE SYSTEM OATA 

ARRAY (AXIS) AND THE AXIS FOR THE USEP DATA 
ARRAY (AXI5Ut. AXIS - AXISu+FLOATIKMOV) 

KMIN - fIRST lOCATION IN SYSTEM DATA APRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION BI ... THAT 
IS GOING TO BE USED. 

KMAX - LAST LOCATION IN SYSTEfill DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION BtN THAT 
IS GOING TO BE USED. 

KDI'" - NUMBER OF B INS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTRUCT AN NDI'" X NOI'" ARRAY, USUALLY 
KOIM-KOI",U. 

AXIS - THE PROJECTED lOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUAllY AxIS-AXISU. 

L.PRQJ - POINTER TO THE ARRAy PROJ IN BLANK CO"''''ON 
tNTER"'EDtATE PROJECTION AND PROJECTION ERRIJR 
VECTOR 

NANG - NUMBER OF PROJEC nON's 
MODANG - MODE FOR PROJECTION ANGLE INPUT 
LANG - POINTER TO THE AR~AY ANG IN BLANK C0Il4Jr40N 

PROJECTION ANGLES IN RADIANS 
LSINE - POINTER TO THE ARRAY SINE IN BLANK COM"'ON 

SINE OF THE PROJECn'lN ANGLES 
LCOSIN - POINTER TO THE ARRAV COSINE IN eLANI( CO,..MON 

COSINE OF THE PROJECTION ANGLES 
LOATER - POINTER. TO T"'E AARAY OATEA IN BLANI( COPl4MON 

USER PII:OJECTION OAT A AND UNCERTAINTIES 
TEII\IT - lOGICAL VARIABLE SET TRUE FOil: E"'ISSION DATA ANO 

FALSE FOR TRANSMISSION DATA 

DIMENSION BllI,PIll 
8CK/PRJ,WT,ATEN,FAN ARE THE It FlAGS RETURNED IN elF'" .LE. 0 

DIMENSION FlAGSC4J 
DATA FLAGS/l .. 0 .. 0 .. 1.1 
DATA ZI.49q9991 

IF IM.LE.OI GO TO 3'" 

CALL ZERO IP,KOIM' 

ISUB-lStNE+M-l 
S-SINE( ISUS)*PWIO 
I sua-lCOSIN+M-l 
C-COS tNE I I SUB J *P ~I D 
HS-.5*S 
HC-.5*C 
IN- • S.FlOA Tt NDIM+ 11 
lX-RF AN-IN.C C+S) 
IY-ZN.I S-C I 
RFP-RFAN.PW I 0 
I JL-1 

IF (fFANF) GO TO 14 

00 12 J-l,NOIM 
ZX:lX+S 
ZY"'ZY+C 
Isua-LNI+J-1 
NN-NIC I SUBI 

269 

U58'!! 
12589 
12590 
12~91 
12592 
125q3 
125q4 
12595 
12596 
12!q1 
12598 
12~q9 

12600 
12601 
12602 
12603 
12604 
12605 
12606 
12607 
12608 
12609 
12610 
lUll 
12612 
12613 
12614 
l2615 
1261b 
lU l7 
12618 
12619 
1Z620 
lU21 
12622 
12623 
12624 
12625 
12626 
12627 
12628 
12629 
12630 
12631 
12632 
12633 
12634 
12635 
12636 
12637 
12638 
12619 
126 .. 0 
12641 
12642 
126"3 
126 .... 
126 .. 5 
12646 
12647 
126 .. 8 
12649 
12650 
12651 
12652 
12653 
12654 
12655 
12656 
12657 
lZ658 
12659 
12660 
12661 
12662 
12663 
1266 .. 
12H5 
12666 
12667 
12668 
1266q 
12610 
12671 
12672 
12673 
12674 
12675 
12676 
12677 
12678 
12679 
126BO 
12681 
12682 
12663 
126B4 
12685 
1268t< 
12687 
12688 
126Bq 
12690 
12691 
12692 
12693 
12694 
12695 
126q6 
12697 
12698 
12699 
12700 
12701 
12702 
12703 
12704 
12705 
12706 
12707 
127DB 
12709 
12710 
12711 
12712 
12713 
12714 
1271~ 

-12716 
12717 
12718 
12719 
12720 
12721 
12722 
12723 
12724 
12125 



270 

z xx..Z x+FLOATI NDV'I-NNJ*HC 
In,, lV-FLO AT I NOI "4-NN. *HS 
tJU:I JL+NN-l 
aD 10 IJ"IJl,IJU 
lXX:l.X)(+C 
ZYY=lYY-S 
OM: SQR T ( LXX •• 2+Z YY.*2 ) 
A ReaR fAN_AT AN ( lVV IlXX I 
K=AQ;C+AXI$+.5 

10 PtKI",PIKI+B(IJJ*RfP/DH 
12 IJL=IJL.+NN 

RETURN 

14 DO L8 J"I,NOIM 
lX=lX+S 
lYIIZY +C 
I SU8=LNI+J-l 
NN"N! I I sue I 
ZXX" ZX+FlO AT (NOt "'-NN J -He 
l V\(=- Z Y-F LOAl t Not "'-NN) *HS 
IJu=IJL+NN-l 
DO 16 IJ=IJL,IJU 
ZXX=Z XX+C 
ZYY",Zyy-S 
VC ENTR"ZYY I ZXX*R,FAN 
K"'VCENTR+AXI5+.5 

16 P(KI",P(K)+BCIJI*RfPIIXX 
L8 IJL-IJL+NN 

RETURN 

20 M .. -M 
IF (M.NE.11 GO TO 22 
CAll. ZERO (s,NMATI 

22 CONTI NUE 

ISUB~LSINE+M-l 
S=S I NE IlSUIQ*pwt 0 
1 sue=LCOSJ N+"'-1 
c .. cos tNE! ISUBI*PWID 
HS-.5*S 
HC=.S.C 
IN''' .. S*FLOAT(NDY"'+ll 
ZX", RF AN-ZN."( C+S I 
LY"'lN.' s-c I 
fl,FP .. fI,FAN*PWIO 
IJL-l 

IF ITFANFI GO Tn 26 

DO Z6 JIII1 t NOIM 
ZX"ZX+S 
ZY"ZY+C 
t SUB" LNI+J-1 
NN"NI f ISUfll 
zxx"Z X +FLOAT (NOI~-NN I.HC 
ZYY=Z Y-FLOAT (NOt M-NN I*HS 
IJU"IJL+NN-1 
00 ZIt IJ- IJLt IJU 
ZXX"ZXX+C 
ZYY=l.VY-S 
DH*SQRT I IXX •• Z+ZYY •• Z J 

. ARC=RFAN.A TAIII ( ZVY Il xx J 
K-ARC+AXIS+.5 

24 B(IJI=B(IJI+IRFP!DH'''2.P(K) 
26 IJL"'IJL+NN 

"I,,-M 

P.ETURN 

26 00 32 J"I,NDI~ 
zx"zx+S 
IVoZY+C 
I SUB"LNI+J-l 
NNIf~U I I SU61 
zxx" Z X+FLOAT (NOI M-NN) .HC 
Z YY-Z Y-FL OAT ("101 M-NN)*HS 
IJU"IJL+NN-1 
DO 30 IJ-IJLtlJU 
ZXX-ZXX+C 
ZYY=IYY-S . 
YC EN Til.., Z YV!I XX.ClF AN 
K= YCE'IITR+AXI S+. 5 

308(IJ)-B(IJJ+HUP/Ixxl··2*P{KJ 
32 IJL"IJL+NN 

Ma-"I 
RETURN 

34 IF P~.LT.OI GO TO ZO 
DO 3b 1"1,4 

30 !H I)"FLAGS{ I J 
fl.ETURN 
END 

SUBROUTINE PR.F fB,p.MI .................................................................. 
• RECLBL VERSION 1.0 170CT71. .................................................................. 

THE SUBR("1UTINE PClF PROJECTS FRn'" THE APRAY B A SINGLE 
PROJECTION INTO THE ARRAY P. THE PROJECTION BINS AND THE 
TRANSVEP.SE SECTION CELLS MUST eE THE SAME SIZE. THE MODEL 
ASSUMES A UNIFOR~ DENSITY fOR EACH CELL SUCI-I THAT T'"iE V.ft.LUE 
PI:I:OJECTEO FOR EACH CELL IS wEtGI-ITEQ ACCOROING TO THE FRACTIO"l 
EACH CELl.. INTERSE(.TS A PIlOJECTION RAV. THE RAY FACTORS AilE 
STORED IN A LOOK-UP TABLE SUCH THAT EACH CELL-RAY INTEfl.SECTION 
IS EQUAL TO O~E OF 20 VAlUES WHICH DEPENDS ON WHERE THE CENTER 
OF THE CEll FALI..S WITH Cl:eSPECT TO THE -20 EQUAl.. INTERVAI..S THAT 
DIVIDE EACH RAV. 

- THE ARRAY OF DATA FeR THE TRANSVEI<.SE SECTION 
- THE PROJECTtG"I ARRAY 
- Tf-IE ANGLE !NDEX 
- IF M .EO. 0 ONI..Y A SET OF FI..AGS IS I<ETI.J~NED 1"1 8 

'iO PR.OJECTt(lN G"EQ.ATION 15 "EPFOR"4ED 
(SEE THE SUBRCUT!'IIE PCHEK r:'J1l EACI--I FI..Ar,S MEANI"IG) 

- IF M .I..T. 0, ITS A~SOI..UTE VAI..UE IS USED AS A"IGI..E 
I"-IDEX. ·HQIiEVEI<, RATHECI THMl A P~'JJECTIO"l OPE~ATIaN 
""EING PEqFOR~ED, A \oiEIGI-'TEO flACK-ppnJECTION IS 
CALCULATED. IT IS USED BV THE ITERATIVE PElU8.TICN 
RECO~STRUCT ION "4ETHO~. 

12726 
12727 
12728 
12729 
12730 
12731 
1273Z 
127B 
L2734 
12735 
12736 
L2737 
lZ738 
1Z739 
12740 
12741 
12742 
12743 
12744 
1274! 
12746 
12747 
12748 
12749 
12750 
12751 
lZ752 
12753 
12754 
12755 
12756 
12757 
12758 
12759 
12760 
12761 
1276Z 
1Z763 
12764 
12765 
12766 
12707 
12768 
12769 
12710 
12171 
12172 
12773 
12V4 
12775 
12776 
12777 
12778 
12779 
12780 
12761 
12782 
12783 
12784 
1278! 
127B6 
12787 
12788 
12789 
12790 
12791 
12792 
12793 
12794-
12795 
12796 
12797 
lZH8 
12799 
12800 
12801 
lZ802 
12803 
12804 
12805 
12606 
12B07 
12808 
12.809 
12810 
12811 
12B12 
12613 
121H4 
12815 
12816 
12811 

12818 
1281<; 
12820 
12821 
12822 
12823 
12624 
12625 
12626 
12827 
l2'lZ8 
1282c;1 
12830 
12831 
12832 
12833 
12834 
12835 
1283b 
12837 
L2838 
12839 
U840 
12841 
12842 
12843 
12844 
12345 

THIS SUBROUTINE CALLS REClBl ROUTI'ES - ZERO 

RECLBL ROUTINES WHICH MUST BE CAllED FIFIST - SETUP 

LANGUAGE - FORTRAN 

COMMON!wA.KCOM/NWQRK, I WUS EO ,NFlOAT, ISETUP 
COMMON WORK 111 

NWORK - DIMENSION OF THE USER S CO"lMON BLOCK IN 8LANK 
CO~MON . 

IWUSED - THE NUMBEFI OF W.,FlDS USED IN 8LANK COMMON 
NFL OAT - NUM8ER of WOFIDS FOR A FLOATING PotNT VARIABLE 
ISETUP - THE SUBROUTINE SETUP SETS ISETUP ·2HOI(. 

SUBROUTI~ES WHICH FleQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP - 2HOK BEFORE 
EXECUTING • 

WORK - 8LANK COMMON WORKI NG AFIRAY 

COMMON! PTRCOM!NDI "Ut NO I Mt PWI 0, TC IR, NMAT, LNl, KNI 
LOGICAL TCIR 
OJ MENSION Nt III 
EQutVALENCEIWORK III ,NI1111 

NDIMU - THE I..1NEAR DIMENSION OF THE TRANSVERSE SECTION 
NDII4 - THE CURRENT LINEAR DIMENSION USED BY THE PROGRAM 
PWID - PIXEL wIDTH f IN· UNITS OF PPDJECTION BIN WIDTHI 
TCIR - LOGICAL vARtABLE SET TRUE FOR CIRCULAR RECIJN. 
NMAT - THE NUM8ER OF CELLS IN THE TRANSVERSE SECTION 
LNI - POINTER To THE AqRAY NI IN BLANK COMMON 

NI f J I I S THE NUMBER OF CELLS IN THE J-TH ROW OF 
THE SQUARE OFI CIRCULAR FORM OF THE ARRAY 

KNI - SPECIAL FLAG FOR ~EMST CALLS NEEDeD 8ECAUSE NI 
I S AN INTEGER VAR,tABlE 

COM/otON/RAYCOM!NL EV ,L MRFAC, KMRFAC ,I..PFAC 
DIMENSION MRFACIl),RFACI 11 
EQUIVALENCEI WORK (1 I tMRFAC {lit RFACI 11 J 

NLEV - NUMBER OF FRACTION lEVELS 
I..MRFAC - POINTER TO THE ARRAY MRFAC IN BLANK COllllMON 

~RFACIMANGlEI POINTS TO THE LOCATION IN BLANK 
COMMON WHERE RFACCIIIRFACIMANGLEI) IS STORED. 
R:FACIMRFAC(MANGLEII IS THE FRACTION OF THE CEll 
wITHIN THE RAY WHEN THE CENTER OF THE CEll IS IN 
THE CENTER OF THE ItAY AT THE ANGlE MANGLE .. 

KMRFAC - SPEC tAl.. HAG FOR "!EMST CALLS NEEDED BECAUSE ,..RFAC 
IS AN INTEGER VAFllABLE 

LRFAC - POINTER TO THE ARRAY RFAC IN BLANK COMMON 
FRACTIONAL APEAS OF A CEL\. WHICH. INTERSECT 
A RAY AND THIS FRACTION IS MEASURED AS A FUNCTION 
OF THE DISTANCE THE CENTER OF THE CELL IS FPOM 
THE CENTER OF THE RAW. THE TOTAL DIMENSION OF 
THE ARRAY FlFAC IS NRFAC-U.EQANG, WHERE 

3*NLEV+2 IF NLEV IS .EVEN 
LL • 

3.NLEV+l IF NLEV IS ODD 
AND EQANG I S THE SI ZE OF THE SET OF ANGLES FORMED 
FROM THE SET OF TOTAL ANGLES WITH MOD OPERATION 
OF PHIIZ TMEN REFLECTION ABOUT PHI!:"'. 

COMM::tN/TR:GCQMI I GEO"'t KO I MU, AX I SU, SWID, KM(lY, KMIN, KMAX, KOIM, AxI S, 
1 I.. pR.()J, NANG ,MODANG, lANG, LSI NE, LCOSI N, LOAT Ell., TEMIT 

LOG ICAl TEM IT 
DI!'IENSION PR:OJ C lJ ,ANG( II,S INE III tCOSINE( 1) ,DATER( 11 
EQUIVALENCE I WOFIK (11 ,PROJllJ ,ANGelI, SINE C 11 ,COSJ'IEC 11 ,DATER I 1) I 

IGEOM - GEOMETRY HAG 
o .. PARAlL.EL BEAM GEOMETRY 
1 - FAN BEAM GEOMETRY CCUFIVED DETECTOR I 
2 ~ FAN BEAM GEOMETRY IflAT DEJECTORI 
3 - RING DETECTOP. GEOMETRY 

KDIMU - NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 

AXISU 

BWID 
I(MOV 

KMIN 

KMAX 

KDIM 

AXIS 

LPROJ 

NANG 
MODANG 
lANG 

LSINE 

LCOSIN 

lOATER 

TEMIT 

BV THE USE~ 
- THE PROJECTED LOCATtON OF THE ROTATION AXIS IN THE 

PROJECTION AFIRAY ITHIS IS SUPPLIED BY THE USER 
AND IF AX ISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN.' 

- PROJECTION BIN WIDTH (IN UNITS OF PIXEL wiDTHI 
- THE DISTANCE BfTWEEN THE AXIS FOR THE SYSTOI DATA 

ARRAV {AXISI ANO THE AXIS FOR THE USER DATA 
ARRAY IAXISUI. AXIS - AXISU+FlOATCK"'OVI 

- FIRST LOCATION IN SYSTEM DATA ARFIAY THAT STORES 
THE DATA OF THE FIRST USER PFlOJECTJON BIN THAT 
IS GOING TO BE USED. 

- LAST lOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE I..AST USER PROJECTION BIN THAT 
I S GOING TO 8E USED. 

- NUMBER OF B INS I~ THE PROJECTION ARRAV SUFFICIENT 
TO RECONSTFlUCT AN NDI"! X NDIM ARRAY, USUALLY 
KDIM_KDIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION AFlRAY, USUALLY AXIS-AXISU. 

- POINTER TO THE ARRAY PFIOJ IN BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- "'OOE FOR PROJECTION ANGLE INPUT 
- POINTEQ. TO THE ARRAY ANG IN BLANK COMMON 

PRO·JECTJON ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAV DAlEFI IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VARIABLE SET TRUE FOR EMISSION DATA ANO 

FALSE FOR TRANSMISSION DATA 

DIMENSION BllI,PllJ 
BCK!PRJ,WT.ATEN,FAN ARE THE ~ FLAGS RETU~Neo IN B IF M .. LEa 0 

DIMENSION HAGSI4) 
DATA FlAGS/l.,2. t O .. ,0.! 

IF IM.I..E.OI GO TO ZO 

CALL ZERO (P,KDPU 

ISUB"LSINE+M-1 
SIISH~E« ISUSI 
ISUB"lCOSIN+M-l 
C"COSINE( ISUSI 
I SU8"'I..MRFAC+M-l 
ZL::tFlOATC L RF AC +MRFAC I ISU8 I ) +. 5.FlOATI NlEV+ 11 
HS"'.S·S 
IN"'. S.FlOAT I NOI~+ 11 
Zlo:lN.( S-C) +AX 15+.5 
IJl-l 
DO 12 J"I,NOIM 
ZZ"'ZZ+C 
I SUB"'LNI+J-l 
NN-NIIISUBJ 
Z" II-F LOAT I "101 M-NN I.HS 

12U6 
12847 
12848 
12849 
12850 
12851 
12852 
12B53 
1285" 
12855 
12856 
12851 
12858 
12859 
lZ860 
12861 
12B62 
1Z863 
12864 
128605 
12866 
12867 
12868 
12869 
12B70 
lZ811 
12872 
12B73 
lZ8H 
12B75 
12B76 
12B77 
12878 
12879 
12880 
12881 
12682 
lZ883 
1Z884 
12885 
lZ886 
12887 
12888 
12889 
12890 
12891 
12892 
12893 
12894 
12895 
12B96 

.12897 
12898 
12899 
12900 
12901 
12902 
lZ903 
1Z904 
1290' 
12906 
12907 
12908 
lZ909 
12910 
12911 
12911 
12913 
12914 
12915 
12916 
12917 
12918 
12919 
12920 
12921 
12922 
12923 
12924 
12925 
12926 
12927 
12928 
129Z9 
12930 
12931 
12932 
12933 
12934 
12935 
12936 
12937 
12938 
129)9 
12940 
12941 
12942 
12943 
12944 
12945 
12946 
12947 
12948 
1294C) 
12950 
12-;51 
12952 
12953 
12954 
12c;155 
12956 
12957 
12958 
1Z959 
lZ960 
12<;161 
12962 
12963 
12964 
12965 
12966 
12967 
12c;1b8 
12969 
12970 
12971 
12972 
12973 
12<;114 
12975 
lZc;I76 
12977 
1297S 
lZ979 
12980 



c 
c 
c 
C 
c 
c 
c 
c 
c 

IJU·IJL+HN-l 
DO 10 IJ·IJL,{JU 
Z-Z-S 
K'Z 
L-lL -FLOAT I NL EV ,. C Z-FLOAT I K II 
LM-L-NLEV 
P(K-11·P(K-ll +BI IJ '*R.FACH JIll I 
PI KI. PI K) +BI I J I.RFAC III 
LP-L+NLEV 

10 PIK+1J"PIK+1'+BIIJ'*RFACILPI 
lZ IJL-IJL+NN 

RETURN 

14 "'--"4 
IF IM.EQ411 CALL ZERO (B,N"'ATI 

ISUB-LSINE+"I-l 
S-SINEIISUBI 
ISUB-LCOSIN+M-l 
C-COS INEI ISUBI 
ISUB"LMRFAC+M-l 
LL-n OA! I LRFAC +JIIIRFAC I I SU8' J +. 5.nOAl( NLEv+ 11 
HS-.5·S 
ZN-. 5*F lOA TI NOI "1+11 
ZZ- ZN. I S-C J +AXI S+. 5 
IJL=1 
DO 18 J"I,NDIM 
H-ZZ+C 
ISUBaLNJ+J-l 
NN-"III IISUBI 
Za Zl-FLOA.T I NDI14-"'IN J ojIHS 
IJU-IJL+NN-l 
00 Ib IJ-IJl,IJU 
Z·Z-S 
KOZ 
L" n.-FLOAT tNL EV ,.( Z-FlOATI K II 
LP-L+NLEV 
LM-L-NLEV 

Ib BI IJ I-Bt IJ I +P;FAC IlP J •• 2*P1 K+U+RFAC IL ' •• 2.P (lO+RFAC I LMJ •• Z.PII(-ll 
18IJL"IJL+NN 

M·-M 
RETuRN 

20 IF IM .. LT.O) GO TO 14 
DO 22 1-1,4 

22 8t II-FLAGSI I) 
IF tLRFAC.L T.O 1 CALL RAYST 
RETURN 
END 

PRFA 
SU8ROUTINE PRFA la,p,M' .................................................................. 
• RECLBl VERSION 1.0 170(T77. .................................................................. 

THE SUBROUTINE PRFA PROJECTS FRCM THE A"~AV BAS INGLE 
PROJECTION INTO THE ARRAV P. THE PROJECTION SINS AND THE 
TRANSVERSE SECTION CELLS MUST BE THE SAME SIZE. THE MJOEL 
ASSUMES A UNIFORM DENSITY FOR EACH CELL SUCH THAT THE VAlUE 
PROJECTeD FOR EACH CELL IS wEIGHTED BY AN ATTENUATION FACT('IR 
AND THE FRACTION EACH RAY INTERSECTS EACH CELL. THE RAY FAC
TORS ARE STORED IN A LOOK-UP TABLE SUCH THAT EACH CEll-RAY 
INTERSECTION IS EQUAL TO ONE OF 20 VALUES ",HICH DEPENDS ON 
WHERE THE CENTER OF THE CELL FALLS WITH RESPECT TO THE 20 EQUAL 
INTERVALS THAT DIVIDE EA.CH RAY. 

- THE ARRAY OF DATA FOP THE TRANSVERSE SECTION 
- THE PROJECTION ARRAY 
- THE ANGLE INDEX 
- IF M .EQ. 0 ONLY A SET OF FLAGS IS RETURNED IN B 

NO PROJECTION OPERATION IS PERFORMED 
I SEE THE SUBROUTINE RCHEI( FOR EACH FLAGS MEANINGI 

- IF M .LT. 0, ITS ABSOLUTE VALUE IS USED AS ANGLE 
INDEX. HOW EVEP, RATHER THAN A PRQJECTt ON OPERA TtO~ 
BEI~G PEltFORMEQ, A wEIGHTED BACI(-PROJECTION IS 
CALCULATED. IT IS USED BY THE ITERATIVE RELAXATION 
RECONSTRUCTION METHOD. 

THIS SUBROUTINE CALLS RECLBL Q.OUTINES - FlATN, ZERO 

REClBL ROUTINES WHICH MuST Be CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMON/WRKCOM/NWORK, t WUSED ,Nfl OAT , I SETUP 
COM "ION WORK C 11 

NWORK - OIIIIENSION OF THE USER S COMMON BLOCI( IN SLANI( 
COMMON . 

IwUSED - THE NUMSER OF wOPOS USED IN BLANK COMMON 
Nfl OAT - NUMBER OF w01l:0S FOR A FLOATING POINT VARIABLE 
I SETUP - THE SUBROUTINE SETuP SETS ISETUP .. 2HOK. 

SUSROUTI"'es WHICH REQUIRE THAT SETUP IS CALLEe 
FIRST TEST TO SEE IF ISETUP a 2HOK BEFORE 
EXECUTING. 

WORK - BLANI( COMMON WORKING ARRAY 

COMMuN/ATNCOM/L ATEN, LBMAP, TATE N, LUNA TN 
lOGICAL TATEN 
OIMENSION ATENIl),BMAPlll 
EQUIVALENCE CWORKCU,ATENC II,BMA.~1 111 

LATEN - POtNTER TO THE ARRAY ATEN IN eLANK COMMON 
STORES ATTENU6TION FACT('IR.S FOR ONE ANGLE 

LBMAP - POINTER TO TI-IE ARRAY BMAP t N BUNK COMMON . 
A MATRIX USED TO STORE THE CONSTANT ATTENUATION 
COEFFICIENTS 

TATEN - lOGICAL VARIABLE SET TPUE FOR ATTENUATION 
RECONSTRUCTION 

LUNATN - LOGI CAL UNIT NUMBER FOP ATTENUATION FACTOR STORAGE 

COMlltON/ PTRCOM/NOtMU, NO 1M, PWIO, TC IR ,NMA T .LNI, KNI 
LOGICAL TCIR 
DIMENSION NI III 
EQUIVAL ENCEI WORKI 11, NI 1111 

NDIMU 
I>IDIM 
pwlO 
TCIR 
NMAT 
L"' 

- THE LINEAR OIMENSIO~ OF THE TRANSVERSE SECTION 
- THE CURRENT LINEAR. DIMENSION USED BY TIoIE PROGRAM 
- PIXEL wiDTH C IN UNITS OF PRCJECTION BIN WIOTHI 
- LOGICAL VAP. IABlE SET TRUE FOR CIRCULAR RECON. 
- THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 
- POINTE~ TO THE ARUY Nt IN BLANK COMMON 

NJ(JI IS THE NUMBER OF CElLS IN THE J-TH ROW OF 
THE SQUARE OR CJRCULAR. FORM OF THE ARRAY 

12981 
129B2 
12<;83 
12984 
12<;85 
12986 
12987 
12988 
12989 
12990 
12991 
129m 
12993 
12<;94 
12995 
12996 
12997 
12<;98 
12990; 
13000 
13001 
13002 
13003 
13004 
13005 
1:;;000 
13007 
13008 
13009 
13010 
13011 
13012 
13013 
13014 
13015 
13010 
13017 
13018 
13019 
13020 
130Z1 
13022 
13023 
13024 
13025 
13026 
13027 
13028 
13029 

l3030 
13031 
13032 
13033 
13034 
13035 
13036 
non 
1303B 
13039 
13040 
13041 
13042 
13043 
13044 
13045 
l104b 
13047 
13048 
13049 
13050 
13051 
13052 
13053 
13054 
13055 
1305b 
13057 
13058 
13059 
L30bO 
130b1 
13062 
13063 
13064 
13065 
13066 
130t7 
13068 
13069 
13070 
13071 
13072 
13073 
13074 
13075 
13076 
13077 
13078 
13079 
13080 
13081 
13082 
13083 
130A4 
13085 
13086 
13087 
13088 
13089 
130r;0 
13091 
1300;2 
13093 
13094 
130Cl~ 
130'16 
1300;7 
13098 
130<;9 
13100 
IHOI 
13102 
l3103 
13104 
13105 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

KNI - SPEC IAl FLAG FOR MEMST CAllS NEEDED BECAUSE NI 
IS AN INTEGER VAP tABLE 

COMMONt RAYCOM/NL EV ,L MRF AC, I(MRFAC, LQ,FAC 
OIMENSIO~ MRFAClll,RFAClll 
EQUtVAl E"'ICE( WORK I 1) ,"IRFACI II ,RFAC( 111 

NLEV - NUM8ER OF FRACTION LEVELS 
l"lRFAC - POINTER TO THE ARRAY MHAC IN SLANK COMMON 

MRFACIMANGLEI POINTS TO TIoIE LflCATION IN BLANK 
COMM'JN ~HEH RFACCMPFACCMANGLEII IS STORED. 
RFACCMRfACIMANGlEl1 IS TIoIE FRACTION OF THE CELL 
WITHIN THE RAY WHEN THE CENTER ')F THE CELL IS IN 
THE CE"ITER OF THE RAY AT THE ANGLE MANGLE. 

KMRFAC - SPEC tAL FLAG FOR MEMST CALLS NEEDED BECAUSE .... RFAC 
IS AN INTEGER VARIABLE 

LRFAC - POINTER TO THE ARRAY RFAC IN BLANK CCMM(lN 
FRACTIONAL APEAS OF A CELL o/l1ICH INTERSECT 
A PAY AND THIS FRACTION IS MEASURED AS A FU~'CTlOfIl 
OF THE DISTANCE THE CENTER. Of THE CELL IS FR.:!M 

.THE CEfIlTER OF THE RAY. TIoIE TOTAL DIMENSION OF 
THE ARR.AV PFAC IS NRFAC=lL.EQANG, WHERE 

3.NLEv+2 IF NLEV IS EVEN 
LL • 

3.NLEV+l If NLEV IS ODD 
AND EQANG IS THE SIZE OF THE SET OF A..,GLES FOR.MEO 
F~OM THE SET OF TOTAL ANGLES WITH ~OO OPERATION 
OF PHI/2 THEN REFLECTION ABOUT PHIt4. 

C OMMON/TRGCOllt/I GEDM, 1(0 I"1U, AX 1 SU, BW I 0, KMQV ,1("11 N.I(~AX, 1('01 "I, A XI S, 
1 L PROJ, NANG, MOOANG, LANG, L SINE, LCOS I N,LDAT ER, T EM IT 

LOGICAL TE~IT 

Dr "1E NSI ON PROJ Ill, ANG( 11, S INEI 11,COSINE 11) ,DATER.C 11 
EQUIVALENCE I WORK HI, PROJI 1., ANGC II, SINE I 11, CDSI NEf II, DATERlll1 

IGEOM - GEO.'otETRY FLAG 
o .. PAiULlEL ~EAM GEOI'IETRy 
1 '" FAN BEAIIt GEO~ETRY (CURVED ofTECTOR.1 
2 • FAN BEAM GEO"'ETRY CFLAT DETECTOR 1 
3 .. RING OETECTOP GEO"4ETRY 

KDIMU - NUMBER OF BINS IN THf PROJECTJ(lN ARRAY SUPPllED 
ev THE USER 

AXISU - THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PPOJECTION ARR.AY (Tl-llS IS SUPPLIED ey T!-IE USEP 
AND IF AXISU IS INTEGER, TIoIEN R'JTATION AXIS FALLS 
IN THE CENTER OF A P~OJECTI('IN BIN.I 

BWIO - PROJECTION BIN WIDTH C IN UNITS OF PIXEL WIOTHI 
K140V - THE DISTANCE BETWEEN THE AxiS FOR THE SYSTE'" DATA 

ARRAY lAX IS I AND THE AXI S FOR TIoIE USEP DATA 
ARRAY (AxISUI. AXIS .. AXISU+FLGATIKMOVI 

KMIN - FIRST LOCATt(lN IN SYSTE'" OATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PR.("IJECTION ~IN TI-'AT 
IS GOING TO BE uSED. 

KMAX - LAST LOCATION IN SYSTEM DATA APPAY TI-IAT STORES 
THE DATA OF THE LAST USEF\ PROJECTlflN BtN THAT 
I S GOING TO BE USED. 

KOtM - NUIIIBER OF BINS IN THE PIIOJECTION AF.R.AY SUFFICIENT 
TO RECONSTP:uCT A~ NDJM )I NOI"1 ARP:AY, USUAllY 
1(0IMdOIMU. 

AXJS - THE PROJECTED LOCATION OF THE R.OTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXtS .. AXISU. 

LPROJ - POINTER TO THE ARR.AY PROJ IN BLANK COMMON 
INTERMEOIATE PROJECTION A"'IO PROJECTION EQ.POR 
VECTOR 

NANG - NU"IBER OF PROJECTIONS 
MODANG - 1oI0DE FOR PROJECTION ANGLE INPUT 
LANG - POINTER TO THE ARRAY ANG IN eLAN\( COMMON 

PROJECTION ANGLES IN PAOIANS 
LSINE - POINTER TO THE ARR.AV SINE IN BLANK CO"lMON 

SINE OF THE PROJECT ION ANGLES 
LCOSIN - POINTER TO THE A.PRAY CoJSINE IN BLANt( COM140N 

COSINE OF THE PROJECTION ANGLES 
LOATER - POINTER TO THE ARRAY DATER IN BlAN\( COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
TEMIT - lOGICAL VAR IABLE SET TRUE FOR EMISSION DATA .AND 

FALSE FOR: TRANSMISSION DATA 

DIMENSION BUJ,PClI 
BCK/PRJ,WT,ATEN,FAN ARE THE 4 FLAGS RETUR~EO IN B IF ,.. .lE. 0 

DIMENSION FLAGS'4' 
DATA FLAGS/l. 1 2.,1.,0./ 

IF (M4LE.0' GO TO 20 

CALL FlATN IJIII,ATENILATENI,NIoIAT I 
CALL ZERO IP,KOt"'l 

ISUS-lSINE+M-1 
S-SINEC ISUB) 
Isua-LCOS I N+M-1 
C-COSINECISUSI 
I SUS-LMRFAC+M-l 
Zl .. fLOAT( lRFAC+MRFAC Ilsua I 1+. 5.FLOAT I NLEv+ 11 
HS-.S·S 
ZN- .S.FLOAHNOI"I+ 11 
ZZ-ZN*' S-C) +AX I $+.5 
IJL-l 
00 12 J"I,NOI'" 
ZZ"ZZ+C 
Isua-VH+J-l 
NN·N III SU al 
Z=ZZ-Fl'JAHNOI M-NNJ.HS 
IJU"IJL+NN-l 
DO 10 IJaIJl.tJU 
Z-Z-S 
"Z 
l"LL-FL OAT I NL ev I. I Z-FLOAT ( K II 
ISUB"'lATEN+tJ-l 
FACT-ATENIISUBI 
L .... L-NLEV 
PIK-1I -PI K-1I +FACT*B ( IJ I-R FACI lM 1 
PI K)_PI KI +FACT.B IIJ I.PFACI L) 
LP"i.+NLEV 

10 PI K+ll=P II( .1) +FACT_BI IJ I.R FACI LP 1 
12 I JL-l JL+NN 

RETURN 

14 M,,-M 
IF ("I.EQ.l) CALL ZERO IB,NMATI 
CALL FTATN IM,ATENllATENI,NMATJ 

ISUB-lS INE+M-l 
S"SINEI ISUBI' 
I SUB"LCDStN+M-l 
C.,COS INE1ISU8J 
I SUB-L "1R.FAC+M-l 
ZLc FL OAT I l RFAC+"'RFAC I I SUB I I +. ~.F LOA Tf NLE V+ 11 
HSc.5·S 
IN:. 5.FLOATI Not ... + 11 
ZZr:. Z~. (S-C ) +AX t S+. 5 
IJL=1 
00 18 J"I,NOI'" 
LZ'" ZZ+C 
ISUB"'L."H+J-i 
NN"'Nt I ISUB I 
Z .. ZZ-fLOAT {NOI M-NN I.HS 
1 JU"t Jl+NN-l 
00 10 IJ"IJL,IJU 
Z-Z-S 
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1310b 
13107 
13108 
13109 
13110 
13111 
13112 
13113 
13114 
131 15 
13116 
13117 
13118 
13110; 
13120 
13121 
13122 
13123 
13124 
IH25 
13126 
lli27 
13128 
13129 
13130 
131H 
1313Z 
13133 
13134 
13135 
13136 
13137 
ll138 
131)9 
13140 
13141 
13142 
13143 
13144 
1310\5 
13140 
13147 
13148 
13149 
13150 
11151 
13152 
13153 
1.3154 
1315!= 
13156 
13157 
13158 
13159 
13160 
11161 
11H2 
l31~3 
13164 
1316S 
1316b 
IHe7 
13H:8 
13169 
13170 
13171 
13172 
13173 
13174 
1317~ 
1317e 
13171 
1317e 
13179 
13180 
13181 
13182 
IH83 
13184 
Ill85 
1318b 
131 ~7 
131B8 
13189 
131ClO 
131Cll 
13192 
13193 
13194 
131q5 
13196 
131q7 
13198 
1319'1 
13200 
13201 
13202 
13203 
13204 
13205 
13206 
13207 
13208 
1320<; 

·13210 
13211 
13212 
13213 
13214 
132l! 
13216 
13217 
13218 
13219 
13220 
13221 
13222 
13223 
13224 
13225 
13226 
13227 
13228 
13229 
13230 
13231 
13232 
13233 
13234 
13235 
132Jb 
13237 
13233 
13239 
132 .. 0 
13241 
13242 
13243 
13244 



272 

c 
c 
( 

c 
c 
c 
c 
c 
c 
c 
c 

.C 
c 
c 
c 
c 
( 

c 
( 

( . 
C 

~= l 
l= il-FLOAT (Nl EV 1.1 I-FLOATI I( II 
ISUSc.LATEN+IJ-l 
lP;L+NLEv 
LIo"cl-NlEV 

Lo 5 f I J'" 6 (I J' +ATE"l( I SUB ,*.2* {RFAC (LP '.*Z*PCK,. t ,+RFA( I L ) •• 2*(lIK I +RFAC 
11 L"".*Z*P1K-l J' . 

18 I Jl"I JL+llltl 

20 IF (M.LT.OJ GO TC 14 
D'J 22 1"1,4 

22 Sf I ':FLAGSI I I 
IF ILRFtoC.lT.OI CALL RAyST 
RETURN 
eND 

PRFF 
SUBROUTINE Pl<.fF 18,P,M, .................................................................. 

REClBl VERSION 1.0 110(T77" .................................................................. . . 
THE SlJBROUTINE PRFF PROJECTS F1<C'" r .... e 6R'l:AY B A SINGLE 

PROJECTJ(1N INT~ THE ARII/IY P USIt~G to FA .. BEAM GEO~ETRY. TI-IE 
PROJECTION '"lAS THE ANGLE toNG''''' WHEF.E '" IS TI-IE INDEX Of THE 
ANGLE. THE ... aOEL ASSU!<IES .4 UIltIFORN DE'ISITY f:)J<. EACH CelL SUCH 
THAT THE VALUE PROJECTED FOP EACH CELL IS WEIGHTED ACCORDI~G TO 
THE FA.ACTION EACH CelL INTFA.SECTS A FAN BE A,.. RAY. 

- T"lE ARQAY (IF DATA FOR THE TRANSVERSE SEC.TION 
- THE PROJECTION 4pruy 
- THE ANGLE INDEX 
- IF '" .EQ. 0 ('t~lY A SET OF FLAGS IS RETUPNED IN B 

NO PRuJECTJ:JN npEotATION I S PEPF,,)P~EO 
(SEE THE SUBIiOUTINE RCHEIC FOR EMH FLAGS MEANINGI 

- IF'" .LT. 0, ITS A6S0LUTE VALUE IS USED AS ANGLE 
INDex. HowEVEP, R.ATHER TH6N A PROJECTION OPERATION 
BEING PER.FOP/IIEO, A WEIGHTED 66(1(-PPOJECT JON IS 
CALCULATED. IT IS USED BY THE nEP:ATIVE PElAXATION 
RECONSTRuC!lrN METHOD. 

THIS S\JBR(lUTINE CALLS A.ECLeL ROUTI~ES - SQINT, ZERO 

~ECLBL PDUTINES WHICH "'UST P.E rALLED FIRST - SETuP 

LANGU6GE - FORTRAN 

COM"ON/WRI(CO"'/NWO~IC, IWUC;ED,NHOA T, I SETUP 
CO,.. ... ON W'JRl(ll1 

'IIWORI<. - D1"'ENSIO/\l OF THE rJSEA. S CO"t"'ON 8L(lCK IN BLANK 
CO""'ON 

IWUSED - THE NU"'BEP OF \oI(lCII)S USED IN BL6NK Cr1"''''ON 
NFLOAT - NUIOf'lEP OF WaR-Os. FOP 6 flOATING POINT 'JAA.I66LE 
ISETup - T"IE SUflA.QUTINE SETUP SETS ISETUP ,. 2HOK. 

SUP.POUTJ,'1ES wHIC).! REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE If ISETUtl '" 2HOK BEFORE 
EXEC.UTING. 

WOI1K - PLANI<. c!)","'nN WOl\KI "IG AQRAY 

C O'"''''O''i1 F ANC'J"4/R FAN, T FAille, T FANF 
LOGICAL TFA"IC.TFA"IF 

- FOR FA"! PEA.M GEOMETIIV RFAN IS THE DISTANCE FRO'" 
T"IE SouQCE TO T~E CENTER Of ROH,TTO~. RFAN 
IS ME6SUII.ED 1"1 UNiTS OF clI.OJECTIO"'l ~JN WIDTHS U 
Tt-<E CE"lTEII. OF p·JUTION. 

TFANC - lOGIC6L VAR 16BLE SET HUE F'lR FA'" 8E4>4 WITH A 
CUlWED OETECT~P. 

1"FA/I4F - LOGICAL VAII.JAflLE SET H.UE FOR FAN BEAM WITH A 
flAT DETECTCR 

C OMMONI PTIICO~/I\jOI "'U, NO 1M, Owl 0, TC t II. ,N"'AT ,LNI, 1<."11 
Lo;lCAl TC111. 
OI"tENSIO~ 1'11111 
EOU IVAlENCElwfJlI.1C. 11 I,NII 11. 

N!JI"4U - TI-oIE Ll'llEAA. DI"tE"'ISION OF THE TQANSvERSE SECTION 
I'>IotM - T).!E CUIlP.E"'!T L tNEAII. DltotENStON USED 6Y THE PRC"GPAM 
1)1011;) - PIXEL 1oI10TH lIN UNITS OF PROJECTION SIN wiDTH} 
TCIR - L'JGtCAl 'JAllIA8lE SET n.uE FOR '=YA.CULAR R.ECGN. 
:~'4Al - TI-'E NUMBER OF CEllS I~ THE TPANSVEP.SE SECTIJ."'I 
l"llI - PGINTER T(1 TI-IE ARII.AY ~I 1'" BLANK CC"'MON 

NICJI IS·THE NUM8EP Of CELlS'tN TI-IE J-TH A.QIoI t:'f 
THE SOUARE O~ CIRCULAR fORM Of T .... E AII;RAV 

KIIIl - SPECIAL FLAG F(,II; "'E"'IST CALLS NEEDED BECAUSE NI 
IS AN INTEGEI< Vtr,R.]ABlE 

COM"'OIll/TI\GCO~ II GEO'"l, KO I MU, A XI Su, 0 10110, KMC'V, 1(,",1 N, K"AX.!(O I ~, AX 1 S, 
l l I)IIQJ, NANG ,"100ANG, LANG, LS I NE .lC as I N, LOAl E~, TEM IT 
L'lGICAl T!="'I T 
DI'1EfIIS IO~ tl~ClJ Ill, ANG11 I, S INEI ll,COSINE f 11 ,DATEP 111 
EQUI 'JAl!:.'1CE IwOPI( {II, PR')Jlll ,AIIIGII I, C;PjE(1),COSI~Elll ,DATEl\lll I 

IGEO'" - r.EOMETPV FLAG 
o ,. Ptr,RALlEl PEA" GEO"'ETRV 
1 = FAN SEA!" GEOMEHY (CURVED OETECTO~J 
2 = FAN SEAM GEO"'ET~.Y IFUT DETECT(1RI 
3 ,. [lING JfTECT(lP r,EC"IETRY 

KJI~U - NU"'bE'1. ~F BI/l:S I'll THE' ClIIOJECTtO"l aOQAV SUPC>l1EO 
SY THE USEI"' 

4xISU - h'E ~II.OJECTEO lOCHl!lN OF T""E i<QT6"'"tON AXIS IN THE 
PRJJECTWN AiI'<,4Y IT'"ITS IS SUPtlLIEO eV TI-oIE USER 
A'IIo IF AXISU IS IMTEGE~, T'"lEN A.(lTtr,TIO'll tr,xtS FALLS 
IN TI-IE' CE'IITEF. CF t. p~ClJI'":T1r"! BIN.I 

B",ojlo - P!lOJECTIJN 8T"l W':lTH (IN U'IIIT$. ':IF P!X':L WIDTHI 
K",OV .- :I-'E JISTANCE BETwEE'i TH!: AXIS F!1A. T'"lE SVSTE'" DATA 

ARPAI' IAXISI AND T'"'E AXIS FOP T'if U~EQ DATA. 
AQIIAV IAl(fSUI. AXIS = AXlSU+FLIlAT{I(IoIOVI 

j(~I"I - f!~ST LOCAT)C'N 1"1 SVSTfl<l DHA ARi<6Y TI-oI4.T STOR.ES 
T'"lE DAiA OF TI-'E FIRST USEP PPOJEr:TION PIN T~AT 
I S Gal Nt:; TO DE IJ<;FD. 

'<"lAX LAST LOCATle',," TN SvSTE'" OATA 4A1iAV THAT ST'1RES 
THE' DATA OF THE LAST USEII; PROJECTION BIN THn 
IS (.JPIG Te· PE USED. 

'<;)1'" NU"'9EA.. rF BlOIS IN THE PII.C'JECTION tlRII;AY SUFFICIENT 
TO of;cn'llSTr;UCT AN NOI'" ~ NOlI"' AP~AY, USLI4llV 
,,-ot "'''K[)I'''L!. 

13Zt.5 
13246 
13247 
13HB 
13249 
13250 
13251 
13252 
13253 
13254 
13255 
13256 
13257 
132~8 
13259 
13260 
1326;1 

13262 
13263 
132604 
13265 
132606 
13267 
13268 
13269 
13270 
13271 
13272 
L3273 
13274 
13275 
13276 
13277 
13218 
13219 
13280 
132Bl 
13282 
132B3 
13284 
13285 
13286 
13287 
13286 
13289 
13290 
13291 
l3292 
13293 
13294 
13295 
13296 
13297 
13298 
13299 
11300 
InOI 
13302 
13303 
l3304 
13305 
133060 
13301 
13306 
13309 
13310 
13311 
13312 
13313 
13314 
l3315 
13316 
U317 
13318 
13319 
13320 
13321 
13322 
13323 
1332'" 
13325 
13326 
13327 
13328 
1332<1 
13330 
13331 
13332 
13333 
13334 
13335 
13336 
13337 
13338 
13339 
IDItO 
13341 
13342 
13343 
l3344 
13H5 
133"'6 
13347 
13348 
13340; 
13350 
13351 
13352 
13353 
13354 
1335~ 
133~t 

13351 
133!1'l 
ID59 
13360 
13361 
IDt.2 
l33b3 
l33b4 

c 
c 
c 
c 
c 
c 
c 
c . 
c 
c 
c 
.( 

( 

C 
C 
C 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
C 
C 
( 

C 
C 
C 
( 

C 
C 
C 
C 

AXIS 

lPROJ 

NANG 
MOOANG 
LANG 

L S I'~E 

LCGSIN 

LOATER 

TEMIT 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION APRAY, USUAllY AXIS-.t.)(ISU. 

- POINTER TO THE ARRAY PROJ IN BLANK COI'''''ON 
INTERMEDIATE PRnJECTION AND PPOJECTION ERROR 
VECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PPOJECTIDN ANGLE INPUT 
- POINTER TO THE UlRAV AN(; IN 6LANK COMMO"" 

PROJECTION ANGLES IN RADIANS 
- POtNTER TO THE tr,RRAv SINE IN SLANK COMM/')N 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAV COSINE IN BLANK (OM"'ON 

COSINE ")f THE PR.OJECTION ANGLES 
- POINTER TO THE ARRAY DATER IN BLANI( COMMON 

USER PROJECTION DATA AND UNCEFITAINTIES 
- LOGICAL 'JAP IA8lE SET TRUE FI')R EMISSION DATA AND 

F6lSE FOR TRANSMISSION DATA 

••• THESE VARIABLES ARE USED IN THIS SUBROUTINE 

OH - THE DISTA~CE BETIoIEEN THE SOURCE AND THE PI XEl 
ARC - THE ARC DISTANCE BETWEEN THE CENTER UIS AND THE 

IMAGE Of THE PI XEL 
6ETAU - THE A...,GLE 8EhEE"I THE CENTER: UIS AND THE LINE 

PASSING A80VE THE PIXel 
6ETAl - THE ANGLE BETWEE"I THE CENTER Axl S AND THE LINE 

P6SSING BELOW THE PIXel 
BETAP - THE ANGLE 8ETWEEN THE CENTEII AXIS 4ND LINE 

PASSING THROUGH THE PIXEL 
"HETAU - THE ANGLE SETWEE~ THE LINE PASS ING THROUGH THE 

PIXel AND A 1I HE A80ve 
THETAL - THE 6NGLE BETWEEN THE LINE PASSING THROUGH THE 

PIXEL AND A LINE BELOW 
OU - THE PERPENDICULAR DISTANCE 8ETWEEN THE PIXel AND 

ALINE ABOVE 
Dl - THE PERPENDICULAR. DISTANCE BETWEEN THE PIXEL AND 

A lINE BEL()toj 
ALPHAU - THE ANGLE THE LINE A80llE THE PIXel MAKES WITH 

THE SIDE OF THE SQUARE 
ALPH61 - THE ANGLE THE LINE BELOW THE PIXEL MAKES WITH 

THE SIDE OF THE SQUARE 
. ANGL E - THE ANGL E 8ETWEEN THE RAY S I H THE F AN BEAM 

DIMENSION 8(1I,PI1I 
BCK/PRJ,IoIT,ATEN,fAN ARE THE 4 FLAGS RETURNED IN 8 IF M .LE. 0 

OI~ENSION FLAGSI~I 
DATA fLAGS/1.,2.,D.,I.1 
DATA. ZI.4999991 

IF IM.LE.DI GO TO 58 

CALL lERO IP,I(OI"" 
ANGLE-l./RfAN 

Isue-LSINE.M-l 
S-SI NE' I SU81*PWI 0 
I SUS-LCaSI N.1I4-1 
C=COS INE( ISUB •• PWID 
H5=.5.S 
HC".5~C 
IN-.5.FLOAT(NOI'''.1 I 
lX"Rf AN-lN. I C+S I 
lV=ZN-1 S-C. 
Rf P"RFAN.PWI 0 
IJL-l 

IF (lFANFI GO TO 20 

00 IB J-L,NoIM 
Zx·zx.S 
lv-lv"C 
I sua-LNI .J-l 
NN"NJ( I SUBI 
lXX"ZX .fLOAT INDIN-NN I.HC 
ZYv= ZY-FLOAT ( NOI M-NN I*HS 
fJU"IJL.NN-l 
0016 IJ"'IJL,lJU 
lXX-ZXX.C 
ZYV"ZYv-S 
OH=SQRT I ZXX-.2.ZYY •• 2 I 
A~CTAN=ATMH ZVYllXXI 
ARC .. RFAN_ARCT AN 
j(-6RC·AXIS+.S 
BETAU" ( fLOA TC I( I-A xl S •• SI .ANGLE 
BETAL =BET AU-ANGL E 
8ETAP-AR,CTAN 
THET AU- BET AU-8ET AP 
THET AL"BET AP-SET Al 
DU"OH.f\WIO.THE TAU 
Ol: :JH.SIoII D.THET Al 
I SUB"LANG."'-l 
AlP"lAU" BE TAU+ANG 1 I SU8. 
6R EA1"SQINT IOU, AL PHAU. 
AL PKAl-BET6L.ANG II SUB I 
ARE62" SQ tNT C OL, ALPHAl I 
ARE4" AR EAl +AR EA2 

~1(1""'K 
.~KZ"MI( 
tll "tK 1 ",P( "'K I+BI t J I_AREA.RFP/OH 
6A.EI\X"'AREAl 
AREAVcAREA2 
IF (AREA1.GT.Z I GO TO 12 

10 TI-IETAU"THETAU+ANGlE 
OU" OH-oW I O.THETA U 
6lPHAU" AL PHAU+ANGL E 
All. EAU!" SOl NT I OU, ALPHAUI 
6REAU"'AA..EAUI-AR EAX 
AREAX:ARE6Ul 
~1(2"''''K2+ 1 
PI "11(21'" P( !o4K2 I .B( t J I.AREA\J*RfP/OH 
IF (AA..EAUl.lf.ll GO TO 10 

12 IF (6REA2.GloZI GO TO 16; 
14 THETAL"THETAL+ANGLE 

DL- OH.BIoII O.T HET AL 
Al PHAL '" ALP HAL+ANGLE 
AR E611: SOl NT I DL, ALP HAL I 
AREAL-ARE ALI-ARE 6Y 
AR.EAV"AREALI 
"Kl"JIII(I-1 
P, .. Kll .. PI ~K1 I +BI I': I*AA..EAL* RFP/OH 
IF (AREAL1.LE.ZI GO TO 14 

160 CO'llTINUE 
18 IJL" tJL+NN 

RETURN 

20 DO 30 J"I,NDI'" 
IX=I)(+S 
lY"ZI'+C 
ISUSz:LNI+J-l 
NN.,NIII SUB. 
1 XX'" I X.FLDA TI NO I ""-NN I .HC 
ZVY" lY-FLOAT I NOIM-NN ).HS 
IJu .. 1 JL+NN-l 

1336;5 
1336;6 
13361 
13368 
13369 
13310 
13311 
13312 
13373 
133H 
13315 
13376 
13371 
13378 
13379 
13380 
13361 
133B2 
1338~ 
13364 
13385 
13386 
13387 
13388 
13389 
13390 
13391 
13392 
13393 
1339~ 
13395 
13396 
13197 
13398 
1339q 
13400 
13401 
13402 
13403 
1340~ 
134M 
13406 
13407 
13408 
1340Q 
13410 
13411 
13412 
13413 
13~14 
13415 
13416 
13417 
13419 
13.19 
13420 
13421 
13422 
13423 
13424 
13425 
13426 
13427 
13428 
I 342ti 
13430 
13431 
13432 
13433 
13434 
13435 
13436 
13437 
13lt36 
13439 
13440· 
13441 
13442 
134lt3 
1""44 
13445 
13446 
13lt47 
13448 
134lt9 
13450 
13451 
13lt52 

. 13lt53 
l3lt54 
13455 
13456 
13457 

. 13458 
13459 
13460 
130461 
13462 
13463 
13.604-
13465 
13466 
13467 
lH68 
13469 
13410 
13411 
13412 
13473 
13414 
13475 
13476 
13477 
13476 
13479 
13480 
13481 
13482 
13"63 
13"84 
13485 
13486 
13487 
13488 
IH89 
13490 
13491 
13492 
13493 
1349". 
13495 
!349E: 
13't97 
13498 
13499 



00 28 IJ-tJl.rIJU 
lXx_ZXX+C 
ZYY-ZH-S 
OH_SQRT« lxx •• 2+lYY**21 
APCTAN-ATANIIVY I lXX I 
YCENTR-ZYY I l XX.R FAN 
K-YCE "{T R+AX 1 S +.5 
6ETAU-A TAN II FLOAT( K I-AX1 S+.~ I/RF AN I 
BET AL- AT AN I (FLOATt 1<.-1 I-AX I S+.5 I IRFAN I 
BETAPeAR.CTAN 
THE TAU"BET AU-BET AP 
T HET AL- BET AP-BET AL 
OU_oH.BWI O.THE TAu 
OLIO oH.SW IO.THE TAL 
I SUB_LANG+M_l 
ALPH""U-BETAU+ANGIISUBI 
AREA I-SCI I lilT I DU r ALPHAU) 
ALPHA L" BET AL +ANG ( I s·ue I 
AREA 2- SCI I NT( DL r ALPI-IAL I 
ARE A_ AREAl+UEA2 
"'I(-K 
I'I1(1 .. "'K 
"'1<.2_"'1<. 
PI I'll( I_PI MI<.'+S II J,.AREA.PFP/IXX 
AREAX-AREAI 
AREAV-AREAl 
IF (AREAI.GT.I' GO TO 21t 

22 MI(2_,..K2+1 
ANGL E-AT AN I RF ANI (RFAN •• 2+1 FLOAT I MI<.2 I-AX 1 S ' •• 2-.2511 
THETAU-THE TA U+ANGLE 
DU-OH.BW] O.THET AU 
AL PHA U- AL PHAU+ANGLE 
AREAU l-SCIINT (DU, ALP HAUl 
AREAU" All E AUl·AREAX 
AR,EAXeAREAUl 
PI 1'41(2: Imp( M1(21+B I IJ I .AREAU.RFP II XX 
IF tAREAUl.LE.Z" GO TO 22 

24 IF UREA2.GT.ll GO TO 28 
2b "'1<.1"''''1<.1-1 

ANGLE"'A TANe RF ANI( Rf AN •• 2 +, FlOA T( "'I<. iI-AX 1 S) •• 2-.25 I I 
THE T AI.-THET AL+ANGi.. E 
CL-OH.BWI O*THET Al 
AL PHAl_ALPHAL+ANGlE 
AREAL 1- SCIINT I OL 1 ALP HAL I 
AREAL -ARE AL l-AREAY 
AI!;EAY_AREAll 
PI "'1<.1 I-PI "'1(11+BIIJ I.AREALU,FPIlXX 
IF IAREALl.LE.l) GO TO 2b 

28 CONTI NUE 
30 IJL_IJL+NN 

RETURN 

32 M __ M 

IF IM.NE.ll GO TO 34 
CALL ZERO (B,N"'ATJ 
ANGI.E-l./RFAN 

34 CONTI ,,",uE 

t SUB=LSINE+""-l 
S-SPolEIISu81"Pw!O 
I SUBe LCOS t N+~-l 
CoCOS INE ( I sue '.PWI a 
HSe.5·S 
HC-.5·C 
LN-. 5.FLDA TI NOrM+ 1 I 
lX_RFAN-lN.IC+S I 
ZY-ZN.I S-C. 
I!;FP.RFAN.PWIO 
J Jl-l 

IF ITfANFI GO TO 46 

00 44 J-l r NDIM 
lX_ZX+S 
ZY-ZY+C 
ISUB-LN!+J-l 
NN-NI t 1 SUB) 
Z XX-l X+FLOAT I NOt !4-ttN I.HC 
Zyy". LV-FI.OAT I NO IM-NN I $HS 
IJU-IJl+NN-l 
0042 IJ-IJLt!JU 
LXX"lXX+C 
ZYY-Z YY-S 
DH-SQRTIZXX"Z+ZYV··21 
ARCT ANeAT AN I ZVY IZXX I 
ARC_RFAN.ARCTAN 
K_ARC+AXIS+.5 
BETAU.( FLDA TI K I-AX! S+. 5'.ANGLE 
BETAL -SETAU-ANGl E 
BETAP"ARCTA"{ 
THETAU .. SETAtrBETAP 
T HET Al.e BET AP-BET AL 
OU_OH·BWIO.THETAU 
OLeDH.BW 10.THE TAL 
ISuSel.A.NG+/II-l 
ALPHAU-eETAU+ANGIISUBI 
AREA l-SQtNTt OU, ALPHAU 1 
AlPHAL -SET AL +ANG( ISU S I 
AREA Z- SQINTIOL rALPHAL I 
AREA- AREAl+AREA2 "'_K 
MK 1""'11( 
/111<.2""'1( 
SIIJ I-SI IJ J+P l"'I<.I.(U:EURFP/OHI •• 2 
AREAX_AREAl 
AI:,EAY_AREA2 
IF (AREA1.Gloll GO TO 38 

36 T~ETAU"'THETAU+ANGLE 
OU-OH. aWl O.THETA U 
AL PHAU= AL PHAU+ANGL E 
ARE AU l:r.SQ J NT IOU, ALPHAU 1 
ARE AU.,AI!;E AUI-AR EAX 
AR,EAX-AREAU1 
1'I1<.2""'K2+1 
B I I Jl-B1 I Jl+ P t "'1<21. I AREAIJ"RFP/OH ' •• Z 
IF (AREAU1.LE.l) GO TO 36 

38 IF IAREA2.GT.ZJ GO TO 42 
40 THETAL.,THETAL+ANGLE 

OL- OH.BW 10.T HET AL 
ALPHAL" AlPHAL +ANGLE' 
AREAL I-SOINT rOL, ALPHALI 
APEAL-AR EAl1-AR'EAY 
AREAY·AR,EALl 
"'l<.le"'I<.I-1 
Bt IJ '-BIIJ I+P I"'Kll.( ARfAL.RFP/O .... J •• Z 
IF IAREAll.LE.ZI GO TO 46 

42 CONTINUE, 
Itlt IJL .. I JL+NN 1'4 __ ", 

RETURN 

13500 
13501 
13~O2 
13503 
135011t 
13!05 
13~Ob 
13507 
13508 
13509 
13! 10 
L3511 
l:!~ 12 
13513 
1351~ 
13515 
13~ 16 
13517 
13518 
13519 
L3520 
13!S21 
13522 
13523 
1352~ 
13525 
13526 
L3527 
13528 
1352<; 
13530 
13531 
13532 
13533 
13534 
13535 
13~36 
13537 
13538 
135)9 
13540 
13!41 
13!42 
135~3 
135411t 
1354~ 
1354e 
13!:'47 
L3548 
1354<; 
13!S50 
13551 
13552 
13553 
135H 
135~5 
13,56 
13557 
13558 
1355'> 
13560 
13501 
13562 
135b3 
13!611t 
115t5 
13566 
13567 
135b8 
13569 
13570 
13571 
13572 
13573 
11574 
13575 
1357ll 
13577 
13578 
13579 
13580 
13!81 
13!!'82 
13583 C 
13584 ( 
13~e5 c 
1358b C 
13587 C 
13588 C 
13589 C 
135<;0 c 
13591 C 
13!S2 C 
135<;3 c 
13594 ( 
13!<;5 c 
13596 C 
135~7 C 
13598 C 
13!:C::c; C 
13bOO C 
13601 C 
13b02 C 
13603 C 
13604 C 
13605 C 
\3606 C 
13607 C 
13608 C 
13609 C 
13610 C 
13611 C 
13t12 C 
13e 13 C 
13614 C 
13615 C 
13616 C 
13617 C 
13618 C 
1361<; C 
13620 
13621 
13622 
13e23 
13624 
13625 
13626 
11627 
13628 
13629 
IH30 
13631 

IY"ZY·C 
I SUB.:<L';I ~J-l 
NNo:'II1 (! sue 1 
l )eX" I X +FlOAT ('IIDI ~-~'III.HC 
IYy: zy -F LOAT (NOt M-N"ll .HS 
IJU;I JI.. .. NN-l 
00 5'10 IJ= IJL. IJU 
Zxx",ZXX+C 
lyy",ZYY-S 
JH_SQRT (ZXX •• 2+ZYY •• 21 
AetC TAN=ATANIZYY IlXX I 
YC E"lTR" ZYV I lXx.1!. F AN 
K"YCENTR+AX IS+.5 
~ETAU"ATAN( (FLOATfK I-AXI S+.51/RFA"l1 
BET AL=AT A"l ( (f'l ')AT f 1(-1 I-A XI S+. 5) IRF AN I 
9ETAP"AR(TAN 
THE TAU.: 8E TAU-8ETAP 
THETAL:cEETAP-BETAL 
OU:cO~.9WI O*THE TAU 
DL" DH.SW I o.r ~E T AL 
I SUB=L'ANG+M-l 
AL PfiAU., BET AU+ANG I I sue I 
MEA 1'" SOINT (QU. ALP'fiAU I 
AL PfiAL" BET Al +ANG I I SUI3 I 
AREA2= SCI IN T( Ol • AL P~AL I 
ARE A .. AI!; fA l +AR EA2: 

I'IKl="1< 
MI(2"MK 
BIIJI=B(IJI+P{,~KI·IAI:!EA·RFPllXXI"2 
AREAXeAREAl 
AREAY"'AetEA2 
IF (A"'EAI.GT.lI GO TO ~O 

its "'K2=~II,Z+1 
A"IGLE"'ATANI RF ANI I I!;FANnZt-1 FLOAT ("'K21-AXI S I •• Z-.25 II 
T~E TAU"TI-IE TAU +ANGLE 
OU"DH.Bwl O.TH ET AU 
AL PHA U .. AlPI-IAU+ANGLE 
AI!; EA'J 1= SCI INT IOU, AlPHAU) 
ARE AU"AR EAUI-AR fAX 
A.etEAXeAREAUl 
BI IJ I=BIIJ I+PIMK21.1 APEAUU:FPllXXI •• 2 
IF tAREAUl.LE.lI GO TO 48 

50 IF IAREAZ.GT.ll GO TO 54 
5Z '«1."'Kl-1 

ANGLEeAT AN I I!;F AN II RFAN •• 2 +t flOAT! "'I<. 1'-AXI S ' •• 2-. 25) • 
T HET AL_THET Al+ANGl E 
DL"'OH. BWI O.THET AL 
AL PHAl_ AlPHAl+ANGL E 
A!l.EAL 1. SCII NT I OL • ALPHAL I 
AI:! EA L _ARE AL l-ARE AY 
AI~EAY·AREAll 

Bll J I "BI I J I+PIMl<.l'.1 AA:EAL.RFPllXX ' •• 2 
IF (AREALI.lE.ll GO TO 52 

54 CONTI'iUE 
56 I JL-l JL+NN 

".-"1 
RETURN 

58 IF (M.LLOJ GO TO 32 
01) bO t"l,4 

60 BI II"'FLAGSIII 
"'ETURN 
END 

IRADALI 
SU8R'JUTtNE I!;AOAL tl,"',NXTAL,B8l1 .................................................................. 
• RECI.BI. VERSION 1.0 17OCT77. ................................................................... 

THE SUBROUTINE IUDAl IS USED !loy THE SUBROUTINE "'HP. IT 
COMPUTES AND LEAves l"l (eMMON STORAGE THE QUANTIlISS 

C AAMR IN), BB"'R IN I J., SU!'!"'A T ION. K=iJ, I<. 101. A X ( NI, I AL P~A I~, K I r BET.AtNIK II 
-ClIN, K,l I •••• ,N"I,? •••• M 

AND 

B~I.,SU"I"'AT tON. K=O, KMX, P ETA I a.1( '.r,)IN, I<. ,II 

wHEI!;E l<."Ix=IN/ZJ, KMAXINJcll~-~J/ZII AND T .... E Q(N,I<.,Z1 OH'JTES 
II-lI··KJ TJ.l1fS THE JACOBI POLYNO"'Ul 'JF OEGREE I<' AND I"IOICE'S 
(I"hOJ. AS FUNCTION OF THE ARGUMENT, 1-Z AND WHERE AlP'"'A AND 
BETA APE 'JBTAINEO FRO'" THE CO~f'lO"l ARRAY GAM IN PAC!l'EO F(1RIIIAT 
ACCJRDi"lG TO THE CONVENTIONS --

ALPHA(/I4,KJ " GA~(32-Nolb-KI 
BETAINIKJ = GAM(N+l.K+LI 

THE SUeROUTI""E IS A "'ODIFICATIO~ OF THE SUBROUTtNE RADAI. 
I·" VERStON Z.O -- 121101711 SUPPlIEO TO us BY P. "IAPQ.. 

l - oADIAl DISTANCE 
~ - DEGP EE OF THE POL nm"" Al 
NXTAl - NUM8 Ell OF CRY STAU 
BBl - SUMMATION F~C,M 1<.=0 Ttl K"'X I I<."'X"NI 21 f)F 

BETA (0,1< I.QI N.K.LJ 

REClBL ROuTINES WHIC~ "'UST ~E (ALLfO FII!;ST - "IARR. SETUP 

lANGUAGE - FQRTRA,.,. 

C OM"'ON/W RI<.CJ"II NWO~!(, I WUS E 0 1 ~flC!.AT, I SETUP 
CO"'''IJN WORKIL) , 

""WORI<. - DIMENSION OF TI-'E USER S CO"l"'ON Al)(I< I'" ~LANI< 
['O"'MOI>( 

IWuSED - THE 'IIlJ"I8EP OF WORDS USEO IN BLANK (OMM')N 
NfL OAT - 'W"'EE,o OF WOIl.OS PHI A FLOATING POI-.!T VAPlAaLl: 
ISETUP - T~E SUBFl:I")UTlt'E SETUP SETS ISETUp '" 2'""'jl<'. 

SUBROUTINES W .... tCH REOUIRE THAT SETuP IS ~ALlEO 

FI~ST TEST TG SEe IF ISETUP " 2'""(,1< SEFooe 
EX!;cuT 1"4(.. 

WORK - ~LANII COMMON IoIORKING ARRAY 

273 

1302 
13t:B 
1Jt3" 
13t>35 
13t36 
13b37 
1Jf:38 
130<; 
1361t0 
130101 
I3t42 
13t43 
13f:Ioio 
13b~5 
LHIo6 
136107 
Utlo9 
13610" 
13t 50 
13651 
1 J~52 
13t53 
13654 
13055 
13056 
13t57 
I3t58 
1365e. 
130bO 
13661 
IH62 
Utt3 
L3E:b4 
i Jto~ 
t3ebe 
136e7 
13H6 
13660; 
13HO 
13671 
13672 
13tH 
136711t 
13f:75 
1367b 
13671 
13678 
13e7<; 
13680 
13681 
13682 
i3e83 
11e84 
13685 
13b86 
13ea7 
13668 
1368<; 
l3b90 
13691 
13692 
13693 
13694 
13695 
13696 
136'H 
13f.98 

136<;9 
13700 
13701 
1370Z 
13703 
13704 
13705 
13706 
13707 
13709 
U70C; 
13710 
13711 
13712 
13713 
13"'14 
1171!:' 
lHlt 
13717 
l371g 
t371~ 
13720 
1372,l 
13722 
137Z3 
1)724 
13725 
13726 
13727 
1372R 
137Z<; 
137)0 
13731 
13732 
13733 
U734 
13735 
13736 
13737 
13738 
1373<:' 
L3140 
13741 
137102 
13743 
13744 
1 FlitS 
131<tt 
U7't7 
137~9 
1374Q 
13750 



274 

C ::""1 '10 'tl "IAQ.(C)"/L GAM Il Gs:.1< J. L ""8 "'110. I lAA "41l: ,l AfI!A~, L 8"1AR 
i)J'1E~S Jr')~ GA"IIlI. GP~J! I ),IIBM~4 lI,Aft"'P III. ~ IoIAQ C 1I.~ .. AQ{ 11 
EOU; V6.LENCE C ... ·""Kl11.GA .. 111, GPRJI1I, e~"p Ill, AA,.1l (I I,A"!A'tC II, 

I e"ADClIJ 

) 1",= 'tSI O~ p (311 

',XTL2=t\lXTALf2 
IF ("I.GT. 301 "=30 
x=Z.Z 
PIU"I. 
::!SZ::GA""lGA'"I) 
DO Ii) N=l. "'I 

PIrHll"l. 

Olrll,O,l J =1, ALL ~.Z. 

ISUB1=L8B~R+N-l 
I SUB2"lGAM+'-i 
8B"4'1( ISUBtl "r:AM! I SUB21 
I SUB: C ""XT Al-II- (NXTL2-11 +NXT AL-"J 
t SU'!1 "LAA"'P+N-l 
ISt}B2: iSue +LGAM-I 

111 AA"IRIISU'B11:GA"'IISU!321 

1("1)(=,'1/2 

DO 16 K"I,I("'IX 

•• USE '1ECUPSION FOD"IULA-: OIO,K,Z)"2*Z*OII,K-l,ZI-OIO,K-I,1I, K.G 

PI11=x·PI21- P III 

•• "Ill NOw C!JNTAI'IIS OCO,K,ll 

I sue'" LGA''''' NxTAL-ll U: 
!3Bl::88Z+GAM( I Sutl,*" III 
t>j'1X::">\-I(-K 

IF Ie.jMX) lblc,12 
12 00 14 N" L,NMX 

•• USE Q:ECURSIO'" FOR"IUlA--
•• OtN,K,lI =((·'H2.K,*OI"l-1,IC,ll -K.OIN,IC-1.lll/fN+I(I. FOO N.K PO 

T=P 1.'0 +1 1', NI-PI r-..+ 1I1.FlC'AT (KI/Fl1A TI "'+K I 
Pf "I+II_T 

.'" PIN+lI NO," CC~TAINS QIN,K,ll 

I SUB'" NxTAL-l).K+N+l 
15UBlclB8"'1P +1\1-1 
15u62=15uB+LGAJ04-1 
BB"IQ:I ISUBl I "'BB'4R II SUB11+n(:A"'" tSUBZI 
I SUB" t NXTAL-ll"'INXTL 2-1(-11 +NXTbl-N 
ISUBl=lAA"'IR+N-l 
ISU62= I sue+LGA"'-1 

U U .... R.I I SUBll*AAMR (t SU91 J +T*GAM( ISUB21 
10 CiJNTIfIIUE 

RETuQ:fII 

END 

I RALA I 
SU9POUTINE P:ALA !X,Il.A,MJ ...................................................................... 

P:ECLBL VEQ:SHlf<1 1.0 170CT77 ................................................................... 
SUflPOUTI~E PALA GENEoAT!:S Tl-IE CONV(lLUTI(lN rUNC.TlflN FOR 

C'JfIIV'JLlITION RECONSTRUCT leN )F HI)AlLEL 9EAM DATA. Tl-iIS 
FUrIICTIr'''I IS TAKEN t:Q:~M ll-iE ARTICLE fly PA"IACI-lAfIIOI1AfII A1I(0 
LAKSHMINAt;AYANA~. 01l:0C. NAl'lo ,,"(A:!. SCI~, VOL .. 66, P. 2236, 
US7l I. 

x - ARP:AY tN WI--IIC'"1 H1!: CQ'NGLUTIC"'''I FUNCTlml IS Q:E""!"Uf'NEO 
RA - DllMM'I' APC;UE"'EIliT 

tF M !S LESS TI-<AN ~" EOUAL T~ HR') THE ... flAGS ARE 
RETuP~ED !~I lye: t.P,PAY x. OTHERWISE THE 
COfliVOLuTiOr. FU"lCTtON ClEIIIGTH.,2.M-11 IS PETUIl.NEO 

LANGUAGE - FOFHA~ 

DI"IE"ISIO"l XIII. ~A( 21 
DI"1ENSICN FLAGS(4) 
DATt!.· FlAGS/2. ,-1. ,0. ,0.1 

IF {"'1.LE.OI GO T'1 14 

PI "' .... AT A': tl.1 
~le .. -t 
'12:="'1+L 

I SUB1="I1 
I SU~2:"'1l 
DC IJ K=I. "1,2 
x( 1 SU8t 1=-1./1 PI.FL(lAT(1( 1**.21 
xC 1 SuB2 J :xI' SU~II 
ISU61= IS.JBI-2 

Iv I SU?2:, SUf! 2+2 

I SU81 ,,"11-1 
I SUQ2:"12+\ 
JO 12 "'=2, "'1,2. 
Xlt SUSll "0. 
q', SUi;'.21=0. 
1 SuEt" Isu9L-2 

1.2 I SUP-2=1 SuP-2.2 
R~TJ~N 

1 .. JJ Ie. I'" 1,4 
1::> X (t J= FLAGS (I I 

IlETUQ:~ 

!:"lD 

13751 
13752 
137~3 
13154 
1315!' 
1375e 
137~7 
13758 
1375<;-
13HO 
l3HI 
13702 
13163 
131t4 
13:65 
13H6 
13767 
L376R 
13169 
13170 
13171 
13112 
13 7 73 
13174 
13775 
13176 
13777 
IJ77e 
1317Q 
13760 
13781 
13762 
IH63 
13784 
1"3785 
13786 
13787 

13788 
13781? 
137S0 
13791 
13192 
137S) 
13194 
131<;5 
13790 
13197 
13798 
1379<; 
13800 
13601 
13802 
13803 
13804 
13805 
13B06 
13807 
13608 
1380<:: 
13810 
13811 

13812 
13613 
13614 
1381~ 

1381t 
13817 
13818 
1361'1 
13620 
13 Q 21 
13822 
13823 
1362"" 
13625 
13820 
13821 
13828 
13829 
13830 
13631 
13532 
13833 
13e34 
13635 
1363f 
13831 
13839 
13e3Q 

13840 
13~41 

L38 .. 2 
13P43 
13844 
13845 
1364f. 
13'341 
13'l'tB 
1364C 

136 ~c 
13 ~!: I 
13852 
DeS) 
1385 .. 
13855 
138~6 
13857 
13655 
1385S 
U860 
13861 
13862 
138c3 
13864 

I RAMP I 
sua ROUT INE RAMP I R, X t ,1.1 1 ................................................................... 
• REClBL VERSION 1.0 170rT77. 
•• "' •••••••••••••••••••••••••• * .................................... . 

T~E SUBROUT INE RAMP EVALUATES THE IJALuE OF T~E RA:.4P 
F IL TER AT T>iE POINT XI. 

II: - THE FUNCT IfJNAl VALUE 
XI - THE JflOEPENDE~T VARtA~Lf 

- HAS THE fOLLOWING VALUES 
.LE. THE FLAGS ARE 0ETURNEO IN R 
.GT. O·THE ~uNiTIO-':AL VALUE IS RETUR~ED I~ R 

Tl-iE FIL TEl( PARA"'1ETER. FREO IS PASSEC IN THE CO",,~(lN BLOCK FILCO~. 

LANGUAGE - FQPTRAN 

C0"1'101"ll1 wRKC OM/NwORIC, I WUS ED, NFL CAl', I SETUP 
C;)"'1'<\O~ wOqK( 11 

IIIWORK - DIMENSION OF THE USER S CC"'~ON PoLOCK IN 6LANK 
CO'1MON 

IwUSED - T>ie NUM6ER OF W:)RDS USED IN BLA"'IK COMMON 
NFlOAl' - NU"'BE~ OF WORDS FOR A FLOATING POINT VARIA6lE 
ISETUP - THE SUBRnUTINE SETUP SETS ISETUP .. 21-10K. 

SU6P,OUT iNES WHICH REQUIPE THAT SETUP IS CALLED 
FIRST TEST Ta SEE IF lSETUP '" 2HrK BEFORE 
EX ECUTlIIIG. 

WORK - 6LANK CQ"'1MON wORKING ARRAY 

C OMMO~I F IL GJM I OReER, FR EO, L POC KA, LPR JA, LF I L T 
OI"'ENSION flCKAllI,PP.JAI lI,FILTf 11 
EQUIVALENCE (WORK I 1 J, BCK AlII, PRJA ( 11, FIL Tt 111 

ORDER - FIL TER PARA"'ETER USED ONLY 8'1' THE FILTER BUTER 
F~EQ - FILTER PARAMETER 
LBC1(A - POINTER TO THE AR~AY 6CKA I N BLANK CO .... ~ON 

BACK-PROJECTIOIII ARRAY· WHICH HAS THE DIMENSION 
NDP" X NO I'" 

LPRJA - POINTER T'J THE ARP.AY P"JA IfII BLANK CCM140N 
A PROJECT ION ARRAY FOR O~E ANGLE 

LFILT - POINTER TO "HE A"-RAY FILT IN BLANK COMMON 
ARRAY IJF FILTER VALUES 

OIME;NSION RHI 

8CK/PRJ/C'llV/20f,wT,ATEN,FAN ARE THE J FLAGS RETURNED IN R 
IF /II .LE. 0 

DIMENSION FlAGSI41 
DATA FLAGS/3.,-~.,O.,-I.1 

IF {M.LE.OI GO TO 12 

Il.AM"X! 
tF I~AM.LE.FREOI GO TO 10 
RA/II,.O. 

10 Rll !"RAM 
II:ETUP:N 

1200 14 1"1.4 
14 "llJ=FLAGSCI I 

OI.ETURN 
END 

SUBROUTINE qAY ST 

••••••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••••••• 
Ii.ECLSL VERqJN 1.0 17C'1CT71 

........................................ * •••••••••••••••••••••••••• 

THE SU6P:OuT tNE P:AVST SETS UP THE C'JMMON I\LOCK IRAYtO"'1 
Tl"iE SIZE OF A CELL IN TI-<E f;1A"ISVEf<.SE SECTIO·"'! IS ASSU!'IED TO BE 
THE SA"E AS THE WtOTH OF A RAY AND TI-tE AP.R6Y Il.FAC CONTAI"4!:. THE 
FRACTIONS [IF A CELL W'"1IC'" LIE ... tTHIN A GIVEN ll.AY. THE 
Fll.ACTJ(lNS A~E CO"1PUTEO Fell. DISCRETE DISTANCES OF THE CENTE~ '1F 
THE CELL TO l>iE CE.NTEll. OF TYE RAY. Tt-IESE OISTANCES APE 
."IULTI PL ES OF 1/20. 

THIS SUElkJUTINE CALLS RECLeL ROUTINES - ME"'ST. SOt~T 

Q:ECLBl ll.,JuTlto:ES .. HI(H "'u~T BE CALLED FIRST - SETUO 

LA'llGUAGE - FOPTRl~ 

C J~"'O~U," r,K CO"'1/~WOPK , I wUSED ,t.Ft C'A T, I SETUP 
CD~"IJ'II W:"JQ:K (11 

rII"jO!l~ - OI"IEIIISION JF T .... E USEP. S CO",,""O"l RL'JO 1111 BLANK 
COMMO~ 

I wUSE 0 - HolE IIIU"I'" E R GF 11401< OS US EO 1"1 SLANt( CO!'lMQIII 
NFLJAT - fIIl!"'BE~ OF WOf<OS F1~ A FL(;ATI~G anINT VARUBLE 
ISETUP - THE SU!l'ROUTJr-..E SETUP SETS ISETUP " 2HOK. 

SUe'=lOLITINES w).lIe ... p.EI")UtoE THAT SETUP IS CALLED 
FIRST TEST TO SI';E IF ISETuo -= 2'"10K 9EFOP:E 
EXECUTI"JG • 

ioIQPK I'IlANI( CO"''''ClN WORI<ING ARll.AY 

13865 
13866 
13867 
13866 
1366'1 
13870 
13871 
13872 
13e73 
13674 
13875 
13876 
13617 
13618 
13879 
138aO 
13861 
13882 
13863 
1386~ 
13885 
L3886 
13681 

'13886 
13869 
13890 
13891 
13892 
n6B 
13894 
13895 
13896 
13691 
13B96 
13899 
13900 
13901 
13902 
13903 
13904 
13C0105 
13906 
13901 
13'906 
13909 
13cHO 
13'911 
13q12 
13913 
1391. 
13915 
13916 
13911 
13918 
13919 
13920 
13C!21 
13~22 
13923 
1392lt 
13925 
13<;26 
13<;27 
13928 
13Cl2 C1 

13930 
13931 
13932 

13933 
13934 
13935 
13c)c 
13937 
13936 
139)9 
130;'40 
13 Q lt\ 
13942 
13'14'"3 
IHlt4 
13Q45 
L3<;",,6 
13941 
13948 
13949 
13950 
13951 
13952 
13'9!S3 
13954 
13955 
13956 
13957 
13958 
13<;59 
l3 Q 60 
13<;01 
13962 
13963 
13964 
13965 
13966 

t .. 

."l.?' 



c 
c 
c 
c 
c 
c 

·c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c· 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

CO"'~O'l1 CuTC C""/L UNouT ,18013 2 

LJNCUT - LOGICAL UNIT NU"!'iE;' FO':l OUTPUT 
180132 - FLAG I/.jDtCATI"IG NU"'!3EP JF CYAI<.ACTF o5 JN A LIrH ;,F 

OUTPUT 0'11 LU'II"UT 
0" 80 CHARACTER5 1132 C!-'AUCTE~S ('I"~EQWISEI 

CO"'l"'lO~/PRTO:J~/TPRINT 181 
LOGICAL TPklNT 

TPRINT - LOGICAL P".INT FUGS 
1 - PIII'IIT PEOUloEO FLOATI"OG PCPH SLA"IK CO/ll"'lON 

wl-'ENEVER CI-'A~r.EO 
Z - PRINT pqOJF.CTIClN JO"A A~D IjNCFIlTA!NTIES 
3 - PRINT SETUP VALUES FR~M IIlA~ AND Pt.0 ARRAYS 
4 - PR:!NT. FILTE" FI.lNCTIO~ FOil CONV'lLUTIfJ'II .A"'O FILTER 

R:OUTINfS 
S - PIIINT VALUES FIJII TI-'E LA{tPA'IIGE "'iULTIPILFPc;, AND 

THE GPAOIEr.T FOil. TyE FUto..CTION OF LAGRA"Ir:E '1ULTI
PILERS full. T!-'f: E'4TR'1PV REO:ONS'jQ.lJ(TION 

t - Or;,INT POI"lTEPS 1'4 SLANI( CC'~"40N WHENEVER: C!-ANGfD 
( DEBUGI 

CJM"'iQN/Il.AYCO""/"'LEV, L~Q.FA(, I("'U AC ,LI'FAC 
DIMENSION hlRFACI l',RFAC! 11 
EQUIVALENCEI~OR" I 11 ,MRFA(I 1),~ ~ACI 111 

"'lEV - 'IIllfolBEI<. Of FOt.(TION LEvFLS 
LMPFAC - PC'I'IITEP TO THE A"RAY "'qFAC IN 9LA"I1( CO"'l~'"!N 

~oFACI MANGLE I P01"'TS TO TI-!'= LOCAT ION I'll '3LANI<. 
COM"'ON ~HERE RFA(I~~FACI~A'~GLEII IS STORED. 
R.FACI~~FACP1ANGLEJI IS TI"jE F~tCT:ON Or THE (ELL 
WITHP' THE PAY WHEN T-IE CENTE~ JF THE CELL IS 1"4 
TI"jE CENTfR JF THE r<AY AT ":'""F ANGLE ~A"lGLE, 

KI1RFAC - SPECIAL FLAG FOo "'E"'ST CALLS ~JEEDED BECAUSE ~PfAC 
IS AN I.'HEGEP VARIAeLf 

LRFAC - POIIIITER TO TrE APRAY I<FAC !"I SLANK (I)"'''''ON 
FRACTlt1NAL A~EA.~ ('IF A CElL W .... IC"l It>!TtRSECT 
A Q.AY AND THIS F';'Ar.TION IS "IEASUREO Ae; A FUlI;rTIO'll 
OF THE ulSTANCE ThE CENTER OF THE CELL IS FQ<J"I 
THE CE'IITER OF THE 1\ A.,., THE TOTAL DI"'E:f'<StON OF 
THE ARRAY," FAC IS NCl.FAC"LL.fQANr., WHERF 

3.NLEV+2 IF NLEV IS EVfN 
LL '" 

3.NLEV+l IF NLEv IS I)DD 
AND EQANG I S THE 501 lE OF THE SET OF ANGLES FOR.MEL:l 
fP.OM THE SET OF TeTAL ANGLES W{TH ~OD QPEP:ATlO'>l 
OF PHI/2 THEN REFLECTION ASOJT PHI/4. 

C O"''''ONI STRCOIil/T S 1011. E 
LOGICAL TSTOIIE 

TSTOII.E - LOGICAL VAPIABLE SET TRUE WHEN TESTING STORAGE SIZE 
SETS TPRIfI.ITIli " .TIIUE. 

CO"lMuNI TRGCOIil/I GEO"', KOI ~u, AX I SU, ~wI 0,1("01,', KIoII N, KIIIAX, 1(.01"', AX IS, 
·1 LPROJ, NANG, "'ODANG, LANG, LS I NE, LC OS t "', LOA T ~R, TE'41 T 

LOGICAL TE"'IT 
01 MENS ION PPOJ Illt ANGI II,S tNE 11), COSlr.E I U ,'DA TER III 

-EOUIvAL ENCE I WORK (11, PROJ( 11, AIIIGll J , SINE I 11 ,COSPIEI1', DATE!'-' III 

IGEDH 

KDIMU 

AXtSU 

6'0110 
K.~OV 

KMI'i 

I(.'UX 

1(0lM 

AXIS 

LPR.:JJ 

NANG 
"'OOANG 
LAfIIG 

LStNE 

LCOStN 

LDATEF 

TE",n 

- r.fOlolETRY FLAG 
G '" PARALLEL BEA~ GEOMETRY 
1 : FAN BEAM GEO"'ETR'" ICURVEO DETECTORI 
2 '" FAN BEAM GEO"'ETRY I fLAT. DETECTOR) 
3 ., RI,...G OETeCTOP GEO"lETRY 

- NUMBER OF !HNS JN THE PROJECTION ARRAY SUPPLIED 
BY THE USE II 

- T ... e PROJECTED LOCATION OF THE COTATt::W AX IS IN THE 
PPOJECTH:!N AI\RAY nJ-iIS IS SUPPl1~D BY T ... E USED 
AN:) IF AXISU IS INTEGER, THE"! ~OTATtON AxiS FALLS 
IN THE CENTEI1 OF A OR.OJECTION BIN. I 

- PR.OJECTION BIN wllJTH liN U"'ITS OF PIXEL wlDT!--t1 
- THE DISTANCE BETwEEN THE AXIS FOP TI.4E SYSTE'" DATA 

ARRAY IAXIS! ANO THE AXIS fOil Tlif USE~ CArt. 
ARRAY IAXISUI. AxIS. AXISU+FLnATII(~OV) 

- FIRST LOCATION 1"1 SYSTE~ DATA ARRAY THAT STORES 
THE DAT.t. OF THE FIRST USER PROJECTI'1"1 Pf'4 THAT 
IS GOING TO e-E USED. 

- LAST LOCATInN 1"1 SYSTE"I DATA AI\RA'r' THAT STJIIE'S 
THE DATA OF THE LAH USECI. OROJECTtON BIN TIotAT 
IS GOING TO P.E USEIJ. 

- ~UMBER OF B!NS IN THE PItOJt:':TtON ARR.AY SUFFICIENT 
TO R.ECONSHUCT AN "lOIM X "101M ARRAY, USUALLY 
KOIM.KDI"IU. 

_ THE PROJECTED L(1O,TlON OF T!-'E IIQTATION AxIS 1"l THE 
PROJECTION ARJIAY, USUALLY AXIS.,AxtSU. 

- PC'I~TER. TO THE AR.Q.AY PoOJ I'" 3LANK (.OMMO'" 
INTERMEDIATE PROJECTIIJN AND PCl.OJECTIDN Ei=tIlOR 
vEC TOR 

- NUMBER Of PR('J ECT IONS 
- ,",ODE F·JR PCl.OJF.CTI;)N ANGLE I'JPUT 
- POINTER. TO THE ARQAY ANG 1"1 e-.LANK crMJoION 

PRuJEr.TION ANGLES IN RAOlANS 
- POINTER: TO TI-'E AI<~AY SINE 1"1 BLANK CtlllMON 

SINE OF TJ-iE PP(lJF.CT1:JN AIIIGLES 
- POINTECI. TO THE ARRA'" COSINE IN BLANI( CO "',",ON 

COSH.fE OF THE P?fJEC lION A~GLE~ 
- POINTER TO THE AQ.QAY DAHR IN SLA"IK (O~hlON 

USER 0R·JJHTIJN DATA AND Ut..ICE'lAINTIES 
- LOGICAL VAR tABLE SFT ToUE F(,Q. EMlSSIO"l DATA A"tD 

FAUE FOil. TIU"I"I1ISSIC'II DATA. 

DIMENSION ANGLlll 
LOGICAL TPSAVE 
DATA EPS/l.E-601 

OXlll./FLOATINLEVI 
'"lOX •• !:'.OX 

NN"NLEV/Z 
"'''' .. ''ILEV+CNLEV+11/2 
Ll.2U4"'+1 

OPI.ATAN( I.) 
HPI"Z.·QPI 

IF fTSTOREJ GO TO 24 

TPSAVE=TPR.t'JTI11 
TPRINT I lie .FALSE. 
CALL ME"IST I LRFAC,l1 
NANGI·O 
00 20 JANG·l,NANG 
I SUB" L A;~G+IANG-l 
T"lEU"OPI-A8S I AMOOI ABSI ANGI ISU9 I I, HPJ )-OPJ I 

13""07 
lJ~6P 

IJ't. C 

13<;70 
t)C71 
13<;"'Z 
1)0 73 
13 Cl 74 
I 3C 7~ 
IF·H. 
13<:;77 
D C 7 1l 
13 C 7C; 
13 e 80 
13<;81 
13<;BZ 
139'3;>: 
l3 C 54 
13q8~ 

13<;'31!: 
l3<>A7 
L3QflR 
13<;sn 
IHCO 
13<;'<;1 
13<;92 
13<;93 
13 C1 <:/4 
13 C <;! 
1 "3Cl<;/; 
13<:<;7 
13 C 96 
13"'0(, 
14000 
14uOl 
14·j02 
llt003 
14004 
14005 
14000 
14007 
14009 
11.00-:: 
L4010 
14(111 
14()12 
14013 
1"0l.4 
1401S 
1.401e 
14017 
1,,01 11 

L401 C 

14020 
140Z1 
14022 
I "02J 
14024 
1402S 
14026 
14027 
14028 
Ilt02C 

14030 
14031 
14032 
14033 
14034 
14035 
14036 
llt037 
1403!l 
14039 
14040 
1404i 
14042 
IftOft1 
140ltlt 
14045 
Ift04t: 
14047 
140ftf' 
1404'" 
Lft050 
14051 
140SZ 
Ift053 
1"OS4 
14055 
L40S60 
14057 
140~a 
140:<;' 
14060 
140el 
1401:2 
14063 
140b4 
140to~ 
L40t-1: 
1100t:7 
140tA 
lloOl;q 
l1ou70 
14071 
Ilt072 
14073 
1407 .. 
11007~ 
lft016 
14011 
11007P 
14070 

14080 
14081 
14082 
110083 
140B4 
1 .. 0B5 
1408t 
140P7 
140~" 
1408<; 
140<;C 
14091 
140 C 2 
14093 
140<:;4 
1409! 

LO"LorAC+\l'" 
If P~A·1GI.LT.11 GO TO U 
0(1 10 !" 1,J\jll'4GI 
ISU:>"'lJ-"'~ 
IF l,l"5ITHETA-QFACflS·JeJI,L'.EO~) r,(" T~ lA 

LO LO"L')"LL 

lZ ~ANr,1 = ... A"'''.I+l 
CALL "::~ST I L~r AC ,LL .NANr.l I 
IF ITSTOPF) (',0 TO 24 

S=T~E:TA 

r..SOPH(.5,S) 
QFACILJJ=Z.·T 
ISUS"LJ+"'LEv 
RFAC I ISUBJ "'SQ!lH{ 1.5, SJ-; 

X"J. 
DO 14 1 = l,'.JfII 
X=X.ox 
T1=SQPIT I. ~-X, SI 
T2=SOI"lTI .5+;':,51 
ISUOI=lO.t 
=!FACIISuel e TlH2 
ISue:LJ.'REV-1 
HAt: I I'SUS I .. SOINT I 1.5-X, S )-Tl 
I SUB= LO+'~L EV+I 

1,+ ::tF.o.C I ISUal=SOI"ITII.S.x,$ )-T 2 
I SU8=lv ...... 
~FACI ISUS )"0. 

)0 10 I: I,M~ 
JSUBl=LO-I 
ISueZ"LO+I 

10 PFACIISUBll :IIFACI I SUB21 

I SUe"LO-~M 
RFAtIISUSI"THETA 

16 ISUS"LMQFAC+IANG-l 
20 ~Q.FACIISU81=lO-LR.fAC 

LO"L~FAC+"''''I 
)') 22 I "'1."IA"IGI 
ISUf'."LJ-~"1 
R.FACI ISUBI"O. 

22 LO"LO+LL 

TPRIIIITllI"'TP SAVE 
IF UPP.INTIlII CALL "IE"45T ILRFAC,LL."IA"IC.II 
RETUR"I 

24 CALL ."IEMST (lFlFAC,LL.'.JANGI 
'lOVF -I. + 7.·F LOA 11 LL."'ANG lIS. 
:>lOCT"I'JCTL I"'OVFI 
_il.ITE !LUNQUT,201 NOVF,NOCT 
QETUQ."i 

Zb FOR~AT ( 
l 
2 
,"0 

IIZ60H ~LANI( CC"4MON PEJUIFEO 
20H "'AY 9E QVEIIESTIMATEO 
260M BY AS MUCH AS 

I 
,16,IH!,lb IHII 

I RCHEK I 

SU6ROUTtNE RCHEK I 6C .... , PRJ, lli1.0UI ...... , .......................... , .................... , ....... , ... , 
''!l.ECL13L VFQSI::J'l 1.0 170("T71' ..................................................................... 

THE SUF\fl.CUTINE QCHEI( ("'EC"S !F IIC>: A"IO pOJ AQf C('~P~"'I!lLE. 
iT USC SETS IWT, IATe~1 t.N~ IFtN AND O'ECI<S Nt.EV. 

BCl<' - THE BAt::1<.-Pi\')JECTI1N SUfR.OUTI:"IIE 
PRJ - TI--IE P.:tUJECT 1(l'.J SuS",OUT!'4f 
IIQ.OU - ·SET TO 6 VALl'E A::C!l~DING T'1 WHIC'" ~U9~"UTlNE (ALL5 

RCL4::K -
p.1<.F1l - 3 
(O"lr.p - I 
CO'JV.:! - 2 
ENTOY - 5 
FIL9" - 4 
GFA')Y - 1 
SVf=!S - 1 

THIS SUeROUTlNE CALLS IIECL~L PJ\lTf'llE - E"'ESG 

ExTEo"tAL Q,ECL9L SU8F.OIJT l"IE5 - 6CI(, PF.J 

LANGUAGE - FOIITFlA.'4 

CO~"'O"l/'" R.I(C C'''1/NW(!R.K , I WUS ED, NFLOAT, IS ETUP 
(O"''''ON wOR.~ III 

N~Jr..1( - DI~ENSI')'" OF THE 'JSEo S (Oo1/'1nJ1J Q,LO(jC I" rLAN'< 
C::JMI10N 

fWUSEe - Ti04E "'U"1e-.FP. ("IF \oI("I~')S IJSIO::J 1\1 BLa"J"" C(1"'~Otlj 
NFLOAT - NU~AEi:I OF wr·I.',DS f<)t< A FLOATP.G P{1I~~'" VARIA?'lE 
ISETup - THE SUr':<'')UT It.£ SETuP SETS ISfT'JP ., ZI-'Ol(. 

SUeROUTI"IE.S "HICH ~E1UJRE THA':" SETU" IS CALLED 
FI';'ST TEST Ta SH IF ISE"UP " Z"OK e-EF(,C.E 
EXECcJT t'lG. 

~")FI( - 9LA'''IK CC""Irw WI)":l:I(I"'G &O:<AY 

~OMMJNI AT"/C'Jl1/lATEN, L 3"'A;:> , Tlo "'EN,LU,"I!A TN 
Ll)GICAL TATE'4 
OJ~ENSiON ATENIll,(l.."IA Olll 
EQUIVALENCE 1·..;f)FlKIlJ,ATENIIJ.f:·~AOllll 

LATEN - POltljTEo T' -:-I-'e Ai:toAY ATE~I I~ eL""/'< COMM::J~ 
ST:lRES ATTENUATION F6CTOQ,S Ff"10 lNf A"IGLE 

L9"1AP - P':"!'IITER: TJ THE ARQA.,. e-"AO IIIJ :>lA-.1( C(MM(lN 
A "'ATQ.IX U~!=D TJ ~"!m,E TL4E rr)NSTA~T ATTE ... u.),TIOr~ 
COEHIC IE"'TS 

TATEN - LC'GI(AL VA" lAPLE SET T':IuE F:,'.<; ATTE,",UATiO"l 
~.fCaNS TR')(T rc'''J 

LU"IAT'" - U'r,ICAL ll'lIT ~:J"'~E~ FC~ ATTFfIIIIATIO~: FACTJQ <;TOqCE 

275 

1 "l'C~ 
lion>;? 
14,j~c 

14U9~ 

r~lno 

14l1.H 
!4IJZ 
14'')3 
1"104 
1 .. i O~ 
\4\06 
141e7 
1410, 
1':'10 c 
14110 
Iltl11 
1ft112 
14113 
1.1.114 

\"11S 
1 loll ~ 
14\17 
1411 " 
1411<: 
1"12.; 
14121 
\'+122 
1412"3 
141Z4 
('oIlS 
14L2t.. 
14127 
141B 
1401Zc . 
1413') 
141 J1 
14132 
141 "33 
14134 
1413~. 

14136 
14137 
1<t1)'l 
141 }<; 

141fto.) 
14141 
1414Z 
141"3 
14144 
L4145 
140140 
1'+147 
14141'1; 
ilt149 
141 ~O 
141S1 
\41S2 
lit 1 ~ 3 
1415 .. 
14155 
140-1 ~t 

Iltl!,7 
1401!'S 
\ .. 15S 
Ift160 
14161 
14162 
L4l6? 
141t4 
1 .. 1b~ 
1410t 
1416:" 
14\o!.l 
t:.to c 
lloo170 
14171 
14172 
1 ... 17"1 
\4174 
14175 
1417f;, 
14\77 
1ft ~ 7 E 
14\ ':., 
14."'(' 
\4161 
1ft 1 ~z 
Ift\83 
\41% 
\41g 
\ .. 111.6 
14\S7 
141'l!!' 
1"18~ 
lltl c O 
Ift19( 
141q2 
141C] 
Iltl<;4 
14195 
141<;6 
1411i7 
141 ell 
1410;.<; 
14<:0:) 
L420..11 
1420<' 
\4ZJl 
142010 
14Z0~ 
1420~ 

1"Z07 
1420e 
1 .. Z0 c 
14<:10 
\4Z11 
1loZU 

.. 
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c 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
e 
c 
C 
e 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
c 
c 
e 
c 
e 
c 
e 
C 
C 
c 
e 
c 
C 
C 
c 

-: J~"'JN IF A'K C'~I 'iF A"'. T FA~C, TfANF 
LOGICAL TFA~·;:. TFANF 

~FA!I/ - FOR fA"l PO" GEOMEH'Y .q,FA~' IS THE DISTANCE FROM 
r .... e S:JURCE TO THE CE"ITER OF ROTAnD·I. RfAN 
IS "EASU~ED It.! uNITS OF p~aJ~CTI(lN BIN wIDTHS AT 
1101E rFIHfll t"IF qnTATtON. 

TFt.NC - lOGICt.l VAil. iABlE seT TI<UE FOR FAN I\E4,.. wlTl-! A 
CURVED DETECTOR 

TFANF - LOGICAL VA!:..tASLE SET TJ\UE FOR: FAN IIEA"I WlTH A 
FLAT OETECT:JF. 

COMMONI ITRCO"l/NSIP, T'lLX, TEPI<. TIER ,lOo'f.l,lDEL I L T e"'p ,lCDEl,l TIlA,N 
LOGICAL TPLX,TEI:t.R,TlER . 
OII1ENSION wGT Ill,OEL( lI. TE"'P{ 11 ,(DEl( 1), H:AN( 11 
EQUIVALENCE (w'JPI( 11 J ,WGT,l I ,DElli I ,TEMPI II,COELi 11. TRANI 11 1 

"l$TP - ,,"UMBER OF lTERATl3N STEPS 
fliLX - LOGICAL VAAI~BLe SET HUE FOR RELAXATION 
TERQ. - tOGICAL VARIABLE SET TRue FOR wEIGHTED LEAST SQUARE 
TZE~ - LJGICAL vA~TABlE SET TIl\,lE TO ZERO I~ITIAL SOLUTION 
LWGT - POI"lTER TO T ... e A~t!.AY WGT IN ~LANK CO"l"'ON 

WEIG~TS FCR wEIGI-ITED LEAST SQUARES ISEE TERRI 
LDEL - PGINTER TO TI-IE AIl:Il:AY DEL IN ~LANK COMMON 

GRA:HENT VECT('1l: 
LTE~P - POINTER Tn T"'E AF<fl:AY TEMP IN eLANIC. COMMON 

TEMPORARY STORAGE TO JNCfl:EASE SPEED 
lCJEl - POINTEC: TO T"'E Afl:RAY C:lEL IN PLANK COM"'ON 

STEP DIRECTIOo.,; F(ltol CONJUGATE r,'1AOIENTS 
L TRAN - o('{'HEF< TO THE 4.C:RAY TRAN IN RLANK COMMON 

TRANSFI1R/II.ATIC"f'4 MATRIx FGfl: RELAXATIC"N ISEE TRLXI 

COMMON IOUTCO~/L UNDUT ,180132 

LUNDUT - LCGICAL UNIT NUMBER FOP OUTPUT 
I80132 - FLAG I .... OICATlNG NU"'BER OF CHARACTEI)$ IN A LTNE OF 

OUTPUT ON LUNOUT 
0" 80 CHARACTERS (132 C,",ARA(TERS OTHERWISE) 

C 0'4'10NI oT RC O"'/NOI MU, NOI"', POI I 0, TC IR ,N"'AT ,L"", 1("11 
LOGICAL TCIR 
::IIMENSJON NII1I 
EOUI VAL ENC EI wORKU It NI (l) 1 

tlD I "tU - THE L INEAR OH"E"'~ ION OF THE TRANSVEC!SE ~ECTION 
NOI"4 - THE CURRENT LINEAl! DIMENSION USED ey THE oC!OGRA"'! 
PwIO - PIXEL wIDTH I IN UNITS OF PROJECTJO .... 81N WIOTHI 
TCP' - LOGICAL 'lAC! JA8LE ~ET TR..UE FJI(. CIRCULAR RECON. 
N"'AT - THE "'IUMBEit OF (ELLS IN THE TIIANSVeRse SEeTla ... 
L.it - POINTER T'J T ... e ARRAY NJ I~ BLANK COMMON 

NIIJI IS TI-IE ~MeEp. OF CEL.LS tN THE J-TH "OW OF 
THE SQUARE 0'" (fRCULAR FORM OF THE ARRAy 

KNI - SPECIAL FLAG FO", "'EMST CALLS NEEDED 8ECAUSE IIjI 
IS AN Jl'HEGER V6.PIA8LE ' 

C O"tMONIT RGCOMI I GfOM, K Dl"'!U, AX I Su, 801 10, KMOV, KMI''h I( MAX, KOf M, A Xl S, 
1 L Pfl:llJ ,N6.NG, MoDANG, LANG, LS tNE .LCOS IN, LOAT ER ;TE"'IT 

LOGICAL TEMI! . 
DJt-4ENS t ON oROJ( 11 ,ANGI I J ,s INE Ill. COS I NEil) ,DArElI: (1) 
EOU I YALENCE 1 WORK I II .PR"JI 11, ANGlllt SI NE III ,COSI'fE (l), OAT ERI 1 J I 

IGEO'" 

1(01"'U 

ursu 

BWIO 
1('10'1 

KMJN 

K"IAX 

1(01"" 

AxiS 

LPR)J 

"ANG 
MOOANC-
LANG 

LS INE 

LCaSt,.. 

LDO-TER 

TE-'IT 

- GEOMETRY FLAG 
o '" PARALLEL 8EAM GEO"'ETP.Y 
1 '" FAN BEAM GEOfllETRy ICURVEo DETECTOR) 
2 :- FAN BEA'" GEO"'ETRY (FLAT OETECT('IPI 
3 " RING DETECTQCI GEO"'!ETRY 

- NuwSER OF BINS IN THE PROJECTION ARRAY SuPPLJEO 
flY THE USER 

- THE P~OJecTED LOCATION OF THE "OTATtON AXIS IN THE 
oRCJECTION ARRAY (THIS IS ~UPPLIED By THE uSE'" 
AND IF AXI~U IS INTEGER, T~EN ROTATION AXiS FAllS 
Hl THE CENTE'" OF A PRDJECTtON I!IN.J 

- pROJECTION ~IN wIDT~ lIN UNIT~ OF PIXEL wIOT,,-o 
-'THE DISTANCE BETwEEN THE AXIS FOR THE SYST!:.'" DATA 

AR.lUY IAXISI AND THE AXIS FeR THE USB. DATA 
ARRAY IUISU). 6.XIS '" AXISU .. FlOAT(K""I)VJ 

- F ICiST LOCH ION IN S VSTE"4 Oil. TA ARRAY THA T STORE S 
THE DATA 'JF "!"I-IE FIRST USER PROJECTION '31N THAT 
IS G:J1NG TC" SF L'SEO. 

- LAST LOCATION I'" ~yqE"4 DATA Mi.OAY THAT ST'JPES 
THE DATA OF THE LAST USER oQ:OJECTtON 81N THAT 
IS GnlNG Try fiE USE!). ' 

- NU",eel<. OF ~INS IN THE PRCJECTlON ARRAY SUFFICIENT 
TO RECO"lSTourT AN N01'" x "101'" AOPAY, USUAllY 
KOIM=-KOIMU. 

- THE PftJJECTED LOCA"?'1!:'N OF THE ROTATIO"l AXIS IN THE 
~1I:'JJECTI0N ARRn, USUALLY AxIS=AXISu. 

- POINTE>l: TO Tl-lf ARRAY PROJ I ... BLANI( CO"'MO~ 
PlTER"IEOIATE PROJECTION A.~O p"OJECTI~~ E1.POR 
V[CTnp. 

- NUMBER OF PRC'JECTI(lN') 
- ~OOf FOR PROJECTt(lN ANt;LE I~PuT 

- POINTFR TO THE AI<.UY .6NG IN HAII/K COMMON 
PRC'JECTION ANGLES IN ~AOtANS 

- POINTER F) TI-'E A.~iUY SINf IN !!LA"'IK cr.",,,,,:!,,! 
SINE 0':- THe PROJFCTI'lN ANGLES 

- POtNTEI<. TO TI-'E APQAy COSINE IN 8LAf:K co",,,,n~ 

CO SINE OF THE p,C,JEC TI ON ANGL E S 
- P('INTER TO TI-'E ARR.6Y CATeR IN t:JLA~K CC~"ION 

useR PP'1JECT10N :lATA A ... a UNCERTAI~TIES 
- LGGICAL VACIUBLE SI=T TRuE "'''Il:. EMI~SION DATA .0."10 

I'-l.LSE FI")Il:. TRAN~"'ISStON DUA 

~nERII/At ec" .~QJ 
::II ~E,\jS J·'J·l PoFLG (41, PFLGI4/ .I"'OLI L201 ,I(RCUI2, 31 
DI"'ENSIO'I "'11'1['< 151 
LOGICAL TFA'm.TUE"IN 
L 'JGICAL TFAN, lANGF ;lANGF 
DATA IHGLI 

1 2119A,2'"'CI(,2HP'I.21-10J,2I-'EC, 
2 2HPI(,2HC'J.2f-'EC,2'"'TI,2HO"', 
3 2~C,J,2'"'to.v.2~OL,2,",UT.2HIO, 
4 2HF I, 2HL T ,2I1ER .2'"' ,21-1 , 

2M ,2H ,21-1 N,2H/4,2H • 
2o-tDE,2~LT,2I-1A ,2HFU,2H"IC, 
2IiCJ.2HNC,2I-1AV,2~E .2HD1, 
2HU~,2HIF,21-10p.2H'" ,2I-1S0, 
2~LI,2HNE,2H L,2~EN,2I-1GT. 
2~ F~, 2HT E, 2,",R p. 2HOL. 2HA T, 
2~ ,21"1 .2H .21-1 ,21-' , 

4 2H ,2H ,2'" N,2HQ ,2H • 
DATA IC..:tOU/2'"'PR,II-1J, ZI-lO',l"'V. 
'JAYA EPS/l.E-61 

Z..cTJ,2HO"'l,2H .2,", ,2H 
2H ,2H ,2H ,21-1 ,2101 
2H"'l ,2H t 21-1 ,2H ,21-1 
2101 ,2H ,2H ,2H .2H 
21-1 ,2H ,2H ,2H ,2H 
2HTI,2HON,2H ,2H ,2H 
2'-lSK, 21-' ,21-1 ,21-1 ,21-1 
2"'UA,2~E,2H ,2H ,2H 
2HI; ,2H .2H .2,", ,2H 
21-110,2HN ,2H ,2 .... ,21-1 
21-1 ,2H .2H N,2H/A,2H 
21-' ,21-1 ,21-' Y,2HES,2H 

2HF I, l'"'LI 

DATA NAWER/II-1R.II-IC,1HH.IHE.1I-1KI 

I ROu= I J ~OU 
IF IIIROU.EQ.; J IROu"l 
IF IIIR'JU.NE.5.)Il •• NOT.TATENJ GO TO 10 
wQ:JTE (LUNQUT.681 
CALL E"IESG (46.NA"'ER..3) 

10 CONTI"'UE 
IF I tGE0-'4.EO.31 GO Ta 40 
JER ... .::O 
TF A..,: TF ANC • OR. TF ANF 
IF (."0T.ITFAN.IINi).lRQII.EO.31) G~ T'J 12 
\oiR! TE 'LU:WUT ,421 
(ALL E"4ESG 1 37.NA"'ER.,31 

12 CAll SCIC. '~fLt;.JI)oI.OI 
iF (IIl:OU.'IIE.41 GO T,-, 14 

14113 
1"-214 
1421~ 

14216 
1"-217 
Ilt21e 
1421<:1 
14220 
14221 
Ilt222 
1"-223 
1"-224 
Ilt225 
14226 
1"-227 
14228 
llt22t:l 
1"-230 
1"-231 
1"-232 
1403 
14234 
1423~ 
1"-236 
llo237 
14238 
14239 
llo240 
14241 
14242 
14243 
14244 
14245 
14246 
14247 
1424fl; . 
1424<; 
1"-250 
14251 
14252 
14253 
Ilt25tt 
14255 
14256 
142~7 
1425B 
1425<; 
14260 
14261 
14262 
14le3 
It,.264 
14265 
14266 
Ilt267 
14268 
14269 
14210 
14271 
14272 
14273 
14274 
14275 
14276 
14277 
14278 
1427<; 
14280 
14281 
14282 
14283 
14284 
14285 
1"-286 
14287 
1"-288 
1"-289 
142<;0 
142<01 
142<;2 
14293 
1"-294 
1"29~ 
1429~ 
14297 
142G8 
14299 
1"-300 
14301 
1"-302 
14303 
1430 .. 
14305 
1430~ 
1"-307 
14308 
1"-309 
14310 
14311 
14312 
14313 
14314 
t431~ 
14316 
14317 
14313 
14319 
1 ... 320 
14321 
14322 
1"-323 
14324 
14325 
14326 
14327 
1432B 
1432~ 

14330 
14331 
14332 
14333 
1"-334 
14335 
14336 
14H7 
14338 
14330 

14340 
1"-3oIt1 
14342 
14343 
14344 
1434~ 

1434~ 
14?47 
1434f' 
1434C: 
14350 
143!1 

IF I."'OT.TFANI GO TO 18 
IF ISFLGI21.Gf.20.1 GO TO 16 
WRITE ILUNGUT.441 
CALL E'1ESG 121.NA"4ER,3) 

14 IF I.NOT.8fLG(21.GE.20.J GO T(' 20 
wRITE (LUNOUT.4t.J 
CALL E'1ESG 115.NA."'Eo. 31 

16 8FLGI21:8FLG(21-20.+EpS 
18 IROU:3 
20 CALL PRJ IPFLG,OU"',QI 

IF (A8SI8FLGliI J .(;T.EPSI JERRci 
IF (A8SIPflGIIJ-FlOATIIROUIJ.GT.EPSI JERI''''l 
00 22 1:2.4 
IF (ABSIBFLGIII-PFLGII)).LT.EFSJ GO TO 2.2 
IF IA8SIBFLGII)f·1.1.LT.EPSJ GO TO 22 
IF IABSIPFLGtIl+l.I.LT.EPS) GO TO 22 
JERR=l 

22 CDrHINUE 

wClITE (LUNOUT,48J 

ItBFLGlll 
lWT=BFLGI2 J 
I ATENIIBFLGI3J 
IFA"'''BFLGI41 

JILIII0*1"1 
JIU .. JlL"o; 
J2L .. I0*lwT+51 
J2U"J2L+9 
J3l .. S*UTEN+ III 
J3U·J3L"4 
J4L .. S*IFAN"1l1 
J4U .. J4l"4 
WRI TE «LUNOUT ,50 I IIHOLI JI ,J-JlL ,J lU" I I HOLf J It J-J2l,J 2UI, (JHOU JI 

1, J"'J3l, J 3UJ, I IHOL I J I ,J-J4L, J4UJ 

I-PFLGt 11 
IwT-PFLGI21 
IATeN-PFLGOI 
IFAN·PFLGI41 
JIL .. 1D*t"1 
JlU·JlL+9 
J2L·10*IWT+51 
J2U .. J2L"9 
J3L .. S*IATEN"lll 
J3U=J3L.+4 
J4L-S*J FAN+l!l 
J4U:JiH.. .. 4 
101$1. ITE I lUr-:OUT , 521 KROUI 1, IA-OUI, KctOUC2, IROU)'( IHOLI JI ,J·Jll ,Jl UI, C I 

PtOL 1 JI, J-J2L., J2U I, II HOl (JI 'J"'J3L,J3U I, (IHOl( J I. J-J4L,J4UJ. 

IF (JERR.EQ.OI GO TO 24 
W~ITE ILUNOUT,541 
CALL E"4ESG 116.NA"'ER.,31 

24 IWT.SfLGI21 
I4TE .... 8FLG(3) 
IFAN"8fLG(4) 
TFANNcIFAN.EO.l 
TATE~m-IAT EN. EO.l 

IF IlROU.NE.2.0R.IWT.EO.4.0Fl •• NOT.TERRI GO TO 26 
WRITE ILUNOUT,S61 
CAll EMESC (17,NAMER ,3) 

26 CONT INUE 

IF (iWT.NE.l.ANO.IWT.NE.2J GO TO 28 
IF (ABSIPwID-l.I.LT.EPS.OP.TFANNI GO TO 28 
wR.llE ILUNOUT,58J 
CALL E",eSG I 18,NA"'EFI, 3' 

28 IF (TFAN.ANO .. TFANN.Oc! •• NOT.ITFAN.OP.TFAN~.;1I GO TO 30 
WRITE ILUNOUT.601 
CALL E'"ESC 119,NA"4ECI,31 

30 JF (TATEN.AND.TATENN.OR •• NOT.ITATEN.OIl.TATE'NNII GO TO 32 
WRITE ILUNOUT,621 
CALL E"'ESG 120,NA"ER,31 

32 IF I JtCl!)U.EQ.51 GO TO 34 
IF ClRDU.lT.21 GO TO 38 

34 T ANGP" JABS I "'OOANG I.GE.2. ANO. JABS 1 '"lJoANG I .L E. 5 
TA,iGF- JA8 S' "'OoANG J • EO.3 .. 011,.1 Ae S I "'ODANG I • EO. 5 
IF ITFAN.AND •• NOT.TANGFI GO TO 36 
IF ITFA"l.OI<..TANGPJ GO TO 3B 
WR.ITE ILUNOUT,641 
C6.lL E"4ESG 132,NA"'ER,31 

36 wlI:lTE ILUNOUT,661 
CALL e"lESG 133,NAMER,31 

3d IF ClR.JU.NE.2.0R •• NOT.TFAN.OR.IWT.EO.41 RETURN 
WRITE (LUNOUT,701 
CALL E'1ESG 142.NA"4ER,31 

40 WRITE ILUNOUT,721 
CAU E/'IESG I 3e"NA"'ER ,31 
STOP 

42 FOR",ATIIII0x,60HDUE TO LACI< Of APPPOPRlATe FILTERS, !!KFll CANNOT E 
lXECUTE/15X,45HFAN BEA'" RECONSTRUCTIONS AT TIoIE PRESf..,T TINE.) 

44 FOR ... ATI/IX,65HWHEN USING FAN BEA'" GEOMEHY AND THE SU81l:.0UTINE FIL8 
.11<, ONE OF THEIlX,63H8ACK-oPOJECTION SUBII:OUTiNES BCOF2, PoPTF2, 8RFF 

22 SHO'JLD BE USEO.) 
4b FOR~ATCI1X,e4HSHOULD USE SCoF2, BPTF2 AND BRFF2 ONLY WITH THE SU8R 

10UTINE F ILBK 1 
48 FOR"'ATI IIS8H BACKPROJECTION AND PROJECTIC'N/CONVOLUTION/FlLTEP RO 

1UTINES/32H PERFORM THE FOLLOWING fUNCTlmlSII4H ARG,SX,8HFUNCTtON, 
212X,l3HRAY WEtGHT{NG.1X,l2HATTENUATlON ,8x,9HFAN PEA'" I 

50 FOP."'ATI9H eCK .LSA2,lOX,5A21 
52 FOR"'AT( lx,2A2,4X,25A2tlOX,5A21 
54 F'JR~ATI37H THESE ARE INCONSISTENT. .. •• STOP ••• I 
50 FOR"IATIIIX,SOI-lTHE REOUESTEC 9ACK-PoOJECTION SU8ROUTINE WILL NOT 

1I3X,48HCAlCUL.6TE ERRCRS F!:.'R CONVJlUTION RE(f'lNSTA.UCTtONS) 
38 FORMATIIIX.4eHFOR THIS l-IEIGHTJIlfG "'('DEL PIXELS AND PROJF.CTlO,., I 

13X,44HBJNS ~UST PoE T'"'E SA"'E SIZE IPWID",PARI3IEl.OII 
b,) FOII:'tATIIIX.77HTHESE SUBR')UTH1ES ARE I..,CONSISTENT WITH TIofE FAN 9EAM 

1 PARAI1IETERS SEEN 8Y SETUPI 
f.2 FOR..'1ATIIIX,6t:HATTE"'PTED CALL Of A PROJECTHJN ':1C1 8ACK PROJECTION SU 

IBRQUTINE "oIHICH 
213X,59HUSES ATTENUATION FACTOIlS 6EFOFiE TI-'E FACTORS' WERE EVALUATED. 
31 

04 FDR.'4ATlII0X,50HF(lR CONVOLUTION A'IIo FOUR.1E1I: DECONSTP.UCTION METHODS! 
110x,48HPRO.tEG-l"ION ANGLES r ... UST ~E EQUALLY SPACED OVER AT/lOX, 46HL 
2EAST PI RADIANS F"OR PAPALLEL REAM. TO INSUREIlOX,60HTHIS MOoANG_I 
31'11.11,141 "'!UST NOT BE 0 OR I IN THE CALL TO SETUP. I 

00 FOR"'ATl/l0X,52~FOR CONVOLUTION. F(lURIER, AND ENTROpy A!:::CONSHUCTIO 
IN/I0X.53H"'ETHOoS PROJECTIJN ANGLES MUST p:e EOUALLY SPACED OVER/l0X 
2,57H2*PI RADIANS FOCI FAN 8EAM. TO INSUCIE TH1'5 ~OOANGcIPARI41110X, 

344H .... UST 8E 3, -3, 5 OQ. -5 IN THE CAll TO SETUP.) 
b8 FOR~ATIII0X.65HCANNOT USE AT'!"E~JUATION PRCJECTI0~1 AND BACIC.-PROJECTI 

ION SU~ROIJTINES/IDX,26I"1WITI't TI-IE SU~ROUTI"'E ENTpY.1 
70 faRI'IATll10x,SClHMUST USE 8INF WHE.., PERFORMING CONV'JLUTION ON FAN SE 

LA"4 DATA.I 
72 FQR"4AT(l10X,e5HMUST USE T'"IE "'ARR DECONSTRUCTION ALGORITH'" r~ R.ING 

IGED"'E-:'RY OATA.I 
END 

14352 
14353 
14354 
14355 
14356 
14351 
Ilt358 
14359 
Ilt360 
14361 
Ilt362 
14363 
14360\ 
10\365 
Ilt366 
14367 
1"-368 
14369 
14310 
14371 
IIt372 
14373 
14174 
14375 
14376 
14377 
IIt378 
14379 
14380 
14381 
14382 
14383 
143~4 

14385 
14386 
14387 
lIt388 
14389 
Ilt390 
Ilt391 
14]92 
1,,"393 
1439,," 
14395 
14396 
14397 
1oU98 
14399 
14400 
14401 
14""02 
14""03 
1440"" 
14405 
Ilt40b 
14407 
14408 
14409 
14410 
14411 
14412 
14413 
14414 
1 .. 415 
14416 
14417 
14418 
14419 
14420 
14421 
14422 
14423 
14424 
14425 
14426 
14427 
14428 
14429 
14430 
14431 
1443Z 
14433 
14434 
14435 
14lt36 
14437 
14438 
14439 
14440 
1~441 

14442 
14443 
14444 
1444~ 
14446 
Ilt't41 
14448 
14449 
14450 
14451 
14.,.52 
14453 
14454 
141t55 
14456 
14451 
14""'8 
14459 
141t60 
14401 
llt462 
14463 
llt464 
lIt465 
14466 
140\67 
14468 
14469 
14470 
14471 
14472 
14473 
14474 
14475 
14476 
1"-477 
14478 
14479 
141t80 
14481 
14482 
14483 
1448.,. 
14485 
14486 
14481 
14488 
14489 
14490 



c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
c 
C 
C 
C 
C 
( 

C 
C 
C 
( 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
( 

C 
C 
C 
C 
c 

·c 
C 
C 
C 
C 

I SETIT I 
SUB~OUTINE SHIT (X.CHltPRJ.e~'Cl(l .................................................................. -

QECLBl VERS I')N 1.0 l7'J( T77 

SETIT SETS UP THE INITt/L CHJSO APlie GFAOIENT FOP rYE ITER-HIVE 
II.'JUTINES GII.ADv AND CONGQ:. 

- THE INITIAL SOLUTtlN Fell T'-!E cECONST~\JCTI('''I AP~AY. 

IF tLElh,O THE"" THE 1~llTl"l $OLlJTI['1N 15 lEPO. 
ern - APRAY ~HIr:H GIVES THE (HI-5QUAQ:E FOR EACH JTEPATJ':l"4 

STEO 

THIS SuMOuTI"IE CAllS II.E(LBl Q(lUTI'IES - (ISO. orT, (,[TOE, zeo(l 

RECLBl 1I0UTJ"lES·otHI(H "4UST 9£ CALLED FIR.ST - 'SFTuP 

EXTERNAL RECLflL SUBRl"lur INES - 6(1(, PIl.J 

lAPliSUAGE - FORTRAN 

CO,","'ON/W lit( CO"" NwORK t I wUSE::> ,NFlOA T. I SE rut> 
COMMJN WORK [11 

N"'OIlI< - OP"ENS ION JF THE uSEII; S CO",,,,('IN BLOCK IN aLANK 
(.O)ol"'QN 

hllUSED - THE NUMB('I. CF ... nRaS uSED IN BI.ANI( COMMI)N 
NFLOAT - NUMaEII. OF WOI<OS f')lO. A FLCoATING CHlINT VAAIAPLE 
ISETUP - THE SuallouTINE SETUP SETS ISETUP • ?HOK. 

SUBROUTINES "HICH PEOUfllE THAT SETUP IS CALLED 
FIRST TEST !C! SEE IF ISETUP - 2HOII. eEFORE 
EXEcuTIlllr,. 

W!)IUo; - BLANK C("'I"ON WORIC ING AIlf\AY 

C OMMONI ITA. CO"'l 1 III STP ,TI<.I,.X, TEA.'" , T ZEit, lWG T, L DEL, L TF~P, LCDE l, l T1\AN 
LOGICAL TRLJ(,TEII.R,TlEII. 
DI."'IENS ION wGT t 11 ,DEL ILl, TE."'IPI II ,CDEL (1 J, TI<.ANI 11 
EOUlvALE""CE I WORI( (' I ,wGT (1 '. DEL ( 1 J. TEMCI( 1) ,CDEl( 11, TQAtli 11 J 

NSTP - Nl'''BEA Of ITERATION ~TFPS 
ULX - LOGICAL VARIABLE SET TRUE F1A. RELA)(ATtJN 
TEAA. - LOGICAL VARIABLE SET TRUE FDR WEIGHTED LEAST SOUARE 
TlEI\ - LOGICAL VAJI JABLE sET TRUE TO ZERO INITIAl S('ILUTION 
l;WGT - PQJNTEIl. TO THE AR,Il.A'f WGT. , .. 8LANt( CI1"''''o.)N 

WEIGHH FOR "ElioH"'ED LEAST SOUAA.ES ISEE TEI<.II) 
LDEt - POINT Ell TO T"E ARRAY DEL I'" 9LANK C('IM ... n"l 

GAADIENT VECTOR 
LTE"IP - POINTER. TO THE ARItAY TEJilCI IN P.LAIIII(. Ca~"'O"l 

TEIIIPORARY STOIUGE TO tNCqEASE SOEED 
LCDEL - POJfIITER TO THE AFRAY CDEL JN BLANK CO"''''uN 

STEP DIRECT IC .... FGR CONJUGATE GPAoIE"ITS 
URAN - POINTER TO THE UQ.AY "'p.A0frr4 IN BLANK CfJfI4MON 

TII.ANSFO"~ATJON "'ATRlx FnR HLAxATiIJN (SEE TPUO 

CIJ"''''uN/PTRCI'JIlt/NDI fl4U ,N:JI "4. PWI 0, TC til. ,N"IAT, L NI, I("fJ 
LOGICAL TeIR 
DIMENSION "1111) 
EOUI VAL ENCEI WORK III ,"11(1) J 

NDJMU - THE LlNEAq DIMENSION OF THE TRANSVERSE SECTIO~' 

"l01'" - THE CURRENT LJNEA~ OI~E"ISION USFO fly THE P'IOGRA'" 
PWJO - PIXEL WIDTH II~ UNITS Of PIl.('1JECTlON PI"l WI:JTH) 
TCIR - L(lGICAL VAP tABLE SET HUE FOR CIII:CULAR REeON. 
N"'AT - TI-IE NUMeER OF CELLS IN TI-IE TRANSVE"SE SECTlO ... 
L"'I - POI"lTER TO THE All.1!.~Y Nt IN SLANK COM",O". 

NIIJ) IS "'Hf NUMSEP OF C:LLS IN THE J-TH 11.0101 OF 
THE SOUAPE 'JP CIRCULAR fOR'" OF THF AII:QAY 

KNI - SPECIAL FLA G FOq "'E"'ST CALL S NeeDED f!.ECAU$E ~I 
J S A"l INTEGER VARUBLE 

cn"'''40NITRGCO''l/tGEOM ,KoI MU, Axl Su,SWIO .I<MCV, K"4Ph I<.MA)(,KD'''-, ,uts, 
1 L PRJJ, "'ANG ,MOOANG, L~"'r" LS t NE ,L COS I N, LOATER ,TE "'I T 

LOGICAL reMIT 
JI'1ENS ION pqOJ 11I,A~GI1I, SINE III ,COSI NE (lI.D;'TEA.( I) 
EOUI VAL ENCE IWOIIK 11 It PIIOJ( 1 hANG! I), SINE( 11 ,C:JSINF.Il), OATEP III J 

IGE(I'4 

ICDJ"'U 

AxtSU 

8 .. 10 
K"'OV 

1("4 IN 

I("'AX 

KDl'" 

AXIS 

LP'IoJ 

".ANG 
'1DOANG 
LANG 

"I. SINE 

LceSIN 

LOA TEf~ 

TE"1IT 

- GEOMETRY FLAG 
o • ClARALLEL BEA'" GEO'4ETAY 
1 " FAN BEAM GEOJilE'!RY ICURVED DETECTC'lR) 
2'" FAN SEA'" GEOMElP:Y IFLAT DETECTOR) 
3 c kiNG DETECTOR GEO"lETRY 

- NUMBE" OF B I""S IN THE PROJECTJOfll ARRAY SUPPLIED 
BY THE USER 

- THE PROJECTED LOCATION (IF THE POTATION AxIS IN THE 
PROJECTION Ai(RAY ITI"IS IS SUPClLtEO BY THE USEP 
AND IF UISU IS INTEGER. THEN R"'TATION AXIS FALLS 
IN THE CENTEP. OF A PROJECTION BIN.l 

- PROJECTION BIN WIDTH (IN UNITS OF PIXEL WIDTH) 
- THE DISTANCE SETwEEN THE AxIS FOR T"lE SYSTF.M DATA 

ARRAY IAXIS' AND THE AXIS FOR THE USEO DATA 
ARRAY IAXISUJ. AXIS:::: AXISU+FLOATIK"4oVJ 

- FI,IIST LO(ATION l"f SYSTE~ DATA ARRAY THAT STGRES 
THE OAU OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATI')N I~ SYSTE'" DATA ARRAY THAT STJPES 
THE DATA OF THE LAST USER PPOJEC"'!ON 9TN THAT 
I S Gal NG TO fiE USED. 

- "fUM8ER QF SINS IN THE PROJEC"'IOtJ AR.RAY SUFFICIENT 
TC RECDNSTPUCT AN NOI'" x NOI'" AiI."-AY, USUALLY 
11'01 "4 .. 11'01 "IU. 

- THE PROJECT EO LIJCAT 10"1 OF THE ROTATION AXI S IN THE 
PII.OJECT ION ARRAY, USUALLY AX IS=AX!SU. 

- ClCINTEP TJ TI-'E ARR.AY PROJ IN BLANII' CO"''''O~; 
INTEPMEOtATE PROJECTION ANO"PPf)JECTtON ERr<JR 
VECTOR 

- \lU"4BER. OF PROJECTIONS 
- .'~OOE fOP PROJECTIJN ANGLE INPUT 
- POINTER TO THE AiHIA'Y ANG t"l BLANK C('I"I,,",ON 

PROJECTION ANGLES IN I\AOtMIS 
- POINTER Tn THE ARRAY SINE IN BLANI( (0"'''40111 

SINE C,F THE PROJECTI~N A"lf,LES 
- POINTER TO Tt-E ARR.AY CQSHoj( IN SLANK CO"'fI40N 

COSINE OF T'"lE PReJECTIGN ANGLE~ 
- POINTER TO THE AII:ItAV OATH It>f BlANII' Ct)"''''O~ 

USER PPOJECTION DATA ANC uNCEilHINTIES 
- LOGICAL VA~ IABLE SFT TI\UE FOR E"'JS~lO'" DATA AI<,j:J 

FALSE FOR TRANS"'I5SIC'N, DATA 

1,.4<:-1 
Iltltn 
144<:.) 
144<;4 
144<;:: 
14.1tSt 
I 4.1tC: 7 
144"P 
141t"C:; 
14~ 00 
14501 
' .. 502 
1450:'>-
14504 
1450:; 
14!06 
14~ 07 
14~Ofl 

1430" 
14! 10 
14511 
1451'<: 
14S13 
14514 
14~ II: 
14SIt 
t 4~ L7 
14318 
14510; 
14520 
1 4!' 21 
14522 
14~23 
14524 
1452~ 
145U 
14527 
14! 2B 
14529 
14!30 
14531 
14532 
Ilft533 
14534 
14!35 
14!3t 
14537 
1'4538 
14!'39 
llt54D 
14541 
145'42 
14543 
14!'44 
14! .. ! 
1454e 
145'47 
145411 
14~4C; 

1455('1 
14551 
1"'552 
14553 
1'4~ 54 
L45!:: 
14556 
14557 
14~58 

14S!'" 
145b0 
14Set 
14~t2 
14~63 
14564 
145tl5 
143f,~ 

14~t-7 
IltSe8 
145t'? 
14370 
14~71 
14572 
1lt573 
14574 
1457~ 
14~7c 
14577 
14~78 
145H 
145S0 
14~fll 
1 .. ~ 82 
14!'e3 
14584 
14585 
l4586 
145fl7 
11t5M 
14!8e 
145<:'0 ' 
145~1 
14592 
145<;:3 
145S4 
14595 
14596 
14597 
1459a 
1459<=: 
14600 
t4eOl 
14602 
14603 
14t04 
14t05 
14bOo 
14607 
14bOR 
14cOe 
14tl0 

ExTERNAL PFlJ, BCK 
01 "'E~SION XIII 

.1/>flTlAL Cf-II-50UAI\E 
-I NI TIAL GRAOtE"IT 

(HI=O. 
DO 24 "'''I,NAIoIG 

I SU61"LPl<rJJ 
I SUB2=LPlluJ+!(DI~ 
CALL GET DE li'I,PI;.OJI ISJEll', PPrJJI ISUfl211 

IF 1.'4i)T.TERII.) G(' T:') lZ 
10 10 I" I, ~ :JI'" 
I SUB I "L PROJ·":;OI ~+ 1-1 
I SU~2"L"GT+1 ~-I)-~ :11"'+1-1 

IJ wSTl1 S0621 ,.1./PgOJ( ISUBll.-2 

12 I F IT lECl., G2 T'" 16 
I SUa"LPRJJ+I(Dl"l 
CALL PRJ IX,PRClJII 5U31 ,~I 
OJ lit 1"'1,"01"1 
I SUSt cLPRJJ+I-I 
lSU~2"LPI=IOJ .~J I"" 1-1 

lit .,R:OJ II SUBt) "o~CiJ (l5uel)-PRC'J II $U92 1 
GJ TO I ~ 

16 CALL lERJ (X,~"'ATI 
18 IF I.NOT.TERPI GO TJ 22 

00 20 I "I, KDIM 
I SUSI"'LPR.OJ+i-l 
t SUS2:lwGT +(.14-1' -Kot",. 1-1 
CHI "CHI +PRQJ I 1 SU81) •• 2.~GT ( ISUB21 

2;) PROJ II SUel1 "PQOJ (I SU8U.wG T{ I SuP21 
GO TO 21t 

22 CHI .. CI-II .OJT I ClROJI LPR.OJ), 1, PQr'JIloq(, J), I, 11'01111, 

24 CALL aclC ITEMPILTEMPI,PR:JJILPQ'JJ"~J 

DO 26 IIC I,N"'AT 
ISUBl a lOEL·I-l 
ISU92"'L TE'4r+I-l 

20 DELI ISU~lJ .. TE"FlISUB2) 

.TRA .... SFOR~ATION OF THE 'INPIAL GRADIE~T 
.EVALUATE THE TI=IANSFD~"'ATIDN ",AT!<lx TitAN AND ST'JRE IT IN WORIe 

STAFTING WITH LOCATION l,.ToAN 

IF 1.~JT.TRLXI RETUR.., 
IF ITER'" GO TO 32, 
DO 28 1"1,11'01101 
IsuaeLPPuJ+I-l 

28 ClR.OJIISuSI .. I. 
01 30 M"l,NANG 

30 CALL PI\J CTE"'P(LTE"'PJ,PPJJ{LP~OJJ,-III' 
~OTQ3e ' 

32 IC_UIGT 
00 34 ""1 ,NANG 
CALL PRJ ITE"P(LTEMP),WGTlI(.),-MJ 

34 IC_K+I(OIM 
36 OJ 3S 1"I,NMAT 

ISU91-LHAN+I-l 
I SUB2-L TEM~+I-l 
T~ANI t SUS 1I"'1./SORT I TE"IPII SU~2 J I 
ISUS3"LoEL+I-l 

38 JEll I SUS3l-DEL I I SUB3).TIIANII SUBI J 
II.ETUR'" 

I SETUP I 
SUBR.OUTINE SETUP (IPAR,PAI: ,A"lGLJ ................................................................... 

RECLSL Vf~StON 1.0 17'XT77 .................................................................. 
THE SUBRCUTINE SETUP SE'TS UP "'\.4E C("I"'~'JN HO(l(S FANCO'4, 

PTRCOM, RAYCCM, AND T;l.GCC~. 

IPAR - INTEr;ER AI<.IIAY wHICI" DESCIIHES THE FI"1LLOW!NG QPTIO"lS 
loNO VARIABLES 

10APIlI LINEAR Otfl4ENSJ('!N OF THE ItECONSTRUCTlO"l U'tl.Y 

IPAF\(2J 0 TO RECONS1RUCT A Ctll'CULAR ARRAY 
,)THEPWISE RECONSTRUCT A ~OUAIl.E AI:IIAY 

IPAP 131 ,,0 PAQ.LLLEL eE'A'" GErJ"'ETII'Y 
1 FA"4 I'IEA"t GEC"1ETRY ICUIl'VFO DETECTO~J 
2 FAN SEAM GEC"'EHlY IFLAT OETECT('IRI 
"3 PING DETECTOI;. GEO"tETRY 

IPAR(4) NU"tBEP OF oROJECTIO"4 ANGLES 

IOAI;.151 = 0 USE~ SUPPLIES ClII:OJECTlD"l A"lGLES I'" OEGII.EES 
1 USEF S:)PClLlES PR[lJECTION ANGLES n ,A~)fANS 
2 PIIQJECTION ANGLES GENEI;.l.TEO I3ETwEEtj ZER.O 

A .. O CIt STARTJ\I;, AT THE HALF ANGLE 
3 PR:OJECTION ANGLES GENfPATEO BET"'EEN ZERO 

AI~O Z.PI STARTING AT THE HALF AN~LE 

4 PII.C'JE(TIrlN ANGLES GENEIl.ATEO fo;£TWHN ZERJ 
A~O PI STAPTING .H ZFRO 
PROJECTION A~GLES ':,ENEPATED Q,1:':TWEEN ZER.D 
A~O 2*PI STARTING AT ZE!'rl 

-I wHE~E I IS 8ETWEEN 2 ANO ~ O'JES THE SA"'E 
AS ABOVE wiTH TI-IE rDOE~ "F ANGLES '<;l::vEItSED 

tPAP.It-1 NU"'BEi< 'JF ~INS F(lP. EACI-I PR,]JECTION ANGLE 

IPA'(7) 0 TO RECONSTRUCT E"''''I5tCN DA"'A 
mHeqwlSE He JNSTll.UC T TRANS"'I SSI [l'~ ;)A"6 
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Iltoll 
I .. tll 
1'4013 
14614 
14615 
14616 
14tl7 
Lite 1 ~ 
14cl G 
14/':2,') 
I .. bll 
14t22 
1"623 
1"c:2" 
140Z5 
14t 2~ 
14621 
14t::26 
14.<;,2<; 
110(;30 
14t3l 
Ilt63l 
14t33 
Ilt634 
14e35 
1463t 
14631 
14636 
14639 
14040 
14641 
1'+642 
Ilt6~3 
14644 
14t45 
l .. t46 
14047 
146~f! 

1404'> 
14650 
14651 
14e52 
14651 
14654 
14t ~! 
14056 
14657 
l.,b58 
1465Q 
14660 
146t I 
Ilt662 
14~63 
14664 
14HS 
146M 
14667 
L466f1 
14669 
14670 
14(171 
14672 
14673 
14674 
14t7! 
14t76 
14677 
14078 
14b7'7 
1~0~0 

14t-81 
14667. 

14683 
Ilt6B4 
14085 
1'+b86 
14e81 
14tElfl 
14bE9 
14..,,,0 
14691 
14e<:;2 
14bo;~ 

14t9'+ 
14e'>5 
14t<;6 
Ilt697 
14698 
14t9G 
14700 
147(H 
14702 
14703 
14704 
1"-0! 
1 .. 706 
Ilt707 
14708 
14"0<:. 
1471il 
14711 
14712 
14713 
14714 
1471".; 
1""lt 
14717 
147Pl 
1471G 
14720 
1,,721 
14722 
14723 
14724 
147 z: 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

t 
C 
t 
t 
t 
t 
C 
t 
C 
C 
C 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

IPAR(B I 

IPAR(9) 

DII'~ENSION OF BLANK CO"',..ON SET BY THE USER 

NUM8EP OF WOP:OS FOR A FlOATI~G POINT 
VARIABLE 

IPARIIOI .. O' TO PERFORM A RECONSTRUCTION 
OTHERWISE ONLY 00 A STORAGE SHE TEST 

IPAR(lll PRINT flAGS IBIT 0 R LEAST SIGNIFICANT BIT} 
BIT·O PRINT REQUIRED flOATING POINT BLANK 

COMMON wHENEveq, CHANGED 
BIT 1 PRINT PROJECTION DATA AND 

U~CERTAtNTI ES 
I3lT 2 PRINT SETUP VALUeS FROM IPAP AND 

PAP ARRAYS 
BIT 3 PRINT FILTER. FUNCTION FOR 

CONVOLUTION AND FILTER R.OUTI"Ies 
BIT It PRINT VALUES FOR. THE LAGRANGE MUl .. 

TJPlLERS AND THE GRADIENT FOR THE 
FUNCTION OF LAGRANGE MULTIPILERS 
FOR THE ENTROPY RECONSTRUCTION 

BIT 5 PRINT POINTERS IN elAN!<. CO"lMON 
WI-fENEVER CHANGED C DEBUG) 

iPARI12J • LOGICAL UNIT NUMBER FOR. ATTENUATION FACTOR 
STORAGE (OfF. STArN AND FlATNI 

PAR - REAL ARRAY WHICH HAS THE FOLLOwING PARAMETHS 

PAR III - PIXEL WIDTH IN UNITS OF PROJECTION BIN .,.IDTH 

PAR(2) - LOCATION OF THE ROTATION AXIS IN THE PROJECT-
t ON ARRAY 

PAR (3) .. THE DISTANCE FRO" THE SOURCE TO THE CENTER 
OF ROTATIO~ FC'R F.AN BEAM GEOIo1ETRY (MEASURED 
IN UNITS OF PROJECTION BIN WIDTHS AT THE 
CENTER OF ROTATION). IF NOT USING FAN 
BEAM GEOMETRY THEN PAPI) MUST BE EQUAL 
TO ZERO. 

ANGL - THE PROJECTION ANGLES 

THIS SUBROUTINE CALLS REClSl ROUTINES - EMESG, LGTXT, MEMST, 
RAYST, STPTR 

LANGUAGE - FORTRAN 

COMMON/WRKCOM/NWOR,K, IWuS ED, NFLOAT, IS ETuP 
COMMON WORK ( LJ 

NWORK - DIMENSION OF THE USER S COMMON BLOCII' IN BLANK 
COM"10N 

IWUSED - THE NUMBER OF WORDS USED IN BLANK CI)MMON 
NFLOAT - NUMBER OF WOPOS FOR A FLOATING POINT VARJ,lBLE 
ISETUP - THE SUBROUTINE SETup SETS I SETUP - 2HOK .. 

SUBROUTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP - 2HOK BEfORE 
EXECUTING .. 

WORK - BLANk COMMON WORKING ARRAY 

COMMONI ATNCOM/LAT EN, L 8MAP, TAT EN, LUNAlN 
LOGICAL TAT EN 
OI'4ENSION ATeNUIrBIo1AP( LJ 
EQUIVALENCE 'WORK{lI, ATENI H, BMAP( 1)' 

LATEN - POINTER TO THE ARRAY ATEN IN BLANK COMMON 
STORES ATTENUATION FACTORS FOR ONE ANGLE 

LBMAP - POINTER TO THE ARRAY BMAP I" BLANK COMMON 
A MATRIX USED TO STOFIE THE CONSTANT ATTENUATION 
COEFFICIENTS 

UTEN - LOGICU VARIABLE SET 'TRUE FOR ATTENUATION 
RECONSTRUCT ION 

LUNATN - LOGICAL UNIT NUM8ER FOR ATTENUATION FACTOR STORAGE 

COI1MONI FANCO""RFAN, TFANC, TFANF 
LOGICAL TFANC,TFANF 

RFAN - FOR FAN 8EAM.GEOMETRY RFAN IS THE DISTANCE FROM 
THE SOURCE TO THE CENTER CF RaUTIO"'. RF.6N 
IS MEASURED IN UNITS OF PROJECTION 81N WIDTHS AT 
THE CENTER OF ROTATt ON. 

TFANC - LOGICAL VAR tABLE SET TRUE FOR FAN BEAM WITH A 
CURVED DETECTOR 

TFANF - LOGICAL VAPUBlE SET TRUE FOR FAN BEAM IoIITH A 
FLAT DETECTOR 

COMMONI I TRC0"4/NS1P, TRLx, TERR ,T ZE'!; ,LWGT, LoEL, L TEMP, lCDE L, LTRAN 
LOGICAL TRLX,TERR,TZER 
DIMENSInN WGT(1) ,DEL (1), TE ,",PIli ,CDEL 11 l ,TRANH) 
EQu'VALENCE I WORK( 11 ,WGT( 1 J ,DELI 11, TE""P( 1) ,CDEU U, TRAN( 1)) 

NSTP - NUMBEP OF tTERATlOIll STEPS 
TRLX - LOGICAL VARIABLE SET TRUE FOR RElAXATION 
TERR - LOGICAL VAR IA8LE SET TRUE FOR WEIGHTED LEAST SQUARE 
TIER - LOGICAL VARIABLE SET TRUE TO ZERO INITIAL SOLuTION 
LWGT - POINTER TO THE ARq,AY WGT IN BLANK COM"'ON 

WEIGHTS FOR WEIGHTED LEAST SQUARES (see TERR) 
LOEL - POINTER TO THE ARRAY DEL IN BLANK COMMON 

GRADIENT VECTOR , 
lTEMP - P(lINTER TO THE ARRAY TE"IP IN BLANK COMMON 

TEMPORARY STORAGE TO INCREASE SPEED 
LCOEL - PQJNTER TO THE ARRAY COEL IN BLANK COM"'ON 

STEP DIRECTION FOR CONJUGATE GRADIENTS 
LTRAN - POINTER TO THE ARRAY TRAN IN BLANK CO"'MON 

Tl<ANSFORMATION "lATRIX FOR RELAXATION ISEE TRLXl 

COMMON/OUTCOM/lUNDUT, I B013Z 

LUNQUT - LOGICAL UNIT NUMBER. FOR OUTPUT 
180132 - FLAG INOICATING NUMBER I')F CHARACTERS IN A LINE OF 

OUTPUT aN LUNouT 
o It 80 CHARACTERS 1132 CHARACTERS OTHERWISE) 

COMMONI PRTCOMITPR INT I B) 
LOGICAL TPQ.INT 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

TPRINT - LCGICAL PRJ,," flAGS 
1 - PRINT REQUIRED FLOATING P(lINT 8LANI( COMfI(ON 

WHENEvER CHANGEO 
2 - PRINT PROJECT ION OATA AND UNCERTAINTI ES 
3 - PPtNT SETUP VALUES FP.OM IPAR AND PAR ARRAYS 
4 - PRINT FILTER FUNCTION FOR C~NV(1LUTIQN AND FILTER 

ROUTINES 
5 - PRINT VALUES FOR T!-IE LAGRA~GE "ULTIPILERS AND 

THE CiJtAOIENT FOR THE FUNCTION OF LAGRANGE MULTI
PI LERS FOP THE ENTROPY RECONSTRUCTION 

e- - PRINT POI"lTERS 1"4 BLANK Cf"lM.''40N WHENEVER CHANGED 
IDEBUG) 

14726 
14727 
1472B 
14729 
14730 
14731 
14732 
14733 
14734 
14735 
14736 
14737 
14738 
14739 
14740 
14741 
14742 
14743 
14744 
14745 
14746 
14747 
14748 
14749 
14750 
14751 
14752 
14753 
14754 
14755 
1475. 
14757 
1475B 
14759 
14760 
14761 
14H2 
14763 
14764 
14765 
14766 
14767 
14768 
14769 
14770 
11t771 
14772 
14773 
14774 
14775 
14776 
14777 
14778 
147n 
14780 
14781 
141B2 
141B3 
141B4 
147B5 
14186 
14181 
14188 
14189 
14790 
14191 
14192 
141"3 
IltH4 
141"5 
14796 
11t197 
14798 
14799 
14BOO 
14801 
14802 
14803 
14B04 
14805 
148()6 
14807 
1480B 
148()9 
14810 
14811 
14812 
14B13 
14814 
14815 
14816 
14811 
14B1B 
14819 
14820 
14821 
141322 
14823 
14824 
14B25 
14826 
HEl21 
14828 
14829 
14830 
14831 
14832 
14833 
14834 
14835 
14836 
14B37 
148)8 
14839 
14B40 
14841 
14842 
14843 
14844 
14845 
14846 
14847 
14848 
14849 
14850 
14851 
14852 
14853 
14854 
14855 
14856 

COMMONI PTRCQM/NDtMU, NOIJl4, PW 10, TC IR ,NMAT ,LNt ,KNI 
LOGICAL TCIR 
OI!'4ENSION NI t 1) 
EQulVALENCEI WORK t 1) ,NI( 1) I 

NOtMU 
NOIM 
PWID 
TCIR 
NMAT 
LNI 

'NI 

- THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
- THE CURRENT LINEAR DI"~ENSIQN USED BY THE PROGRAM 
- PIXEL WIDTH tIN UNITS OF PROJECTION 81N WIDTH) 
- LOGICAL VAR IABLE SET TRUE FOR CIRCULAR RECON. 
- THE NUMBER OF CELLS IN THE TRANSVERSE SECTION 
- POINTER TO THE ARRAY NI IN SLANK COMMON 

NtiJI IS THE NU"IBER OF CELLS IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAY 

- SPECIAL FLAG FOR MEMST CALLS NEEOEO 8ECAUSE NI 
IS AN INTEGER VARIABLE 

C OMMONI RAYCDMI NL EV, LMRFAC, KJIIIRFAC, LRFAC 
DIMENSION MRFAClLJ ,RFAClll 
EOulvALENCEtwORKl1l,MRFAClll,RFAC( 111 

NLEV - NUM8ER OF FRACTION lEVELS 
LMRF AC - POINTER TO THE ARRAY MRFAC IN 8LANK COMMON 

MRHCIJIIIANGLE) POINTS TO THE LOCATION IN 8LANK 
COMMON WHERE RFACIMRFAC(MANGLEJI IS STOREO. 
RF AC IMRFAC I MANGLE II IS THE FRACTION OF THE CELL 
WITHIN THE RAY WHEN THE CENTER OF THE CELL IS IN 
THE CENTER OF ·THE RAY AT THE ANGLE MANGle. 

I(MRFAC - SPEC tAL FLAG FOR MEMST CALLS NEEDED BECAUSE MRFAC 
IS Ati INTEGER VARIABLE 

LRFAC - POINTER TO THE A.RRAY RFAC IN SLANK COMMON 
FRACTIONAL AREAS Of A CELL WHICH INTERSECT 
A RAY ANa THIS FRACTION IS MEASURED A.S A FUNCTION 
OF THE OISTANCE THE CENTER OF THE CELL IS FROM 
THE CENTER OF THE RAY.. THE TOTAL DIMENSION OF 
THE ARRAY fl:FAC IS NRFAC-LL*EQANG, WHERE 

3*NLEV+2 IF NLEv IS EVEN 
LL • 

3*NLEV+1 IF NLEV 1 S DOD 
AND EQANG IS THE SIZE OF THE SET OF ANGLES FORMED 
FROM THE SET OF TOTAL ANGLES WlTH MOO OPERATION 
OF PH1I2 THEN REFLECTION A.80UT PHII4. 

COMMON/STRCOM/T STORE 
LOGICAL TSTORE· 

TSTORE - LOGICAL VARIABLE SET TRUE WHEN TESTING STORAGE SIZE 
SETS TPRINTIli - .TRUE. 

- C OMMON/TRGCDM/I GEOM, KDH"'U, AX J SU, BW 10, KMOV, KMIN, KMAX, KOI M, A XI S, 
1 LPROJ, NANG,MODANG, LANG, LS INE ,LCOS IN, LOAT EA., TEMIT 

LOGICAL TEMIT 
OtMENSION PflOJ It), ANGl1ltS tNE I 1), COS INEI 1', DATER' 1) 
EQUIVALENCE (WORK( 1 J ,PROJllI, ANGI H ,SINE U) ,COSINEI 1) ,DATEIU1)) 

IGEOH - GEOMETRY FLAG 
o ~ PARALLEL BEAM GEOMETRY 
1 • FAN BEAM GEO"'ETRY CCURYEO DETECTOR) 
2 - FAN BEAM GEOMETRY (flAT DETECTOR' 
3 _ RING DETECTOR GEO"4ETRY 

KDIMU - NUMBER OF BINS IN THE PROJECTION AR.RAY SUPPLIED 

AXISU 
BY THE USER 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY (THIS· IS SUPPLIED BY THE USER 
ANa IF AxISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BtN.) 

8'11110 
<MOV 

- PROJECTION BIN WIDTH I IN UNITS OF PIXEL WIDTH) . 

KMIN 

KI'" 
KDIM 

AXIS 

LPROJ 

NANG 
MODANG 
LANG 

LSINE 

LCOStN 

LDATER 

TEMIT 

- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTE'" DATA 
ARRAY IAXISl AND THE AXIS FlIR THE USER DATA 
ARRAY UxlSU). AXI S '" A)II SU+FlOATlK/IIOV I 

- FIRST LOCA.TION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE FIRST USER PROJECTION 81N THAT 
IS GOING TO BE uSED. 

- LAST LOCATION IN SYSTEM DATA APPAY THU STORES 
THE DATA OF THE LAST USER PROJECT ION BIN THAT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECONSTPUCT AN NDtM X NDIM ARRAY, USUALLY 
KOIM-KDIMU. 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAy, USUALLY AXISICAXISU. 

- POINTER TO THE APRAY PROJ IN BLANK COMMON 
INTERMEDIATE PROJECTION AND PROJECTION ERROR· 
vECTOR 

- NUMBER OF PROJECTIONS 
- MODE fOR PROJECTJI"lN ANGLE INPUT 
- POINTER TO THE ARR,AY ANG IN BLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK CO"'MON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY DATER tN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VAP. tABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANSMISSION DATA 

DIMENSION ANGLI11tIPARI2DJ,PAR(6) 
OIMENSION KERfl:131 
DIMENSION NAMERI91 
lOGICAL TRING 
DATA NAMERIlHE,lHN,lHO,lH ,lHS,lHE,lt-tT,lHU,lHPI 
DATA IOK,KERR/2HOK,2H ,2HER,2HNAI 
OAT A JNOI M, JC I R, JANG, JOOANG, JGEOM, JKOI I'll, J EMIT, JWORK, JFLOAT ,J STORE, 

1 JPP I NT ,'JUNATN, JX IS, JFAN, JW I 01 
2 1,2,4,5,3,6,7,8,9,10,11,12,2,3,11 

WRITE ILUNOUT,54l 
CALL LGTxT (NAMER(5) ,51 
ISETUP"IOk. 
TATENa.FALSE. 
TERII.-.FALSE. 
JERR-O 
NO I MU"I PAR t JNDl"l J 
NDIMltNDIMU 
IF INDIM.LEoO) jERR"JERR+1 
TCIR .. IPARI JCtR J. EQ.O 
NANG .. IPARIJANGJ 
IF I NANG.LE.OI JERP-JERR+l 
MOOANG'" I PARI JOOANG I 
I GE OM" I PAR I JGEOM J 
IF IIGEOM.L T.D.OR.IGEOM.GT .3) JERR-JERII:+1 
TF ANC= I GEOM. EQ.l 
TFANF"1 GEOM. EQ.2 
TR ING= IGEOM. EQ. 3 
IF (( MOOANG. EO .-l.0R .IABS I MOOANG) .GT .51 .ANO •• NOT. TA. I NG) JERR-JE RR+ 

11 
KO l'"'U= 1 PAR (JKDI MI 
IF I KOJ MU.lE.OJ JERR"'JERR+l 
TEMI T'" I PARI J EMIT) • EQ. 0 
NWORK_I PAR I JWORK ) 
IF INWORK .. LE.O) JERR-JERR+1 
tWUSEO-D 

14B57 
14S5I 
14B59 
14860 
14861 
14862 
14863 
14864 
14865 
14866 
14867 
14868 
14869 
14870 
14871 
14872 
14873 
14874 
14875 
14876 
14817 
14878 
l4879 
14880 
14B81 
14B82 
14883 
14BB4 
14885 
14886 
H88T 
14B88 
14889 
14890 
14891 
14892 
14893 
14B94 
14895 
14896 
14897 
14898 
14899 
14900 
14901 
14902 
14903 
14904 
14905 
14906 
14901 
14908 
11t909 
14910 
14911 
14912 
11t913 
14914 
14915 
14916 
14917 
14918 
14919 
14920 
14921 
14922 
14923 
14924 
1492' 
14926 
14927 
14928 
14929 
14930 
14931 
14932 
14913 
14934 
14935 
14936 
[.4937 
14938 
14U9 
1~940 
14941 
14942 
14943 
14944 
1494' 
14946 
1~947 
14948 
14949 
149'0 
14951 
14952 
14953 
14954 
149" 
14956 
14957 
149'8 
149'9 
14960 
14961 
14962 
14963 
14964 
14965 
14966 
14967 
14968 
l4969 
14910 
14911 
14972 
14913 
14974 
14975 
14916 
14977 
14978 
14919 
14980 
14981 
14982 
14983 
14984 
1498' 
14986 
14987 
14988 



NFLOAT-I PARI J FLOAT , 
TSTORE- I PAR I JSTORE) • NE. 0 
J_IPARIJPRINTI 
DO 10 1-1,8 

10 TPRINT( I I cl J/2-*( 1- 11-2*1 J/2 .... I II.EO.l 
TPRINT (ll.TPRINT III .OR. TPR INTI 61 
IF INFLOAT.LE.OI JERR-JERR+I 
LUNAT~-I PAR I JUNA TN I 
AxISU-PARIJXISI 
RFAN-PARI JFANI 
(F (.NOT .ITFANC.OR. TFANF I J RFAN-O. 
IF IITFANC.OR.TFANFI.ANO.R.FAN.LE.O.I JERP-JERR+l 
PWIO-PARIJWIOI 
IF IPWIO.LE.O.' GO TO 12 
8WIO"1./PWI0 
GO TO llt 

lZ JERR-JERR+l 
14 CONTINUE 

IF IIJERR.EQ.OI.AND •• NOT.TPRINTI:!JI GO TO 38 

wRITE ILUNOUT,561 
KER-KERRlli 

IF INOIM.lE.OI kER_kERRI21 
WRITE flUNOUT,58' JNDIM,IPARIJNOIMI,KER 
kER-KERR(1) 

IF fTRINGI WR-ITE IlUNOUT,60' JCIR,JPAR(JCIR),kERRI3) 
IF IHUNG' GO TO 26 
IF ITCIR' WRITE ,llUNOUT,6ZI JCJR,JPARIJCIR),KER 
IF I.NOT.TCIR) WRnE IlUNOUTt64' JCIR,tPAR(JCIRJ,KER 

26 KER"KERRllJ 
IF I IGEOM.lT.0.OR.IGEOM.GT.31 KER-KERRI2. 
WRITE ILUNouT,661 JGEOM,IPAR(JGEOM),KER 
IPCFR-IGEOM+1 
IF (KER.EO.KERR( 1) I GO TO 116,18,20, 22J, IPCFP 
WRITE (lUNOUT,681 
GO TO 24 

16 WRITE (LUNOUT, 70 I 
GO TO 24 

18 wRITE ILUNOUT,72) 
GO TO 24 

ZO WRITE ILUNOUT,74' 
GO TO Z4 

22 WRITE IlUNOUT,76) 
24 KER-KERR(lJ 

IF INANG.lE.O) KER-KERIl;(21 
wRITE ILUNOUT,78) JANG,JPAR(JAN(J,KER 
IF trRINGJ WRITE ILUNOUT,80) 
KER-KERRI11 

IF IMOOANG.EQ.-l1 KER_KERRI2J 
IF IIABSIMOOANGI.GT.51 KER-KERRC2J 
IF trlUNGI GO TO 30 
WR ITE I LUNOUT .821 JOOANG, I PARI JoOANG) ,KEf:! 
IF (KER.EQ.KERIU2)) GO TO 28 
IF IIABSIMOOANGJ.lE.lJ GO TO 32 
NP l-lH"OO! 1.0,8 SI ,",OOANG I ,2 J 
IF (NPt.EQ.U WRITE ILUNOUT,8.) 
IF {NPJ.EQ.ZI wRITE ILUNOUT,861 
IF lJABSIMOOANGJ.LE.31 wRITE ILUNOUT,@81 
IF (IABSIMOOANG •• GT.3) WRITE (LUNOuT,901 
IF (MOOANG.LT.OJ wRITE (LUNoUT,92J 
GO TO 34 

Z8 WRITE ClUNOUT ,941 
GO TO 34 

30 wRITE (LUNOUT,f.OI JOOANG,JPARIJOOANGI,KEflR'131 
GO TO lit 

32 IF (MDOANG.EQ.OJ WRITE (LUNOUT,96J 
IF (MODANG.EQ.1J wRITE ILUNOUT.98J 

34 KER-KERR( 11 

IF (KOIMU.LE.OJ KER-KEf:!A(21 
IF· ITRING) wRITE ILUNOUT,60) JKOI~,IPAR(JKOtMI,KERRI3' 
IF (.NOT.TRINGI WRITE (LUNOUT,100J JI(Oll' .. ,IPAR(JI(OI.~I,KER 
KER-KERRIlI 

IF ITE,..ITI WRITE ILUNOUT,l02J JE~IT.IPAIl(JEMITI,KER 

IF f.NOT.TEMITI WRITE I LUNOUTtl04' JE'"'tT,}PAR!JE"'IThKER 

IF INWORK.LE.O) KER-KERR(2) 
wRITE ILu~mUT,1061 JWORK,tPARCJWORK"KER 
KER-KERR!l1 

IF INFLOAT .LE.OJ KER-KERRI ZJ 
wRITE (lUNOUT,108J JFlOAT,lPAReJFlOAT),KER 
KEP: .. KERR III 

IF ITSTOREI wR ITE (LUNOUT, HOI JSTORE,IPAq,(JST(1REI,KER 
IF I.NOT.TSTOREI WR1TE (LUNOUT,1l2J JSTORE,IPARIJSTOPEJ,KER 

WRITE (LUNOUT,ll4) JPRI"IT,JPAR(JPRINTI,KER 
IF ITPRINTIUI wRITE ILUNOUT,l16) 
IF ITPRINT(2H WRITE IlUNOUTtl18' 
IF ITPRiNTOJl WRITE I LUNOUT,l201 
IF ITPRtNTI411 WRITE ILUNOUT,12ZI 
IF ITPRINTI511 WRITE (LUNOUT,124J 
IF ITPRINTI611 wRITE ILUNOUT,1261 
IF ITSTOREI TPRINTfll-.TRUE. 

IF I.NOT.TRING' WRITE ILUNOUT,12al JU .... ATNtIPARIJUNUNI ,KER 
IF (TRING) WRITE IlUNOUT,f.OI JUNATN,tPARIJUNATNltKERRI3) 

WR IT E IlUNOUT t1 30 I 

IF IPWID.LE.O.J KER-KERRI2J 
IF I.NOT.ITFANC.OR.lFANFJI WPITE ILUNOUT,I321 JWIO,PARIJwIOI,KER 
IF ITFANC.OR.TFANF) "'RITE I LUNOUTtl341 Jwl0.PAR(JWIO'tKER 
KER"KERRU J 

IF I.NOT.TRING) WRITE IlUNOUTtl361 JXIS,PARIJXISI,I<ER 
IF ITRING) "'RITE ILUNOUTtl361 JXIS,PARIJXISI,KEARI3' 

IF ITRINGI WRITE ILUNOUT,1361 JFAN,PARIJFANltKERRI31 
IF (flU NGI GO TO 36 
IF IITFANC.Oct..TFANFI.ANO.RFAN.LE.O.1 KER"'KERI<.IZI 
IF ITFANC.OR.TFANF) WRITE (LUNOUTtl401 JFAN,PAR(JFANI,KEF 
IF (.NOT.IHANC.OR.fFANF)1 wRITE ILUNOUT,14ZI JFAN,PARIJFANJ,KERRf 

l31 
KER"KERR(1 ) 

36 IF IJERR.EQ.OI GO TO 38 
WRITE ILUNOUTt144) JERR 
CAll EMESG IZZ,NAMEIU5),11 

38 CONTINUE 

CALL MOIST IIOUM,-21 
PI-4.-ATANll.1 
N2ANG-NANG 

14989 
14C?90 
14991 
14992 
14993 
14994 
14<:95 
14996 
14997 
14C09A 
14999 
15000 
15001 
1500Z 
15003 
15004 
15005 
15006 
15007 
15008 
1500C? 
15010 
l5011 
1501Z 
15013 
15014 
15015 
15016 
15017 
15018 
15019 
15020 
15021 
15022 
1502) 
15024 
15025 
150Z6 
15027 
150Z8 
15029 
15030 
150:!1 
15032 
1503:! 
15034 
15035 
15036 
15037 
15038 
15039 
15040 
150ltl 
15042 
15043 
150·U 
15045 
15046 
l5047 
15048 
15049 
15050 
15051 
15052 
15053 
15054 
15055 
15056 
15057 
15058 
15059 
15060 
15061 
15062 
15063 
15064 
15065 
15066 
15067 
150bA 
150b9 
15070 
15071 
15072 
15073 
15074 
15075 
15076 
15077 
15078 
15079 
15080 
15081 
15082 
15083 
15084 
15085 
15086 
15087 
15088 
15()89 
15090 
150<;1 
15092 
15093 
15094 
150Q5 
15096 
15097 
150C;8 
l5099 
15100 
1:5101 
1510Z 
15103 
15104 
15105 
15106 
15107 
15108 
15109 
15110 
15111 
15112 
15113 
15114 
15115 
15116 
15111 
15116 
15119 
151Z0 
15121 

c' 

c 
c, 

IF {TRI"'GI '112ANG-Z*NANG 
CALL MEMST ILANG.N2ANGI 
CAll ME~ST ILSINE,NZANGI 
CALL "'IEMST ILCOSIN,N2ANGI 
IF (.NOT.TRINGI GO TO 40 
CALL "IEMST (LOATER,N2ANGI 
DANG,. P I/FLOAT INANGI 
ZANG-OA"'G 
IF I TSTORE I GO TO 52 
GO TO '!Z 

4t0 CALL I'4EMST ILDATER,Z*KDIMU' 
IF ITSTOREJ GO TO 50 
IF IIA8SIMOOANGJ.LE.1I GO TO 46 
IF IMOOANG.Ll.O) NPI"'-NPI 
DA NGe PI_FLOAT f NP III flOAT INAN('., 
lANG-O. 
IF IMOOANG.LT.OI ZANG",ABSIPI-FLOATINPIJ) 
IF IIABSIMOOANGI.LE.3J ZANC-ZANC+.5.0ANG 

4Z 00 44 lANG"' 1, NZ ANG 
I SUB"l SINE+JAW;-1 
SINEIISUBI"SIN(lANGI 
I SUB"lCOSI N+ tANG-l 
COSINE{ ISUBI-COS(LANGI 
I SU8 s LANG+ IANG-l 
ANG II SUBI"ZANG 

44 lANG.,ZANG+DANG 
IF ITRINGI GO TO 52 
GO TO 50 

46 TWOPI-8.*ATANIl.J 
OTO~= 1. 
IF ("'DOaNG.EQ.O' OTOR-TWOPI/360. 
DO 4& JANG-I,NANG 
ANGR"AMOOIANGL I UNGI*oTOR, TWOP I) 
IF (ANGR.LT.O.) ANGR_ANGR+TwOPI 
I SU8-l SI NE + IANG-l 
SINE( ISU8J-SINIANGR' 
I SUB-LCOSt N+ IANG-l 
COSINE I ISUBI-COSIANGRJ 
I SUB- LANG+ IANG-l 

48 ANGIISUBJ-ANGR 

50 CALL STPTR 
NLEY-20 

52 CAlL MEMST IMAXFw,-ll 
wRITE ILUNOUTtl461 M4.XFW 
CALL LGTXT (NA"!ER,91 
RETURN 

54 FORMAT( 1HlI 
56 fOI:l.MATI IIlIllX,31HINTEGER PAltAMETER ARRAY CIPAR)II 

12X, 1HI ,])C, 7HJ PAR (I) ,6X, llHOESCRI PTION/lXl 
58 FORMATlIX t I2,I10,2x,A2.2X, 

1 44HltNEAR DIMENSION OF THE RECONSTRUCTION ARltAY' 
60 FORMATltx,IZ,Ilo,2X.A2.ZX,30HNOT APPlICABLE (A:JNG GEOMETRYJI 
62 FQRI4AHlX,I2,110,2x,A2.2X. 

1 31HRECONSTRUCT ltj A CIRCULAP ARRAY' 
M FORfI4ATlLX,IZtlI0,2x,A2,2X, 

1 29HRECONSTRUCT IN A SQUARE ARRAY. 
b6 FORMATCIX,12,IlO,ZX,AZ,2X, 

1 i3HGEOfl4ETRY FLAGI 
/:18 FOFtMATIl9X, 

1 ZZHTHI S flAG IS UNOEF INEO' 
10 FORMATC 19X, 

1 22ftPARALL.EL BEAM GEOMETRY) 
12 FORMATl19X, 

1 35HFAN 8EAto! GEOMETRY (CURVED DETECTOR,. 
74 FI)P,~ATIl9X, 

1 33HfAN BE A,.. GEOMETRY IFlAT DETECTOR 1 ) 
76 FORMATC19X, 

1 22"tRtfolG DETECTI)R G€O!'4ETRY, 
76 FORMAlIIX,I2,IIO,2X,A2,2X. 

1 27HNUM8ER OF PROJECTION ANGLES I 
60 FOR~AH 19X,29H{EOUAL TO NUf'lBER OF CRYSTALSIJ 
82 FOR"ATflX.IZtI10,2X.A2,2X, 

1 54HMODE FOR PROJE'CTION ANGLE INPUT (SEE FOLLmiING LINES., 
84 FOR"'IAT( l<;:x, 

1 36l-tANGLES GENERATED 8ETWEE~: ZERO AND PI I 
86 FOFt"'AT(lQ)(, 

1 38HANGlES GENERATED BETwE E~ ZERO AND 2-PIJ 
88 FORMATI19X, 

1 26HSTARTING AT THE HALF 4.NGLE) 
90 FORMAT (lC;X, 

1 16HSTARTING AT ZE~OJ 
9Z FOR"'AT( 19X, 

1 ZlHWITH THE OA:OER REVERSED) 
94 FQRMATIl9X, 

1 22HTHIS '100E IS UNOEFINEOI 
96 FOA"IATIl9X, 

1 42HUSER SUPPLIED PROJECTION AlIIGLES IN OEr;A:EESI 
9B FORMAT119X, 

1 4Z"tuSER SUPPl tEO PROJECTION ANGLES IN RADIANS) 
100 FORMATIIX, IZ.II0,2X,AZ,2)(, 

1 34HNUMSE'I; OF RAYS FOR EACH PROJECTION' 
10Z FOR"'ATllX.tZtI10,ZX,A2,2X, 

1 13HEMISSION DATAl 
104 FOR~ATI1X, J2, I 10,2X,AZ.ZX, 

1 17HTPANSMISSION DATAl 
106 FORMAT(lX,IZ.1l0,2X,A2,ZX, 

1 56HOIMENSION OF THE flOATING POINT USERS BLANk COMMON BLOCK) 
108 FOR."IAT(lX, IZ,II0,ZX,A2,2X, 

1 45HNUM8EF, OF WORDS FOR A flOATING POINT VARIABLE I 
110 FORMATIIX,I2,110,ZX.A2,ZX, 

1 47rlTHIS IS A STORAGE SIZE TEST INa HCONSTRUCTIONIJ 
11Z FOR"'AT (IX, 1 Z, IIO,2x,A2,2x, 

1 55HEXECUTE THE RECONSTRUCTION INOT JUST STORAGE SIZE TESTII 
114 FORMATllX.12,II0,2X,A2,2X, 

1 51HPRINT FLAGS (OPTIONS SHECTED ARE ON THE FOLLOWING LINES)) 
116 FQRMATIlQX, 

1 59HPRINT REouIRED FlOATtNG POINT BLANK COMMON WHENEVER CHANGEOI 
118 FORMAl I 19X, 

1 39HPRINT PROJECTION DATA AND UNCERTAINTIES) 
120 FORMAT( 19x, 

1 43HPIUNT SETUP VALUES FROM IP.AR AND PAR, AR!UYSI 
1Z2 FORfI4ATU9X, 

1 57HPRINT FllTE'I; FUNCTION FOR CO~VOLUTICN AND FILTER ROUTINES) 
124 FORfI4ATIl9X, . 

1 58HPI:I.INT VALUES FOR THE LAGPANGE MULTIPLIERS AND THE GRADIENTI 
2 19X, 
3 58H FOR THE FUNCTION OF LAGRANGE MULTIPLIERS FOR THE ENTROPYI 
4 19X, 
5 16H RECONSTRUCTION I 

126 FOR"4AT( 19X, 
1 5bHPRINT POINTERS IN BLANK (OMMON wHENEVER CHANGED IDEBUG,I 

lZ8 FORIo1ATllx t I2,110,ZX,A2,2x, 
1 47HLDGICAL UNIT NO. FOP ATTENUATION FACTOR STORAGE I 

130 FOR'4ATClIlIllX.37HFLOATING POINT PARAMETER. ARRAY (PARIII 
12X, IHI,3X, 7H PARI J J ,eX, I1HDESCRJ PTION/lx J 

132 FOR",Ut lX,IZ,FI0.3,2X,A2.2X, 
1 44HPIXEl WIDTH IN UNITS OF PROJECTION 81"1 wIDTH) 
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15122 
15123 
151Z,+ 
15125 
151Z6 
151Z1 
151ze 
151Z9 
15130 
I5Dl 
15132 
1!133 
15134 
15135 
15136 
15131 
15138 
15139 
15140 
15141 
1514Z 
15143 
1~1 ... 4 
1 ~145 
15146 
151'+7 
15148 
1514'? 
15150 
15151 
15152 
151S:! 
15154 
l515~ 

15156 
15157 
1~158 

15159 
15160 
15161 
15162 
15163 
15164 
15165 
15166 
15161 
15168 
15169 
15110 
15171 
15H2 
15113 
15174 
15175 
15176 
15111 
15178 
1!17"i 
15180 
15181 
15182 
15183 
15184 
151 8~ 
15186 
15187 
15188 
15180; 
151QO 
151C;1 
15192 
151'93 
151'94 
15195 
15196 
15191 
lSl"i8 
15199 
15200 
15201 
15202 
15Z03 
15Z04 
15205 
15206 
15Z01 
1520A 
15Z09 
15210 
15211 
15Z12 
15213 
1521,. 
15215 
15216 
15217 
15Z16 
15Z19 
15ZZ0 
15221 
152ZZ 
15223 
15ZZ4 
15ZZ5 
15226 
15ZZ7 

.1522B 
15Z2e 
15230 
l5231 
1523Z 
15233 
15234 
15235 
15Z36 
15237 
15Z38 
15239 
152,.0 
15Z"I, 
15242 
15Z43 
15244 
15245 
1524t. 
15247 
15248 
15Z49 
15250 
15251 
1525Z 
15253 
15Z54 
15255 
15Z56 
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o 
o 
o 
o 
o 
C 
C 
C 
C 
C 
o 
C 
C 
C 
C 
C 
C 
C 

o 
C 
o 
c 
o 
C 
C 
C 
C 
o 
C 
C 
C 
C 
C 
o 
o 

-0 
o 
c 
c 

134 FORI'IATIIX,12,FlO.3,2J(,AZ,2x, 
1 57HPIXEL WIDTH 1"4 UNITS Of PROJECTJON·Bl-. WIDTH AT CENTER OF 
2 1l9x,8HII.OTATIONI 

136 FOR"'IATI1X,IZ,FIO.3,ZX,A2,2X, 
1 53HL;)CATION OF T'1E ROTATION AXiS IN THE PROJECTION ARRAy) 

138 FORMAT ( 1 x. 12, FlO.3 ~ 2X, A 2,2 X, 30HNQT APPLI tABl E (II. I NG GEOMETRY II 
140 FOR~ATllX,J2,FlO.3,2XIA2,2XI 

. 1 SBHDISTANCE FROM SOURCE TO CENTER OF ROTATtON FOR FAN BEAM IN 
2 119x, 
3" 51HUNITS OF PROJECTION BIN wIDTH AT CENTER Of RQTATlOf<l' 

142 FQRMATtlx,I2.FlO.l,2X,A2,ZX. 
1 39HNQT APPLICABLE (NOT FAN BEAM GECMETRYII 

144 FQRMAT(llIlX.16,43H ERRORS IN 11'111: AND. PAR ARRAYS ••• STOP ••• I 
i'tb FORMAT!1I10X,38HMAXIMUM SIZE OF BLANK COMM'JN THUS FAR-til, 

122H flOATING POINT WORDS.) 

"0 

ISHLol 
SUBROUTINE SHl() (X,RA,MI ................................................. "" .............. . 
"REClBl VERSI(JN 1.0 170CT17" ............ " ................................................ " ... . 

SUBROUTINE SHlO GENEPATES THE CONVOLUTlON FUr«:TION FOR 
C'JNVOLUTION P.ECONSTRUCTION OF PARAllEL BEAM DATA .. TH1S 
FUNCTION IS TAKEN FRO"4 TI'lE ARTIClE BY SHEPP AND LOGAN, IEEE 
TRANS. NUeL. SCI., VOL. NS-21, 131, (19741. 

X - ARRAY IN WHICH CONVOLUTION FUNCTION IS RETuRNED 
RA - DUMMY ARGUEIllENT . 
M - IF III IS lESS THAN OR EQUAL TO ZERO THEN FLAGS ARE 

RETURNED IN THE AR~AV p. OTHERWISE THE 
CONVOLUTION FUNCTION I.lENGTH"2.l+-lJ IS RETURNED 

LANGUAGE - FORTRAN 

DIMENSION X(1',RAI21 
DIMENSION FLAGS(41 
DATA FLAGS/2.,-1.,Q.,O./ 

IF I M.LE-OJ GO TO 12 

1(1( .. 2· ...... 1 
PI-4.·ATANll.1 
DO 10 1(-1,1(1( 

10 XI 1(' --2./( PI., 4~.FlOATI /14-1( 1 •• 2-1. J I 
RETURN 

12 DO 14 1-1,4 
14 xIIl-FI,.AGS(l1 

RETURN 
.. 0 

SQINT I 
FUNCTION SQINT IX,THETAI .................... " ............................................... . 

RECLBL veq,SION 1.0 170CT71. .................................................................. 
THE FUNCT ION SQINT RETURNS THE AREA WITHIN A UNIT SQUARE 

WHICH LIES BETWEE,"", TWO PARALLel STPAIGHT LINES. ONE OF THE 
I.lNES. PASSES THROUGH THE CENTER OF THE SQUARE, AND THE OTHER IS 
A DISTANCE ASStx) FROM THE FIRST. THE LINES "!AKE AN ANGLE 
THETA WITH ONE OF THE BIJUNOARIES (IF THE SQUARE. 

- THE 01 STAIliT SETWEEN THE FIRST LINE OF THE RAY AND 
A UNE PARALLEL PASSING THROUGH THE CENTER OF THE 
SQUARE. 

THETA - THE ANGLE WHICH TH!:' RAY INTERSECTS ONE OF THE SlOES 
OF THE SQUARE' 

LANGUAGE - FORTRAN 

DATA SAVE,A,B,EPSfO.,.5,.5,1.E-o/ 

IF IASSITHETA-SAVEI.LT.EPSJ GO TO 10 
SAve-THETA 
AS-A8 S I SIN ( THETA J I 
8A-SQRTl1.-A8··21 
8-.5·(A8+8A' 
A-.5·ABSIAB-BA, 

10 XXcABS(X) 
IF I XX.GE.81 GO TO lit 
IF (XX.GT.AI GO TO 12 

TAKE IN NO CORNERS 
SQINT"XXf( B+AI 
RETURN 

TAKE IN ONE CORNER 
12 SQINT=.5.11.-16-X-XI •• UI 19+AI*16-AlII 

RETURN 
TAI(E IN 80TH CORNEP:S 

1 .. SQINT".5 
RETURN 
END 

15251 
15258 
15259 
15260 
15261 
15262 
15263 
15264 
15265 
15266 
15267 
15268 
15269 
l5270 
15271 
15272 

15273 
15214 
15275 
15276 
15271 
15278 
15279 
15280 
15281 
152B2 
15283 
15284 
152S5 
15286 
15287 
152B8 
15289 
15290 
15291 
15292 
15293 
15294 
15295 
15296 
15297 
15298 
15299 
15300 
15301 
1530Z 
15303 
15304 
15305 
15306 
15307 

15308 
15309 
15310 
15311 
15312 
15313 
15314 
15315 
15316 
15317 
15318 
15319 
15320 
15321 
15322 
15323 
15320\ 
15325 
15326 
15327 
15328 
15329 
15330 
15331 
15332 
15333 
15334 
15335 
15336 
15337 
15338 
15339 
15340 
15341 
15342 
15343 
153~ 
1534~ 
15346 
15347 
15348 
15349 
15350 

C 
C 

- C 
C 
C 
C 
C 
0 
C 
0 
C 
C 

C 
0 
C 
0 
0 
c 
0 
0 
0 
0 
0 
C 
C 
C 
C 
0 
0 
C 
C 
C 
C 
C 
0 
C 
0 
0 
C 
C 
0 
C 
C 
0 
0 
C 
0 
0 

-c 
C 
0 
C 
0 
C 
C 

SRCH 
SUBROUTINE SRCH IB,BMAP,ATENl,XLEvAll ................................................................... 
• RECLSL VERSION 1.0 l70n71. ......................................................•.....•..... 

THE SUBROUTINE SRCH OETEQ.~INES THE SMALLEST CONVEX 
BOUNDARY ENCLOSING ALL PIXELS OF 8 WHOSE VALUES ARE GREATER 
THAN BMAX/XLEVAL, WHERE 8MAX IS THE LARGEST PIXEL VALUE. 
SRCH USES THE USERS ANGLES TO DETERMINE CONVEXITY. ALL 
PIXELS OF SMAP OUTSIDE THE eOUNDARY ARE SET TO ZERO ANO 
THOSE INSIDE AH SET TO ATENL. 

B - THE RECONSTRUCTED ARRAY 
BMAP - A MATRIx WITH THE VALUE ATENl INSIDE THE OB~ECT 

AND ZEF;.[l OUTSIDE THE OBJECT 
- SMAPllI IS RETURNED -1 IF e HAS ZERO RANGE 
- BMAPl11 IS RETURNED -2 IF XLEVAL .LE. 1 

ATENL - THE CONSTANT ATTENUATION COEFFICIENT 
XLEVAL - TARGET-T~NONTARGET RATIO 

LANGUAGE - FORTRAN 

COMMON/WRI(COM/NWORK, twuS EO, NFL OAT , IS ETUP 
COMMON WORK (1 1 

NWORI( - DIMENSI0111 OF THE USER S COMMON BLOCK IN 8UNI( 
COMMON 

IWUSED - THE NUMBER OF WORDS USED 1"1 BLANK COMMON 
NFlOAT - NUMBER OF WORDS PJR A FLOATING POINT VARIASLE 
ISETUP - THE SUBROUT INE SETUP SETS 1 SETUP. 2HOI<... 

SUBROUTINES WHICH REOUt RE THAT SETuP IS CALLED 
FIRST TEST TO SEE IF ISETUP - 2HOl( BEFORE 
EXECUT ING. 

WORI( - BLANI( CO"'MON WORKING ARRAY 

COMMON/ PTRCOM/NOIMU, NOIM, PWI 0, TCIR, NMAT, lNI ,I<..NI 
LOGICAL TeIR 
DIMENSION NIIlI 
EQUI VAI.ENCEIWORKU' ,NI (1) I 

NOIMU - THE LINEAR OIJltENSION OF THE TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAR DIMENSION USED BY THE PROGRAJIt 
PWIO - PIXEL WIOTH 11N UNITS OF PROJECTION BIN WIDTH. 
TCIR - LOGICAL VAl. IABLE SET TRUE FOR CIRCULAR REcO~. 
NMAT - THE NUMPER OF CELLS IN THE TRANSVERSE SECTION 
lNI - POINTER TO THE ARRAY NI IN BLANK COMMON 

NICJ. IS THE NUMBER OF CEllS IN THE J-TH ROW OF 
THE SQUARE OR CIRCULAR FORM OF THE ARRAy 

I(NI - SPECIAL FLAG FOR MEMST CALLS NEEDED BECAUSE Nt 
IS AN INTEGER vARIABLE 

C OMMON/TRGCOM/I GEOM, KDIMU, AX 1 su, 8W ID~ KMOV, KMUI, KMAX, KOI M, AXI Sf 
1 L PROJ, NANG, MOOANG, LANG, lS I NE, LCOS IN, LDAT ER, T EMIT 

LOGICAL TEMIT 
DIME NSI ON PROJ U I, ANGI1. ,S INEUI,COS INE( IJ,OATER( 1l 
EQUIVALENCE I WORIe: 11 J ,PROJllI ,ANGI11, SINE 11' I COSINEI1', DATER( 111 

IGEOM - GEOMETRY flAG 

I(OIMU 

AXI SU 

811110 
I(MOV 

KMIN 

I(MAX 

KOIM 

AXIS 

LPROJ 

NANG 
MDDANG 
LANG 

LSINE 

lCOSIN 

LOATER 

TEMIT 

o .. PARAllEL BEAM GEOMETRY 
1 - FAN BEAM GEOMETRY (CURVED OETECTORI 
2 • FAN BEAM GEO"ETPy (flAT DETECTOR. 
3 - RING DETECTOR GEOMETRY 

- NUMBER OF BINS IN THE PROJECTION ARRAY SUPPLIED 
BY THE USER 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY (THIS IS SUPPLIED BY THE USER 
AND IF AXISU IS INTEGER, THEN ROTATION AXIS FALLS 
IN THE CENTER OF A PROJECTION BIN.I 

- PROJECTION SIN WIDTH (IN UNITS OF PIXEL WIDTH) 
- THE DISTANCE BETWEEN THE AXIS FOP. THE SYSTEM DATA 

ARRAY IAXISI AND THE AXIS FOR THE USER DATA 
ARRAY IAXISUI. AXI S • AXISU+FLOATlKMOVI 

- FIRST LOCAl tON IN SYSTEM DATA ARRAY THAT STORES 
THE OATA OF THE FIRST USER PROJECTION BIN THAT 
IS GOING TO BE USED. 

- LAST LOCATION IN SYSTEM DATA ARRAY THAT STORES 
THE DATA OF THE LAST USER PROJECTION SIN THAT 
IS GOING TO BE USED. 

- NUMBER OF BINS IN THE PROJECTION ARRAY SUFfICIENT 
TO q,ECONSTRUCT AN NOIM X N01f" ARRAY, USUALLY 
KDIM-KOtMU. 

..: THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
PROJECTION ARRAY, USUALLY AXtS-AXISU. 

- POINTER TO THE ARRAY PROJ IN BLANI( COMMON 
INTERMEDIATE PROJECTION ANO PROJECTtON ERROR 
VECT'JR 

- NUMBER OF PROJECTlONS 
- MODE FOR PROJECTION ANGLE INPUT . 
- POINTER TO THE ARRAY ANG IN BLANIe: COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK CO"'MON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BLANK COMMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARtl:AY DATER IN BLANK COMMON 

USER PROJECTION DATA AND UNCERTAINTIES 
- LOGICAL VAR IABLE SET TRUE FOR EMISSION DATA AND 

FALSE FOR TRANS"'I SSION DATA 

DIMENSION BIlI,BMAP( 11 

N5Q-ND1"'··2 
tN-. 5.FL OAT (NDI /11.1) 

.FIND LARGEST ELEMENT OF B 

B"'AX"O. 
DO 10 J-1,NSQ 

10 IF (BIII.GT.B/IIAXI BMAX .. SfI) 
IF (S/IIU.GT.O.) GO TO 12 
B"'AP(1)-l. 

15351 
15352 
15353 
15354 
1535!! 
15356 
15357 
15358 
1535'il 
15360 
15361 
15362 
15363 
1536" 
15365 
15366 
15367 
15368 
15369 
15310 
15311 
15312 
15373 
15314 
15315 
15376 
15371 
15378 
1!!319 
15380 
15381 
15382 
15383 
153S4 
153S5 
153S6 
153S1 
15388 
15389 
1!!390 
15391 
15392 
15393 
153M 
15395 
153~& 
15397 
15398 
15399 
1!!400 
15401 
15402 
15403 
15 .. 04 
15405 
15406 
1~01 
1540S 
15 .. 09 
15410 
15411 
1541Z 
15411 
15414 
15415 
15416 
15417 
15419 
15419 
15420 
15421 
15422 
15423 
15424 
15425 
15426 
15421 
15428 
15429 
15430 
15431 
15U2 
1543] 
15434 
1541!! 
1543& 
15431 
15438 
15439 
15440 
15441 
154 .. 2 
15443 

·15444 
154" 
1544& 
15441 
15 .. 48 
15449 
15450 
15451 
15452 
15453 
15454 
154" 
15456 
15457 
1545s 
15459 
15460 
15461 
15 .. 62 
1541603 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

RETURN 

.SET THRESIiOLD 

12 IF IXLEVAL.GT.l.1 GO TO 1~ 
SNAPI 1 '--2. 
ReTURN 

1~ THRESH_SNAX/XLEVlL 

.SET ALL VALUES GREATE'It THAN THE THRESHOLD POSITIVE 

00 20 J-1,NSQ 
IF ISII)-THRESH) 16.16,18 

16 SNAPe I '-0. 
GO TO 20 

18 BNAPII'-1. 
20 CONTINUE 

.LOOP OVER ANGLES 

PI_4 •• ATAN( 1.' 
NNG- .,. PI.nOAT eNOl" J 
DANG-PI/FlOAT(NNGI 
SS_SINIDANG' 
CC-COS(oANGJ 
s-o. 
C-l. 

00 30 M-1,NNG 
ToS 
S-S·CC+C·SS 
C_C·CC-T*SS 

.FINO THE LOWER AND UPPER PROJI!:CTiON BINS ,(HICH A PIXEL 

.HIGHER THAN THE TtftESHOLD PRo~eCTS INTO 

zz- ZN.C S-C )+AX IS+. 5 
IJL-1 
Kl-KDJM 
KU-l 
DO 24 J-l,NDIM 
ZZ-ZZ+C 
Z-ZZ 
IJu-JJL+NDIM-l 
00 22 IJ-JJL,IJU 
Z-Z-S 
KoZ 
IF tBMAPCIJI.LE.O.J GO TO 22 
IF IK.LT.KLJ n-K 
IF (K.GT.KUJ kU-1I( 

22 CONTINUE 
24 (Jl-(JL+HOIM 

.SET AlL PIXELS WHICH PROJECT OUTSIDE LOWER ANO UPPE~ 

.PROJECTION BINS NEGATIvE 

zz- ZH., S-C J +UI S+.5 
IJL-1 
00 28 J-l,HDIM 
ZZ-ZZ+C 
z-zz 
IJU-IJL+NOIM-l 
0026 JJ-IJL,IJU 
z-z-s 
KoZ 
IF (K.LT.KlI BMlPIIJI-1. 

26 IF (K.GT.KUI BMAPIIJI-l. 
28 IJL-IJL+HDIM 
30 CONTINUe 

.seT ALL NON-NEGATIVE VALUES TO ATENL AND All NEGATIVE 

.VALUES TO ZERO 

DO 36 1-1, NSQ 
IF tBMAPctlJ 32,34,H 

32 BMAPIU-O. 
GO TO 36 

34 BMAPtll-ATENL 
36 CONTINUE 

RETURN 
END 

SUBROUTINE STATN I",A,HI .................................................................. 
• REClSL VERSION 1.0 170CT77 ' ................................................................... 

THE SUBROUTINE STATN STORES THE ARRAY OF ATTENUATION 
FACTORS A ON THE FilE LUNA TN. 

M - ANGL E INDEX. 
A - ARRAY OF ATTENUATION FACTORS 
N - HUMBER OF FACTORS FOR THE M-TH ANGLE 

LANGUAGE .- FORTRAN 

THIS SUBROUTINE CALLS RECLBL ROUTINES - EMESG 

RECLBL ROUTINES WHICH MUST BE CALLED FI RST - SETUP 

CO"'MON/WRKCOM/NWORK, I WUSED ,NHDA T, I SETUP 
COMlltON WORK III 

NWORK - DIMENSION OF THE USER S COM,lIDN BLOCK IN BLANK 
COMMON 

IWUSED - THE NUMBER OF WORDS USED IN BLANK COMMON 
NFlOAT - NUMBER OF WORDS fOR A FLOATING POINT VARIABLE 
I SETUP - THE SUBROUTINE SETUP SETS ISETUP - 2HOK. 

SUBROUfINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP _ 2HOK BEFORE 
EXECUTING. 

WORK - BLANK COMMON WORKING ARRAY 

COMMONI ATNCOM/LATEN,L BMAP, TATEN ,LUNA TN 
LOGICAL TATEN 
DIMENSION ATENIlI,8NAP(1) 
EQUIVALENCE IWORKtU,ATENllI,BMAP( 111 

15464 
l!5465 
15~66 
15467 
15468 
1!51t69 
15470 
15471 
15472 
15413 
15474 
15475 
15476 
15477 
15418 
1~479 
15480 
15481 
15482 
l!5483 
15484 
15485 
15486 
15487 
15488 
15489 
15490 
15491 
15492 
1549) 
15494 
15495 
15496 
15,,97 
15"98 
15499 
lSS00 
15~01 

15502 
15503 
15504 
15505 
15506 
15507 
15508 
1550~ 

l!5!510 
15511 
15512 
15513 
15514 
15515 
15516 
15517 
lS518 
15519 
15520 
15521 
l5!522 
15523 
15524 
15525 
15526 
15527 
15528 
15529 
15530 
15531 
l!5~32 
15533 
15534 
15535 
15536 
t5~37 
15538 
15539 
15540 
15541 
l5542 
15543 
15544 
15!545 

15546 
15547 
15548 
15549 
15550 
15551 
15552 
15553 
lS~54 
15555 
15!156 
15557 
15558 
15559 
15560 
15561 
15562 
15563 
15564 
15565 
15566 
15567 
15568 
15569 
15510 
15571 
15572 
15573 
15574 
15H5 
15576 
15511 
15578 
15579 
15580 
l!5~B1 
15582 

LATEN - POINTER TO THE ARRAY ATEN· IN BUNK COMMON 
STORES ATTENUATION FACTORS FOR ONE ANGLE 

LBMAP - POINTU- TO THE ARRAY 8MAP IN BLANK CO"''''ON 
A MATRIX USED T'J STORE THE CONSTANT ATTENUATION 
COEFFICIENTS 

TATEN - LOGICAL VAP. fABLE SET TquE FOR. ATTENUATION 
RECONSTRUCTION 

LUNATN - LOGICAL UNIT NUMBER FOR ATTENUATION FlCTO~ STORAGE 

DIMENSICN AU' 
DIMENSION NA"!ER(5' 
DATA NAMER/lHS,lHT,lHA,lHT,lHNI 
DA TA ME Q/-ll 

IF 1."4.NE.ll GO TO 10 
REWIND LUNATN 
GO TO 12 

10 IF (M.NE.MEQ+lI CAll ·EI'IESG 131,NAMER.2' 
12 MEQ·", 

WP.ITE ILUNArNJ U(Kl,K-1,NI 
RETURN 
END . 

I STPTR] 
SUBROUT IHE STPTR .................................................................. 
• RECLBL VERStaN 1.0 170CT11. .................................................................. 

THE SUBROUTINE STPTR SETS UP THE CO"'MON BLOCK IPlRCOMI 
FOR A DISK SHAPED AUAY. NoIM IS THE DIMENSION OF THF SQUAII.E 
ARRAY, NIt JI IS THE NUMBER OF CELl.S IN THE J-TH ROW OF THE 
CIRCULAR ARRAY, AND N"'AT IS THE TOTAL NU"'BER OF CELLS IN THE 
CIII.CULAR ARRAY. THE STARTING I VALUE FOR THE J-TH ROW IS 
GIVEN BY 11 + NOIM - NIIJI). 

THIS SUBROUTINE CALLS RECLBL ROUTINES - EIIIIESG, ME"'ST 

RECLBL IIOUTINES WHICH MUST BE CALLED FIRST - SETUP 

LANGUAGE - FORTRAN 

COMMON/wRKCOM/N"OIlK, IWUSEO,NFlDAT ,tSETUP 
COMMON WORKILI 

NWORK - 01 "'ENS ION OF THE USER S (O"'MON BLOCK IN BLANK 
CO"'I'ION 

IWUSED - THE NU"'8ER OF wOIIDS USED IN BLANK COMMON 
NFL OAT - NUMBER OF WOPDS FOR A FLOATING POINT VARIABLE 
ISETUP - THE SUSROUT INE SETUP SETS t SETUP • 2HOk.. 

SUBROuTINES WHICH REQUIRE THAT SETUP IS CALLED 
FIRST TEST TO SEE IF ISETUP • 2HOK '§EFORE 
EXECUTlacG. 

WORK - BLANK COMMON WORI(ING URAY 

COMMON/FANCOM/RFAN, T FAHC. T FANF 
LOGICAL TFANC.TFANF 

RFAN ... ·FOR FAN eeA'" GEOMEHY P:FAN IS THE OISTANCE FROM 
THE SOURCE TO THE CENTER CI' ROTAT!DN. RFA'II 
IS MEASURED IN UNITS OF PROJECTION SIN WIDTHS AT 
THE CENTER OF ROTATION. 

TFANC - LOGICAL VARlA8LE SET TP:uE FOil FA~ floEAM WITH A 
CUII.VEO (lET ECTOR 

TFANF - LOOICAL VARIABLE SET TRUE FOR FAN BEAM WITH A 
FLAi DETECTOR 

CO""'ON/OUTCO"'/L LNOUT, 180132 

LUNour - LOGICAL UNIT NUMBER FOR OUTPUT 
180132 - FLAG INDICATING NU"'BE!t OF CHARACTERS IN A Lt!'o,lE IJF 

OUTPUT ON LUNOUT 
a • 80 CHARACTERS 1132 CHARACTERS OTHERWISE) 

COH"ONI PRTCO"'/TPRI NT (8' 
LOGICAL TPRINT 

TPRINT - LOGICAL PRINT flAGS 
1 - PRINT REQUIRED FLOATING PotNT BLANK COMMON 

WHENEVER CHANGED 
2 - PRINT PROJECTION DATA AND UNCERTAINTIES 
3 ... PRINT SETUP VAlUES FROM IPAR AND PAR ARRAYS 
4 - PII.INT FIl TEP. FuNCTION FOR CONVOLUTION AND FILTER 

ROUTINES 
5 - PRINT VALUES FOR THE LAGRANGE "4ULTIPILERS A,ND 

THE GRADIENT FOR THE FUNCTION OF LAGRANGE "'IUlTl
PILERS FOR THE ENTROPY RECONSTRUCTION 

t - PRINT POINTERS IN BLANK CCfIIMON WHENEVER C~ANGED 

C DEBUG' 

COMfilDNI PTRCO"IHOIMU, NDIH, PWID, TC IR ,NMAT, LNI ,KNI 
LOGICAL TCIR 
DIMENS ION Nl111 
EQUIVALENCE(WORK 111 ,NII111 

NOIMU - THE LINEAR DIMENSION OF THE TRANSVERSE SECTION 
NOIM - THE CURRENT LINEAR DIMENSION USED BY THE PROGRAM 
PWID - PIXEL WIDTH f IN UNITS OF PROJECTION BIN wIDTH' 
TCIR - LOGICAL VAA1ABLE SET TRUE FOil CIRCULAR REeDN. 
NMAT - THE NUMBER OF CelLS IN THE TRA"'SVERSE HCTle"" 
LNI - P('IINTER TO THE .e,RRAY NI IH BLANK COMMON 

NIIJI IS THE NUMBER OF CElLS IN THE J-TH ROW OF 
TI-IE SQUARE OR CIRCULAR FURM OF THE ARRAY 

KNI - SPECIAL flAG FOR MEMST CALLS NEEDED BECAUSE NI 
IS AN INTEGER VARI ABLE 

COMMON/STRCOM/TSTOR. E 
LOGICAL TSTORE 

TSTORE - LOGICAL VARIABLE SET Tl!UE WHEN TESTING STOIUGE SIZE 
SETS TPRINTllI •• TRUE. 

COMMON/TRGCO!"lI I GEOM, KDI MU,AX I SU, BWI 0, "MOV. KMt N, KMAX, KOIM. AX IS, 
1 LPROJ. NANG, "'ODA"IG, LANG, LSI NE, LCOS I N, lOAfER, TEMI T 

LOGICAL TEMIT . 
OIfilENSION PROJ( 11, ANGllI ,S INE( 11 ,COSINE( l',OATERU, 
EQUIVALENCE (WORK It I, PROJ( 11, .lNGI 11 ,S INE Ill, COS INEf 11, DATEP (111 
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15583 
IS5B4 
15585 
15!iB6 
15587 
15588 
1558~ 
15590 
15591 
15592 
15593 
15!i94 
155e;5 
15596 
15597 
15598 
L5599 
15l:00 
15601 
15t02 
15603 
15604 
15605 

15606 
15607 
Ut08 
1·5609 
lS610 
15611 
15612 
15613 

·U614 
15615 
15616 
15617 
15618 
15619 
15620 
15tZl 
15622 
15623 
15624 
15625 
15626 
15627 
15628 
15tz9 
15630 
15631 
15632 
15613 
15634 
1"5635 
15636 
15637 
15638 
15Be; 
15640 
15641 
15642 
1564) 
15644 
15645 
156+6 
ISt41 
15648 
15649 
15650 
15651 
15f-52 
15653 
lSt54 
156~5 
15656 
15657 
lStS8 
15659 
156t.0 
15661 
15662 
15663 
156~4 
15665 
15666 
15667 
15668 
15669 
15070 
15tll 
15672 
15673 
15674 
15675 
15676 
15677 
15678 
15679 
15680 
15681 
15tB2 
15tB3 
15684 
15685 
15686 
15687 
15688 
1568q 
156C;0 
lS691 
15692 
15693 
15694 
15695 
1569t-
15697 
15tqB 
15699 
15700 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c , 

c 
c 
c 
c 

c 
c 
c 

c . 
c 
c 
c 

IGEOM - GEOMETRY RAG 

KDlMU 

AXlSU 

8WID 
K"OV 

K"IN 

.MAX 

KDIM 

AXIS 

LPROJ 

NANG 
MODANG 
LANG 

LSINE 

Leos IN 

LDATER 

TEMIT 

a • PARALLEL BEAM GEOMETRY 
1 • FAN BUM GeOMETRY IClfttVED DETECTOR' 
2 • FAN BEAM GEOMETRY CflAT DETECTOR' 
3 • ftlNG DETECTOR GEO/IfETRY 

- NUMBER of BINS IN THE PROJECTION ARtU,Y sUPPLleo 
BY THE USER 

- THE PROJECTED LOCATION OF THE ROTATION AXIS IN THE 
. PROJECTION ARRAY ITHIS IS SUPPllED ev THE USER 

AND IF AX)SU IS INTEGER, THEN ROTATION AXIS fALLS 
IN THE CENTER OF A PROJECTION BIN.' 

- PROJECTION BIN WIDTH UN UNITS OF PIXEL WIDTH' 
- THE DISTANCE BETWEEN THE AXIS FOR THE SYSTEM DATA 

ARRAY IUISI AND THE AXIS FOR THE USER DATA 
ARRAY CAXlSU'. AXIS. AXISU+FlOATCKMOYI 

- FIRST LOCATION IN SYSTEM DUA ARRAY THAT STORES 
THE DATA OF THE FtRn USER PROJECTION BtN THAT 
IS GOING TO 8E USED. 

- LAST LOCATION IN SYSTEJII DATA ARRAY THAT STORES 
THE DATA Of THE LAST USER "WHTtON 81N THAT 
IS GOJNG TO BE USED. 

- NUMBER Of BINS IN THE PROJECTION ARRAY SUFFICIENT 
TO RECOfsnUCT AN NOUt x NDI" ARRAY. USUALLY 
KDIM.,(O]MU. 

- THE PROJECTED LOCATIDN OF THE ROTATION AXIS IN THE 
PROJECTlON ARRAY. USUALLY AXIS-AXI SU. 

- POINTER TO THE ARRAY P"'OJ IN et.AHK COMMON 
INTERMEDIATE P"'OJECTION AND PROJECTIoN ERROR 
'lECTOR 

- NUMBER OF PROJECTIONS 
- MODE FOR PROJECTION' ANGLE INPUT 
- POINTER TO THE ARRAY ANG IN SLANK COMMON 

PROJECTION ANGLES IN RADIANS 
- POINTER TO THE ARRAY SINE IN BLANK COMMON 

SINE OF THE PROJECTION ANGLES 
- POINTER TO THE ARRAY COSINE IN BUNK COMMON 

COSINE OF THE PROJECTION ANGLES 
- POINTER TO" THE ARRAY DATER IN BLANK COMJItON 

USER PROJECTlON DATA AND ~CE"'A]NTlE$ 
- LOGlCAL VAR IABLE SET TRUE FOR EMISSION OAT A AND 

FALSE FOR TRANS"] SSION DITA 

DIMENSION HAMER'" 
DATA EPS/l.E-61 
DATA ""MER/IHS,IHT,IHP,IHT,lI~tRI 

CALL MEMST" (KNI.Z.NOI fII' 

MAKE SURE THAT ROTATION ""XI US FROJECTS INTO PROJECTION ARRAY 

IF (AXISU.LT •• 5t GO TO 10 
IF UXISU.GT.FLDATCKDIMU .... 5. GO TO 10 
GO TO 12 

10 WRITE (LUNOUT,Z6J AxISU,KOi"u 
CAlL E"ESG U3,NAMER,3t 

12 CONTINUE 

R IS THE DISTANCE FROM T"E ROTATION AXI S TO THE CENTER OF THE 
FURTHEST CELL 

RdQRT( .,'.FLoATtNDJII'-I) 
IF I TeIRl P-.'5.FLOATfNDIM. 
R.PWID~+EPS 
IF I.NOT.ITFANC.OR .. TFAHFll GO TO 16 
RARC- FLOAT( NOun .PWI D.SORT I.'. 
IF ITCIR;'ANO.ITFANC.OR.TFANFJ' RARC-FLOATt ~DIMJ.PMID •• ' 
IF (RARC.LE.RFAN. GO TO 14 
MUTE eLUNOUT,Z8l RfAN,RARC.NDUIJ 
CALL EMESG tZ4,NAMER,3J 

14 IF (TFANCl R-RFAN.ASJNIR.lRClRFANI+EPS 
IF CTFANFl R-RFAN.UNI ASINIPARC/RFAN' I.EPS 

16 CONTINUE 

K"'U AND KM"" ARE THE SMALLEST AND LARGEST elH INCECIES THAT 
THE CENTER OF ANY CELL CAN PROJECT INTO 

8111IN-AXISU·.,-R 
BMAX-""I Su+.5+R 

8E SURE TO ROUND DOWN EYEN IF "NEGATIVE 

KMIN.IF IX I SHIN+A INT Cl.+A8S (BM IN III-IF 1X11.+ABSfBMIN l ) 
KMAX.IF I XI8MAX.AINT C 1.+A8SI BNU. 11-IF IX (1 •• US (8M"", • 

GO DNE FURTHER TO ACCOUNT FOIt FINITE CElL SIZE 

KMIft-KMIN-l 
KMAx·KMAX+l 

NEW KDIM AND AXIS 

KDIM-KMAX-K"'IN·l 
I(Mo'l·I-K"IN " 
Axi S.,I;(I SU.flOATC KMDVJ 

NU IS THE NUM6ER OF ORIGINAL 81NS USED 

IF (K"'JN.LT .1)" KMIN.l 
IF IKMAX.GT.KDtMU. KMAX-KDIMU 

"NU·KMAX-KfIIIN+l " 
IF INU.GE.ll GO TO 18 
WRITE ILUNOUT,30) 
CALL EMESG IZ5,NAMER,3l 

18 MR.JTE (lUNoUT,32l NU,KMIN.K"'AX.KDIMU 
NZ_MAXQ (KMJN.KMoV-l ,0 l +MAXOC KDIM-KMAX-KMO'I .Ol 
WRITE tLUNOUT,34) KDIM,NZ 

CI-fANGE "''''IN AND KM,t,)( TO REPRESENT THE MINIMU" AND MAXIMUM OF 
SYSTEM ARRAY 

KMIN·KMOV.KMIN 
KHAX-KMOV+KMAX 

IF I.NOT.TCIRl GO TO ZZ 

IN·.'.FLOAf(NDIM.1 J 
RSQ·.2'·FLOATINDIM,··Z 
NfIIIIAT-O 
DO ZO J-l, NDIM 
VZ·IFLOATI JI-IN) •• Z 
XZ-RSo-V 2 
I_SQRTIXZI·ZN 
NIJ·2·I-NOIM 
IF eTSTORE) GO TO ZO 
I SU8·LNI +J-l 
NIIISU8J·NIJ 
Isue-ISUB·NDIM 

ZO ~~l~'!~:l;:~~;-(NDIM-NIJIIZ 
RETURN 

UTOl 
15702" 
15703 
1570 ... 
15705 
15106 
15T07 
15708 
15709 
15710 
15711 
15T12 
15T13 
15714 
15715 
15716 
15717 
15718 
1"5719 
15720 
15721 
15TZZ 
15723 
15724 
157Z' 
15726 
1'7Z7 
15728 
15729 
15730 
15731 
U73Z 
15733 
15734 
15735 
15136 
15737 
15738 
15739 
.,740 
15741 
1574Z 
15743 
157 .... 
1574' 
15746 
15747 
157"'8 
15T49 
15750 
15751 
1575Z 
15T53 
15150\ 
15755 
15T56 
15T51 
15158 
15759 
15760 
1.5761 
U76Z 
15763 
15160\ 
1576' 
15766 
15T67 
1576& 
15769 
15770 
15711 
15772 
15773 
15774 
15775 
15776 
15777 
15778 
15779 
15780 
15T81 
15T82" 
15783 
15784 
15785 
15186 
15787 
15788 
15789 
15790 
15791 
15792 
15193 
15T94 
15795 
15796 
15797 
15T98 
15799 
15800 
1'BOI 
15802 
15803 
15804 
15805 
1580ft 
15807 
15808 
15S09 
15810 
15811 
15812 
15813 
15810\ 
15815 
15816 
15817 
15818 
15819 
158Z0 
15821 
158Z2 
1582] 
158Z4 
158Z5 
15826 
158Z7 
158Z8 
.5829 
15830 
15831 
15832 
15833 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Z2 NMAT·NDI .... Z 
IF I TSTORE) RETI.ItN 
DO 24 J·l,NDIM 
I SUB-LNI +J-1 
NI (ISUB,·NDl" 
I SUB-I SUB+NOIM 

24 NIIISUU·IJ-lI*HOIM 
RETURN 

Z6 FORMATe I/U,Z7HTHE RoTATION AXIS IAxtsu - ,F8.2, 
142Hl DOES NOT PROJECT INTO THE RECONSTRUCTIONI 
ZZ7H ARRAY. THE PROJECTION IS ,I5,l1H 81NS LONG.I 

Z8 FORMATI I/33H THE FAN SOURCE AT A DISTANCE" Of ,ElO.3, 
136M IS INSIDE THE RECQNSTRUCTlON ARRAY.I3X, 
216H THE DISTANCE FROM THE FAN SOURCE TO THE CENTER Of RoTATION MUS 
3T 8E AT LEAST /3X, EI0.3, 

3l:~~"~; (OR~~;3~0 T~~C~~~~~!U~T~:A:~G~~:A~O~~ ~~E~:~3~c;.I~~TQ ANY 
1 USER PROJECTION BlftSJ 

3Z FORMATe I112H A TOTAL OF ,I3,ZH 1,13,6M THRU ,n,9"l OF THE .13, 
1 3+H USER PROJECTION BINS WILL 8E USED) 

34 FORMAT I IIIX,13,39H PROJECTION BtNS WILL 8E USED OF WHICH ,13, 
1 32H Hj,VE 8EEH ZEROED 8Y THE PRoGUM I 

END 

USER 
SUBROUTINE usn CITER,x,FCN. . ................................................................ . 
• REClBL vERSION 1.0 170cnT. .................................................................. 

THE SUBROUTINE USER GIVES THE USER THE oppnRTUNJTY TO 
INVESTIGATE THE PARTIAL RECONSTRUCTION BETWEEN ITERATIONS. 
ITER IS THE JTERATION NUMBER JUST COMPLETED, x IS THE ARRAY OF 
FITTED PARAMETERS AND FeN IS THE FUNCTIONAL VALUE Of THE 
FUNCTION BEING OPTIMIZED. 

lTER - ITERATION NUM8ER 
x - ARRAY OF FITTED PARAMETERS 

FOR CONGA AND GRADY - RECONSTRUCTION URAY 
FOR ENTPV - LAGRANGE flCULTIPILEIS 

FCN - VALUE OF FUNCTICJrf 8EING OPTIMIZED 
FOR CONGA AND GRADY - CHI-SQUARE 
FOR ENTP't - QBJECTlV! FUNCTION FOIl THE auAL 
PRO GUN (SEE SUBROUTINE OULFe» 

LANGUAGE - FORTRAN 

COMMON/OUTCOM/LUNDUT ,180132 

Ll,INOUT - LOG I CAL UNIT NUM8ER FO" OUTPuT 
18013Z - FLAG INDICATING NUMBER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNOUT 
o • 80 CHARACTERS (112 CHARACTERS OTHE,ntlS£) 

DIMENSION XIl. 
IF (ITER.EQ.OJ WRITE (LUNDUT.10l 
WRITE CLUNOUT.lZl ITER,FCN 

"RETI.ItN 

10 FORMATU"H FOR CONGR AND GRADY feN IS T"E VALUE OF THE CHI-SQUARE 
11!11H fOR ENTPT FCN IS EVALUATED 8Y THE SUBROUTINE DULFCt 

lZ FORMATISH ITER,U,8H FCN,Ell.3. 
END 

I XYGRFI 
SUBROUTINE XVGRF I B,N.NP, BfiIIAX, 8MI N, IXY, lCOR, It, IU l .................................................................. 
• RECL8L VER"SION 1.0 170CT17. " .................................................................. 

THE SU8ROUTINE XYGRF OISPUYS NP PLOTS OF INTENSITIES FOR 
CROSS-SECTIONS OF THE N x N ARRAY 8. TEN IS THE "'XIMUM 
NUfIIII8ER OF PLOTS THAT CAN BE olSPUYEO AT ONE TIME. 

8 - SQUARE ARRAY FROM WHICH PLOTS ARE GENERATeD 
N - "DIMENSION OF B IS N X N 
NP - NUMBER OF CROSS-SECTIONAL PLOTS 
8MAX - fIIIAXJMUJIt VALUE FOR THE PLOT. IF B"'AX - 999999. THE 

MAXI"'UJiIt WILL BE DETERMINED. 
&MIN - fIIIlNIMUM VALUE FOR THE PLOT. IF 8MIN • 99Ci999. THE 

MINI!IIIUM WILL BE DETERMINED. 
IXV - EQUALS 0 IF THE CROSS-SECTION 15 PARALLEL TO THE 

X-AXIS 
EQUALS 1 IF THE CROSS-SECTION IS PARALLEL TO THE 

V-AXIS 
ICOR - ARRAY OF X DR Y INTERCEPTS WHICH DETERMtNE THE 

LOCATION OF THE CROSS-SECTION 
It - LOWER COOROINATE FOR THE PLOT 
IU - UPPER COOROINATE FOR THE PLOT 

THIS SUBROUTINE CALLS RECLBL ROUTINE - EMESG 

LANGUAGE - FORTRAN 

COMMON/OUTCDH/LUNOUT,18013Z 

LUNOUT - LOGICAL UNIT NJMBER FOR OUTPUT 
180132 - FLAG INDICATING NUMBER OF CHARACTERS IN A LINE OF 

OUTPUT ON LUNDUT 
a - 80 CHARACTERS (132 CHARACTERS OTHERWISEI 

1583. 
"1'8J!I 
15836 
15837 
15838 
15839 
15MO 
I'S41 
l!I8 ... 2 
15843 
1'8 .... 
15845 
158~ 
1584T 
15848 
15849 
15850 
15851 
1585Z 
15853 
1585. 
158" 
15856 
15851 
15858 
15S59 

15B6O 
15861 
1'862 
158n 
15864 
151'" 
15866 " 
15867 
15868 
15869 
15870 
15B71 
15812 
1587) 
15874 
15815 
15876 
1!1877 
15878 
1587' 
15880 
15881 
15882 
15B83 
15884 
15885 
15886 
15887 
1'888 
15889 
15890 
15891 
15892 
15893 
15894 
15&95 
15896 
.5891 
1589. 
nl99 

15900 
15901 
15902 
15903 
15904 
15905 
15906 
15907 
15908 
15909 
15910 

" 15911 
15912 
15913 
15914 
15915 
15916 
15917 
15918 
15919 
15920 
159Z1 

" 1592Z 
159Z3 
159Z4 
1S92' 
15926 
15'9ZT 
15928 
159n 
15930 
15931 
1593Z 
15933 
15934 
15935 
15936 

, 
/ 

'.t,· 



DlMEHSICItI BUI, I tOil U 
DIMENSION LINEt 120. ,ISV"' 101 
DIMENSION "AMEIU5) 
LOIiICAL T80,TU2 
DATA NANER/IHX,IHY,IHG,IHR,IHF/ 
DATA LINE/120_1H I 
DATA ISYN/1H.,IH., lH. ,tt+-, lHO, lM-,lHX, IHI ,1HA, 1HHI 
DATA 18LNKIlH / 

T8~180132.EQ.0 

T132- 180.132.NE.0 

IF IIXY.EQ.O.OR.IXY.EQ.U GO TO 10 
w"ITE fLUNDUT,]'" IxY 
CALL ENESG f26,NMER,1I 

10 NFUN-NP 
If INP.GT.I01 WRITE ILUNOUT,36J NP 
IF INP.GT.101 Nfllrt-IO 

IF lTao) WRIT£: (lUNOUT,381 
IF CTlll) WRITE ILUNDUT,401 
WRITE ILUHOuT,U. 

IF (IXY.EQ.l) lSue-N.CIL-l)+ICORCl) 
IF IlXY.EQ.O. ISUS-N.IJCDRtll-11+1L 
8MINN-SCI SUI' 
MAXX-SIIsue, 
DO 16 J-l,NfUN 
IF IIXY.EO.1I ISU81-N.CIL-lJ.ICDRfJ) 
IF IUY.EO.O' I5U81-N •• 1CDRfJJ-lJ+Il 
I5U8-15U81 
SMINJ-ec ISUI' 
00 lZ '-Il,tu 
IF CBfJSuSl.LT.8NINJ' IMINJ-8IUuU 
IF IlXY,EO.lJ lSue-U08+H 

12 IF CIXY.EQ.OJ ISU8-Uue.l 

UUS-JSUBI 
8MAXJ-I(JSUI) 
00 14 J-lL,IU 
IF (II( ISUIt.GT .8NAXJ. I",XJ-8t ISUBJ 
IF flXY.EQ.ll ISUe-ISUB+H 

1+ IF (J XV.EQ.O' ISte-1 S08.1 

If CBMINJ .. LT.8MINN) BNINN-8NINJ 
IF C1MAXJ.GT.MAXXI 8MAXX-8MAxJ 

IF IIIY.EQ.OJ WRITE IlUMlUT,,", ISYMCJ),BllltNJ,8NAXJ,ICO"UJ 
IF (IXY.EO.1' WRne (lUNOUT,46' ISYMfJ,,8MIJIIJ,8NAXJ,ICQIltJ' 

16 CONTINU! 

IF IA8S(BMJH-9n999.'.lT •• 5. GO TO 18 
8NI .... ·8MIN 

18 IF CABSU!IMAX-9n999.1.LT •• " GO TO 20 
8MAXX-8MAX 

20 "RITE n .... OUT,48. 8MI .... 8NAXX 

IF I8MAXX.GT.8MINN. GO TO 22 
WRITE flUNDUT,'O. 
RETURN 

22 "titHE tlLltOUT,'2) 

DO 32 I-IL,IU 
00 28 J-1,NFtM 
IF (IXY.EQ.1' ISU8-N.CN-I •• ICORfJ' 
IF IIXY.EQ.O' lSua-"'UCORfJ.-U.1 
IF CTeO) L.1.+CSIISU8'-8NINN "fINAXX-8MINN •• 72. 
IF nU21 l-1.H81 ISUB.-BMtNNII(8NUX-8111INN'.120. 
IF (L.LT.I) l_1 
IF IL.GT.120.AHD.T13ZJ L-120 
IF IL.GT.12.AND.T801 l.7Z 
LlNEILJ-ISYMIJ' 
IF OFUN.NE.lJ GO TO Z6 
DO Z" K.ltL 
LtNEtK)-I$YMCT. 

2 .. CONTINUE 
26 IF n80. WRITE flUNDUT., •• LINE 

IF nU2. NRiTE (LUNOUT,56J LINE 
L1NEC L.-J8LNK 

28 CONTINUE 
IF UFUN.NE.lI GO TO 3Z 
DO 30 K-1,L 
LINEIKI-J8LNK 

30 CQNTIMJE 
IF lTaOI NRiTE IlUNOUT,,81 I 
IF ITU2' WRITE ILUMOtfT,60. J 

32 CONTINUE 
IF nU2. WRITE IlUNOUT,6Z. 
IF n80. WRITE (lUNOUT, 38. 
RETIJIIlN 

n FORNAT 17H UY - ,110.36H 15 NOT SET PROPERLY. • •• STOP •••• 
36 FORMATI .. 6H THe FIRST TEN PLOTS ARE DISPLAYED $lNCE NP • ,13,21H IS 

1 GREATER THAN TEN •• 
38 FORMATClJ 
40 FORMATC6HUOYF.J 
4Z FOMATlI/l'H XYGRF PRINTOUT/I7H SYJII80l,llx,THNINIMUM.8X,7HMAXINUM, 

112X,9HINTERCEPTJ 
.. FORMATI5X,A1"X,2E15.3"X,18HTHE Y-INTERCEPT _ tn,IH.' 
.. 6 FORMATC5x,Al"X,2E15.3,5X, 18HfHE X-INTERCEPT _ ,13.1H.) 
48 FORJllATCUH PLOT RANGE.2E15.311. 
50 FORMAT I5X, 30HlERO RANGE - PLOT SUPPRESSEDII 
'Z FORMAT IlX' 
54 FoMATt!H.,6X,72A1I 
'6 FORMATIlH •• 6l,lZOAlI 
58 FO .... ATllX.I3,2X,IHI,72X,lHI. 
60 FORMAT( lX,I3,2X.1HI ,120l,IHI. 
62 FORNATC6H1.0YN •• 

END 

15937 
15938 
15939 
15940 
159.1 
159.Z 
15943 
159 .... 
15945 
15C;46 
15947 
159" 
159 .. 9 
15"0 
1"'1 
15952 
1"'3 
15"4 
15955 
15956 
15957 
15~5a 
15959 
15960 
15961 
15962 
15963 
1596" 
159" 
15966 
15967 
15968 
15969 
15970 
U971 
15972 
15913 
UqT4 
1597' 
15976 
1'977 
15918 
15979 
15980 
l!Ii981 
15982 
1590 
15984 
1598' 
15986 
1598T 
15988 
15989 
15990 
15991 
15992 
15993 
1599" 
15995 
15996 
l!Ii99T 
15998 
15999 
16000 
16001 
1600Z 
16003 
16004 
16005 
160M 
16007 
16008 
16009 
16010 
16011 
16012 
16013 
1601 .. 
16015 
16016 
16017 
160lB 
16019 
16020 
16021 
16022 
16021 
160Z" 
16025 
16026 
160Z7 
16028 
160Z9 
16030 
16031 
16032 
16033 
1603 .. 
16035 
16036 
16037 
16038 
16039 
16040 
160"1 
160.2 
16043 
160 .... 
16045 
16046 
160 .. 7 
16048 
160 .. 9 

I ZERO I 
SUBROUTINE ZERO (X,N. 

c 
C ................................................................. . 
C • RECLBl VERStON 1.0 17OCT7T. 
C ................................................................. . 
C 
C THE SUBROUTINE ZERO SETS N ELEMENTS OF THE ARRAY X TO 0.0 
C STARTING AT XII •• 
C 
C - ARRAY TO eE ZERoeD 
C - NUIitBER OF ELENENTS TO lEIIQ 
C 
C LANGUAGE - FORTRAN 
C 

DIMENSION X(1) 

00 10 '-l,N 
10 XIII-O.O 

RETURN 
END 

283 

160'0 
16051 
16052 
16053 
1605. 
16055 
16056 
16057 
16058 
16059 
16060 
16061 
16062 
16063 
16064 
16065 
U.066 
16067 
16068 
16069 
16070 

, 
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REQUEST FOR RECLBL SOURCE MATERIAL 

Use the following form to order a magnetic tape containing the 
source material of the RECLBL Library. Send this completed form 
and $20.00 to: 

Research Medicine Group 
Donner Laboratory 
Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 
Attention: RECLBL Library 

Submi tted by 
Organi zati on name __________________ ....,.-__ 

Address 
City, State, Zip 

Tape Format (check box) c::J 7-track EXTERNAL BCD 
c:::J 9-track ASCII 
c:J 9-track EBCDIC 

Comments on the RECLBL Library and Users Manual: 

285 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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