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- in real time.

Results from'Prototype DAPR Programs fd7'='

Charles chkens, Mhry Downton, Joan Plnchak and Howard S. Whlte f?f7~m‘””

. fﬁ,.Several prototype programs relabing-to Digital Automatic Pattern Recoé-”i5ﬁ5°;

'»~1L;?nition (DAPR) have been developed at Berkeley worklng in close contact with -
;ﬁthe Brookhaven efforts. The Brookhaven programs were developed under. the

. dlrectlon of Marr,.Pasta, and Rab1now1tz. ‘The work on the prototype. pro- a

'fﬁgrams at Berkeley was done by Mary Downton and Charles chkens. These-pro;:t“”""

'_,__péjgrams have produced very promlslng results and we now deem 1t feasible to 'l;;f;'é"

:fdtorganize a production system., The purpose of thls paper is to show the re-d;;;b ;i*

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

7

' o whlch remain to be worked out but in general, the results show that we can.

psuccessfully recognlze bubble chamber events.

~

The problem of recognlzlng bubble chamber events has been broken 1nbo.*zs" B
‘several phases. The flrst phase whlch is track follow1ng, constltutes a sin-. .

;;'gle 709h program which operates in real time, satlsfying the data demands of -

"~ the FoD " The subseqpent phases of track 301n1ng, linklng, and vertex recog- ﬂ -

'nltlon constitute another 709h program, whlch has a magnetlc tape 1nterface

o with the track followlng program. " Cal comp plotter plctures have been made ;ET?:.'.

. showing the results of these p?ograms._,:,.‘fa-‘

 The Flying Spot Dlgltlzer (FSD) which generates the data for the track

follow1ng phasc produces approximately 60 OOO digitizings per view of the 72 pbp.,,;‘
"?{'inch Hydrogen Bubble Chamber._ These digitizings are produced and transmitted
to the computer w;thin approxlmately four seconds. Therefore, the track fol- .»i ‘

"33 lowing program must process about lS,OOO digltlzings per second which 1t does
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‘f”'chamber parameters.'

The FSD has a mechanlcal stage whlch moves, along the length of the fllm

iﬁvwhlle a mechanlcally generated spot of llght sweeps across the fllm. The. flylng
;:opot movcs ACross the fllm in: a manner 31milar 10 a TV scan, except that dlgl-‘
rtlzlngs are produced when the spot is mov1ng in the forward dlrectlon only |
'Each tlme the spot comes bacx to the initial p01nt, a new scan line is started

Here, the p051t10n of the stage is read out and is the l—coordlnate, the Sva - $:A':

produces the W-coordlnate., Thls we call the normal mode. sweep. Beam tracks f

and all other tracms w1th slopes up . to about SO degrees from the sides of

© the £film can be dlgltlzed 1n the normal mode.

Tracks which are parallel to the motlon of the sweep will not algltlze nfﬁf

: 1n the normal mode. An orthogonal mode sweep 1n whlch the stage moves across
‘bt the fllm,_and the flylng spot moves along the length of the fllm is necessary. ;tgli_
"“-;bln thls mode, the stage pos1tlon produces a Y-coordlnate, and the spot pro-' flf,}b

. duces a'w-coordlnate..

L

V'Track'Following

A major portlon of the digltlzlngs from‘a bubble chamber plcture are of

'}ﬂ,beam tracks. Since the paths of these beam tracks can be predicted, 1t is fm '
) worthwhlle in terms of speed and accuracy to dev1se a fast method. of follow—“f,; '

',”1ng these tracks alone. A simple transformatlon can be applled to beam tracks

to projcct them into stralght llnes parallel to the s1des of the fllm

. " table is calculated Whlch gives the shear necessary at each scan llne Lo map
. the points of an ideal beam track into a straight llne. This shear table ffn‘.’gﬁ

uk:need be computed only once for each experiment since it is a functlon of ,f af ;

e I\

The program bcglns by searchlng the flrst few scan llnes for beam track

”4pulses. .This is done by mapplng the shcared W—coordlnates into a histogram
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" Jowing one track.

,“E_storage bank.'. ‘“Atf'v : .ﬁ jp?_.fp"ﬁ.

T'those blns are hO octal mlcrons_(l traok w1dth) w1de. After a number of SCan‘
';llnes has been processed the hlstogram 1s searched for pulses which w1ll open

) track following blocks.' Each canonlcal block contalns 1nstructlons for fol-

For Brookhaven 80 Hydrogen Lhamber £ilm, w1th N BEV/C K* beam, h8 scan

lines have been used for beam track 1n1t1allzatlon, 14O scan lines were ‘used =

. for Berkeley 72 inch Hydrogen Chamber fllm w1th 3.9 BhV/C ™ beam since the '
tracks are more heav1ly 1onlzed Here, we ‘expect that the number of bubbles -
and their diameter w1ll be such as to produce a digitizing density of 50 per :

'.,'cent.-.In searchlng for pulse only hlstogram bins w1th more ‘than four hlts

are examlned Flrst, 51ngle blns w1th more than six hlts are accepted as
1

pulses. After these pulses have been found, they are ellmlnated from the next
'step whlch searches for pulses whlch are two bins w1de with a total hit count

- greater than seven, . :;f V;_*\,L_

Thus, the beam tracks are 1nit1allzed and the program enters the track

. following stage. Here beam tracks are, followed and the program begins o f°1‘wdww;;}i
’4fg*f1§w non:beam‘trackS-_ In track following,\the w-coordlnate is flrst sheared Mv
?yfiand checked to see if 1t lles on a beam track. If 1t does, the p01nt iS stored
'f?“'ln the canonical block of the track on which 1t lies. After four such POlnts dgbd

'ffj_have been collected, an average point is enbered into the track's average pornt

[ RS AT R SPC S AP NN SR N \ , -
The track blocks are checked cvery fourth scan llne, and those whlch have

‘dfﬁff'accumulated no hlts within the last 32 or. more scan llnes are»closed out .The;fffhfv
‘d?';_32 scan line allowance is’ made S0, that nearly cr0551ng beam tracks, whose d1g1-4:_ixf

'tlzings are depleted, w1ll not be closed out before the tracks get a chance to -

geparate. | When beam tracks cross, only one pulse is produced and the program ’.'
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P 7;’ holds the roads of{the,twodtracks_together'untilitWO,pulses‘appear and the =

- s roads are separated

Beam tracks are followed:lnrsheared space throughout the plcture, non-}i S
bean tracks are followed 1n unsheared space, us¢ng the actual w-coordlnate..
?“Q'_f R P01nts which are not on beam tracks are examlned to see if they lle on estabedp'"
| | "rllshed non-beam tracks.. If not the point is saved until there are four such.'.
4 _d-, “.2_'p01nts within a small 1nterval, at whlch time a canonlcal block is started.

In collectlng these four p01nts, there may not be a gap of more than three

v S scan 11nes between them.: If four scan llnes occur without a d1g1t1z1ng, all

- .

p01nts thus far collected for - this track are’ dlsregarded ‘After a non-beamA

_'track.follow1ng block has been opened,,the track enters the initialization

,stage.

s

So far, four track p01nts have been found, enough” to form one average S

-"point The flrst palr and last palr of these four p01nts are averaged to obtaln- j
| two p01nts from whlch a slope is calculated The next four’ polnts are gathered
,:d uSlng thls slope, the last of the first set of p01nts as a window, and a road
“!.ttiAw1dth of 300 octal m1crons.» It is requlred that thes eﬁfour.pornts‘occur”w1th1ndf :

 the next 16 scan lines.

¢ et ¢ e 4 ot e e e

After the second set of four points is obtalned a second average p01nt

"i can be computed which w1ll be the w1ndow center for finding the next four pomnts. :'
i ~The slope will : now be computed from the flrst and second average p01nts.,}The tﬂf'7"
new. road width will depend upon the slope of the track. Here it is convonient ;‘]f»ﬁ

& ‘:_7;,4f3;.to separate tracks into three categor1es~ those with low, medlum, or hlgh

| K slopes. Tracks w1th slopes less than 15 degrees from the directlon of the FSD
o ~ ‘ . '-\
Jr'jf{*”'f“”pfstage motlon are’ consadered to be in the low category.» Those whose slopes

are between 1 and hO degrees are cla551fied as medlum, the remalnder have f-l -

. H . . |
Vo : . : P

o - L . PR o
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s tralght line extrapolatlon stage.-f;gg;f\gl -

-”,point (i. e., 3rd lBth) Bach tlme an average point is computed the road '

‘fj;center 1s extrapolated from this p01nt

agat

. .1-'

B hlgh slopes.' For low tracks, the road w1dth 1s reduced to 200 octal mlcrons, for

| medlum and hlgh tracks 1t 1s set at 2h0 octal*mlcrons. Ihus, the four p01nts whlchl

PR A

c form the thlrd average 901nt can be found The requlrements are that these be
'”%.found w1th1n 20 scan, llnes for low and medlum tracxs, and w1th1n 16 scan llnes E

f for hlghly sloped tracks; f{.fﬁl{‘

 When three average points havc accumulated the track 1s 1n1t1allzed and 1t

: _1s a°51gned an average p01nt storage bank Here, the track - enters the 1ntermed1ate"

i.'v

2 1In obtalnlng the four p01nts which w1ll constltute the fourth average poxnt,

”; the den51ty requlremonts and road w1dth are the same as for the thlrd average :
'{rp01nt except that medium tracks have road w1dth 2OO mlcrons. The slope is derlved
'j”?:l from the second and thlrd average p01nts and the thlrd average p01nt is taken as {f??i
".Ffifthe w1ndow center: The road w1dth is not changed for finding the flfth average ‘r'if
3.p01nt, but uhe denclty requlrements are relaxed sllghtly For low slope tracks, the :,
- four points must be found w1th1n 2k scan llnes, 22 scan lines for mcdlum tracks,,

'*'f‘and 17 scan lines for highly sloped tracks. The window center is thc fourth average

e Y

point, and the slope is computed from the thlrd and fourth average pOlnts. “"f»eal,1A

At thls p01nt the road w1dth is reset to 120 160, or 220 octal mlcrons

\

~ for tracks of low, medlum, or hlgh slope. The den31ty requlrement° remaln flxed
,f'Here, a second order calculation whlch uses the change of slope per scan llne 1slr
.-r”used for predictlng the slope.v Thas change of slope per scan line is computed “f'zqfh
"hffrom three average p01nts whlch are unlformly dlstrlbuted (i. e., p01nts l 3,-

>~5 or 8 13, 18) The slope used in each case is that of the central average o |

e,
I v

o The avcrage poxnt °torage bank for each track is llMlted by storage dfl;' -

R requlrements to 18 p01nts.. For tracks w1th more. than 18 average p01nt

,.jz-:‘-.
£y :

. an algorytim is used for dynamlcally editlng these p01nts_3, This }_alpxtv_,u.-

‘gorythm assures a falrly_reasonable dlstrlbutlon along the full :length_;of.}




;scan, there must be an orthogonal sweep to pick them up. The beam track fol-';_fv?z-
} low1ng is eliminated in the orthogonal sweep; . the non- beam follow1ng proceeds;_fc'

- exactly. as in the normal mode. The current program has prov1smon for one

i

~ which lie inside the.road It sometlmes happens that a p01nt lles within a

i

v‘the track. At the end of track following, these 18 average points are reduced

to 10 evenly dlsbrlbuted p01nts.

 There are 60 track following blocks (58 words each) and lSO average 001nt

;:storage banks (24 words each) Track blocks are ‘added or removed as necessary,-

b_ however the average p01nt banks are preserved As track blocks are opened

they are 1nserted 1nto a llst of tracks ordered by 1ncrea51ng W-coordwnate
to fac111tate rapld process1ng.p_'

‘ SlnCe there w1ll most llkely be tracks whlch are parallel to the normal

‘ orthovonal sweep somewhere in the mlddle of the plcture., Thls will have to »d'
' be rev1sed to allow: for as many orthogonal séans as 1is necessary to cover the "
-pg;entlre plcture. Another program Wthh wlll be dlscussed later llnks the normal

frband orthogonal track segments to form one set of average points for each track

thn cross1ng tracks occur, there w1ll be only one dlgltlz1ng on the scan -

llne in whlch they 1ntersect.‘ A hlghly probably occurrance would be & non-.

. beam track cr0331ng a beam track. Slnce a p01nt is flrst checxed to see 1f 1t
“"lies on a beam track, it would be lost to the non-beam track Thls could con- 7

 tribute to losing a track durlng!following,_and could be detrlmental to the' 4”f?;5%b'

1on1zatlon calculatlons. It 1s impossible, due to real time demands, to check fl‘fi

‘i each point on a beam track for non-beam follow1ng,” This is not a serious oroblem, o

g'however, 31nce the separate track segments are later 301ned together.

o

In track follow1ng, average p01nts are computed u51ng all of the points.,"

:,».

xu.. : S
R . ',




: strlngent requirements before they are 301ned or llnked

C road, but 1s not actually on the track. At thls stage of development there o

Ils no ~way of rullng out these p01nts, they are 1ncluded in the average p01nt

!

s calculatlons. Thls is hlghly unde51rable and an eff1c1ent method must be found

-whlch w111 cllmlnate these extraneous p01nts.

Track Segment Joining and Linking L

Durlng track follow1ng, 1t is p0531b1e that a track is lost and later

,“'relnltlallzed It is therefore necessary ‘to examine all of the track segments

. to see if they are portlons of a longer track Fldu01al arms should be isolated
: f; and. the normal’ and orthogonal track segments must be llnked. 'I,grnrocram:whichj.
’;“fi:performs these functlons is separate from the tracx followlng program. It

first joins track segments 1n;the normal scan, then does the same in the ortho- - .

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

: ThlS same progran then searches for vertlces.,

N

The term "JOlnlng" w1ll be used to denote the connectlng of track segments

i.-withln one scan (normal or orthooonal mode) j"L:.nka.ng" will be used when s S
f”' conn ctlng between the normal and orthogonal scans is dlscussed Once two
. track segments are joined or llnked thelr average p01nt llsts are merged and

'the process is 1rreversable.v Therefore, the,track segments must meet rather ,;'”"

A’. '].' .

W1th1n a slngle normal or orthogonal scan, track 301n1ng is done in. two

- passes., The flrst pass uses the slope, rate of change of slope, and the last

r?point of one scgment to predict the slope and first p01nt of the other segment.; |

~ This method is used where one track segment starts riear the end p01nt of the‘t”¢f{:~

other and where both sogments havo the same directlon of curvature. It 15

.’.SN’"""

1faster then circle fitting and is very efflclent where gaps. betwcen tracx ség-r,_«

" ments are mall or where the segments form a falrly stralght track

0 l
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*connectlng these..‘

The second pass flts a 01rcle to the longer of the two segments belng

"”f{’con31dered ‘From thls carcle, w-coordlnates are prodlcted for the flrst, SR
: .middle, and last p01nts on the shorter segment _ If the predlctlons are w1th1n _
“77 an acceptable tolerance of the actual W—coordlnates, the two segments have'

ipassed the test for JOlnlng, and thelr p01nts are comblned 1nto a single llst._}.:

In order to determlne 1£ two track segments are near enough for 301n1ng,

“the program sets up a box around the end polnt of one track. It then looxs
'”_ to see if any other track segments have end p01nts w1th1n thls box.; A distinc—
;,tlon is made between short and long tracks because the program is- w1lling to

1“_ extrapolate over a longer length on longer tracks it has more confldence in.

e

1

_ The flrst pass attempts to 301n tracks whose end p01nts are less than iiﬂ* -

'_’2000 octal microns B apart 1n w (one mllllmeter on fllm) TheimaXLmum separa- o

L tlon allowed in X (or Y for orthogonal) is 96 scan lines for short tracks

(tracks w1th less than 6 average polnts) _The scan llne threshold is 1ncreased ; .

 to 128 for tracks with 6 or. more average p01nts. The box size! for the second
lfvpass is l ~times that just descrlbed for the first pass.l"
‘ When track segments are Joined the total number of average pomnts is J%r.'”':‘
VA_‘reduced to the standard saved for each track (lO p01nts) After both passes
i;”for 301n1ng,,the propram attempts to find fiducials. Short, straight tracks :{{m;:1~=
Hat an angle near hS degrees are candidates for fiducial arms., When a palr of s
X these, tracks cross, their intersection is computed to obtain a fiducial center.g
thThe fiducial centers and the track averaoe points are converted from FoD least

_counts to mlcrons.,

, . : _ \ SR
Track joinlng, flducial finding and contersion to mlcrons is done first

for the normal scan. The same\proccdure is then followed for thc orthogonal L; ’

. [ o ) o - ,' -..4"
.. -\“ ; S . e Lot
. S
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! C = s ..\:k"‘t
E [ﬁ,' ~ f' sweep, further 11nk1ng 1s stlll necessary for tracks w1th both normal and

_~j_~orthogonal seqments’;;ff;uQTl;:J'”‘
. All tracks whose slone and currature 1ndlcate that they could contlnue Hlfdla‘*“
Tgilﬁto the Other mode are con51dered for normal to orthogonal llnklng. If a
v -:“?;sat57ségment 1s‘very 1ong or has a high slope, two 01rcles are flt, ene to the flrst
, .~‘1half of the segment and one to the 1a t half Otherw1se,_one three-p01nt .

fv01rcle or a bwo-p01nt stralght llne 1s used

: The max1mum 8ap. allowed between segments con31dered for llnklng is 20K8 mlaens
i R .

§ o .whlch is about one centlmeter on fllm, or l/lsth the 1ength of the 72 1nch _}"l

% *,fuf-?fifj;chamber. Ii the tracks are hO OOO octal mlcrons or loncer, two c1rcles are :

§ = -”L“'flt one us1ng the flrst thlrd ‘and’ flfth average 901nt the other on the flfth

! - '

% sevcnth and tenth average: pornts. Tracks shorter than 1, OOO octal mlcrons -

% . have 01rc1es flt to thclr flrst flfth and tenth average p01nts.- Intermedlate'

E Wi L d_ulength tracks are flt 0 stralght llnes.l,

; A “ Tracks are sorted among flve 1lsts ' four for the quadrants of a. 01rc1e,

? 5';,one'for all stralght tracks. The quadrants are as 1ndlcated in Flgure 1. .
i *Normal tracks are sorted among quadrants O 2, or stralght orthogonal Lrac&s

; .among quadrants 1, 3, or stralght. The program begins- to llnxysegmenbs in a- ?f'.

: cpunter clockwise direction: _quadrantq 'O-€>J;—>2;—>3j€>o,:“ a;%ﬁffffTT;

5 n

1

e

L u

: “)” ; I , §
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In chccklng two curved segments for linklng, three p01nts lrom the shorter

[y
= ol |
e

3».fvfj' segment are tested agalnst the appropriate Circle from the longer segment. it~

each p01nt lies within an acceptable tolcrance of the circle, the two segments'iﬂ.ti
Loaare llnked if .one segment 1s completely superimposed over the. other, the shorter Thh.
%xlh}”‘:i ~one’ is Simply deleted, otherwrse, the two oegments are linked. Their average l_:'ﬂéﬁ'
| p01nts are merged into one 1ist and lO points are selected to be as evenly spaced

™ as p0351ble.

Vertex Search "
~ ) . . N 6 e . T . )
,'ff At this pomnt, we, have found fidu01als and abstracted tracks in one frame

:- of bubble chamber film.l A search must’ now be[made for vertices S0 that events
_ 'can be 1dent1fied :'The. present program attempts to- find. vertices only at the -
7 _ f” "ends of tracks. It looks first at the end of ‘beam tracks and unrelated non- .
A 4.t4;. ‘beam tracks. If an 1nteraction 1s found the search 1s continued at the free

;'jends of all the tracks in the event. frf _ ?; A »;
A large box is set up around the end p01nt of a track (track A for purposes
ﬁﬁﬁ,gijg_ -of discu331on), and ‘all other tracks which. end in this box are examined._ For -~ "

‘h each of these tracks, the p01nt of 1ntersection with track A is computed by ’r}ﬂi-

mcans of a subroutine which calculates the intersection of two circles,

‘ circle and a line, or two linesn. If the tracks do not lntersect but are close f'j? _

i r

together, the point halfway between their end ‘points is computed The tracks Q’S o
‘ with intersection points nearest the end of track A are selected A track 1s ‘
: rejected if its intersection with track A lies outside the fiducial area or if.

the 1ntersection is too far from its own end pOint.‘ The allowance for distanoe

from intersection point to end point is small if the intersection point is t;
intcrnal to the track, but. is fairly large if the point is external to the f

traok This distinction is made because an internal intersection is less likely,;_,“

 to be a vertex than an cxternal intersection. B Cee . ﬁﬁif

The dimensions of the box in which the program . soarches for vertices lS

'%E} .23, uOQ octal microns in both the X and R4 directions.. This roughly corresponcs C
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rl-to a one centlmeter square on fllm In cases where bhe 1ntorsectlon p01nt

".,,13 1nternal to the track, the max1mum acccptable distance from the end p01nt --73fﬁ

T
N

- e e

Jz#fof the track to the 1ntersectlon p01nt is 2000 octal mlcrons for non-beamv
'?tracxs. For beam tracks, thls uhreshold is 1ncreased to. 6000 octal mlcrons,
"i.or about 3 mllllmeters on fllm." The maxlnum gap allowed for 1ntersectlon p01nts

which, aro cxbernal to the track rs 6000 octal microns for all tracns. |

Tracks accepted thus far are recorded 1n a, llst Each 1ntersectlon p01nt |

| il_ls then tested agalnst 01rcles flt to all of the other trac&s in the list..

'-The 1nterscctlon p01nt whlch flts the most tracks 1s chosen as a rough vcrtex

'v'pornt and the tracks that it flts are llsted as prongs of the event Bach

. n
vertex is recorded 1n a "vertex llst" w1th pointers to other related vertlces

" in the event

Very short non—beam tracks“are not allowed to. 1n1t1ate events. However}_'
Jionce the first verbex of an evcnt is found all. trachs in that vertex are 1”
;fused to search fcr subsequent vertrces..H.l | | B |

” Thls vertex search method is primarily geometrlcal and.does not apoly

any physics to tracks belng con31dered It is highly- probable that falsc %:fi;'ﬁx
vertlces will be found, however the procedure of event 1dent1flcatlon should

;ellmlnate these extraneous vertices. Event 1dent1f1catlon has not yet been

. Tattempted at bcrkelcy, however, the task should not be too dlfflcult prov1d1ng

-all of Lhe vcrtlces are. found '
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 DATA cnumr =

- BERKELEY 72 INCH CHAMBER
DATE 650311 EKPERXMENT 000030 ROLL 006341

FRAME €CO332 VIEW (00002 NORMAL -SCAN

.POOCESSXNG TIME IN SECONDS ‘ S
TOTAL ELAPSEC  3.08 ACTIVE FOLLOWING . 1.13

Q-

FSD WQRDS 27.551 w—PorNTs .-17&039

“TRACK COUNT - - ’ )
' " TOTAL . 192 BEAM - 15 NON—BEAM N D

1

NUMBER OF N-POJNTS ON TRACKS

TOTAL 92361 BEAM 5, 465 . NON-BEAM 3,771

BVERAGE POINT COUNT

TOTAL © 751:BEAM - 221 NON- seAM 530

NUMBER OF w-pomes PROCESSED PER, iSECOND 15,000 .

RATIO OF W-POINTS.TO AVERAGE POINTS 22

NUMBER OF TRACKS WITH LESS THAN 12 HITS - 116~ .-

+

a

BERKEtEY 72 INCH CHAMBER

DATE‘ 650311 EXPERIMENT 000030 ROLL 006341

FRAME 000332 VIEW 000002 ORTHOGONAL SCAN »

.. 'PROCESSING TIME IN SECONDS : ' LT
' TOTAL ELAPSEQ 1.39 ACTXVE FOLLOWING .56>'fl"

[

OATA COUNT e : l
FSD NORDS : 130430=N—POXNTS . 7v814

TRACK: COUNT S L
TOTAL . 214 BEAM ' 00 NON-BEAM . 6l =,

NUMBER OF W=POINTS ON TRACKS - R T T
' TOTAL © 2,251 BEAM - , .00 NON—BEAM 24251

'AVERAGE POINT. COUNT R
TOTAL - 446 BEAM ... 00 NON-BEAM .. 446

NUMBER OF W-POINTS PROCESSED PER. SECOND 13,900 ) ¢
. RATIO OF W-POINTS TO AVERAGE poxnrs oo
NUMBER OF TRACKS waH LESS THAN 12 HITS .0 153 b0

S

ﬁ.Figuréﬁ'h;ﬁ;Tfack foliowing;diagnpstiéstf}




SOLL 01037, FROE 5433, vitw I, RO QOO -

¥J e 34308, LD+ <0000

QOLL 0107, FRArE §423. VIEW 1, RCD 00O

| X0 s 34188, 10+ <0000

.,

"
o wle qrapasps
L

s

wing

rack'follo

'J.
(v

H

ode

Resﬁlts'of'normél:n

" Figure ‘5.

-ch f

in

BC 0

T
1

<haveni30

t
i

Broo



'
)
‘

‘80, inch :

'Print 6f £ilm from Brookhaven

BEV/C K+ beam.

[

ige 5,7,11)

'

H_(applies.ﬁovf

zesyaos .

1o

X
.l.mumuuu“wnwu”o.. nm“u

_HydrogenﬁBupble.Chamber with 4

‘Figure 5a.

3
:
k. B N . L - . -
N . .
! .
s
“
£z . : :
e c - -
7o o - ;
RPN R
< e
] M v A\
. - > N > r “ . 3, -
ety s e - - - - U —_—— - - -



3 ' .
* : ‘. r: Ay
i . . .
i
- )
: ’ e
i ' . g .
. . s | i
CTRACK 4.5,10.5. aL.7, 487 o '
o ® LINEO »° 444 i P ' -
‘ !
! e ! N, \ ) . .
) 4 B R R A AT Dot g s B i aang e S Y T P, Peunster o
’ * . “l S . .
H .'o Wt . .
A L A 2. A A, A, A . A
! B Hnn on ) Q) G M E] n H GAG]
: ~ 4:
™ ToLINeo o 724
. .
r k] x
4i
—_ i
: ! : nJon T R B R S T T B B N B R R I
. ‘ i : -
ey . . TRACK  8,1,11.3 15.5,10,3
‘o ' LINEO » GO2 .
v - ¥ " N ) |
; > e Or N B RFORNE S BE o\ Wyn W Dne § Tt M0 a G O,
S - ptbed .
, . , R ) N R
L - e L : [ L L
; . . S O S - : o 1
i . L LINED » 1082 o -
; ' I . ; . - , .
; . \ . . *
: '
: B . . ke el it R T ORN e DA Sut o e Ran PSR RO &
,' * :
. . ‘ - . - -~ .
~ ' T L
: . : TULINED e 134p T T v '
i
BENS
i ¥
s _
Figure 6. ‘Detailed plot of non-beam tracks
. i

Brookhaven 80 inch HBC

track follow1ng




. N " - . NN . S P -

&3
-3
@ W e, w ey e -
Nm '.." ‘. :
2w ,
g% . coo . :
- Nw - i
g y g
g o
s E an
. R
ol .
R
o]
—
. O
N e
o, ' M
a [S I i
L
‘ ! CoAD -
. : Lol
e e .
’ S0 M
. O v
. ,ﬂ, ‘n
“ [
mm 2 2. .o n .
o . . ) aOo. i S
, El 0 D
' J- ' s bt
0 'v -t t
i 5.5
n .
. 52 ST s
. m . LA
_ Co. : -8 %
5 s 1
s - -] [As)
. R .
: o . " -
2 _.
H L . . K e.
y
s b t N F X e
*q . . ' !
.\
‘-
: - .
g o
) . b
- .



. oqﬁ yout Nw \wamwpmg

wcax:aﬂ pue wca:HOn xovnp mo mpaswmw ..w. aan31y

s b Ze . : L -

oy

ﬁ
g
-7
7=

Y ey

T Stesw \ ) e

et S
T

o o

» N

]

¢ — [ [ <
. .

. ) )

. .,

@l

e

[

R e ATV o
... Buﬂu- n-ﬂﬂi "uﬂ‘-lh’-v.bﬂnu

S ( . VA . i .
S . ' .
L o Y IR e T ) ) o : SO ) ) LI ]

e S T £ 0 T RS £ ‘ . ’ s . N o S @ECr i -
< . i ) . o ST £ AT LY e3R8 D2 60
s . . N o

- . . . . L]
. .



el e
23

s

o ) 22 23

2!

’o.
1

o

102000, YO ¢ 160000,

" TRACX AOITRACTICN. PORL 0107, FRANE 423, VIEW 1.
x0 -

ROLL 0107, FRAcE £473, VIQU 1, FeD 100

U « 17203, YO - 52403

> Cu 20202 s CX

W2 W21V TEI2 3UANN (Y00 JUOR
€

€20 <y

e seserdeiriler®

I

oL : o
o
st

133

»

21
3t
Sl

o

b ot s o s e @ < 2

N

- -
e @ e @

@ @ oo B DO DD BB
[ aud phir

4 O TP 006 Bues b @ o .
et @ st s

1

O i

[

oeTmr a1y,
— .

——— N 4@ QIR TR

P

———

s SO WS O0

"
PRSI
TS egerTTiS R
e g

1,0

xlngf.V

4 lin

Jjoining an
1EG

nch

i

.

an 3D

[»2

rookiuay

B
£

Resulbs of track

5-re'.9{




. 4
‘- :
: g
¥
'
3.

é ES
r
i

~
v

f'vertex search

-

ts o

:rkeley 72 inch HR

Resul
ie

10.

. v .

Figure

Qo3 ECTEROTIOL oL ©a, el L, VI,

[N ovaeon RS L corme- 3

*a

5]

]a-n._-'-‘—:‘-' temm e

Ryl LSS, .

R q,'.". . 7 ‘ﬁ..
.

) -
- .
. LR
. BA
=z . ..
el N e .
. b et t . .
S T e b .
MR ‘ bnad TANEY
A . : el XY

....- ‘v‘"””(“““l




~7

.U OFH wolit 0 weAwp[oodg

S yoaes

XS} I A wo_MPazwmm ‘Tt

R
- NS
22 .
: i
52 .
) m
i e
< N
134 :
;
52 .
i
;
- :
12 .
. v\\
oz,
‘
. n
14
ot
"
ler
21
3]
13

12

71}

it

134

113

[

[ [ I - [13

. "Da00sT ~ 01 'C00Zo1 - Cx
"YU AIMA 'S2r 3nud 2010 VW “€33[103A

11

(43 [3 [3 I

"80003T ¢ 01 CIJIT « Ca
‘Y RA 62y Budg SO0 W2 TRITIINIITET AuNL

1




et

Ly

Flgure 3 ‘Results of orthogonal mode.track following (Berkeley‘?Z" HBC)

A P P N D IX 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 3.9 BUV/C 77" beam. The other portions are Cal Comp plots

showing the results of track following. In the Center is a display of
the averagb points found in all the tracks. On the right is a plot of
the residue points (thqse points which the program found not to be on
tracks ). ' . '

A separate diagnostic program is used 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 generaund"\'
by the dlsplay prog for ease 1n reaalnb the output

The horizontal scale shows w-coordlnates, the tlck marks are 10, OOO octal

microns apart. The vertical scale is the scan line count; tick marks dre_f o
100 octal scan lines apart The scale and coordinate values on the residue '
plot are identical to those on the average 901nt dlsnlay. ,

The upper left corner of the film was somehow masked out in the printing
process, so the fiducials do not show. There is a scratch on:the film which .
was not present at the time the abstraction was made so it does not show

on the Cal Comp plots.

.The fiduclals were followed, and can be seen in the average péint display.'

We hope to have several such X-shaped fiducials well distributed through-
out the picture in film which .we process. A close examination shows that

. the program has found all of the tracks within the normal sweep. The regldue'

buffer shows some track portlons which will be followed in the ortnogonal

" mode.

On the left again, is a print of the 72 1nch Berkeley hydrogen chamber film.
In the center is a display of the average points found during orthooonal
mode track follow1ng On the rlght is the residue buffer. - .

. The horlzontal SCle on the track follow¢ng plot has tlck marks every lOO

octal scan lines. The vertical scale shows the W-coordinates w1th tick '

+ marks 19, ;000 octal microns apdrt

Cmm—
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which Qld not qudlliy as tracxs.

Coaee

The rcsldue bufier shows a grcat many tracks in the erectlon of the beam..

’ Tracks in this direction are not folloved in the orthogonal sweep.

Flgure Lh: Track follow1na di a~nostlcs.

- This is prlnted outpuv generatcd by the track following program for dlag-

nostic purposes. The production program will not have output in this form,

. although tnere will most. 11kely be some form of output for monltorlng p"“
‘poses :

4. Flgure S Qesults of normal mode trdck follow1ng Brooxhavcn 80 1nch nBu.

The- udl uomp plots are as those descrlbed for ng 2. In the res;due buffer,'“

. vertical lines in the direction of the beam can be seen about 1/3 of the - - -

way from the left edge of the plot.. These lines are scratohes’gghyhe,film o

I )

,i Plgure;é Detalled plot of non-beam tracks from normal mode track follow1ng

“in Brookhaven 80 1nch HBu.

- The horlzonbal scale ShOWo ‘the 11ne count, w1th tlck marks every 16 scan
" lines. On the vertlcal scale are tlck marks 100 octal microns apart in W..

<A 01rcle is flt to the track and all po;nts and road edyes in the graph are
~sheared from this circle to a straight line for easier dlsplayln Thus, .
~ the points should make a straight horizontal path through the center of the . .-

graph. Road edges are computed from the road center and slope of the track,

and are shown by lines on the: graph. -Rate of change of slope are not taken _

-, into account in these plots. -

Whenever the slbpe of the trask has been récbmputed, a 1ettef'indicating
the magnitude of the slope is, plot ed just.below the graph. The magnitude

.‘s,LS represented by:

L:' slope less than 15 degrces .
M: slope between 15 and L0 degrees . o
“H: slope greatcr than LO degrees L o BREAE

P01nts are rcoresentcd as follows

© average point thdt was saved

© average point that was not saved
% achual point on track .

N re51uue p01nt e sy

v 'x':' -

The flrst four o01nts of thc track appear “ad re51due pomtE because it was

" not possible to write them out.as track points this early in track follow1ng.v‘

u;mllar%y, the second average point and the four points associated with idx
do not appear at all. All other points on the. trauck are included in the plot.

n
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H,}ﬂfﬁf_v o Figure 7 Results of orthogonal mode track follow1ng in Brookhaven 80" HBC.

" The Cal Comv olots are as those descrloed for Figure 3. FlduClalS were fol-
lowed and can be seen in the average p01nt display. Coathangers were also
followed. :

~-Figure 8~ Results of"track 301n1ng and llnklng in Berkeley 72” HBC

. On the left is a Cal Comp plot of the track average p01nts 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 every 10,000 octal microns apart.
in both the X (vertical) and Y (horizontal) coorulndte axes.

-Track joining in the normal mode can be seen at C:) in the orthogonal mode at
2). Linkages between normal and orthogonal modes are shown in s s (&)
and (:). In most cases, there is an overlap where a portion of the track
- is followed in both modes. .The linking program removes this overlap section

_ when lt merges average ponnt llsts.;
: : ) . . '

. Figure-9- Results of track joining ahd linking in Brookhaven 80" HEC.

: I On the left is a display of the average points from the normal mode sweep, in -
PRSI C the center is the orthogonal mode average point display. The plot on the
el . right shows the results of track joining and linking. Both the horizontal (Y)
: and vertical (X) axes have tick marks every 10,000 octal mlcrons apart

- Note: the beam track on the side of the picture with the tlck mafks. “This,treck
was not joined due to the large gap between the segments. o

Flgure 10 Results of vertex scarch in Berkeley 72" HBC.

On Lhe left is a print of the film from the Berkeley 72 1nch huC Wlth 3.9 BLV/v‘j ﬁJ

™" beam. In the center, is the, final track avstraction: the results of track .

. following, Jjeining, and llnklng. On the right is a display of all the vertices = -

~with their associated tracks. The remainder of the tracks do not show on this - _
plot because they are not a50001ated with an.event; however, they have not bonn;:.
thrown out. - L -

- .. 0On both plots, the horizontal is the Y axis; the vertical is the X axis. The
3 . o0 tick marks are 10,000 octal microns apart on both axes.  The circles on the -
' o vertex display have as their centers, the vertex point. s sl

Cu .. The letter A denotes the vertex of the two—prong evont B shows, the four-prong
T '~fZVﬁrtoA. The othcrs are ialse vcrtlcrs. o T : S
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‘Tigure 11: Results of vertex search in Brookhaven 80 inch HBC.

" Both plots have tick marks 10,000 Qc£a1 micfons apart on the X (vertical) and
.Y (horizontal) axes. » ' : '

The four-prong event was found. Close examination of this vertex will show
that it is internal to the beam track. Since one of the outgoing tracks was
very straight at the vertex, the track following program followed it in beam.
track following as a continuation of the beam track. The end of the beam track
should be trimmed haclk to the vertex point in a subsequent phase of the system.
Part of the electron spiral was followed as two separate tracks. These segments
were not linked probably due to their difference of curvature, causing a false
vertex to be found. The upper right of the plot shows another false vertex.
This will happen quite frequently . since the search is for geometrical veriices
of tracks which 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.








