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illnpoKoe BHe.upeH11e sneKTpOHHb!X Bbl"UICn11TenbHb!X Mallil1H B paaml"-IIIbie 3BeHbSI 

Ql113lPieCKOrO 8KCIIep11MeHTa aa 11ocne.uH11e rO.Ubl Bbl3Bano OIIpeaeneHHb!H 11HTepec co 

CTOpOHhl QlH311KOB-3KCIIepnMeHTaTOpOB K BorrpocaM BhltJl1CnHTenbHOH TexHHKl1 11 IIpo

rpaMM11pOBaHl1ro~·nepcoHan Ql11311tJeCKl1X na6opaTopHfi IIp11 noaroTOBKe 3KCIIepHMeHTOB 

HnH o6pa6oTKe 3KCIIepHMeUTanbHhlX )la~HhlX BhlHY*lleH (B 6onbllIHHCTBe cnyqa~B ca

MOCTOSITenbHO) OCBaHBaTb TeXHIIKY 3BM H MeTO/lb; pa60TbI Ha BbltJHCm1TenbHbIX Ma

WHHax. 

TTpn BCeM MHOroo6pa311H MaTepnana KaK IIO caMHM BhltJHCnHTenbHhlM MallIHHaM, 

TaK 11 no BODpocaM IIporpaM~HpoBaHl1SI, B IIpouecce TBKOH pa6o~hl B03HHKaIDT ~CTeCT

BeUHbie TpyllHOCTH, CBSI3aHHbie, rnaBHbIM o6paaoM, C orpaHIItJeHHOCTbID n11TepaTypbI, 

paCCtJHTaHHOH Ha QlII311Ka-3KCqepeMeHTaTopa HnH Ha neu, aaHIIMaIDWIIXCSI pa3BHTHeM 

MeTO.UHtJeCKl1X BOIIpOCOB 3KCrrepnMeHTanbHOfi QlH3HKH. EcniI ytJeCTb rrpe 3TOM, tJTO Me

TO.UHKa ncnonb30BaHHSI 3BM B 3KCIIepnMeHTanbHOH !pH3HKe 6b!CTpo coaeprneHCTByeTcSI, 

T~ 6y.ueT IIOHSITeH HHTepe~ co CTOpOHhl !pH3HtJeCKHX HHCTHTYTOB K neTHefi WKone 06oe

. ·.uHueeHoro HHCTHTyTa SI.UepHbIX nccAe.uoBaHm'i - "TTpnMeuen11e 3BM B aa.uatJax 3Kcne

pHMeHTanhHofi qJII3HKH'~ • 

illKOna npoB0)lHnacb na6opaTopnen BbitJHCnHTenbHOH TeXHHKll ll 8BTOMBTH38UHH 

OI1HI1 ( .unpeKTop - tJnen-Koppec11on.uenT AH CCCP 11poqi. M.f.MemepSIKoB) a r. Anyrn

T·e ( Kpb1M) c 5 no 19 MaSI 1968 ro.ua. 

IlporpaMMa llIK0nbl napSI.UY C OCHOBononararoWHM~ BOIIpocaMH . BKmotJana. 

TaK*e neKUHll IIO HeKOTOpb!M KOHKpeTHb!M COBpeMeHHbIMi MeTO.UHKaM. UnSI 

tJTeHHH neKuHfi 6hlnH IIp~rri~rnenw ae.ujm~e crieuean~CThl na 06oe.ueneHHoro HHCTIITy-

. Ta SI.UepHbIX rrccne.uoaaHHfi, HHCTIITYTOB CTpaH-ytJaCTHlIU OI1HI1, a .TaK*e KonnerH ll3 

eBpo11eficKHX rrccne.uoBaTenbCKHX uenTpoB - UEPHa ( lliBeiiuapHSI) II CaKne ( <PpaHUIISI) ~ 
He HM8SI B03MO*HOCTH 011y6nHKOBaTb Beeb M~TepHan, peKTopaT .lliKOnbI 110.uroTo

BHn K H3.QaHHID oT.uenbHbie neKunrr, coxpaHHB, B OCHOBHOM, IIX B TOM BII.Ue, B, KOTOpOM 

OHH 6wnn rrpe.ucTaaneHhl aBTOPBMH. 

Jlnu, lIHTepecyroWIIXCSI · neKUIISIMll B IIOnHOM o6beMe, Mb! a.upecyeM B 6rr6niioTeKy 

OI1.HH, r.ue HBXO.UIITCSI IIOnHbIH c6opHIIK IIpOtJIITaHHbIX B llIKOne neKUIIfi: "TTpIIMeHemrn 

3BM B aaaatJax aKcnepnMeHTanbHOfi QlII:3IIKII". 
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'l. INTRODUCTION 

It is intondod in thoao talks to'deal with thci use of 

computers in tho evaluation of spark chamber experiments. Two aspects 

arc particularly emphr~nizcd, nc.mcly tho automatic scanning.of film and, 

experiments on-line to computers. tho processing of 

Most of 

been developed at 

tho tochniciues r1hich a.re described in. this· paper have 

CERN, though• ~ome methods contributed by other 

iabora.torics aro also mentioned." . 

Tho :time sea.Jo involved in these developments covers tho lo.st 

f i vo or six years. During this period a rapid expaniiiori ·of· the use of 

compu tors has occurred. Tho availa.bili ty: of modern ·.digital compu tor 

systems i"l.i th flexible :input-output i:i.nc(microoccond logic and ari thmotic 
' ' :. .. , . 

has stimulated ·a. variety of applications· in th~ high-energy physics 

·1aborc.torios. Ono of tho most interesting results is ·tho high dcgroo 

of a.utoma.tion achieved in th,1 o..nc.lysis of both film and filmless spark 

chc.mber data.. This topic rrill now be 'illustrated starting \'Tith a 
., 

recapitulation of tho basic features ·or spark chambers. 

1.1 Spark Chambers 

.. 
The Spark chlJ.Illbcr is no,1 a classic ·experimental tool in high 

energy :physics. It is. used to detect tho :passage of. charged particles

and to give accura~e svatial information about their trajectories. 

This spark. c_hambe:r detector relics on tho prasence of ions along tho 

particle's pcth and inv~lvcs o. gas discharge in o. gap betwocn tuo 

parallel plate alcctrodos. 

\ 



The main characteristics are: 

'j_J sensitivity time of a few microseconds 

ii) '. 

iii) 

dead time between successive events of a few 
milliseconds 

\ 
possibility of triggering the detector 

These features combined together make the spark chamber an 

ideal .device for collecting very lar~ statistics of selected and 
/ l . . 

reasonably clean events. To give an idea of the seal~ 0£ operation 

! ;'-' 
I<.·· 

•• 1" 

r:'•. 
t 

involved, ·spark chamb~r experiments normally record of the·order of i 

105 - 10
6 · events. This VElSt amount of information clearly poses ---~------+--.-:-' 

serious problems of data handling and calls for a high degree bf- ' 
. . 

automation. ·Fig •. la is ·a schematic diagrrun of a parallel plate spark 

ch~ber and Fig. lb gives an example of the use of spark chambers, 

showing the beam layout of an elastic scattering experiment. 

How are the spark ·.posi t:i.ons read out? The first. spark chamber 

used _in experi'ments recorded spark positions by optical methods. 

Stereoscopic photography was adopted making use of the experience. 

gained with bubble cho.mbers. ,Fig. 2a shorm how 90° stereo-views of 

the ch~~bors may be obtained and Fig. 2b shows the resulting picture . . . ' 

layout. The pictures were ini_tially measurecl on standard manually 

operated di'gi ti zed projectors. Tho measurement-s -were recorded· on cards 

or punched paper tape and provided the input :data to a typical chain 

of analysis programs performing eeometrical reconstruction.and kine

matica.l analysis of events and statistical _evaluation of exp~P..iments. 

Bocauso tho slow manual measurcnont was a. serious bottlensck,:·.iVarious 

fully automatic scanning and measuring systems were developed i_n 

several lo.boratories(l~ In addition to the already existing HPD flying 

spot cl.igi t
0

izors ( ~, a variety of film moasuri~g· devi~es . speci;ic~lly 

designed for spark chamber p~c~.ures we:re· constructed. Automatic analysis of 

photographic information was first repor~e~.on in the yoars 1963-64( 3t4, 5 •. 

'~--------------
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!n :recent yea.rs .a number. of filmlcss digi:tal read-out 

,,to·6hniques have b-o~n successfully triod··out·:~ ·(vidicon systems! acoustic: 

cho.mbo:r; 'i7.i~2_.chambe~ etc). They o·ffor two marked ·ad;antagos, firstly :< · 
·· --···t.h~:r·;.1~-;;moving tl_l0 slow_ camera and .he1:.ce o1lowing the chambers· to .. be 

·. operated. c.t hi.ghor speed; an~.' secondly that of producing digital ·output· 

thus -enabling diro.c:t transmission into an on-lino computer. 

. . 
-Tho r;iro chamber is by far tho most· important of tho. filmlcr.rn 

spark cho.mbcrs. It hn.s been used in.many experiments, i~ can be.pulsed·.,, 

at f:rcqucnccs compatible '7.ith its dead time o,nd it.no:rks satisfactorily •· 

ui th~ t\,O or more sparks per gap. It is _similar to tho optical chamber . 

except for the method of :reading out tho spark· coordinates. Instead o·f 

plane sheets of aluminum foil tho olect:rodos ~ons~st of planar array~ 

_of parallel qonductor wires.placed at a. distance of about one milli

meter f:rom _cnch other. Tho discha.:rgc current follorrs the wires l,,,i:. oy ·• 

; tho sparks in· each plane thus enabling one to,: locate the sparks 

' .--,·. ,, 

_ po si tio1;1s •. 

· Fig. 3o. RhoTTs !1 d:t.c,g:rc.m · of ::-. :1i1iro• chamber. Figs. 3a and 3b 

illustrate the tno commonly used methods of- -reading out 'tho/spark 

•coordinates, namely ma~ctic core ·and magnetostrictivo road-out. systems. -

Tho parallel pl~tc optical· ch.amber and tho wire chamber a:rc 

<used for tho major pa.rt of tho experimental \1ork at present. In ,'ihat •. 

follows ,the· ·data handling aspects ·of these t\10 typos of ·spark cho.mbor 

only will bo considered. 

- 1.2 Dai_a Handling 
, . 

. Many data handling p'robloms a.re· common to _film o.nd ;filmlosa 

spark cho.mbcrs •· In· both. co.sos one has ul timo.toly to analyse spark 

measurements • 

...., ... ---
l 
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The ma.in tasks of tho a.utoraa.tic data-handling system m~y 

be listed under throe broo.d headings, as follo\7s: 

Stage 1 . Dn.to. o.cquisition ancl !;eduction . 
Stage 2 Event recognition and .cla.ssif i ca. tion 

,Sta.go ~ : Gcomotrica.l £1,llrl kincma;ti ca.l analysis of tho events. 

Stage 1 involves tho o.cquisi tion of c.ligi t_a.~ information by 

tho computer from tho· mctisu;ing_ devic~ (coordinn.tcs )or from tho \1ire 

chb.mbors· (,7iro numbers). It. C'.lso involves, by moans of' computer programs, 

the reduction of this irtformn. tion into stric·!;ly essential dn.ta., i. c. 

the coordinates of_ spr._rk centroids. 

Sta.go 2 invol vcs tho rocogni tion of particle trc.clcs in r.rn.ch 

chamber, tho identification of the triggering event n.nd its cla.ssifi

ca.tion a.ccording to the progro.mmod· scanning critorin. 

Sta.go 3 incluclcs the goomotric~.l roco11struction c.nd kinc

mc.tico.l analysis of .tho interesting events a.nd. tho statistical 

ova.luction of the cxpcri~ontcl do.ta. 

Sta.go 2 and 3 arc both co.rricd out in much tho same rro.y for 

optical or uiro chrunbo1~s. In sonic co.sos one co.ri actually ti.so the· snmo 

progrrun, as uo actually ha.vo done. 

Concerning stage 1, it _may be stated that, if "iliro chambers 

replace the film scanner, tho structure of tho on-lino computer systc~ 

is not changed very much. ±n both co.sos there a.re very sin,ilo.r problems 

of equipment c~ntrol, data. o.cquisition·a.nd storage, ma.n-mrichinc 

comrn,unico.tion, l6g-keeping etc. Tho do.to. input ro.tos arc also compo.~a.blo. 

\ 



\ . 

HO\lOVer, 1:hilo in the ca.so of film ;3omo pc.ttorn recognition. is 

required to intorpretc·thc dc.t~ box informa.tion (picture nwnber, roll 

number, supploii.ontory do.tc. concerning tho event), to reconstruct tho -
. I . 

fiducia.l cont:cos c.nd to recognize tho spo.rks, in the co.so of ,,ire 

chrunbors this c1.c..to. is ron.dily c.vn.j.lablc. 

Tho o.utomutic analysis of spo.rk chc.mbor pictures ,,ill no,1 

be t1oscribcd_, followed by c.n outline of_ the. ·methods used in the 

cvc.luo.tion of ,.,ire chomber c::tporimonts. Tho omphnsis nill be on the . _. ~. . . . . ' 

tcchniqu·es uocc1. in tho first c.nd second stages of data handling~ 

,~ 
) _,, 

/ 
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10 
I. 

f . - .. ! 

' ' 



2. EXPERHIBNTS USING FILM ·. 

·. One of the appealing featu,res of spark chamb0r pictures is 

that ~he information .content is small relative to bubble chamber 

photographs. The-trajectories of the particles p~rticipating in the 

selected ri;iaction. are seen in the presence of a minimum amount of 

b~ckground. Another important.feature is that the spark images which 

delineate the _particle tracks arc con:fined in .the gap regions which o.ro 

normal:J.;y arrru:iged. in the picture in a known, regul::i.r geometrical fashi.on. 

It, -is cer~ainly_ b0cause o{ these chnrac,toristics that automation has been 

achieved in a·rather ·short time. 

However, a well plru:ined p.utomatio system has to talce into.nccount 

the particular way spark cha.11b'ors are used. In fact, since these detectors 

are relatively inoxpens.ive and easy. to build, their use is generally 

limited to one or a few experiments •. Unlike bubble chambers, spark 

charnbor flexibility permits radical changes in picture format to occur from 

experiment to exporin:ont. 

Firstly, tho arrnngoment of the chambers can vary considerably 

at the experimental area, so the· chamber imc.gcs .may pc disposed quite 

differently on tho picturos of different experiments... Sec_ondly, the 

numb or o.r1d the dimensions of the chambers, the. si~0s. and positions of 

tho gaps und electrodes, the film formo:-J;_ otc. ropros0nt possible degrees 

of freedom. Thirdly, the scanning criteria are oipcr:i.ment dependent as 

.. arc. the topological characteristics of the ov:cnts. 

Eoco.use of this variety of poss=i:ble: pict1¥e. struci;uros a high 

dogroe of flexibility is required in tho aµtomatic scanning systems, in . •'' .. ' . {, .. . . 

order to accommodate different experiments. 

'. 
Figures 4, 5 and 6 arc examples of: pictures• taken from throe 

different spark chamber experiments perforI"9-o_d and _automatically ano.lysed 

at CEmi0
• 
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2.1 Automatic Film Measuring Devices. 

Many types of automatic film measuring device hnvo been 

developed in various Europcnn and American laboratories~ However, 

their basic working principles ar.e rather similar and niey be 

described in a general way. 

The element of film• to be measured,. is examined by a small 

circular spot ·of light which :Ls obtained either mechanically (HPD) or 
. ' ' 

· electronically (CRT S'canners). _When the bundl·e of light ro.yo 

,genera.ting. this spot traverse a black or whi to imago · (for· example a 

spark), tho change in the intens_i ty of the transmitted light is 

detected by o. photomultiplier placed behind the film. The electronic 

circuits of the scnnner ,then record and output _the appropri~te 

measurements of• the detected image, (o·.g. coordinate of the .centre, 

width, light intensity). .. · .;. 

Tho scanner is connected on-lino to a computer, so that t~e 

measurements a.re tronsmi tted ei thor dire~tly or via. n small in_torme

diate buffer.to the computer memory where they rec~iye a first stage· 

processing simultaneously with the measuring probcssa -Also by this 

connection thp measuring device is placed under tho control of the·. 

computer program/ This means that its Oporo.tion is flexibly . 

progreiIIUn'ed ·and i-ts performance is continuously checked. 

Wha.t commands con .the· ·.computer send' to tho scanner ? 

All tho scanners o.t present used o.ro capable of executing basic 
. . . . 

orders ouch a.a : advance .or -backspace the film by a given number 

of frames, initiate or: tcrminate:measuremorit·, etc. 

. . 
-But the degree of programmability of tho measuring process 

- ' . . \ . 
its elf is 'j;he ma.in parameter which \.~iff er.entiato~· .the ynrioua typos 

,._--

of ·scnnnor, At one .extreme tho system dev,clopcd at MIT by •. 

Prof. Doutsoh ;) h_as a maximum degree of programmo.bility. Tho spot 

is sent to on address (x,y). on the. CRT surface by··a.·oompµter command · 

\----·--:-· 
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and the device s:j.mply t_ells·. tho computer .whether at that point the filo 

is -dark or. clca.,~. On the basis ... of 90.ch· single answer, tho program decides .. 

which point to intcr~oga.to next. 

At tho other extreme the flying spot digitisers (FSD's) sue~· 

o.s the HPD systera have o. minimum degree of programmability, and there..; 

fore maximum indcpondonco from tho computer. One coramond. causes tho 

complete mo:;i.su;omont of o. specified picture, in tho r.1onnor ·of a. TV 

raster soon. The FSD samples. tho whole frame 'by. parallel -lines con-
. . 

ti:nuously trans:oitting the digitoJ.· inforoation. I.t thus builds µp . 
o.utomo.ticoJ.ly in the.core momory of the computer a digital ioa.ge of 

the oco.surcd picture. 

Bctwoori the so two e:i.)':trome_s, one finds ci.utoma.tig film scanners . 

with various. .. a.mounts of built-in progrc.mno.bili ty and HPD-like autonooy. 

To conclude 0the discussion of th.e -philosophy of the "-scanner-
. ' . . 

computer syster.il', · it·. is worth 0opha.sizing tho.t tl10 oo.in difference lies 

in tho extent tha.t tho filo is used o.s o. ro.ndoo access oemory. Tho . · 

logic of tho :(le.to. processing progrODs is re:oq.rka.bly si:oi:La.r in the 

various ca.sos. Since, a.t CERN we a.doptocl the raster scan technique, 

tho concrete oxa.:oples giyen in tho following sections'will be m~iniy· 

related to this n.othod, without in ro::ry we,y o.ffccting go:r:i,crality·.· 

Finclly, the ooasureoont tine dcponds on the film foroat, · 

picture content and type of scanning device. For progrru;:mod spot instru

r:10nts o_ne ·can define ·a cho.ro.cteris_tic "point interrogation" ~i:oe, which 

is typically several. :oicroscconds. For flying spot digitiseI'S one can 
define a "soon line"· tine which is typically of the order of o. :oilliseeoncl. 

The totul number of point interrogo.tions or. scan l:t.nes depends on the 

1· 

onount and distribution· Qf the data in tho pictur0. 

tioos o.re in the range 1-15 seconds/picture. 

. ' ,, .· ' _ _.:.-

Typica.l meo.sur~:t1.:t~ .. -·- ···' ; -

j 
.•' 
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___ _'.r_9d::i.yL ono ___ lmows how. to design, construct o.nd opera.to auto-

na.tic filn nca.suring na.chinos.. :Ma.ny • such dcvicos--.oxist o.n(i ·n.~0._·--cl..l,_l;'rcntly 

being used for a wide variety of cxpcrincnts.· 

2 .2 Organisation of Progro.ns· 

Experience ho.s. shown tha.t the successful construction of a. 

filn ncasurtng no.chine solves only'pa.rt of the filn nca.sureraent problen. 

·. : Contrb.ry to: eo.rl:i-cxpocto.tions, a.t lea.st a.s ouch effort is needed to 

no.kc' tho conputor syston with' its various progrru:i stc.gcs work properly.· 

Tho conputor hns to be progra.:oootl to co.rry out a•wido variety 

of functions. Besides the_ n.utona.tic recognition _Q_f_thc.--cvcnts, which is 
' ' ' 

in ittelf 6.. no.jar job, there arc na.ny othc.r technical problens to be 

solved': before snooth production of' results ca.n st a.rt. Pro bl ens a.rise, 

for exo.nplo, in the design.of tho interfaces with specia.l equipnont a.nd 

wfth the opera.tor; in tho proper nccounting of la.rgo qua.ntitios.of do.ta. 

a.nd there a.re tining n.nd do.ta. rate problens· in input and output. 

Tho progro.o nust ri.lso. include a. large nunbcr of checks for. 

ho.rdwa.re a.nd opera.tor errors in order to a.void unnecessary stoppa.ges. 

Sonc fa.ult conditions, such n~ thoso ca.used by strips of poor qun.lity 

filo· or QY opera.tor orro~s during filn a...~tl to.pc handling con eo.sily. be 

foreseen. Others, such o.s I/0 channel and na.gnotic ta.po errors arc not 

so oa.sy to prodict but tho progro.o oust be able to' dcri.l with then oll. 

When everything works· properly, onci ··rca.liseo tho.t on ioportant fraction: 

of 'tho code ho.s boon written in ·ordcr·to no.into.in continuously 

cffic.icnt opcra.~ion. 

Whil'st -they a.re- being -clovclopcd,' .tho progrcns need to bo 

continuously upd~tod. Tho nunbor of trivial' progr.antling errors .no.do 

during this pha.sc is_ ninirai'scd if the intorfo.co -between tho coI:J.putor 
\ . •,• 

and tho progranoor·is siuplifiod a.s ouch o.s_pospiblo. For this rec.son, 

progr~~s a.re gcncrri.lly written in FORTR.AN-liko high level la.ngua.ges. 

_,,.. 
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. It. is a.l~.o convenient to broa.k lo.rge prograns up into logical .. . .. . . 

blocks and subroutines, GO.ch perfo.roing a. well_ defined function and 

with a.h ovcro.11' structure which.con bo used for. several prograns ea.ch . : . . 

analysing a. different experiment.. Tl:_lcn_nodifica.t.ions during. development· 

nre onsier to m.nkc and tho ru:iount of re-progrnooi:r;i.g.ncecled for tho 

a.naJ.ysis of a. now experioent is kept to a. r.1in~un. This overall · 

structure is a.chiovod by ca.refully sopo.ra.ting tho experinent dependent, 

cooputcr dependent and nea.suring· device depondent·soctions of the 
, f , r 

progran, by generalising the oost connonly used routines to_ cover a. 

wide variety of a.pplica.tipns and by gra.duaJ.ly building up suitable 

progrno li'brnries which· contain the most useful version of o~ch .· 

subroutine~ 

Tho deta.ilod .design of the sofwaro for on o.uto:raa.tic sca.nning 
. . 

systoo depends of course. on th~ typo of filn sco.nno.r o.va.ilnblc, on tho 

conputor to be used and on·its operating system. 

.I How ouch of the do.ta. processing . .hns to .be. done in reo.l time '1 ,, 

, .. 

Icloa.ll:f', one would· like. 'bo carry out as ouch as possible. of tho throe 

stages of cor.iputa.tion in pa.raJ.lel with tho noa.ourcoont so tl].at any 
. .. . ,• .','···'· 

foeclba.ck is r;i.va.ila.blc innod.io.toly and tho p:i,cturo. oa.y be re-examined· 

if nee ossa.ry. Unfortuna.tely, this wo~d require o.. largo, powerful ang 

therefore expensive conputo~, or aJ.terno.tivoly would slow tho r.ioasure

neht ro.te clown c9nsidcro.bly. Tho oost realistic a.in is to do only as 

nuch r.maJ.ysis on-lino o.s is necossa.ry. We woulc:1 rogo.rd.tho completion 

of Sta.go 1 defined above: a.s an absolute miniuuo. Experic:t1:cc at CERN 

ho.s. shovm tha.t anything less than this loads t9. in,officient running 

of tho systco both bccaus·e of insufficient ~=-~~trol of tho m~asuring 

.instrur.1ent and insufficient rcductio_n of the digitised do.to.. 

Tho execution of Sta.gel progr~s in renl tioo guarantees 
' .. .· . . 

sooo·c9ntrol over t~e ooo.suring device a.nd thoreforc-oinimisos tho need. 

for ra-o~o.surcocnts. For cxrunplc, o. va.riety of checks con be a.ppliod to· 

fiducial murks, do.to. box and spark information. Also, o. rcc;luct~on of 
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/~lie .c\i~~O._ 1>y on. a.pproxino.to fa.c~or o:e ten is noroally.'· achieved by so.ving : 

. only the coordinates of the ·spark and fiducial centres; most of the.· · 
' . -~ 
·· ·, background .. digi tisings are· ciioinatc·d o.nd to.pe hondlin'g operations are 

sioplificd. Storing' the' output froo Sta.ge l is oJ.so a use:.e~ ~afety ,; ' 

precaution even if furth.er ... c·al~ulations are· ba.rried out on-line. T
0

his.: 

output conto.ins c.1i the essentioJ. dato. whi~h would ha.v~ been collected ·. · · 

by oanu~l nca.sureocnt of the picture o.nd represents· an unbiassed 

description of the event in ~igi tal ·torn with a oinimu.t1 of r·ed~do.nt' inf or--

mation. If on.error is. found in tho prograos used for later 

th~ onaJ.ysis 0~ if those prograos o;r~ subsequently improv~d, 
. ... ~ . . . .. 

· experioent con be reprocessed without ·r·eooasuring tho .film. 

stages of .. 
. . ,, 

the 

Who.t cooputcr configuration is required to porforo.the St~ge 1 

tasks. ? Aoong the nany possibilities offered by mod·ern cooputer systeos, 

let us consider two; either a. oachinc mat.chod to ·tho requiret10nts ·of. 

the o.ssignoent or t):le use, c.>f part of tho capacity of a large oulti.;. 

progrru_:med computer systen •. At present, cconooic considerations seeo 

~o be· in favour of the first nolution. Looking ahead, however, · one. can 

·'ii:iagin~. large· systems in which current diffic~ tics· '(which involve the . 

·b.o.J.an~e. botw~en input/output ~d central processor' speeds~ access during .. 

a·evelopt1cnt of hardware and software, capacity of tho vo.rious types of 

·~t~;;.age;·, "Feo.:t:::tit10 're'sponse·, c~onon.y etc•). ho.ve--been. ovorcom.9_ ·SO tha.t' 
··.::,the secbna. solution mo.y be :more at'tro.ctive. ' ·•·,•,,,-· 

,, . . 

.I ' To match_ the requirelionts'··oi the 'filtf.'sce.nner the compute~ 

,..:i.~~~uld- h~;c. enough· core ~emocy· ·to· contain St~ge l p;ogroms and 
1 • ~ ~ • ·~ ,, , , : ~ , ... !· . t , •, '• ; 1' •. ,,: ·• , ' I, I,, . .; ; ,. . ,, • 

d;i.gi tis;!.ngs. ' i>rogro.mrp.o.ble' spot' d:J_gftiscr'$ require' o~bory Sizes in the 
• • 1·• "J'., :i,.: ,,'' ;;I• •· \ ' I' I t .,, , , ;, , :• ,: 1,; , , ' , , • I ; ... !j ' ' 

'range 8-l.6 K words· (K;!tl02'4)".of 16.:.24 bits.·' Flying··s1,ot dig,it'i'sers · 

requi;~ r~'lo.tiv~i; ~ore 'oe~.10~ i;~~~~se ~h~y ;:st'~~e· ·~h~_·:~h
1b1'6 .'pi6t~e.' 

We would consider 16 K o.dequo.te for oony applications, but rather on, . 
• • ;~;:·,:, .i •. .:.::: .:..: ..•. 1. '~:.:-: ·.•:·.·: .,.-·,t:•.;. ,'.. ,,,\.',:":.!·:·· : ' :·•!_;.'·· ·.'/t\,_, ' :}:., 

the lovi' side for coriplico.ted pictures •. 
. . +.-:..! ... , ,·:,·:- .... :,, . . -.~- ~·.:.·:::' · .. '.).~~\f•'.: --.. ,-~:).\:. . :: ':'.· .· . .-,·· 

'i 
I 
I 
I 
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'The computer should have a sufficiently powerful central 

processing ·unit••'"to.perform all the -required calculations without slowing 

down :the· digitise:v .• 1
:· There must be fast buffered input/output channels to 

ensure the tranei°in:ission of digi tisings froni the scanner directly to the 
,· \ 

computer memory and from the memory'to mag:t;1etic tapes or.disks, without 

. stopping· the central processing activities. For the man-machine int.er~ 

, actions the availability of display ~quipment. such as teletype, line print9r: 

CRT's, is of the greatest importance.• An interrupt system makes the trans-· 

mission o:f' · data easier and quite independent:~ from the central. processor 

attention. A' backing store of reasonable capa.ci ty, allowing fo'i sto:i:-age 

of program overlaysJ· containing for extunple. diagnostic routiriEiS ,;:f~r the . 

measuring device, ca.1:Lbratiori·programs etc. is also essential for smooth 

· running of the· system.·. 

2. 3 Processing the output· from a flying spot dig_i tiser 

When starting to process the digitisings from a scan, the 

computer program has first to identify the fro.me and .it does this by·. 

searching for tbe digi ti sings corresponding· to the roll· and fr~e num.bers . 

in the data box. All the numbers in the data box-, which may include such ·. 

supplementary physics information about the event as the type of particle. 

which initio.ted the event, the. triggering conditions, etc. are coded 'in

binary form and appear· on the photograph as a s·eries of stro]:s:es which are 

long enoug?- to be traversed several. times by the flying spot. 

The next.step in the analysis of the picture is the search· 

f 9r fiducial· marks_. Efficient programs exist for the recognition of 

X-shaped. mtirks and are commonly used· both for spark and. bubble chamber 

pictur~s·. ·,:.These techniques arQ bo:sed either on- globi;u -histogram·.l';J.ethods 

or on local sea.rch for neo.rest-neighbo1.r digitisings. When the points 

which belong to ~a.ch arra a.re collected, lines ar.e fitted to them by_. 

least squares and thE; coordinates of their intersection are obtained. 

Once two or three ':'fiducials are found the· program can define search 

areas on ·the film where spark· gaps and other fiducial m~rks ar·e located. 
·, .. \, .·. 
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,In doing so,· one assumes .. that tho. relative position of chamber imagos 

and crosses. is knOV{Il and constant. ,Therefore every.spark.chamber should 

have its own fiducial narks (two or ~ore) rigi~ly ~onnected t~ it and 

soon by -th0 cam.era through the Slln~. ~:ptical po.th o.s the sparks associated 

·With each view. 

Digitisings inside ea.ch ga.p ·arc then cxaained by the program 

in order to find sparks. A spai~k is dofino<i by -~:10 presence 9f. t,~o o:i;-_ . 

more d~~itisings which lie on successive scan lincsi a..."ld whose coordi

nates. in the scan direction are separated by no oore than one ~park 

width •. When sparks .a.re recognised, the coordinates of tho points. on . . 
each spark o.re avoxo.god and tho o.vexago cooxdinate is stored. All tho·. 

points lyin~ within the ga.:ps but not associated into sparks,. as well 

o.s all those lying outcido tho gap search:rogions arc ignored by the 

progron and regarded as noise digitisings • 

The reduced data is pa.eked and stored on 1?agnctic tape, but 

before doing this.it ma.y be necessary to apply some corrections to the 

spark coordinates. F:i.rctly, ti.10 filn measuring device ma.y be one of 

thoc-; relying on dync..mic ca.libra.tion toch:n:j..ques to correct for drifts . 
', ' ' 6) 

n:::-~c, non linearities in the sco.nning.ro.stcr •. For example, the Luciolo 
,, .... ~ .. ' ' 

CRT oc:mnor o.t CERN requires a. regular ~oJ.ibration every two hours or so. 

In this a. grid of stra.ight l.ines crossing at 45 ° is scanned by tho 

flying spot and o.·prograIJ. finds.the coordino.tos of the intersections 

in the Luciole r.::f'orenco systco. These coordina.tec;; 2.::-0 then c6raparod 

with c.ccurate nicroscopc measµreocnts of the grid points and a correction 

DO.:() is set up i~ tho computer. Thel} after the, 1:10.nsurerlont of any fra.oc, 

oJ.l tho. sparl,;: noasureocnts nave to be corrected by a...'1. a.oount which is 
' .. ,.. . ·...:' ' . 

fo~"ld_ by: _in-porp~lo.ting oc,twcen _tho t<>ID: ~o-~;r;-~,~t. grid points. .. 

Secondly, sone corrections night be.ncccssa.ry duo to tho raodc 

of oucra.tion, cf thc ... sno.i•:c .chanbcrs thoosolvos. O:t:tcn,. tho centroid of 
' . ' . . \ ' . .' . "' ' 

o. spo.rk is not tho .. best point to. give as. a. ocasurc~.~r.t. I,n· fact, the 
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conbined effects of ~lcaringficlds and slow rise times of tho pulsed 

vpltagc may o.nplify the scatter of spark centres froo an inclined particle 

trajectory. It :!-!3 possible ·to correct for these effects by measuring tho 
. ' 

~pa.rk at a. convenient plane in. the g'ap rather than in the middle • 

~.his plane where tho various electrooa.gnet~c effects aloost cancel, can 

be cnpirically or theoretically co.l.cula.ted for co.ch spa.rk chanber. 

If tho spa.rk .chonbor is in a oa.gnotic field, one ha.s also to correct for 

syotona.tie displncenents of sparks ca.used by the cor.1binod effect of tho 
;• 

na.gnctic and electric fields OJ'.l the ionised ga.s. 

It ho.s been observed that the statistical.distribution of 

spark distances fron particle trnjoctorics ho.s an r.n.s. of O.18 on along 

tho gaps when n11· the biases ho.ve been removed and. only the effect of 

drifts of tho primary and secondary electrons produced in the ionisation 

process a.re included. When a very accurate flying spot digitiser, such 

o.s on HPD, is used in 9onnection with good quality filo, such as that 

shown i~ Fi~. 5 (spo.ce-:-filo dot10.gnif:tcntion. of ~-25) ~no ooy obt.o.in 

o. coopo.rablo figure (O.2O oo) for the r.o.s. scatter of spark's around 

the reconotr~cted trajectory in real space. 

2.4 Jo.ttorn Recognition 

This do.ta. handling stage is concornocl with the pattern 

recogni ·tion of tho oven ts from anongst · all the spark oco.surcrlonts 

supplied by Sta.go 1. Unlike the sco.nning girl, who•to.koe raoo.surcoente 

in an orderly fashion along the particle 'tro.cks, co.rofully avoiding 

o.11 kinds of bo.ckground and thus porforoing during tho oco.surcnont 
' . ' '. 

tho recognition of tho event, Stage 1 progr~s systcnatico.l.ly oco.suro 

nll the sparks gap by gap. They nrrongo then sioply in o. loft to right 

order, sopnrntcly for ·each gap, without attcnpting any corrolo.tion 

between gnps of the so.no view (track recO€:,rnition) 1 between views Of· the 

sane cha.ober (trock,ontching) or between chOJlbcrs. of tho sru:io picture 
. . 

(event ro,cognition) •. 
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Tho po..'ttorn rocogni'tion programs have first to concentro.tc . ' . . 

on e:a.ch _spc.rk chamber vier, sopo.ra.tely_ o.nd select ,tho sparks uhich belong 

to tho sa.m~ tro.ck. This sole otion may be complica tcd by, spurious __ or . . 
missi~c· sparks, crossine tra.cks etc. When this operation is completed; 

the computer memory contains o.rray·s of sparks ordered according t·o tho 

various track imo.gos i7i thin co.ch vim1. Background sparks have been 

climino.tcd and tho total amount of do.ta .is therefore furth~; reduced. 

/~nothcr ordering o~era.tion is then necoss~y, to select 

corresponding tr['.cks in tho tr10 storoo-viovrs. This is pa.rticulo.rly 

dif~icult nhcn 90° sterooncopy is used. In fact, in this ca.so o.11 

com~ino.tions lead to goomotrico.lly acceptable solutions. Tho scanning 
. . ' 

girl is tro.ine_d to base her choice on a. variety of cri toria. some of 

rrhich depend on information avo.ilublc on film bu~ not necessarily 

cvailablc o.ftcr tho di6i tizcr opoi~a.tion, for example spark width, 

intensity, sho.po etc. One of tb:o solutions is suggested by tho . . 

occo.sional inefficiency of sp_a.rk chambers. On any tra.ck, one or more· 

sparks may be missing and thorcfo:co ono· can chock that corresponding 

spc.rks c..ro either :proscnt·or absent in both views of tho same track'. 

Another r:10thod consists of co.using, by mco..ns of o. prism, ·a displa.cc

mont of o.11 the spo.rk im~gcs in one gap. On tho picture they appear 

to be off tho track by a disto.nco proportional'to tho spark depth 

in tho chru1bcr as soon in tha.t viovr. This mo.y help tho track mc1tching 

in cases rrhorc the first method proveo ina.doquo.to • 

.. 
, . .. .. _During this roco~~-t,io?, ph~sc, background tracks which 

'! ~ • , . I,'·. ' 

have been sioulc.tcd by f~lm_~cro.tchos or mo.do 1;1:P py _spurious spc.rks 

a,;~·;~i;nov~d. So, \7w arc ending. up \~.ith_ ordor;a,_ se_ts. o.f'_.sparks, mu_ch 

~h/_ .~'.~~ 'o.·~ ._tho.so i7hich v,ould he.vo bpon ob~a~~od ?Y m<:H~.suring the 
11 'i 

pi_cturo by hn.nd o::x;cept for one :c:i.oro corrolo.tion stop. 
: l., ., .. :·· 
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To complete the pattern recognition we still have to 

associate these tracks into a consistent event. This is done by looking 

for trajectories which continue from chamber to chamber and by finally 

retaining only _,those tracks which are essential to the description of 

the interesting event. 

The event selection or scanning criteria are applied through-: 

out Stage 2 progTams as soon as the necessary data are available. If an 

event passes all the tests, it is labelled "good" and the ordered co

ordinates of the sparks are stored on magnetic tape. The measurements 

are still related to the'digitizer coordinai;e system. They form the . . . 

input to S·tage 3 p·rograms which· carry out the geometrical reconstruction 

in space and subsequently the calculation of the various kinem~tic 

quantities. 

If the event fails to pass a scannine- test it is immediately 

., . 
I 
l 
I 
I 

! 

•' i: 
! 
! . 

,. ,, 

rejected and a coded reason for tho rejection. is given. ,All this _ I 
, , l 

information is accumulated by tho -b,ccounting sub-program which at the I ... , 
! . : ,·, 

end of each roll of film _prints out o, summary of the automatic scanning ~ 
' . . ,· -- f .. · .• ,, 

performance including the distribution of the pictures into tho ___ various· · J, 
. event classes. 

This distribution can be compared with what is expected a.nd 
. . 

may therefore represent another useful co~trol over the performance of 

the do.ta. processing system. 

After having discussed what po.ttern recognition programs have 

to do, it vrill now be sho,1n hou they do it. 
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2.4.1 Linear Tracks 

Methods for .linear tro.ck recognition may be divided.into two 

categories; thoso using local search tochniques·(track following) and 

those bo.scu. on global approaches. Track follo'wing methods usually involve 

starting looking for sparks at one end of •tho chamber and associating 

them into tracks by cri toria of clo.sonoss r1hile progressing tovrard□ the 

· opposi to encl of_ the chamber. Glob0,l. methods make use of all the sparks 

simultaneously and in our experience give better results because they 
• > • ' 1 

'o.ro generally loss scnsi ti vo to missing hi ts and background sparks lying 

norir tho tracks. Ono method of this type will novr be described. 

Let us indicate. by Y ( i, j) tho gcnoral---clomcnt--of- the avail..; 

able spark array. It represents the Y-coordinato (i.e.· the coordinate .in 

tho direction parallel to tho plates) of the -j-th spark of the i-th ea.p 

(i = l",2 ••• ~ n is_the gap number in an n.:.eap chamber). 

Tho purpose of tho nethod is to rearrange these aata i:tto an 

array containing the. spark measurements of the recognized tracks, 

Yt (i,k), (coordinate of tho spark in tho .i-th gap which.belongs to 

the k-th track). 

A track is defined n.s o. set of sparks nhich all lie uithin 

n. road of ,1idth 2d centred on a straight line through two sparks of 

tho set. No tno sparks must come from tho scmc gap and tho sot must . . 
contc.in c. minimum number, t, of sparks (2~ t ~ n). Tho slopc of the ba.so 

lino must be botrreo:n t\10 gi vcn limits, s1 a.nd s 2 •. Tho tvlO sparks 

definina the roa.d· may be any pair from tho set· nhich .allorr the above . . 
conditions to be fulfilled. Tho paro.motors t, d, s1 and s 2 arc generally 

different from cho.mbor to chamber.. They arc ·transmitted to the track 

soarchine routine as po..rt·of,the cnllinc sequence and toll it tho 

threshold conditions to be satisfied by physically possiplo and acceptable 

tracks. 
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Tho tra.ck searching routine selects t\yo go.p~ ~mch that .their 

spark content be minimum ancl tho distance botvroon them be maximum •. 

It then constmcts tho lines connecting tho spo.rks of one gap to those 
\ 

of tho other iri all possibie Ymys.\ Ee.ch line whose slope s is included. 

in tho range s, 1::. s ~ s 2 is chosen to .become tho axis of a road of· 

uid th 2d tra.versing the cha.mbor. The number ot; sparks inside oo.ch road 

is countod in turn and i.f it is greater .than or equal to t, the track 

is accepted. When a track is accepted tho spark coordinates arc moved 

(and erased) from tho Y to tho Yt matrix. If no candidate fulfils.tho 

conditions imposed on a track now ·pairs of gaps are tried out. The 

itoro.tivo procedure convor_ges because sparks a.re removed from the 

original array either because they belong to a track or because they arc 

reaarded as background having failed to form tracks in a sufficient 

number of trials. After a. fer, i tcrations tho number of non-zero clements 

.· .. \ 

", :'.\ 

. ) 
.. ·,_ :i 

: :j 

1 

'~ 
' l 

i 1, in Y fc.lls below· anyworka1ie amount and tho procedure is tcrniinatecl. 

~ii: 

This algorithm has boon programmed roid used as a general .sub:-· 

routine in o. v1ide variety of cc.sos •. A few variations arc used in special 

situations. For examplu,.in somo cuscs it may be difficult to fix a 

value fort Hhich ensures efficient recognition. This value is normally 

chosen to be near enough ton to avoid tho recognition of tracks from 

background sparks cmcl at tho snme time low enough to avoid loosing tracks 

Y:i th a very poor spo.rk contents •. Ono variation of tho program automo,ti..; 

co.lly decreases the thro.shplcl from 11 maximum to a minimum va.luc · during 

tho sec:.rch ; Program. varia.nts c..lso exist nhero tho half-road vlid th d is 

recc.lculo.tod o.s a function of the track slope, a~d so on. It.-is r1orth 

omphc .. sizing t):?.o.t o.lgor~ thms like this arc norma.lly coded in FORTRAN 

c,:..; inclcpcndent subroutines, and may be called to perform their task on 

chc..mbers of any size o.nd rli th any number of tracks, . for film or· filmlcss 

experiments. 
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2.4.2 Complo~ Patterns 

The example r,ivon in tho procedin5 section concerns ono of 

the most elementary spo.rk nagrcgo.tos, the linear track. In spark cho.mbor 

experiments one has often to fnco tho problem of recognizing more 

complex patterns, such. as tracks ho.vine one or more vorticco in tho 

chrunbcr volu.rao (V 1 o, kinks, stopping particles), sho,1crs, sta.rs, tra.cks 

a.nd vcrticos·in a. magnetic field etc. 

Fig. 7 gives examples of the spnrk patterns most commonly 

·encountered. The a.utomo.tic.recognitiori of o.11 those sha.pcs ho.s boon 

succossful~y a.chievcd. 

Fig. 8 shows a.n event of an oxporimerit ori the~ pa.rrunotcr 

of tho /\ deca.y performed ·o.nd o.no.lyscd a.t CERN, ,1hich con to.ins four 

different po.ttcrns, i,c. linoa.r tra.cks, V's, kinks a.nd ra.ngc moo.surc

mcnts, 

As the complexity of tho picture incroa.sos, the difficulties 

nnd the sizes of tho pa.ttorn recognition programs rapidly gror1. 

Complexity m~y incroa.so for. n multitude of reasons, such us topology 

of tho event,. bnckeround, presence of magnetic field·, chamber in

officicncy, film quality, optical distortions, multiplicity of cha.mbcrs,. 

views, tracks, vortices, etc. Today, ·efforts o.ro being devoted towards . . 
the automatic cva.luntion of pictures of o.n increasing level of 

coqploxi ty. Methods for the rccoeni tion of curvo_d tra.cks o.nd VI s in 

o. magnetic field: ha.ve boon reported in ref, 7 nn~ a. Techniques used 

nt CERN for o. variety of experiments have been reported in rof. 9, 
10 nnd 11. 

\ 
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2.4.3 Use of: gro.phico.l displays 
' \, 

·As soon.as one proceeds to very intrico.te track po.tterns, 

the cor:iputer begins to. show soma limitations. This is o. reminder that· 

',tho computer Y/0,S.'not·.specifically designed for tuo-dimensionnl po.ttern 

rococrni tion. 

In order to· -help the system to overcome these difficul tics,.· 

it might be desirable to insert o. rao.n in the processing chain, in some 

po.rticulo.r co.sos.There nro, nouo.da.ys, very promising·techniquos nhich 

alloYr mo.n-mo.chine comr.nmfcc.tion vio. gro.'phico.l display 'interfaces. 

Programs Yrhich ·mcy fo.cilito.to the recovery. of· events lost by tho o.uto

mo.tic system have been recently developed o.t CERN. These difficult 

events a.re displayed to an operator sitting in front of o. CRT cons_ole ~ 

He in~ero.cts ,1i th tho program by meo.ns of a light pen and o. typo'7ri tor 

keyboo.rd. He •is r..sked to supply o.11 informo.tion rrhioh may fo.oilito.to 

the to.sk of the po.ttorn recognition pro~ro.m. A limited number of light 

pen opero.tions rno.y be pcrmi tted, such as indioo.ting bo.ckground sparks, 

pointing out tho single ::,po..rlw belonging to o. tro.ok, selecting the 

o.ns~or to a. oomputor question rnnong tho vo.rious displayed choices otc. 

Ey those methods one hopes to recover~ good fro.otion of the 

- rej e:c:i;s. The o.dvci.ntc.50 over ma.nuo.l romcasuromonts o.re of mo.ny typos : 

~onocronoity o.nd high precision- of tho measurement is preserved, .the time 

involved is significa.ntly loss; o.lso_ by .displaying th'osc :rejected events 

ono ma.y loa.rn ho~ to improve tho progrrnns a.rid therefore avoid-further 

roj~ctions of the so.mo typo, one mo.y test now idec.s easily etc. 
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2.5 State of tho Art 

During the last yqars tho development of rolic.blo ·film 

moa.suring devices and sophiotico.tod d.n.ta processing prograras ho..s 

ma.de tho nutoma;tic ano.lysis of spo..rk chn.raber film 6, workinG, vic.ble 

method oui ta.blc · for oxpurimonts .ri th largo numbers_ o~ pictures.· 

The proscmcc of the computer connected on-line to the 

scc.nning mv.chinc, ha.s made tho measurina process ·fully automatic and 

highly flexible. Digitizing speeds of tho order of a second per frame 

c.nd precisions o~· a feu n;icrons ha.ve been achieved. Because of these 

speeds nnd precisions" it has oft on been. possible to plan· spark. chamber 

oxporii:10nts which hardly rrould have boon .possible othorrrisc. 

Tho present stctc of the art ca.n be· summarized in tY10 

sta.tcmonts. 

Firstly, tho pioneering ago of early developments nnd 

·successes is over. Ono is ecttine organized for mass production of 

• rosul·t;r;, At·CERN, uc ho.vo tyro flying spot digitizers used o.l1aost 

entirely for spark chamber vrork~ ·1,7e have 110..c..o our pr,ograms as much 

o.s possible device- and oxporinent-indcpcndont, thus minimising 

rc-procro.r:1nine efforts, n.nd rrn huye 1:ia.na.aed to ncasure about three 

millions pictures belonging to sono 15 different experiments. Roccntly, 

it ha.s been poGsiblo to. pcrforr.i tho a.utor.10.tic o.na.lysis of film ni thin 
' . 

a fo'il dcys of its being exposed at the CERN Proton Synchrotron, 

Secondly, ono ha.s lcb.rnocl ho\1 to process moderately complex 
' 

pictures. It seems tho.t tho price ono hr.is ·bo pa.y for a rapid ndvunco 

in this wo.y, is to mo.kc .some concession to the ideal of full -n.utoma.tion. 

Computer tine and program complexity can be not~ceably reduced by 

introducinc; sorao humo.n euida.ncc. Todny, there arc t\10 pla.ccs 'ilhero tho 

man. can profitably help ui thout crea.tinc; Berious bottlenecks ·: this is 
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o.t the scanning to.blo, uhorc ho co..YJ. quickly decide nhich pictures ho.vo 

· to bo nee.sured a...vid ho r:1c.y o.d.d sor:i.c useful inforraa.tion a.bout the cvonts, 

o.nd o.t tho CRT displl'..y, rrhorc he D['.,Y sort out cot1plex patterns rejected 

by tho c..utoma.tfc recognition progrD.ms. This is regarded at present a.s 
\ 

an c.ccopto.ble compromi3e, since it provides a. r1orka.ble, economic 

solution rti thout sn.crificing speed or precision of raea.sureoent. 

Future trends ere-closely relo.tcd to advruiccs in filralcss 

tochniq_ues. l~or simple topolosy event's physicists a.re a.lroo.dy us inc 

i"liro chc.nbors ra.thor tha...'1. taking pictures. Grc.duc.lly rriro chur:iber 

porfor1:w.nce uill bo inprovod and it ,;:ill be possible to curry out 

oul ti tra.ck oxporir:1onts ·,ii lh precisions o.nd resolutions compc.ra.blo 

vri th those :offered by photoerc.i,hic nothocts. 

At the G~no tino tho activity of the o.utono.tic film ha.ndline 
' 

sys·cons uill bo proc,Tossively concentra.tccl o.t tho cotiplox end of tho 

job spectrw:1 (;::on-linoc..r-r.ml ~i-:t;rrtck even ts, wide ga.p experi:oents, 

strc:.:i.r.1or chru:.,bers). At CERN, c.s well a.sin the U.S. a.ncl-in U.S.S.R_., .. 

thoro C?.ro l)lo..ns for lG.rge · mo.cnet spc.rk cha.ra·oer spoctroi;;ioter' systems . 

. \"Ii th -photo~ro.phic r00.cl-out 1:111.d there should be work for qui to some time 

in tho.t fi-::lcl for the filr:1 nco.surincr devices. 
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3. FILMLESS EXPERIMENTS 

The adva:11tages offered by the on-line operation of spark 

chambers over. the classical photographic· method are ·quite impressive. 

Some of them come from the use·· of. wire chambers. themselves, some from 

th~ on-line computer. The two groups are treated separately in the 

discussion below, but it is clear that it is the combination of these . ( . 

two components whichmakes the overall system so l)Owerful. 

Wire-chamb.~rs make film. unnecessary and therefore their use· 

removes all sorts of. setti-ng-up problems connected .vd th comp-lfcfatea. 

optics. If the_y are used inside large magnets, large holes do not have 

to be. made in the. magnet poles in order to provide an optical path · 

between the sparks and the camera and so the magnetic field is more 

uniform. During data taking, wire chambers can be pulsed at rates 

which are one or two orders. of magnitude higher than those used £or 

optical chambers. _T_he analysis of the .data is sir,1plified: there is 

no need to operate a film scanner, to recognise fiducial marks or ... ·, ' . 

sparks, to decode data box information or to correct for distortions 

in the optical system •. · Information about an event is readily available 

in digital form. 
. .. ---___:..---------

The on-line co:nputer may excercise a positive influence 

on the ~egular progress of an experiment in many ways. Duri~g the 

setting-up phase, it may be used to check tl'ie performance of the 

experimental equipment to which it is directly connected, verify 

chamber alignment; display beam profiles, etc. All this results in 

·an effective decroase in the time wh~ch normally has to be spent 

before starting the actual experiment. 
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When the experiment is-running; the most obvious use of :the 

computer is as a fast device which, with the help of its own large 

storage buffer, can:qontrol the acquisition and transfer of large 
; .' . .,t ' , 

volumes of dat'~-. The recording of \~nformation is also simplified be- •· · 
, . 

cause the ·computer can make use of its own magnetic tape peripheral 

equipment. Ail this makes t~e c~llection of large quantities of data 

relat'ively easy. But the compU;ter may also play an important r8le .in 

improving the quality of th~ c,ollected data. By performil'}.g checks on 

the data, it may detect equipment failures, abnormal values of some 

of the data which should then be checked'in more det~il, systema,tic _____ 
• - . . . ... . .. . • . ------------ r 

shifts in the expected va.luea of certain parameters and so on. This___ · i 
. . • t 

real-time ·feedback is invaluable and may result in the acquisition I. 
i of better data. 1. 

Finally, the on-line computer can be used to process tho 

experimental data. Depending on the type of experiment, the· .event 

rates, the computing requ.irements and the available. processi:ng 

capacity, one may be able to analyse completely all the data on-line 

or one may carry out only some calculations on sample events._.._Th.e 

calculated results can be conveniently presented· to the physicist 

.via digital or graphic?l,l displays. The physicist may interrogate 

the on"".line · system, asking for' one of many _possib_le ·soph._ist_ipated 

displays, thus making sure that everything proceeds as ~xpected~ 

Alternatively~ the availability of physics result~ during the 

course of the data taking may suggest changes to the experimental 
conditions or to the strat·egy of ·data collec.tion •. 'This abili ty,to 

produce some physics results in.real-time is a most attractive 

feature of on-line expe:r:imontation and one which is n~t availE3:ble 

with any other te~hnique •. ':Clee.rly,' the on-line c.ompU"¥8l.' system is, 

an extremely powerful tool and its potentialcapabilities have not 

yet been fully exp+oited. 

,.---~-· 
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' To con·cludo this . introductory note one could emphasize the 

important consequences of computer-assisted experiments in terms .of . 

more efficient uso of the accelerator facilities. In the near future, _. · 

it should be possible to organize the experimental activities so that_ 

the amount of beam time lost during.,sotting-up periods l.1? ... mi_nimized 
··~--- . 

and th.:: ... .rato. at. which useful information is collected is maximized. 

In all this, th0 computer is going.to play an. increasingly central 

3.1 Data Handling Philoso~hy 

Ideally, -one would like to see every electronic experiment 

equipped with an on-line computer which is powerf-q.l,enough to perform 

all the important functions mentioned above. But if one tries to look 

at all this in the perspective of a large laborat_ory, ·where many such 

experiments are on the floor at any one time each .one being at a 

differcµt stage of progress and having its own characteristic data 

,rates etc., one realises that there is no simple, economic and safe· 

solution at hand. 

There are large fluctuations of computing demand as the 

experiment proceeds ar.d frorr, ono experiment to another. The solution 

which consists of giving each experiment its own private computer 

chosen to cope with that experiment's peak demand is relatively 

simple and safe but certainly not economic. On the.other hand, a 

fully centralized, multi-experiment on-line computer complex which 

can offer each experiment the services it requires with sufficient 

rGliability does not seem to be practicable in the immediate fut1.l.re. . . 

•
0 .:::tcms of this typo have bcc.m successfully· implemented in other 

.. ~clds, for example in low energy nuclear physics, where the' require

ments imposed by the type of experiment and tho. data rates are 
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fortunately matched by what the computer industry is· able to offer 

at the moment. ·so, while :the high energy physicist waits for the 

super-computers of to-morrow, some ipteresting compromise solutions 

are being adop~ed. At CERN, fo~ example, the present tendency is 
.\ . 

·towards the assignment of a small-to-medium size computer to each 

on-l~ne experiment. This.is used· for the essential data acquisitio~ 

tasks doing a minimum'"of ·experiment monitoring, then the bulk of the 

data is processed off...;line by the central computer facility. An 

attempt is also being made to link small computers to the central 

facility· in such away th[j,t the extra computing capacity needed from . . 

time to time for·. the ana~ys·is of~ eve~t samples can be supplied directly 

to the experimental are~(FOCUS project). These methods will.be described , 
in the next sections. 

To day, with some rare exceptions, "on-line" experiments are 

evaluated off-line. In some cases the computing requirements are so 

large that a computer capable of doing everything on-line doea not exist 

now or in the foreseeable future. In the great majority of cases' it 

would be too expensive to make th_e necessary cJmputing power available 

on-line. With the help of FOCUS-like systems or by any other means of 

accessing remote computer installations (data links, 11 bicycle-on--line" 

etc.), one can supply limited computing capacity to carry out som~ 
I 

immediate calculations on sample events, thus ensuring the correctness 

of the recor~ed data. In the most comm9n data-handling scheme,· the 

small on-line computer is merely used as a setting-up aid, as data 

acquisition and recording device and as a quality control instrument. 

3.2 Programming the Computer and on-line 
/· 

Many different models of.computers are being used to service 

on-line experiments, but the following characteristics are typical: 

core memory from 4 to 16 ~ words of 16-32 bits and a cycle time of 

one or a few microseconds; central p_rocessor with fast fixed point 

J6 
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arithmetic an~ logical operations, flexible input-output system with 

fast buffered channels, direct memory access _and multi-level interrupt 

facilities, two or more magnetic .tape units, card or paper tape 

handling equipmen'.;, on-line ty:pewri·ter and_ some display uni ts (CRT, 

plotter, slow lino printer). Small disk memories have been introduced 

in the most recent systems and allow increased programming flexibilitY:· 

Examples of computers in use at CERN for on-line experiments are the 

IBM1130," l8QO, 360/44, SDS 920,-PDP 8 and PDP 9. · 

Fig. 9 shows ·the typical configuration of an on-line 

· computer system. One may.notice the _similarity to the system described 

in section 2.2 £or the FSD operation. 

The on-line computer is programmed to porform its various 

tasks under _the control of the interrupt facility. An interrupt is an 

electronic signal sent to. the central processor from the experime;r:ital 

equipment or from any component of the computer system (channel, type

writer, tape unit etc.) to indicate that certain conditions have been 

met. For example, that the cc ordinates of an cnent are ready foi: trans

mission to the computer or the writing of a record on a magnetic tape_ 

is terminated, etc. 

The interrupt causes the processor to stop any current action 

and to give control to a sub-routine which identifies the reason-for 

tho interruption and then takes the appropriate action. In a flexible_,. 

priority interrupt system, interrupts may be honoured immodiateiy or 

action may be delayed dependi~gon their level· of .priority. The.various 

priorities arc assigned to the_~nterrupt conditions taking into account 

all the combinations of interrupts which may occur. 

--------
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Ori_c· proceeds by assigning tho highest priori ties to the 

primary functions such as the input of experimental data o:r: the 

output of events onto tape, and assigning the lowest priorities to 

tho activities· connected vfith slow peripheral equipment (e.g. plotter, 

lino printer) or with manual· interventions ( o .g. typewriter). Orie · 

level of computer activity corrusponds to each level of priority. 

At any one time the computer carries out calculations at 

a certain level. Any higher level interrupt causes the control to be 

transferred to a more urgent activity. When the interrupt has been 

honoured tho computer carries on with the task which has ·the: next 

lower level priority. Tho lowest possible level is normally used for 

background computations such as. reconstruction of some events, evalua

tion of certain kinematic quantities etc. Sinco the interval between 

accelerator pulses is _used for data·checks and recording operations, 

it is often an advantage to synchronize the computer and -tho accolc

ra tor cycle by providing- an interrupt signal vrhon tho cycle begins •. 

Many other intorr1lpt signals mn.y be sent to· the computer 

from a variety of instruments in tho experimental area. Conversely, 

tho computer can output cloc.tronic pulses to control external 

equipment. 

Coding tho programs is a non-trivial task. Timing problems 
'. 

havo'to.bo'taken into account, to spood-:U-P the. execution .of the· 

vari.ou.'s on-lin.e activi tics, a considerable portion of tho code is· 

written in basic assembly language. 

·when disks arc available~ tho program overlays arc normally 

storod·on· thorn and arc loaded into central memory ·only when thGy .arc 
. ' 

needed. Only tho most frequently used r~utinos•stay permanently in 

c.ore· memory. A p·art of the memory is rooorvod for ari input buffer 
\ 
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which rr.Jcci.vcs tho data road during tho accelerator pulse. This data 

consists of the.reading~ of ucalcrs, parameter and pattern units, 

scintillation counters and wire chambers. 

\ . 
When tho accolorator interrupt signals the end of the burst, 

scanning of the buf~or begins. Several kinds of' statistics arc kept 

(for example the number of events per pulse, tho number of wires hit 

in each plane etc.) and a variety of simple consistency chucks arc 

applied. If some check fails or if some result is obviously incorrect 

the computer prints out ~n appropriate warning message for tho. opero;tor 

who may in turn ask the c"Omputer to output summaries from time to time. 

Tho experimentalist may communicate uith the computer in.many 

wayn (typowi•iter, sense switches, card reader, etc.). ?o may request 

that .specified programs .be loaded into core and cxocutod one nt a time. 

Generally those optional pro.grams contain several tests and analyses of 

the collected date., output of histograms of boam profile, wire chamber 

alignumcnt and resolution, numerical and e;raphical output of spark 

patterns, vn.rious tape handling utility progra;.1s etc. -

• 
The man-machine communico.tion is greatly facilitated if a 

CRT· displn.y is used, because this dovicc is co.pablc of showing on its 

acrccn largo amounts of information in graphical form, i.e. the form 

whic;h is best assimilated by eye. If a light-pen is also available, 

then the 0xporimcntalist may ~so it as a powerful moans of input to the 

computer and tho potentialities of tho on-line sy~tcm arc much enhanced. 

lt'or example one can point at a track and ho.vo it reconstructed by the. 

computer, ono can indicate a part of a. histogram and have it enlarged, 

or ,;n,: may find it useful to plot some quantities in ,a variety of ways 

in ordor to understand some Q.}:mor.ma.l bchav_ious of :t:ho· event 'detection .. 

etc. However, the use of thi~ oxponsivc equipment is still·:qu~to 

limited and its potential applications have not-yet bcon,fully explored, 
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All the recordc.d events have to be automatico.lly recognised .. 

by tho .soconfr stage programs. CRT-basod human guidance before tho 

pattern recognition, and 'X'.ocovery procedures afterwards arc tochni-

. cally possible but may be impractical rin viei..1 of the very high number 

of events involved. This precludes any kind of manual reduction; all 

the recorded triggers normally go through tho automatic analysis 

sequence. 

Tho techniques adopted for track and cvont recognition arc 

basically the samo as those used for film evaluation. Tho storeo-viows 

of optical chambers arc replaced by the uncorrelated groups of coordi

nates from tho two orthogonal sets of wires. 

Tho pattern recognition programs may at the moment look 

simpler for wire chambers because these detectors have only been used 

so far in experiments with simple ovcnt topology. 

Tho savings to be gainud from tho use of wire chambers ~re 

confined to .those p:r:or;rams in the first and thlrd stages which I:ocognisc 

tho sparks and reconstruct them in real space. 

Tho status of tho software currently dovclopud for on-lino 

experiments clearly indicates that tho pioncoring ago is not yet over. 

Progrc.ms arc tailored to the respective experiments, flcxibili ~;y:_
0

~p..9,. __ _ 

sophistication have not yet been seriously attempted and valuable 

experience is still being ,::.cc1;.mula. tcid. So'on, the software sys tern. will . 

have to be more carefully planned, and tho experience gained with 

films ,-rill be very helpful. 

Thero is still g_ui to a lot to be lcc.rnt in those o.roo.s jihich 

are: :>:::.rticulc.r to on-lino Gxporimentation, o,.g. data o.cquisitlon bottlo

ncc;:~:~ 1 eff octi vcnoss of .the real-timd,.' fcc4back, etc. When tho compu tor 
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i~ directly connected to the exporimento.l equipment, any li'mitations 

on tho data flow through tho sys-torn may sloi,-r down th0 vrire chamber 

opora.tion. So tho same limitations which would ha.vo reduced tho 

throughput of A·. flying· spot digi tis or now en.use tho loss of expori•-
1 

-· mental dat·a.. Those limi tn.tions arc generally related: to tho spuoa. 

and capacity of c6mputor 1s contra.l ~omory, magnetic tapes, ~isks or. 

any other storage media. At prosont, wire chamber roquiromonts a.ro 

growing faster tho.n computer performance. Often tho computer used for 

one experiment is too small for tho next. If tho-computer is ~uffici~ 
. . . . ' . ..--------- . 
cntly·povrnrful, then tho bottleneck may move to tape operations. 

Experiments arc being plD:nnod which could fill a. mo.gnotic ta.po in· 

less tha.n five minutes. This raises big questions of data. ~u.nagemont; 

of temporary and permanent storage of tho oxporimontal do.ta at th'o, 

vo.rious data. proc0ssing stages, of processing speed, of program 

optimization, of ma.chino langu.age coding etc. 

3.3 Interconnection of Comput0rs 

Ono WJ,y of providing the· poosibili ty of roal-timc foodirig 

tio.ck of partial physic:s results is by connecting tho small computo'r 

·":Jy remote access links to a largo mul tiprogrammod system. Su~h· data· 

tro.nsmi'ssion links have b0on us0d in recent years to connect sma.11 

compu tors to largo onos. At CERN, some time a.go, onu mq:>crimc:nt using' 

sonic spi:~rk cha.moors was controlled on-lino by an SDS 920 computer . 

which vms in turn connoctod to the largo CDC 6600. 12 ) 

Tho SDS 920 colloct(:d the ro.w data,-roduced it by making 
' 

somo simple chocks and stored it locally·.' For a. ·few hours· 00.ch :aay, .. 

tho reduced data wc'.is also transmi tte.d to the largo computer through. 

tho· da.t8. .. link l3) a.nd was analysed. The large c.oinput0r displayed some· 

of tho results', ·and it was impross·ivo to soc, for example·, missing 

mass spectra plotted on a CRT and continuously updated at tho so.mo 

time as do.ta wa.s being colloctbd. 

42 

:i •·--- ·-··---i-~~-: . I ·, 
... _ .. __ . ______ ·--·------:---:------------:----:---:---,----------,-,-----__:.-..... ___ ,I 

~ . ' ·~· 

i 
I. 

f• (:. 
r . 
I· ., 

.,..,. 

·, .-

' 

I 
I 
·I 
I 
I 
! ,_ 

Allio.:. 



I 

Moro recently, it ha.s boon a.pprociatod tha.t this typo of 

. / service must bo ·a.vc.ila.blo fo_r several on-lino. oxpcrimorits, simulta.noously. 

A project c~llo_d FOCUS l4) '(a.n acronym of "Fa.cili tios for On-lino Corripu-
. ' 

tations·a.nd Updating Services") is being dovcl~pod in.tho du.ta. handling 
' . 

division of CERN. It is ba.sed on a. CDC 3100 computer equipped with 8M 
. ' 

chti.ractors of disk memory .which will bo inserted a.s a. da.ta.-tra.ffic 

swi tchyard botwoon tho various small compu tors and tho big ones. I-t~----

ta.sk is to collect requests for•sorvico from tho on-lino users a.nd if 

necessary to transmit programs a.nd possibly tho do.ta to bo processed to 

the ·6000 ~~ries computers for execution. Requests to FOCUS arc orisily 

specified on telo.typo and·"mn.y include 1) compilations a.nd updating of 

,programs, 2) execution on .the large computer of selected usor progra.f\1S 

with specified data. files, 3) -temporary accumula. tion of sa.mplo oven ts; 

coming. from tho oil-lino computers via do.ta links, 4) execution of 

analysis programs on these· experimental do.ta., 5) return of desired 

results to tho users via. their smc.11 .computers or on the FOCUS tele

types etc. 

This typo of facility should be vory useful for tho on-line 

experimental groups both in tho setti~g uppha.so when they ha.vo to. 

chock out their qquipmont and their program at. tho· so.me time and· in tho 

do.ta. taking phase when they will be a.blo to bxocut·o a variety. of 

programs _on sampled· events, chc.nging analysis. conditions from· thoi~ 

teletype in a very flexible vmy. It should provide a. valid check' on 

the quality· of th0 __ d13,ta. recorded· a.nd further means of. ensuring 

efficient control over the progress of tho experiment. 

Compared to tho.diroct connection botwoen the small 

computer a.nd the larGc one, tho FOCUS system should offe~. tho oa.me 

advantages (avdiio.bili ty of computing' power' comp_rror;-as·scmbler and 
: ' . ' ' . 

libra.ry routines of a la.rgc ccntro.l insto.lla.tion) and ov:or·come tho 

disadv~ntages experienced (difficulty of access during development 
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and testing of··ho.rdvmrc, fixed sc~odn.lo of time: during dntn. taking, 

ln.ck of' fncili tics to r.1od.ify prog~ar:is during on-lin0 runs, incffici·ont 

use of contro.l computer otc.). 

FOCUS is ruqr,nt to provide n. :z.>ogu.lcr _ sorvico, 2·0-22 hours 

por day. It will ho.v..:: ·access to the: tvro. compo.tible CERN ccntro.l 

computers (6600 and 6400) for the execution of user progTams. l'lo) ______ _ 

execution of proirro.ms \7:i.11 oceur in tho '3100 which will only bo 

used for file mo.nipulo.tion. From tho point of view of tho contra.1 

computers tho 3100 is just o.n input/output sta.tion. Job input files 

received from tho 3100 n.rc o.ddud to the queue of waiting jobs, but 

a.re assigned a. high priority. It is believed that o.n a.dequato 

response tirio .will be obto.inod vii th c. minimum of modifico.tion to 

the prosc:nt SCOPE opera. ting systprn. 

3.4 Conclusion o.nd Trends 

-- • Wir0-- cha.rabcrs connected on-lino to computers seem to form ... 

o.n extremely pror:1ising combina, tion for the yea.rs· to come •. Th<} 

physicists who ho.vu hc.d c. cha.nc0 to work vfi th such systems doscri_bo 

their unique foC1.turos in enthusiastic turms. It is certainly of 

utmost importn.ncu .to bw c.blo to cha.ngo ·th0 oxporim0ntal conditions 

during a·run, thus mo.king best uso of the 0,ccolorator fncilitios. 

:But physicists ulso approciat1.; the pro.ctica.l o.nd psychologicnl ·o.dvo.n

,cc.geo of soe:in_; tho rcmul ts of tho expor.iment soon q.fter the o.ccolo

ra.tor run n.nd.of having.tho delays botwcon the dosign of the experi

ment o.nd the: publication o;;.' tho results cut down. 

In vier: of tho trond towo.rds high-stc.tistics experiments 

o.nd tho conscq_ucn-c ir,1porto.nt role of spark ·chambc-rs--,··thoso· techniques 

should be us~d in future by o. growing number of experimentalists. 
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Now progress has to bo expected in thcrflcxibility and 
' sophistication of tho do.ta handling systems (bottol:' software, more 

facilities, improved pattern recognition etc.) • 

· .Ono should also soc tho computers being more extensively 

used for tho. automatic control of oxporimontal oquipm(jnt, performing,. 

for cxar:iplo, systematic chocks .and:adjustmonts of parameters such as 

current, vol to.go·, otc ._ in a varfoty of instruments • 

. . . 
,physicists will be incrous~ngly interested in,having more 

. computing capo.c:i ty. available during on-lino runs~ Th~s may be achiovod. 

by further dovclopmont of inter-computer connections: 

One can also expect a growing in~orost in tho communications 

moans botvroon· the experimentalist and tho: computer. Graphical CR~ dis-
. . . 

plays-,1ith both input and output facilities seem to have a number of 

attractive features. If th·ey become loss oxpensiv'o, th,cy could be an 

id.cal tool at tho. va.rious data handling stages; on-lino, as a,m;nitor · · 

of tho experiment, off-lino as a moans of seeing-and rocovoring diffi-· 

cult events and as o. powerful analysis a.id i:i:;t tho last. phases· of .tho 

experiment evaluation, 

A synthesis 'of those trends may be found in the present· plans·. 

at CERN for the Omega Project, This project envisages a very largo 

magnet with spark chambers filling tho gap between its polos. It would. 

be opera. ted as -~ kind of." electronic bubble chamber" wi ~h provi~io:n . 

for optical and direct digital road-out of spark positions. The· data 

handling·,systom proposed· _for this projo,ct would use th.a v~r~ous• 

facilities described in those notes. both for the automatic analysis 
' . "' ' 

,. 

· of films and the evaluation of, <?.U,-line experimont_s, 
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B illKone 01-HIH uo upHMeaemuo SBM B sa11aqax sKcuep11MeH
TanbHOll <j,l!3l!Kll, 'Ilpoae11eHHOi! C 5 uo 19 M8S! 1968 rona B r, AnywTe, 
6b11Ill npOllHT8HbI cneny10uu1e neKUHH! 

M,r,MElllEPHKOB (OHHH) BaollHble saMeqaHn>I 

I , 3BM " uporpaMMHa>I opr-aHHSaUHSI 11x pa6oTbI 

r.H.3ABHHKHH (OHHH) 
SBM a sa11aqax sKcuep11MeHTanbHoi! q,11s11K11 

E,IT.KAnHHlf'IEHKO (OHHH) 
CTpyKTypa coapeMeHHblX 3BM 

A,A,KAPnOB (OHHH) 
CnC-!604A H opraHll38Ul!S! BBOll8-BblBOll8 Ha 9TOll M8WHH0 

B.H.nonHKOB (OHHH) 
BoupoCbI coupSilK0HHSI SBM c aaewanM 06opy11oaa1111eM 

n;"i!OPil (UEPH, Waei!uap11S1) 
ITpnMenen11e ManbIX 3BM a sKcuep11Me11Tax 11a n11a11n 

c.c.nABPOB (BU ·,AH CCCP) 
CocTOS!IIIIB II uepcueKTIIBbl pa3BHTIISI M8TeMaT11qecKoro o6ecueqeHIIS! 
3BM 

r.M.i<AnblKOB (OHHH) 
XapaKTep11cTIIKII SBM Knacca BSCM-4 

IT,3AHEnnA (UEPH, lliael!uapn>I) 
C11cTeMa Maw1111 UEPHa 

B,h, WltPHKOB ( OHHH) 
~ HsbII< <l>OPTPAH n uporpaMMnpoaaH11e aa neM 

H.H.rOBOPYH 
CncTeMa MaTeMaT11qecK9ro 06ecueqea11SI 3BM BSCM-6 

B,A,POCTOBUEB (OHHH) 
MoHnTop ltn>I BSCM-6 

X.nHITITC (UEPH, llJael!uapn>I) 
OnepauHoHHaSI cncTeMa CKYOIT 1111" CJIC-6600 

II • Bonpo<;bl o5pa5oTKH cneKTpOM0Tpll'l0CKOl! HHq,OpM8Ullll 

H,3BOnbCKl1, JO, OCTAHEBH"I, B. ITPHXO.llbKO (OH.HH) 
ITpnMenen11e SBM a cueKTpoMeTp11qecKHX aKcuep11MeHTax Sillepnoll 
q,ns11;m 

11.TOMHK, B,P,TPYBHHKOB (OHHH) 
Ocunnnorpaq, co cBeTOBb!M KapaH/l8WOM KBK cpe11cTBO CBSl311 qenoBeKa 
c 3BM 

n.c.HE'<lEJlbEBA ( OH Hll) 
ITporpaMMbl o5pa5oTKH cueKTpOM0TpHqecKHX ll8HHblX 

• III. YcTpOl!CTBa H uporpaMMbl o6pa60TKII l!H<j,opMarum 
C uy3blpbKOBblX KaMep 

IO,A,KAP)KABHH (OHHH) 
ITonyaaTOM8Tl!qecK11e H 8BTOM8Tl!qecKH0 ycTpolicTBa ol5pa6oTKll 
q,0Torpaq,11l! 

B,il,HHKHH ( OHHH) 
ITpn15op '11nS1 8BTOM8Tll'10CKOro ll3MepeHIIS! q,0Torpaq,11l! c, Uy3blpbKOBblX 
KaMep na 5ase MexannqecKoro cKa~npy10mero ycTpol!cTaa Tl!Ua 
'6erymnl! ny-.i• 1 (HPJl) 

B.r.MYPXEn (UEPH, lllaei!uap11g) 
HsMepenne q,0Torpaq,11ll c uoMOIUb!O HPJl 

. )K,K.rYAW, )K,TPEMBnE (UEPH, llJaelluapirn) 
Cu11panbllbli! 1!3Mepl!T0nb 

r.H.TEHTIOKOBA (OHHH) 
MaTeMaT11qecKaSI o5pa5oTK8 q,nnbMOBOll l!Hq,opMaUl!ll C UY3blPbKO. -
BbIX KaMep 01:1.HH 

)K,3onn (UEPH, llJaeliuapnSI) 
ITporpaMMa CAM3KC 

A.<l>,nYK'bHHUEB (OHHH) 
ITporpaMMa rPAl1JlH 

B."r.HBAHOB (OHHH) 
0 uporpaMMB ITAl1TOH 

r.B,MAl1EP, Jl,XAMMEP (rJIP) 
AaToMaTnqecKHl! uepeao11 uporpaMM c 01111oi! aepcnn <l>OPT-
PAHa na 11pyry10~ . 

IV • 05pa50TK8 l!fI<j,opMaUl!H C IICKpOBblX K8Mep 

IT.3AHEnnA (UEPH, Waei!uap,rn) 
06pa60TK8 ll8HHb!X 3KCUepHM0HTOB, IICUOUb3Y!OIUHX l!CKpOBb10 
KaMepbl 

B,H,lllKYHJlEHKOB (OllHll) 
CKaHnpy10m11A 8BTOM8T Ha aneKTpOHHo-nyqeeon Tpy5Ke 

ll.A.ronYTBHH, IO.B.3AHEBCKHl1 (OllHH) 
MeTOllllK8 HCKpOBb!X KaMep llllll pa5oTbl H8 lll!Hllll C 3BM 

ll,M,llBAH"IEHKO (OllHH) 
OprannsaUIISI CllCTBMbl uporpaMMHoro ol5ecueqeHl!SI 3KcnepnMeH
TOB Ha nnHnn c 3BM 

C.C,KllPttnoa (Oll.Hll) 
HsMepl!TBllbHblll UBHTp naoopaTOpllll BblCOKHX 3Heprl!ll 

B,A,HHKllTHH (OllHll) 
SBM B ·oubrTax uo yupyroMy pacceSIHll!O PP II P-Sinpo B HH
Tepaane aHeprHl! 1•70 raa 

A.r.rPA'Il,B (OHHll) 
CHCTeMa 8BTOM8THqecKol! perHCTpaUHII ll8Hllb1X_ upoaonoqnblX 
IICKpOBblX K8Mep Ha q,eppi!TBX 

V, BonbwHe uysblpbKOBb!e K8M0pb! 

A.nEBEK ( CaKne, <l>panuirn) 
ITpo6neMb! 113MepeHl!SI q,oTorpaq,Hli C OOllbWIIX nysblpbKOBblX 
KaMep 

B,IT.KY3HEUOB (ll<!>B8) 
0 _upoeKTe nponaH-q,peonoaol! KaMepbl CKAT 


