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C~M?J'XR CCN'I'HOL OF Ttl3 INDIANA IJHIVERSITY CYCLOTRON FACILITY -' 

B. 14. 3ard.ir1, S. A. Lewis, D. J. Plummer, T. E. Zinneman 
Indiana University, BloomingtXl, Indiana 47401 

AASTP4CT 

The control system for the Indiana Univ- 
er::ity cycl,x~tron Pat: ility is designed to provide 
mi>ri.tnring and display of accelerator status, 
..ci,<ging and display oi' operational history, auto- 
mated beam diagnostics, and presetting of opera- 
ti,onal parameters, in addition to manual operator 
control. 

The operator interacts with a contrc)l console 
which incorporates alphanumeric display termir1al.s) 
a graphic display, a digital plotter, and various 
analog input devices. The console is connected to 
the computer, rat’rer than directly t:) the accel- 
erator , and %he computer acquires data frsm and 
sends control information to the accelerator by 
means of multipl.exed ADC's, DAC's, stepping 
motors, etc. The console and control devices are 
linked to the computer via a network of modular 
digital multiplexers which are attached to a 
common bidirectional data b;is. This approach 
provides decentralization of' the interface and 
allows orderly growth of the system. 

The computer runs under control 4' a multi- 
programming monitor which executes data acqxis- 
ition, Logging, display, and control programs 
concurrently, on a priority basis, in response 
to external signals, operator requests, or cn 
independent schedules. Program development 
proceeds without interruption of accelerator 
control. 

INl'FKXXCTIOM 

Tile corltrr,l system ~.,f' t'rle Indiana Univers ity cyclotron i‘ac.il it;) 
must coordinate the simultaneous operation of the three interdepen- 
dent state:; 0f the acceleratcx. In additii;n ts direct operatl;r 
writ rol , it is designe,: to provide monitoring 2nd disljiay of 
accelerator status, logging and displajr of operational history, 
nutomated tieam di.ogrlostics and presetting [of operational parameter.:. 
Figure 1 is a diagram of -Lhe computer-based system which has been 
implemented tf:> carry out these objectives. It should be note? that 
cormmication between the control console and the accelerator is 
r,ot direct, but passes through the computer. 
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C Ob!FiA'Ei{ 

The contri,S ccm@~cr i:-: cm XIX ::ijn;,: 2 wltli ZOY, (X : iC-iZ!C) 
li'-bit wcrds of i mjcr<,sec5-!riri cclrci mem,~ry, ;? teLet;y?.bewr.iter , a 
I..'j niill-i.r-,:: word fixed i:enti disk unit, nrld a 'i-track magnetic ~RIJ~! 
uri-it . The comg)utel? commut~ic?~tes with the coritrol c3n:;:)l.e end tllF3 
accelcrntor l;i:rCugh a dir,ect t:>/fl'W: ~CILXU~R~~~~ iqyt/$qxt (DIO) 
1:~:: and thrcugh the bl.gck-transfer channe:l. 1/3 bux. 

COBTROT, CONSOLE 

Figure 2 shows tl:e pr'c-totypc :i>,ernto,r I :' st5tic:rl currer1tl.y 
use:! to contrrl the de preinjec+r)r and injector cyclo5ror~. Al? 
operator’s statiori consists of 911 aLphnr.umeric di.Sy;l:ly With :I 
keyboard, display selection pusbuttons, a trackr?a:i.l which is used 
primariiy to move the displsy cursor ?.nd, with itr: assr-lcisted 
"enter" button, to signal the computer, and a second nisplay with- 
ocf a xeytmrcl. Shaft encoders, d-igit switcheSS, and mr.mentary 
cc)ntact switches also serve as control inputs. 113 the near futuy'e, 
computer driven anal.og meters will tie installed to aid in tuninp. 
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Figure 2. Protctype c-qerator's stni;ion. 

h :i-y s:c!pe and digi.tnL plotter provide grapkl:ic capplt)ilitiss. 
It i:; ~C.nrlrlc?d tcl everit1jnlly implenerii, it tutu1 I,lil tixc:e 

ijJ3CrCit('?":; :;tation:;: tW0 iI order t0 bC able ;c cc:ritro]. tw;t 

eey)7rntc :;uk:i‘;y:?Genr:; rof tile nccrileratc~ 
i‘or nii.r~tcr-!nr cc: 3nd check~~j i c If 

!~irnL~lt~~.rlCo.,.;ly 2nd. a. th.i.r.41 

contra: t!:iIY?>?:ire 
opnlcnt ?rl:i dc'c-JuG,yi.:!g . 

~'I? pr: lgr:i?i c3e\r.2-1 .- 

ACCELERATOR IIiTEPJACE 

The Xrkage from t'rle cmpui;er to the acce! erntor and ,ci:,~~trl;l 
C:I.I:- :h!l ,: i.:-: t1lr'>q;h n ti i g i 1;HI .3ulti.p!] CXC:I rletw-irk wk! i (:k! ie cclnn.zcted 
tri tt16.2 Si[r;miz 2 DTO bus. 
~.~h~IWl 1 i Ii F i {'ure ,3 . 

~1 hl.-tck rl~i ~grarn nf' the mu1.t i~~^l.tixer zs 

Tke m;.ltiplexrir' ni:t~+;c,rk i;: t~i.rilt i'rvn three b:~:ic nodule:;: 
c:~~rll;I~r:! ,111 1;:; , write li.il i t,.; ) S.Zd 1“ 3,Cl Ur..i t!i . _ Exli ci-intr!)l. utli.t, 

Cllli t:aritl‘.(: :i m5~irn~un f)E .:ixteerl ~lr$te ulf.: i;:; nnd eig:lr!t read urii-t :; . 
E'lr:il wr i.'_:,rs Ilrli t c~ir~tsirl;A ~,IJB i,~: (ii r;i:l; lt;-]Jit r;(;,,/qy: r.,yJ:itt:r':r $,., 
111-21:1 ,JUt]:L:t tlRt;i ;irid each reaii ljni$ c:ini,ain:: uil :c: s ixtecrl i&-bit 
.i npu t fate 3 for -inputting data tc 'the compter. l!tI: 3 ) a +;otn1 of 
1.26 li:-Et. bidi 3ctionnl data wcsr~l:; c?.n be llnn,$.l r-d t,ji c:a,:kl c,.;r!trpl 
lullit. Althoui;h only two control. units are currently j.n luse, up t,:> 
c?.ii;l-It Inay tic: .iirplementi2ii, c:..r:ki, if dey.ye,3, nt; a (1 i f'l.‘cx~c~i~i; 1 :~i:nti;~ri, 
:: Cl t t-1 at I; t,c: system can bc eqancied to random1.y ntliires:; _ :x to l-321- 
1.1 igit-11 :i :.put w13r33 arlti l.Wlc c?i$tal cutl>u+, wc)rtl:~ . 

In ad~iition, each control Knit contains two X-bit status 
rt:pi::tc:r:: , 
t/31. 

The (:t!ltputs of al.1 Gtatu:. w!:i:-;t;cr.; :I,',., "or"ed tx@l-.ey 
Int.err-;l:t I.inc. Thus when an external i:,evi.ce reqluires service, 
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it :;.;,Jp] y r?i:;e:~ .its st:‘i.tu:‘ -1 i ‘-It2 > wl ,1 c j. L c : CllA I’ e :: “. C'C '!Tl~lLi,(-!T i litCl~!'li~~t - 

yl]e cl:,qjute,r thei. -irltexY~~~il,~‘!r: -;E:r: ;:to.tus r'Cf;< :;tCj*:~ tc? dPtiilT~i :le 

wlli.,~ll extc?%n,xl ~~~-,T~cc: ycqu+-:;tt:~,: ::er\iics ;it!d takes apl;irr)pri.:itt: nctirin. 
F!:yricall.;y, C:iC:ii stxt7.1:: t’~2,~~; i ::ti;r j.:: nl;l;‘ict!e:l tc.1 ti:c! r!;-:t:lp~~tcr t!lr~!l!.~~iI 
;a 1~~zi3rl ic::it . 

:-- 

5#‘,HP. 2 1 
OIRT?T ,<a eu’, 

, _1 I 
,::;,:::“:i,, c-- - (:; $-;;,“,:;“::y,:,‘;y:r$ voc i -- ~- /J i \, / \ i /, 

L. TEi~ ; SC j \ 8,’ \ 
/i 

\ SIORICL ‘,$ 
,, i :- -! 

it SlbrtR 
! \ / N3 0 

i \ \ / 

__ ..- STATUF 
i .-.--.I Ri GI’TF” -r Nf! 4 , “i$] - &$~ 

\ 
kJ;e’-r;-. - [yY--j ___I 

;-;;gxy] /;y,;: 1 1 ‘!:,y,;\ pjizJ 
/iF T3 16 IE Rii 
( 

) ,lmE EEGISIIHS : (RJ:P;iN:J ~:;::,,:;~J ‘(szYR:G;~::.J 
\ 

??ii~lW ‘! . I?i;::ital rnultil~l2:izr. 

UPRRdT ING SiiS7lEM 

14 real -time mur..it0r (RT~:) 1,3:2 be-en iic~i~i:l sped tc; i-‘3~ I~itCite 
c:ltlt?~.,l [if the cycl .:~‘;rorl. It. is des.i{;nc:d i;f\ .-lJk ixi.::ia thr xti li - 
zaticm 0: :vailshle c3rii, c;o:o,::~tctiori:il spceci, an3 rilr.k tr?.nsfer:; . 

RTM is :I disk-orient,e:i, 1:“’ i or-ity nrill.tiprr-,,1:~~~!liil,~: t ! m-sharir3; 

operating system wlxi ch al lows uyj to sixteerj pr~q:rL3.11is t 3 b e r e :; .i 2 e n t 
in core simultaneously. Each pro;:rarn hnn 3 sof’twnre priority n;sn:- 
her afjs\ SC lat,ed witi-1 j f; and th’iSe J>Y’cO[<~~JIC; ~CUrrCrltl jr iId CDl’F! With 

the same priority number are time-shared. 
RTM supervise:: the lc~nding, executir)ll, 3r1A urll.~rarl.i rq 0 1' pro- 

grmls and their segments, c:n a pric;rity basis, in respr)nse to 
external signal.t:, operator request?) w on inde?elidfnt schedulf::i. 
programs loafi in a sing1.e disk access which has an average la%ency 
Pi’ l’( ni 11 isecond:. Since almost al 1. progr?mzm:; zre written x2 self- 
relocating form, ccre al.:.ocntion for separate “floating” Frogran 
segment t; r:s-fy~j.rjari].y need not be conti.gu3u.s and core i s all ocxted for 
each segment only while 5.t is resident. A total o?’ 1.3K or’ core :ir 
available for allocati.??n in bio?kr: ot’ 256 wnrds. The monitor 
provitlc:; a I.)rotectlon O~l? \. _ -7 1 ri-c whi.ch r:reventS t11e currently exzcut.irig 



494 B.M. BARDIN et al. 

program irom destroying either RIM or other resident programs. 
RTN provides many services for the executing prcgram. All I/$ 

for the standard perip!2erals and a number of' the devices attached 
tr> the digital multiplexer is performed on an interrupt liasis, using 
hardlers Whi.ch exit the calling I!rogram until. the o;peration is 
compI.ete . A progrnni may also "attach" itself to a stat.2.s bit and 
wait until thnt bit i:; triggered to resume execution \.>I‘ it may un- 
I.ond, to be reloaded from the disk if and when a trigger occurs, 
,Dutl)ut to the teletype is spooluci tx a disk file SC that the calling 
program may proceed or unload without excessive delay. Disk trans- 
fers arti n3t initiated until t'.e last moment so that higher priority 
requests are not locked Tut,; lcwer priority requests will be 
.znt-i.::fied -first i j_l th:i :_: will. nr:t delay service at higkier priority. 
EnccAine, of formatted output and decoding of free field formatted 
input are provided. A program may halt, restart, activate (i.e., 
cause to lead xjti execute), request the status of, or change the 
i2rioritg '.~f' another program. 

The riper&or cornmur:ications package is a non-resident program 
which L-8 loacied when the operator keys in a command. It enables 
a program to be added to or deleted f'rom the system, to be schedulccl 
tu run %t a time in the future and, optionally, therenrXer at a set 
frt:qLlency. Pr,ogrcims also may be activated, aborted, halted, re- 
started, attached to or detached r'rom a status bit, or have tkieir 
priorities changed. Diagn'Jstic commands, which use the alphanumeric 
display, interactively generate a snapshot (~7 ,111 programs currently 
in core, read specified areas of' memory or the disk, and :+llow 
mc~dification of selected locations. A map of the current use of the 
digital multiplexer status bits nrid softwnre trigi;erirls; of any stat~2s 
t it-; are al so nvai.lable . 

PROGRAM DEVELOPMENT 

PTO~~WI devc! c:pment goes on c:~ncurreni;l.y with cyclotrcir: 
cperati0ns from one cr more alphanumeric display terminals which 
usually operate in thi: time-shared mode at the s'ilile (relatively low) 
Triority so th-t each terml.nal. gets similar service. Un.i.ke most 
mu1tiproi;rammir.g systems, no fixed partition is required -for this 
activity. Core residency is minimized by utilizing float i.:~g segment:; 
arid re-entrant code. Code ii:-: wri.tsen: edited, assembled, anti link- 
loaded using the terminals for display nnd disk files for on-line 
star ajyz . Both binary anti SXXCF;' code are :ompresserl and stored 0x2 
magnetic tape I' or i:ff-line b'ulk storage. 

A versatile debus scgnent allows R new pr~Jgr:uri to bo f:xecuted 
in step mode withcut stopping the computer. All registers and 
selected core locations are dLsplaye3 atier each step. Monitor 
service calls (are rec:)gnized and executed without pause. 

The almost exclusive use of alphanumeric display terminal.:; 
in a.2 phases or' progrram dcvelnpment is 4. novel aspect of the systcim. 
It is believed that this approach has resulted in a substantial 
izcreese in the rate o? production of well-debugged code as 
compared to more conventional. methods. 
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T:.e cjpf?::-:iL /I i.r-~ttil-2~:!;~; wit11 ti.ci ~li:;!~l,l;i id., i~oli~'- 1 ;l;:il:i.; '_ 
rjml)c:r II< tli~'i'rri~til; techlliq~l~~~. An y '-n e i !f' i:1i d:i.r.pl.a:,r:; m:i>i : t: 

' se1ect:.:i1 11si1-16' s.11 i> .> t:y Z1 ~;ucli?:utt )!I m:tl.-L3:. TIII: !li::;!:i;: $1111; 
activated n:xrmal.ly perl'(j]TLS cert:lin pnrioiiic l'u:.cti :lZS s,tom!~t.icnLLy: 
readouts 0f ncceleratm~ parrune;er:‘ ;!*I'2 ~1~":i?.ttii.i (1mnl 1). ?-t, ai~i~lll; 7 
3 Hz rate) and t!.c inf’!X’:E~~r~I~ nece:;ceq t;i ~e::t.r:xYz i;hc Ct2tLT.S (If 
tl-le <i.i:;:?:l ny ~:rogr;u-I i-3 sti:~:rctl r~rl the disk. TInr? tlie i~pi:rd!~r' KWJ 

denctivatc and reactivate displays w.th inipulI: i,y since t11cy :-L! wq" 
"remembc::r" w'r;at hi: waf tlr Sing pl,c:vi t-:iiSl:,i. 

Many disp:.ay -r'uncti0ns are relectc(i f:ria 2 list by 1:1 tic-irip 
the cursor under a particular word 01. 1 ine of the rli.:r-,].a!: and ?u:rh- 
.ing the "enter" butto-. T?.r! c~ptic~n picke!i :fi:iy c'iu::c i:nr:~c:,.:i:Itc 
action 3~ may sb?ly be remembered for Inter referenct-. Sr!n!.l sets 
of logically related '-lptionl; msy 11:: converiie::cl y :;c:lc:rtf:ci 1.11 9 c:ycl.ic 
basis; a% the "entcl0" buttcan is pushed, the r!ext. i:pti,-111 "l'i-talcs" 
into view. The: (,p<‘yat,L:r m?,y :il $0 eriter ~:W'""i"t,Cr*3 tlTi~LU:ii -;klC 
keyboard and in ::omc cases default parmetera are nur>~~.i.ifid 3ilt:s- 
matical.ly. Ceri;:i;i1j I'l,ncti:~rj:; (e .i;;. , r:ir!i:kl p-0 tt~c scmz) ?",.:cllI i.1.e 
the ~ispla,y t-j ix> active i':)r it).! tlation c-,nly; bnce :;t:Lr-t!:!i l;llc:~ 
run tc; c:>mpletic.rn :i ndepende:lt: y . Ii-. @3?"':L1. , 2 l1:31%ic71l::r~ vnr'i 9 4e 
I S . ckj<;oen f'or f:;peyal,!,r contrr,l tNA7 1,1.:3.cirl~ l,llc Clll'.'i Y' I?: l;'i:C ;::itl;.: 
line a:; the readout r-!f that v:Lri.al)?e. Tl-i(~ :~~!gular pt:s it< c'ri ! 4' the 

cr)r)tr*<;l 'LQC)]J nqr i;hen be used to d~'i~r't: :I L:AC, I'>17 iIl:~t':lic!c, "1' fZ[ 

set, t::e l-ate at which a stepI:ing miitl:~7 is tiCvet t:y f; ::l~-:Iri~~It~~~~~- 

cijritnct bidirc:::t i ~:'a1 sxitcll. Cr,ntr t_j l;!li'lj :;,d:tirlid:: :il'i: tli !I] I- :iyC::'l 

ar?cl "remem'ccre~l"; an interlock is pr-W.i~.le~i to yrevelli; ncc:.i.rlent:-11 
cr:sntrol. when chsry i ng display pr:~;~,r:i?ii‘ . 

Tile logging of re!.ated group: of variablec i:: :~?~?.?rme~ cn 
indepc:iderlt scliedule.; by separate lrgi;-ini: program:. Enci. ly~g:Lrl;~ i 
program activates an assr,ciated acquisitio:: pr!igrXam which acc_uire:-: 
the data and con-,rerl;:i it to er:ginecri rip un.i",:;. Tile 1 ol;ging p~ropr%m 
then writes the formatted data. on a disk file ir: chrcnola#ca1 order. 
Before file .ipace is exhaustci:, files rilCc t.:-a!li: f' er~cii ti> yernuner:t 

storage on magnetic tape from which they may he read back i.nto the 
03 - rsten if desired . 

An interactive service is providec to select nrisi display she 
contents of logging Piles, i nc:ludi.ng the nzrne5 3f ttlt? vnririhle>: 
and their units. All numer:ic data c,n the I.oggine files can lie 
displayed in graphical form on the x-y pbtting scc'pc with great 
flexibility in formatting. Automatic features wi';h :rimual over~i.des 

make graphing extremely easy. A hard c?py cervicr: wlii ch automatI.cal Ly 
supplies appropriate heading:;, axes, a.11~5 Wits , in pi-nv.ld2d using 

the digital plotter. 
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rr!ifz fij-,,.:t r,‘17 tit.itirl:: ;-,I’ 3ccel.e~ab~r hardwaw t J C~W,C: uritl:?r 
c'~!ir~:~:l;!~i~ cf.>:%~c!l T,J~:; tiic JI.~'CZ i njc:ct;r:r,. It cb~n.:i:;ts of 2. d~l~.~~pr:i.. 
IIL:Lt~” /lj ;.@.,I1 :‘in:lYce :!c-l~.,r?-?;cJ ‘i l-l ;v rii I‘- ihi-x:l:iteI ~Oii kv :lm: i;cirrr.ili:tj.. , 

:':ni'onv,t,i, ,*i i :; tinr-!:m.i t;tei: tc; ‘~Jlti fron the termj.nc3.1 vi a a I i&t 
-1 I! k * 4 1.1 “Cl< riiv2gT*fritl. (jf ‘;i;<! ::y::-t!,:rr. u:lsi-i is ~ticnm i.r~ Fig’urc: 11. 
IltX’b3 f‘l‘im b!.c? c::~~.pCt:~~ is -i;rar!smi.tted serinl.l;r tn i;I~c-! high T/olt:qe 
t;crmII1*:1 ttlt’r lli;lN 3 112.~~ ~,~~t~i.c:i.l li&it I!i.pcs, wl~cr-c: .i t; i.;:: cc)l:vertei-l 
l‘:L,.:l< :,,, ~iarnl~.il :‘or-mat :i:.d used t :i c::~nt~-c~l i)rlc: :>t b;jxteen :;t~;ppirlr; 

i,!' St;, IO'.' I II' t,/' Ilr' 'I1 I'li21 ii tlli 3"tj~-t~~i~ chnmel. nri.3.1 (1~ 1121 1 i;iplerc3r ar;d 
I?-1,i.t. .qy . ::irrni.l tar ctc)u::l;~, :!:%ta :Iigit i::cti il~,i~‘i.:..g i;t~ii prev!-our 
~:~",f:""J:tt~l.: 11,; c:,r<!li: i :: '~~~:~t~.~rn~tt.c.!~i F,wk tl:, t!c b;ro:lnti :;tnti:~r~ . 

1’ i.j?l.we 4. Prc: i njt:ctr~r light link. 

f:' Jrili‘ltt.:r Cl ,11t-rc.i1 ii‘ l;lli:~ l~cin:r! I.ir,c: L'i'Orn the pr"injcc:ti,i~ ti: i;'r!t, 

i!tJec;r,t. iS f?,~SP~lti~ill.~ CC?X~~lCt~~. Ths powtzr :;!;JqILy currents c ? 
$11~2 ii?1 i 141:; ::tc‘c’,‘i ni;; n.,,tl i’c~cu::in;; tii_crtLcIl~t;:i c:.t!l ht! read .ar:d c -~rlCr,ci I .l cti 
Tlir‘-‘iI#.‘ll ihi! ~~I~rllp~lt~~?1-. l!~:3.m ~:ti:I;’ c!lr-f’?lil;::) 2s -~Y?l]. ?,S nl i.t, c- t,rc:rit:; , 
,32-r: nnr i.t-t ‘T-C: -q fatId di ::nl :i~rf!rl . 1 Lf 

A Il~,iR:i>Cr i.? 7!2:l(l<;:.,.i;S !‘,11. i;k!E in~i.:ct~~r~ i,:y~:I i:l,r>c 8:. E~:iv!i ;i l.rc+,iiiy- 
l..t-:c~-i ilit,;? --;icf:cI ) i nc: 1.t~: irq magnr-tt and t,ri.a cc,$.l c:llr-r,c?nt :ihur!tc:, 
i-8 / i 3::, 1 ,r~ ,:: ti:; , ilid ::t?Tf~! ta’y.? ,iy::%cini i-ti?‘essiye ,~;:21~irc:J . SClIllC! tr$Ji f::Cil 

::1qpd ic: and thti frcquCncy syjllthisizer whiehL’iirive:-; ",hci r-f systea 
:il'ri I!r~lrtin-~l !:.I-1 Cl. Aiitrmn ted r:xiaX. pr-0l1c :i (: &ar 1 i; wi. t ).I tl rot 12 s c i; pfz 
d’ spl a:,‘:; Rrid h3.ril copies IJecarne availabl e duri.ng the _ater stapez 

i’ :.n:i.t,i.:il r:pc?:nt, i l>ti of tll2 in,iector cycl.c:i;i’~)n : Ii:-. rapidLy i:: 
r*cn,ir-illi;:. an:1 cl.;ntr;,l:: 3’1’e c~~rmc?lml to Lhe Irkerf’a,ce, ti:ey n:pe 
i.11i: ‘.‘!‘:, p;,!-[;(> j i tit ) :ippn:pri.3ti? 1 ijge i rig, (1 i .:p1:1,y, ii rI 1.1 rc Or! t :Y‘ (3 1 
py’i)~r:lm:. . 
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Tilt: ra:i,,j x k~2.rrlw:i.rci c: tl~.i):-~:~t+tk:: :.:’ t,..,r ~‘yr;,:f,vrr. i,-tv.’ : i’e 1, 

cr-,rltinur)-x: nperxtior! .i 11 sill.: :;I; n::t 1, a-1 1-y f,:.13.:.1’ f::,>-‘:‘ -11-L i’, ?‘I:, j’:)l‘ ,?.k 
1e:i r-1 two ‘p?c-ri: . L Ttli: :rc:! ic:.lii Xi.,;; c,f tlim c:mi;~iIt.f?l~ ,, it.:. ~~~!r~i.~~1,~31‘~1.1:-:, 

S,l!tj t.l:c ~l.pl~:~~~lll:l~~~i~ ::.iSp3.:;jiS 11;rC kieC?I! ;y<?ljC!?*Zl lL,r ~jrdLjt:i ;illtl ?!I1 ;J .)li:.: 

min(1r~ !‘ni.luro hns ~mcuPTc:tl ., t1 t:?ii m‘,l:lti;ilex(?l*. ml?' :.n;; LIT:: 1 ri:;i; 

r::ine ir.ork?.- u ) Lo~~.i.n~) COll~kIY?l ) :+ilii ~‘“::@:‘rr! fl;:vl?- cq.‘~cer!t~ ilaw! i,cen 
c:teci:.ti.n~: concurrent’ y under the :;lly,c::i,\r:i.~ii?r: :- f l;!.c rz:Il.-t i.me 
m.ii.3ir arid the ~;g:;~';CIll 2:-l:; i:ee1: ix!II.Lat~liii~~1~~ :;t:it - ii: i.t ilil:: I i:ii:. 1:i 

c~.:~nt-ir:nc~~s rriul~t,i.l)rl;gril~Tli.rl~~ oper:3ti OF! i.‘i,r up to sxen days (between 
s:ht:tiu:l.cd r~;airllerlarlce pe;'?,.i.c,C.sj wi+tic. .-z 13 f:jj. I-Yv.~. 'rile e:(p\iy i crici: 

to date .indicati:s that the system ni 11 b:t:Iclii: t11e t ?!i?k:: cut1 i neG3 
:il:s;vt: rs.i.th.~ut ?nturzxtiv~, of the CZIJ. Flcls;t. p-1 :-~Ilr!e~l ~‘ti:ltl;-3~:: <,I- the 
contr-0.i c~~rxem have now lIeen ir,iPl.elni?::te~.i, Rt ! ra:;t iI-1 p~ol,c~t;r~ic, 
and pe:u’~‘o~x:inc~e has been sat isfactr ~r’y Clur~iri;; t,i:c i ait< :il i!cii’ i :)tl 
01’ acceier5tor operztiori. 



498 B.M. BARDIN et al. 

DISCUSSION 

SCHUTTE : You made me very curious with the picture you showed with 
al 1 those dots. Is this some sort of emittance measurement or phase 
space or something like that, or was it something else? 

BARDIN: I think it was a vacuum pumpdown of some kind, It just 
happened to be what I had a picture of. 

SCHUTTE : Because I am really curious about the beam diagnostics work 
you can perform with this type of automatic control. 

BARDIN: Up to now the only beam diagnostics we have done is associ- 
ated with automated scans of the injector cyclotron--automated radial 
probe scans. 

SCHUTTI: : But that is destructive. 

BARDIN: Yes, that is destructive. We have under development a non- 
intercepting phase probe system which will allow us to determine the 
phase of the particles relative to the radio-frequency voltage. 

JOHNSON : Could you describe for me the operation necessary by an 
individual to set a quadrupole on a beam line using your console? 

BARDIN: He simply would press the combination of buttons associated 
with the display which had those particular parameters available on 
it for control, He would then use the cursor to select the line 
associated with the particular currents he wished to change, and then 
he would use the shaft angle encoders, the knobs if you wi 11, to run 
the power supply, 

play. 

and he would watch the current change on the dis- 
He could either watch that current or the beam current or what- 

ever else he wished to monitor simultaneously. 
great deta i 1 ; 

I haven’t gone into 
there are certainly more steps in that process but that 

is basically how it is done. 
switch displays, 

I should mention that any time you 
the system automatically remembers exactly what t.he 

status of that display was previously. There is an interlock to pre- 
vent you from accidentally controlling something. So you do have to 
do something; at the moment it is lift a switch to restore control to 
the knobs that have been used for control previously. But the 
operator can change displays with impunity and come back to where he 
was when he left the display. 

JOHO : I just wonder, out of curiosity, how much it would cost to 
modify my TV set into an alphanumeric display? 

BARDIN: 
but there 

The control units that we are using are about $7,000 apiece 
is a channel interface-- 

channel -- 
they do run on a block transfer 

so they are not terribly inexpensive. The TV displays them- 
selves are just standard TVs which are modified very slightly, so we 
can have as many repeaters as we 1 i ke. 
display controller. 

The primary cost is for the 
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BURGERJON: Could you tell me what the cost is for this system, in- 
cluding the equipment for the whole facility? 

BARDIN: At this point in time we have about $335,000 expended, with 
the anticipation of up to about $100,000 more. 

FLOOD: How many functions do you think you will need to display in 
parallel simultaneously? 

BARDIN: Each display has up to 20 or 21 variables on it. There are 
two displays which can be simultaneously selected, and you can con- 
trol variables then on either of those displays, and so you have 
about 40 variables at your fingertips at any instant in time. And, 
of course, by simply pushing the buttons you can bring up any other 
display you wish, essentially instantaneously. 

FLOOD: What is the lag between the display and the function you are 
measuring? 

BARDIN: That depends, of course, on the type of control. We update 
the variables which are not being controlled at about a 3 Hz rate. 
We plan to update variables which are being controlled at about a 
10 Hz rate. We also have plans to drive analogue meters with the 
computer. This sounds perhaps a little strange--to go back to ana- 
logue--but for tuning purposes we feel the operator will have a 
better feel for what he is doing if he has an analogue meter to look 
at rather than watching a digital display. 

HEYWOOD: How big physically is your machine, how many parameters do 
you have to control, and how many analogue signals do you have to 
monitor? 

BARDIN: It is certainly smaller than TRIUMF. We do have three accel- 
erators; the total number of analogue signals has not been well 
determined at this point, but it is certainly going to be smaller 
than what you are attempting to use. At the moment we have 64. NOW 

we are only partially interfaced to the injector cyclotron, and there 
is the final stage cyclotron to go plus any beam line control. So 
it is nowhere near your I300 figure. 

HEYWOOD: When you say 64 analogue channels, is that outgoing or in- 
coming? 

BARDIN: Incoming. The outgoing channels are considerably fewer. I 
guess I didn’t fully answer that question about response because some 
devices have stepping motor controls, and there the rate is limited 
by the rate at which the stepping motor can run. The display is up- 
dated all right, but the stepping motor provides a considerable lag, 
for instance with regard to many of the parameters in the pre- 
injector. 




