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:Results froci Prototype DAPi ·Progi-ams . : 
: '' . . . . . . ·.· . 

. ·.: . . .. . : ... . ~ i. ·. . . - * ........ 

Charles Dickens, Ha.ry D~wnton, Joan Pinchak, and Howard S. Whit'e-:.·:· . . . .. 
·· .. ;.,. 

:----

Several prototype programs relating· to Digital Automatic Pattern Recog-

. nition (DAPR) have been devel~ped at Berkeley workirig in· clo·se contact with . -

the· Brookhaven efforts. The Brookhaven programs w7re developed under the. 

· direction of Marr, . Pasta,· and Rabinowitz. · The work on the prototype pro-· 

·. grams at Berkeley was done by Mary Down ton and Charles Dickens~ These pro-· 

. , grams have produced very promising results and ·w~. now deem.it feasibleoto 

.~ 

.. -:· . ~_ . 

' .. ·. 

., .. · ·:,.•. 
o, 

·· : ·. organize a ,production system •. ·The purpose of this paper is to show the re- · .. 

:. ; 

:-·. . : .. ~. .. · .. ·,:··'' 
. . - . . . . 

sults of the Berkeley prototype DAPR:programs. There are several problems 

· which remain to be worked out, but in general, th.e results show that we can 

successfully recognize bubble chamber events. 

The .problem of recognizing bubble chamber .. events has been broken into · 

several phases. The first phase which is. track following; con~titu~es a sin- . 

. gle 7094 program which operates:in real time~ satisfying the data demands of 

the FSD. The subsequ~nt ph~se~ :of track joi~ing, linking, and vertex recog-. · 
,. . ' ':. . 

' 
nition constitute another 7094.program, which has a magnetic tape.interface .. 

·,. ' . . . . ,-. : 

with the track following program. · Cal comp plotter pictures have been made 

. showing the results of these Jrograms. ' . . 
·: .-·-'.: 

. ' '. 

• 't ' 

. .'·; 

. ' : ~. ·.' ' ·:.-_ .' . 

The Flying Spot Digitizer (FSD) ·which ·generates the data f~r the track ·· 
;' ;· '' ·-~ ... , . ; . : •. . ' 

following. phase:·produces approximately 60,000 digitizings per ·view. of th~ 72 ·. 
0 . . . . . " . . , : :, •:. . .. :. ·,· .· .. ·,; 

. inch Hydrogen Bubble Chamber. · T~ese digitizirlgs are produced arid transmitted · 
1 !"!o :. I ~ 
•' ' • . ' ' ' ' I ' •'. 

to the computer within approximat.ely four seconds. 
' • • 1 

~ ... 
Therefore,· the track fol- . ··.•· 
• • • . !• 

. ' 

lowing program must process about 15,000 digitizings per seconq which it does. 
" . ' 

:' ,'. .. 
in real time. 
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The FSD has ~a mechanical, stage which moves along the length of the film, 
' :•·. .. ··. 

while a mechanically generated spot of ligh~ sweeps across the film. The flying 

·:;;pot .l~oves .across the film .-in. a manner similar to a TV scan, except that digi- · 

tizings are produced.when the spot is moving in the forward direction only. 

·Each time. the spot comes back to the initial point, a new scan line is started. . .. 

Here, the position of the stage is read out and is the X-coordinate; the--spot--:_:._ ' · 
. . . . . . . . . --

produ,ces the W-coordinate •. This we call the normai mode sweep.. Beam-tracks 

and all other tracks with slopes up .to about 50 degrees from the sides of 

.the film can be digitized in the normal mode. 

Tracks which are parallel to the motion of the swe'ep will not digitize · ·· · ··. 

in the normal mode. An orthogonal mode sweep in which the. stage .moves across · '. · 

the film, and the flying spot moves along the. length of the n~· is ·necessary. 

In this mode, the stage position produces a Y-coprdinate, and the spot pro-

duces a 1.'1-coordinate •. · · 

Track Following 

A major portion of the cii.gitizings from; 'a bubble chamber pictu;e are of . 
.. . 

: ' .... 

. beam tracks. $ince·the paths,of these beam-tracks can be predicted, it is.· 

;.10rthwhile in terms of. speed _and accuracy to devise a fast method of follO'toJ'-. 

ing these tracks alone. A simple transformation .can be applied. to beam tracks . 
. \ . . . . .. . . 

to project them into straight lines parallel to the sides of the film. · A 
• :l .' I ' • ' ' ,• ' •' 

. .. 
' 

·table is calculated which gives the shear necessary at each scan line .to ~ap . 
. , . ' . i ' ' • ' ' '"1 1 

the points of an ideal beam track into a straight line. This shear table · 
. . I . . 

. need be computed only once for each experiment since it is a function of 

· :: chamber paramet~-~. · .·.. ,. 

. .· ·. . :· \ · . ..:·~t£, 
The program begins by searching the firs'j;; few scan lines for beam track 

' ~ ·, ' " .· !. . . 

. pulses •. This is done by mapping the sheared W-coordinates into a histogram· 

'•. .I 
·. · .. ·;··· 
. ··.· ·. 

··,, ... 

:. I' 

·' 
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. ' 
whose bins are 40 octal microns (1. track width) wide. After a nillnber of scan . . .· . . . ·' 

lines ·has been processed, the histogram is s'earched for lJt..lses which 1<.rill open · 
. ·. . . . . ·.. . . ' . . . 

track following blocks· •. Each canonical block .contains instructions for fol-

· lo~rring one track •. ., ' 

H· 

For Brookhaven 80.Hydr~gen Chamber. film~rrith 4 BEV/C K+ beam, 48 scan 

lines have been used for beam.track i~itialization; 40 scan lines were used. 

for Berkeley 72 inch Hydrogen Chamber film with 3~9 BH:V/Cii'beam since the 

tracks are more heavily ionized. · Here, we exp_ect that the number of bubbles 

and their diameter will be such as to produce a digitizing density of 50 per 

cent. In searching for pulses,only histogram bins with more than four hits····.· •·· 

are examined. First, single bins with more than six hits are accepted as 
(') . . .. ~ .' 

pulses. After these pulses ~ave been., found, they are eliminated from the next· 

~,tep which searches for pulses which are two bins wide with a total' hit count 

greater than seven •. 

Thus, the beam· tracks are initialized and the program enters the .track . 

following stage. Here beam tracks are. followed. and the program begins to fol- ·· .... ·,. 
. . ' ' .. , . . .:: ·.· . ' . . . . ' . 

'- •. : /; ,.·, 

low non beam tracks. In track following,., .the _W-coordinate is first shea~ed · 
••• ·,. ••• J 

: • • ' ' •• ' • t ' • • ' 

. and checked to see if it lies on. a beam track. . If it does, the point is· stored : 

·in the canonical block of .the ;trac·k ~n· which it lies. After four such .points 

.. ·' 

.. _.: 

.: .. 
·., have been collected, an average ?oint :i.s. entered into the track's average point .• ·::· : •· 

, .. storage bank. . . ·. . . r ~ ~ ·. .. . 
.... !'.: .. ·. l 1 .: :~:':--,..._, ... ·, ~-. 

,.-,. -·~-··: :···.·,.:-·::'"' ·.:, ·, '·' ·~ 

The track blocks are checked:every fourth.scari line, and those which have 

accumulated no hits withfn ·the .last 32 or more· scan lines are :closed out. 
. . .. ' .. . 

·.··;. •, '., 

The · 

''. ,., ·.;· 32 scan line allowanc~ is ·made so that nearly' crossing beam ·tr~cks_, l-vhose digi~. 

. ! 

·: .. 

. tizings are depleted, will. riot be closed out pefore the tracks get :a chance t,o 
' • .1.' • ' ' ' ','' • • • • • '·, < \ < I ·,'I • ,' o'' • • • ''• • 'o• ' 

separate. : vlhen beam tracks cross, only one pulse is produc·ed and the progrcitii 

· .. '. 

'. ' ...... 
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. holds the roads of ·the two tracks together until two ,pulses appear and the 

- roads are separated. :,. ..·. ,. 
. . . ·~ ·.- :: '.( . .. 

Beam tracks are followed in sheared space throughout the picture; .non-.· 
. .. . 

. beam tracks are followed in. unsheareQ. ,space,. using the actual \v-coordinate.:· 
'. 

Points which are not on b~m tracks are examined to see if the,r lie on estab-

lished non-beam tracks. If not, the point is saved until there are four such 

points within a small interval,. at which time a canonical block is started. 

In collecting these foilr. points, there m~y not be a gap of more than three. 

scan lines between them. If four scan lines occur without a digitizing, all 

·'·points thus far collected. for ·this track are. disregarded. ·After a non-beam 

· track following block has been opened,. the track enters the initialization 

. stage. 

So far, _four track points have been found, enough· to form one average . 

point. The first pair and last pair o~ these four points are averaged to,obtain 

two points from wrrlch a slope is calculated •. 'The next four· poirits .are gathered· 

' using this slope~ the. last of the first set . .of points as a window, and aroad 

width of 300 octal microns.·.- It is required_· that these four _po~nts occur within 

the next 16 scan lines. 

After the second set of four points is obtained, a second average point 
. . - . 

can be computed which willhe th~ "t>lindow center for finding the next four points. 

:.· ~ .. : The slope will now be comp~t;ed ~rom :the first ;and second averag~ ·points. .The 

n~. road width will depend upo'n ·the slope o! the track. Here it is convenient 

' . :~-' . :. to separate tracks into three ~categories: . those with low, medium, or high . 
., ' :·,· t. \, I 

·: slopes. Tracks with slopes less. than 1.5 degrees from the direction. of the FSD 
.·...,_, . 

:·stage motion are· co-nsidered _to be in th~ low category. 'Ttlose whose slopes . ' 

are between 14 and 40 degrees ar'e classified :a.s medium; the remainder have 
i. 
i:. 

I' ; .. 

;·: 
. ' 

·- .. j. '·,' 
' ' ... ' ~- ' 

.. / ';.} .· 
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·.:;:·.·· 
) ... ·.· ·.· . . ... •: 
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high slopes. For .low tracks,'the road -width '±s reduced to 200. octal microns; for 
_ ... .:' . ' ' ... ; ; 

medium and high tracks it is. set at 240 octaJJ_rmicrons. · 'l'hus, the four points which 

form ~he third average .. point· .can be found. T~e requirements are that these be·. 
. . . : . '. . 

found within 20 scan lines forlow and medium :tracks, and within 16 scan lines . 

for highly sloped. tracks. ::· .· _.: . . ; .. 

When three average points have accumulated, the track is in:j.tialized and it· 
· .. ;:' 

is assigned an average point_. storage bank •. Here, the track enters the intermediate 

straight line extrapolation stage •.. , . 

':! In obtaining the four. poin~s which will constitute the fourth. average point, 
"" 

. the density requirements and road width are the same as. for .the third average 

point except that medium tracks have road width 200 microns. The slope is derived ' 
. ' . . . . 

from t~e second and third average points a,nd the third average point is taken as. 
~- . 

. ; 

the windo,..r center~· The road width is not changed for finding the fifth average 

p9int, but the den~ity requirements are relaxed slightly. For low slope tracks, the; 
. : . 

four points must be found within 24 scan lines, .22 scan lines· for medium tracks,". . . . ., 
and 17 scan lines for highly sloped tracks. The. window center is the fourth average 

. . .. ~ . ~ 

point, and the slope is computed from ·the third and fourth average points·~- .. -- ~ -.,~.,.._--~--

At this point, the road width is reset to 120, 160, or 220 octal-inl.crons .· 
I. 

for tracks of low, medium,· or high slope. The density requirements remain fixed. 
I . ' ! . • /• 

Here, a second order calculation.which uses the change of slope per scan line is 

· used for predicting the slope.··. This change of. slope per scan line. _i_s 'computed 

·.·from three average points .which: are. uniformly ~stributed (i. e.~ points 1, · 3, 

5 or 8, 13, 18). The slope used in each case is that of the cent;ral average 
. ;-,· 

point (i. e., 3rd, 13th). Each tim~· an average point ,is comput.ed the road 

• '. 
1
, center is extrapolated from. this:point. · . { · .. ' .:.·-·· 

.'!"" 
'·: . ..... .·.: .. :.:-, .... , .. ':·.-

.. . 
1'he average point· storage bank for each track is 

• I' ' : 
limited .··by .. storage ... •. 

. .. ·~ :. ' '.!. 

requirements. to 18 points. : F~r tracks with more·.than: 18 average points, ' 
. l : . t. ' . •. )-~ .•. 

an aleorythm .is used. for dynamically. editing these points .. · . This ·- al+-':. 

e;orythm assures a fairly reasonable dist.ribut.ion along the full ·.length of 

. ' 
! ! 

! .... ·. 

·. ' '. 
:·'j 

' . ' . . 
:. I: 
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the track. At the end of track following, these 18 average points are reduced· 

to 10 evenly distributed points. 

There are 60 track following blocks (.58 words each) and 1.50. average point·. 

storage banks (24 words each). 
; ; . 

Track blocks; are added or removed as necessary, 
, . I 

I. 

however the average point banks are preserved. As track blocks. are opened, 

they are inserted into a list of tracks ordered by .increasing W>o_ordinate 

to facilitate rapid processing.',.· 

Since there will most likely pe tracks which are parallel to the normal· 
-

·. scan, there must be an orthogonal sweep to pick ."t-hem up. The beam track fol~ 
. .: . 

lowing is eliminated in the orthogon~l _sweep; , the non-beam following proceeds . 

exactly as in the normal mode. • The current program has provision for one 

orthogonal sweep somewhere in the middle of the picture. This vrill have to 

be revised to a~low for as. many_ orthogonal scan~ as is necessary to cover the. 
,.'· ., . 

. entire picture. Another progrB:m which 1r1ill be discussed later _links .the normal 

and orthogonal track segments _to form one set: of average points ~or each track. 

When crossing tracks ?c~ur:,'. there will be only one digitizing on _the scan 

line in which they intersect •.. : A. highly probably .occurrance would be a non-

beam track crossing a beam track. Since a point is first checked to see if it . 
. . 

lies on a beam track,_ it would be lost to the non-beam track. :This could con-,., 

tribute· to losing a track during, following,_ a:nd could be detrimental to the' 

.·_ ;·': 

.. ... 
'·. 

.,_._·. 
'· 

:, . . . . . ~. 

ionization calculations. ·It. is .. impossible, due to real time demands·, to check . -· 
' • >I ' ' • 

each point. on· a beam track for: ~on-beam following. This is not a serious problem,_. 

' however, since the separate track segments ai'e later joined together. 
0 

In track followine, aver~ge points are computed using all of the points 

1r1hich lie inside the road. ,, 

.·' ,., 
,•. 

' .. 

It. sometimes hap:~ens that a point lies within a d_; . 
~ ' 
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' • .. 
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· .. . ' .. ,• ', '•'' 
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road, but is not actUally on. the track~ At 1this stage of development, there 
.. ! . . ·,· .. · 

. is no' way of .ruling out these points; they e1;re included in the average point 
' . : I 

··., . 

. calculations. This is highly undesirable and an efficient method must.be found 

which will eliminate these extraneous points. 

Track Segment Joining and Linking 
. ! : 

During track following, it is possible that a track is lost and later 

reinitialized. It is therefore necessary to. examine all of the track segments· 

to see if they are portions of a longer track~ Fiducial arms should be isolated 

.. and the. normal and orthogonal track segments.:must_ be linked. T~C?"pr,.ogra,m which 

·performs these functions is separate: from thb track following program. It 
. . • i • . 

first joins track segments in the normal scan, then does the same in the ortho-

ganal scan. When this is done,- the two sweeps are examined for. track linkages. 

This same program then searches for vertices •. 

The term 11 joining" will be used to denote the connecting of track segme!'lts r . 

·within one scan (normal or orthogonal mode). "Linking" will be ·~sed when 
·' ; 

conne~ting between the normal.a!Jd orthogonal ~cans is discussed·~ .. Once. two.. 

track segments are joined or linked, their average point lists .are merged and 

·the process is irreversable. Therefore, the !track segments must meet rather 

stringent requirements before they .are joined' or linked. 
' ' 'I ' 

:: •• ,l'f:. 

,.:-i·-... ~ 

I ~ ' 

vl~thin .a single .normal :or. prthogonal sc~n, track joining is done in two 
. . . . r.~ , : ··_, . 

passes. The first pass uses .t~~:,slope, rate .of change of slope,: and the l~st 
,, 'I 

poin·t of one segment .to prod~~t ·~he slope and first point of the· other .segment> 

This method is used where one track segment starts riear the end point of the 

' ' 
other and where both segments have the same direction of curvature.. It is 

> . : 1. ' 

: ' . ·tfii-1-. . : ' . 

faster then .. circle fitting a~d. i.s. very efficiept where gaps between track s~g:... 

ments are small or where the. segments form a. fairly .straight traqk •... 
n 

' .. 
:·· '•' ·.· ·'·. . ' ' . . . 

'• ~- .. .. ·. 
'. 

:·.: ,.n '' ., 
' ... 

).- . ···. 
.· 

·'.' 
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The second pass,fits a_c'ircle to _the longer of the. two segments. being. 
• ·• I .•~, ·, • • • ·, ',· • < 

.·. ·· ·. ·considered. ·From this c~cle, W-coordinates: are predicted for the first, 
' . ·. ·.' ;· . . . . . '• . . 

' '' 

.. ' ... 

:!·, ... 

. . .. 
rr.iddle, and last points. on the·. shorter segment. If the predictions are within 

·:·,. 

an ac'ceptable tolerance of.the:actua1W-coordinates, the two segments have 

passed the test for joining, and the~r points are combined into a single list • 
' ' ' 

·In order to determine if two track segments are near enough for joining, 

the program sets up a box· aro~nd the end point of one track. It then looks 

to see if any other track segments have end points _within this box •. A distinc-

. ·tion is made between short and long tracks because the program is willing to 
\ ·.'' 

extrapolate over a longer_l~ngth on longer tracks; it has more .confidence in· 
',' 

::. 
connecting these. · · .· '., ·:. '. ·' .. 

. The first pass attempts to join tracks whose end points are less than 

· 2000 octal microns . apart. in \.J ·(one millimeter on film)~ 

tion allowed in X (or Y for orthogonal) is 96· scan lines for short tracks . . 

(tracks with less than 6 average points) •.. 'l'he scan line .thresh<;>ld is. increased 
·I : 

to 128 for tracks with 6 or more average poipts. The box size: for the second ,._, 
' . ' .. • \:. 

pass is 1 i times that just de~cribed for th~ first pass. 1 
· 

When track segments are joined, the tot~l number of average points: is 
• I ~ • I : 

,..., 
'' .J' 

reduced to the standard saved for eachtrack (10 points).·. After both passes. ''· 

' for joining, .the prop:ram attemp_ts to ·find .fiducials. Short, straight tracks . . ~. ' . 
,·· .. ;, ... 

at an' angle near h5 (legrees' are 'candidates for fiduc:i,al arms. ·. When a pair' of' 

these,tracks cross, their intersection:i~ computed to obtain ai:tiducial cente~.-· . . . . . ' ' . ' . . . : . . . . . 

. ; The fiducial centers and the track average points are converted from FSD l~ast , 

counts to microns. 
I 

Track joining, fiducial f~~ding and con~,ersion to microns ·is done first.· 

for th9 normal scan. 

.. · •' '• 

' ' 

The s~me 1procedure is then followed for the orthogon.:tt 
. . .. .' . . ~ ~ ' ' . ' ~ . . 

.'1, 

'' ·'' 

. · .. · 

,'.' •' 

•' ·,' 
.. \; 

•,'.• ·· .... 

' 

. ·, .. ' 

'•·' •, 

--~----·"_ ... _____ ··_· _._, __ :._.;..·_ .. _.,;...··=-..,..,.,..=-==~·'-====~· ·.-:::/=:' ====·' ' -·--·---... ~\~~:~~ 



~- ' .. •. 
'•' 

'". 

.• ,. 

....,-i - . 

. '• . .:.. 

',I) .· .• ... 

. .,,:, '·.·,, .. ·,.:· .. . ·,: 

. :'•. :.-:' .. '; .. ····. ·. 
: . . ' 

:· i':·-. 

·· . . ,. 
·':-;..._. 

.... - .. -.~ ~ :·· ·-':-,_ 

. . ' 

..... ~. . . ·: . ·. 
,· .. 

sweep; further linking. is still necessary for tracks with both normal and 

·orthogonal segments. ··.·: : .. · ~ 

. . . ... · •' . . . . . . ' . . . : - . 

into the other mode are considered for normal to orthogonal linking. · If a 
:.-;._ .. . .... : .. 

·segment is very long or has a high slope, two Circles are fit, one to the first 
.I 

half of the segment, and one to the last half. Otherwise, one three-point . : . 

circle or a two-point straight line is· used • 

The maximum gap allowed between segments consideredfor linking is 20.Kg_:micr6ris 

which is about one centimeter on film, or l/15th the length of the 72 inch 

· chamber. If the tracks are 40,000 octal mic:r:ons or longer, two circles are ·-
. . . . 

·fit; one using the first, third and fifth. average point.; the other on the fifth~ · 

seventh, and tenth average po~nts. Tracks shorter than 14,000 .octal microns ·. 

have circles fit to their first, fifth, and tenth average points •. · Intermediate· 

. ; ; 

~i)'!-;1 .. length tracks are fit ·::,o straight lines •. 
'-(,;."' 

-~ : ·, .. 

! !1 
I • 

: 1' 'i 
'' . ..../ 

Tracks are sorted among five lists:· four for the quadrants of a ci;rcle, · 
i . 

.'. 

·.one for all straight tracks. -· The quadrants are as indicated in Figure 1. 

Normal tracks are sorted. among quadrants 0, 2, or straight, orthogonal tracks 

.. among quadrants 1, 3, or straight. The program begins to link segments in a ·-c 

counter clockwise direction: quadrant._ 

"·, !.· 

.. 
. : 

··· .. 

-·:. 

···. 
·.,' . ·.·· 

. ·r 

y 

I 
l 
' I . 
I. 

L 
' 

•i,,, · .. f· _,·,. 

i 

I ·• . . ' ~ :, :-

; : 

-~x.·.·· ...•. . <,···) .. 
. I 

() ·.· · .. /: :_-: .. ' 

... 
! 

I ... 

·.(· 

.: :· .... ·: ,,:• . : .. · ;_ . :·. ~ . 

:··, .. 

'< ;<'' 

·, . . ~ .. 

~,.--_...:,__...;..·· ,._-:---_. __ __:_ _______ ~~----:> X ..... · . 
' • . ' .. , ' ' ·, \

1 

. :~ ,. . : . • . .. · . 
1 
.. • . . ' , .· ' • . ' '. ' ; . : ~ '· • ; I . • • '," •• ' ' ' 

,. : ,' :· 

' ' '•,'c' • 

Dire~tion ·or beam;: ~ .. ,.,.. 
' :: ' :. ~ ' ' ' ' ' ,' i , I , 

. ·t·t ;· •. 

.. Figul"e 1 
. . : ., 

I 
• I 

r •. 'I,; 

l ;· 

.' ·:'· 
. .. , .. 

r.-. 

. •;,: 

:.· .... '. 

::' 

\",_ .. 



lo .. 

.... · 
. :~ '· . 

. . .. : ' ~ :· ., 
. ·.· :·.:.:··: 

. ' . ·.· .,;.10- :·· 
;_..':· /"'I·, 

. . ·.• ; . ' ~ .. . '-' ...... , ... -··-",·.··· ···-,..:·-·:•.':'.:.'';'" ; ., 

. . 

In checking- two curved segments for linking, _three points from the shorter 
. . .... •.· . ·. . . -· .· 

I 

.segment are tested against the .13;'Pprop:riate_ circle from the longer segment. If· 

· · each point lies ':rithin an acceptable tolerance of the circle, the two segments _ 

~··. 

·~ ''•: 
. t'·, 

.'· ~*"· 

.... 

... , . 

. ' .. ~ ' ·. 

_ are li~ked. Ifone segment is :cpm~letely superimposed over the.other', the shorter.· . 

one is 
1
simply deleted, otherwjs_e, the two segments are linked. Their· average 

points are merged into one list and lO .. points are selected to be as evenly spaced 

-- as possible. 
.:· 

Vertex Search 
··. :- . 

. ··t_;, 

. At this point, we hav~.found ;fiducials ·an(~bstracted tracks in one frame . _; 

"l [. 

of bubble chamber film. A search must now be; made-for vertices so that events 
.. ! 

. can be identified. : The present program attempts to- find, vertices only at the 
. . . ' . . 

·.·ends of tracks.: .It looks first at the end of beam tracks and unrelated non- . _: 
\ 

beam tracks. If an interaction is found, the search· is continued at the free 

. ends of all _the tracks in the event. 
.. . 

' . 

A large box is set_ up around the end point. of a track ( tr~ck A for purposes 

. of discussion), and all other tracks' which enq in this box are examined •. .For 
.;· 

I 
. .., .. 

. each of these tracks, the point of intersectiqn with track .A :i,s computed by. · 
. ~.. . ; ; . . ' 1; 

means of a subrou~ine which calcu-lates .the in~ersec.tion or' two circles, a: 
.. -

. ' .· ~ 

. . . .': ~- ' . :,· ·:: ... 

circle and a line, or two .lines.;:· If the tracks do not intersect, but are·close · 
,l . j f • • • ' 

. ( . . . . . 

together, the p6int halfway between t.h.eir endpoints is computed. The tracks 
·, ' : . ' . :.- . . . '~:.. .... : .•. 
with inteJ.•section points nearest the end of track A are selected·.·· 'A ·track ·is_ . 

' ' . . . . . . , .. . ·. 
rejected if its intersection with track A lies-outside the.fiducial.area or if.:·· 

. . . ' ' · ...... : .. ·, . .. ·' . . : . . . 

the intersecti~n is too far from. its own end point. The allowance for distance 
: ' .. . ' 

'' ' . , ':<'. i'rom intersection point to end poin~ is small _if the intersection point is · .. ,,. /', 

I . . . . . 

i internal to the track,. but. is. fairly large if the point is extern.al to· the' · 
' . ' . . . . ' . . : ' ' ' . . : : : . '' ~ . . ' . . 

track. ·This distinction is made_beca.use an internal intersection, is less lik¢1.Y;1 · •• ·: 

. '·. 
to be a vertex than an external intersection. · .. . ' ... . .. · ... f.'"·· ... 

The dimensions of .the bo~. in _which the program _searches for vertices. i~·-:_ 
23,400 octal microns in both the' 'x and y directions. 'rhis roughly corresponds 

·;'. 
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to a one centimetE1r square on film. In cases: where ·lihe intersection. point . · 
.. ·· .. 

is internal to the track, the,maxim"tim acceptable distar1Ce from the end point. 
. . . . . . . . .-:--, . . 

... ~.... ............. . - ·: . . ·.'">-,, 

··of the track to the .intersection point is 20.00 octal microns for non-beam 

tracks. For beam tracks, this tb.reshold is increased ·to 6000 oc.tai microns, 
. . . . . . . . : . . . 

or about 3 millimeters on film. The maximuni gap allowed ·for intersection points 

which. 'are e.."Cternal to the track is 6000 octa:l microns for all tracks. · 

·Tracks accepted thus ·far are recorded fn a list~ Each ·intersection point 
. :' ... , ' .... ,. · .. 

' . 

'is ,then tested against circles 'fit to all of the_ other tracks in the list. 

The intersection point which fits the most ·tracks is chosen as a rough vertex 
... \ 

·point and the tracks that it fits. are listed as prongs of the event. Each 

vertex is recorded in a 11 verte.x list'' with pointers to other related vertices 

in the event. 

Very short non-beam tracks are not allowed to. initiate. events. ··However,-

. ·· once the first vertex of an event is found, all tracks in that vertex are 

. 'used to search for subsequent vertic.es. 

This vertex search. method :i;s primarily g'eometrical and does -not .apply 
; . . . . . 

any physics to tracks being considered. It is highly probable that false 

vertices will be found, however the proc'edure of event identification should . 

eliminate these extraneous vertices. Event identification has not yet .been .~ 

. attempted. at Berkeley; h~wever~ ·the task should not be too difficult providing 
; f •• 

all of' the vertices are. found. 
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'. ·SERKELEY. 72 INCH CHAMBER 

DATE 650311 E~PER1MENT;000030 ROLL 006341 

FRAME CC0332 VIEW r.00002 NORMAL SCAN 
! 

PROCESSING TIME IN SECONDS 
TOTAL ELAPSED 3.08 ACTIVE FOLLOWING 

i. 

DATA Cf"lUNT 
FSD WOPOS 27,~51 W-POfNTS . 17,039 

TRACK COU'\IT 
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BERKE~EY 72 l~CH CHA~BER 
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.FRAME 000332 VIEW 000002 ORTHOGONAL SCAN 

PROCESSING TIME IN.SECONDS 
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. 1 .. 

DATA COUNT 
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TRACK' COUNT 
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NUMBER OF W-POINTS ON TRACKS 
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AVERAGE POINT COUNT 
TOTAL . 446 BEAM .00 NON-BEAM 

NUMBER OF W-POINTS PROCESSED PER SECOND 
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Figure 5a.. Print. of film. fro~ Brookhaven SO. i~~h 
· · Hydrogen Bubble Chamber With 4 BEV/C K+ beam. 
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APPENDIX 2 

Figure 2: Results of normal mode track following (Berkeley 72" HBC). 

On 'the left is a print of film from the Berkeley 72 inch Hydrogen bubble 
chamber with ).9 BEV /C '17'-beam. The other portions are Cal Comp plots 
sho'v-ring the rAsults of track follov-ring. In the center is a display of 
the average points found in all the tracks. On the right is a plot of 
the residue points (those points which the program found not to be On 
tracKs). 

A separate diagnostic program is u::;ed to make these Cal Comp plots. The 
average points on beam tracks are indicated by squares; those on non-beam· 
tracks by circles. The lines connecting the average points are generated 
by the display. pro g. for ease in re~ding the output. 

The horizontal scale shows W-coordinates; the tick marks are 10,000 octal 
microns apart. The verticaJ. scale is the scan line count; tick marks are 
100 octal scan lines apart The scale and coordinate values on the residue 
plot are identical to those on the average point display. 

The upper left corner of the film 1.;as somehow masked out in the printing 
process, so the fiducials do .not. show. There is a scratch on the film 1-Jhich. 
was not present at the time the abstraction "'as made so it does not show 
on the Cal Comp plots. 

The fiducials were followed, and can be seen in the average point display. 
vie hope to have several such X-shaped i'iducials well distributed through- · 
out the picture in film which ·vte process. A close examination shov-rs that 
the program has found all of the tracks within the normal sweep. The residue 
buffer sho"rs some tracl< portions which will be follm.;ed in the orthogonal 
mode. 

Figure 3: Results of orthogonal mode. track following (Berkeley· 72" HBC). 

On the left again, is a print of the 72 inch Berkeley hydrogen chamber film. 
In the center is a display of :the average r.loints found during orthogonal 
mode track follm.;ing. On the ·right is the;residue buffer. 

The horizontal scale on the tr.ack follo.wing plot has tick marks every 100 
octal scan lines.· The vertical scale shov1s the \-!-coordinates 'with tick· 
marks ·10,'000 octal m~crons apart. ' 
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The residue buffer shows a gr·dci.t' many tracks in the direction of the beam• 
Tracks in this direction are. not follo'l·led in the orthogonal sweep. 

·Figure 4: Track following diagnostics. 

This is printed outpc.:C. generated by the track following program for diag
nostic purposes. The production program will not have output in this form, 
although there 1.Jill most likely be some form of output for moni taring pur
poses. 

Figure 5: H'esults of normal mode track following Broo:t<haven 80 inch B.BC. 

The ·Cal Comp plots are as thos'e described for fig 2. In the residue buffer, 
vertical lines in the direction of the bea:rri can be seen about 1/3 of the 
way from the left edee of the plot.: These lines are scratches O_IL.the .film 
1-vhich cl.id not qualify as tracks •.. :. ··· · · · -e=···· . 

:Figure; 6: 
I. 

Detailed plot of non-beam tracks from normal mode track follovring 
·in Brookhaven 80 inch HBC •. 

The horizontal scale shows .the lin~ count, with tick marks every 16 scan. 
,· ••. :_.I; lines. On the v.ertical scale are tick marks 100 octal rnicrons apart in VJ. 

: A circle is fit to the track and all points and road edges in the graph are 
sheared from this circle to a straight line for easier displaying. Thus; 
the points should make a straight horizontal path through the center of the n. 
17,!'aph. Road edges a:te computed from the road center and slope of the. track; ·· 
and are sho1rm by lines on the·. graph. ·Rate ·of change of slope' are not· taken · 
into account in these plots. ·: · .:. , ' · 

Whenever the slope of the track has been recomputed, a letter indicating 
the magnitude of the slope is, plotted just. b·elow the graph. The magnitude 
is represente~ by: 

T_,: slope less than 15 degrees .. 
l'1: slope bet•reen 1~ and 40 degrees 
H: slope greater than 40 degrees 

Points are represented as follows: 

saved ·-;· ·. D average point that was 
0 average point that 1oras 
x actual point 'on track 

not saved 1 
•. 

• ;residue point 

''·' 
:: 
,·i 

; ' 
'' 

··:' ., 

· .. ·. 
·.·.· 

'. : .. 
· .. ;_ .. ·· ' ' 

! ' ' -
i·. 

· .. ::·. _ .. 

I 

The first four points of th'e track appear ·as1
. residue point~ becaus~ it' was 

them out ,as track points this early in track following., 
average point. and the four points associated l·rit.h it.J~: 

not possible to write 
Similarly, the s (ocond 
do not aippear at all. All other points on the. track are included in the plot. 
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Figure 7: Results of orthogonal mode track fo.llowing in Brookhaven 80 11 HBC. 

The Cal Comp plots are as those described for Figure 3. Fiducials were fol-
10'\·red and can be seen in the average point .display. Coathangers 111ere also 
followed. 

Figure 8: Results of "track joining and link.i:ng in Berkeley 72" HBC • 

. On the left is a Cal Comp plot'of the track average points from the normal 
· mode sweep (same display as middle portion of Figure 2). In the center is a 
· display of the orthogonal mode track average points (same as middle 'portion 

of Figure 3). On the right is a Cal Comp display' of the results of track 
joining and linking. This plot has tick marks eYery 10,000 octal microns apart 
in both the X (vertical) and Y (horizontal) coordinate axes.· 

_Track joining in the normal mode can be seen at d); in the orthogonal mode at 
®. . Linkages between normal and orthogonal modes are, shown in (5J, ®, (2), 

.· (§) and (j). In most cases, there is an overlap where a por;tion of the track 
is followed in both modes •. The linking program removes this overlap section 
when· it merges average point lists.·. 

Figure· 9: Results of track joining and linking in Brookhaven 8011 HBC. 

On the left is a display of the average points from the normal mode sweep; in . 
the center is the orthogonal mode average point display. The plot· on the 
right shovJS the results of track joining and linking. Both the horizontal (Y) 
and vertical (X) axes have tick marks every 10,000 octal microns apart. 

. . ' 

. Note the beam track on the side of the picture vrith the tick marr'.KS:·- · 'l'his track 
1-1as not joined due to the large gap bet1r1een the segments. 

Figure 10: Results of vertex search in Berkeley 72" HBC. 

On the left is a print of the film from the Berkeley 72 inch .HBC with 3.9 BEV/C 
1P- beam. In the center, is the: final track avstraction: the results of track 
following, joining, and linking~ On the right is a display of all the vertices 
vrl th their· associated tracks. The remainder of the tracks do not sho1rr on this 
plot because they are not associated with an. event; h011ever, they have not be,'m · 
thro't-m out • 

. On both plots, the horizontal is the Y axis; the vertical is the X axis. The 
tick marks are 10,000 octal microns apart on both axes. The circles on the 
vertex disp:).ay have as their centers, the vertex point. 

The letter A denotes the vertex of the two-prong event; B sho1-1s, the four-prong 
vertex." 'l'he others are false Vffftices. '· 
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Figure 11: F~esults of vertex search in Brookhaven 80 inch HBC • 

Both plots have.tick marks 10,000 octal microns apart on the X (vertical) and 
. Y. (horizontal) axes. 

The four-prong event 1-ms found. Close examination of this vertex 1-Jill show 
that it is j_nternal to the beam track. Since one of the outgoing tracks -,.ras 
very straight, at the vertex, the track folloHing program follovred it in beam. 
track foJJ.o,;Jing as a continuation of the beam track. The end of the beam tra.ck 
should be trimmed back to the,vcrtex point in a subsequent phase of the system. 

Part of the electron s-oiral vJas followt.>d. as t:1-ro seoarate tracks. These segments 
were. not linked probably due to their difference ~f curvature, causing a false 
vertex to be found. The upper right of the plot sholrJS another false vertex. 
This 1:JiJ.l lBI)pen quite frequently.since the search is for geometrical vertices 
of tracks 1rJhich radiate from the same point.· · 
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' This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






