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OPERAT e LAPERTENCE WITH A NEW AWCLELERATOR CUNTRUL SYSTER BaScl UPON MICROMROCESLURSY

. Mayyary, H.o lencaster, F. Selph, I+. Fahmie, L. Tingssi,
o+ blatz, A, Ritchie, J. Rinkson, . Benjogerdes, D. Brodzikes

Smmlary

This paper will agscribe the cetign and aperating
gaparicnce with a high pertormance cuntrol systemn
tailpred Lo the reguirements of Lhe SuporRlLAC
accelerator. A large nunber (20} of the latest
Jé-ri b microcopputer boards are used in & parallei-
distributed manmer tp yet a high system bendwiuth.
Because of the high bandwiogth, =pftware costs amd
complexity are significantly reawcen, The sysien by
its very natore and design s easily vpgraded amd
repaired, Dynarically assigmed and lebeled knghs,
togather with fouch—panels, allow 2 flexible and
efficient operatar interfate, An A=Y yecbor craphics
system provides For alsplay and lakeling of real-t e
sigunals as well as general ploiling Functiung, This
contro] systes allows attachment of 3 powerful auxil-
iary conputer for seientific progessing with access Lo
accelarabor paramsters.

IntroducLicn

Wnen compuber cankro]l was installed ak tha
superflled s1x pears ayg, the two ingectors were lett
with analog controls becauss the difficulty and gx-
pense of contralling them by tuputer seened gresler
than the payoff. The special problems associated with
digitizing equipment at high voltage inclueues the
gifficwlty of obtaining neise-tree data transnd ssion
anil the ability ko operate the imgoutiors for lests
Hutiny maintenance pericds when the conputer systew
it Tikely to be sttt down as well, Satisfying the
secont requirament conld only have been done with
parallel analey contruls, GECaUSe the N icliHpuLer-
bateo system used & central aata bage computer which
wonld mpE have Deen gccessivile auring congpuber main-
tenance perioud, Whan the thira inyector was beng
planred, wo realized that advanees in coigputer tech-
nulogy had opered & wiy te solve the preoblamn with
mimimum cust, with dyfrercnt haroware, WHICh weota,
however, bé compatible with ENe ealcbting Smperhl bl
contirol System,

Thus the mew tnird Tmgector contral systum i an-
tirely under cuiprvter conlegd,  The esign philosophy
and architecture of Tls MICroprocessar based r_'iun;rul
system have bEen descrilbed in previous papers. o
kerg it shaula be suftteient to enunerdle briefly the
teatures of this system which we oalieve dre mew,
‘perticularly those which utstinguish it from the fore
conpsgn winifmicreconputer rased control SySlems.

6 bee of a large nueber [~ of nicroprotesiur
boavids, each executing 3 Simple Lask, or a
series of sinple vasks.

0 In each chassis there dre several processors
gperating in parallel.

o lse of 3 gisteibuieds uaka base in KOM [read only
medp ey, su that Joval, staso-alone control of
accelarilor CORPONENLs Can e reaoily dond.

o lse of fiber gptics, periitting high banowickh,
noise—free gata transmission,

o Kodulae construction, which perviits easy
expansion of contral points and of effecrive
IIIEIIIl:IrJ'., "

o Update and repalr is easily accomp]ished,

o Use of a ge fecto TnGLitry stancard card cage
andgd bl s=—the myitibus =—which has a large number
of suppliers of coapatibie cynmponeats,

o A lonsely structured network concept, having the
result that, since there 1s not & Single central
Computer throvgh which all] data duost flow, Lhe
system canngt deve 1op a processing bobbleneck
which limits performance,

g A1 progrowming s dong with figher level
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Fig. 1 Schamatic of ¢ystem architeqture, = woass

Fiy. 1 thows schematically the mifor cwiponents of
the system, Lach of the Blocks regresents 4 card Cdage
with & or 12 ¢lots, cerved by &n interndl daltibus,
The 10 wogules interface to fhe accelerdtor equip-
ment, collect and digitize data, amd trinswit contryl
instructions 1o Lhe hardwarg,  Tnese units ¢ontain the
logal dats bese in ROk. The ikb mgaule serves as a
coliector for all data sent 1o ang from the [ORMs. I
corntaing a copy of sach fObwi g2ta base. There is pne
procesior in this wunfb for gach & I0MMs; as more i0MHs
arg anoey, aaditional boards ave agded a5 necescary
Lo the Chl £o handle the increased traffic. The Uhk
midules gre used to sérvice the operator consoles.
Thefr actess to the {mi dakabase is by means of a
nultibus extension. This is & pair of boards designed
inhouse which eitend bthe address ang data Tinzs from
the {h# Lo the DM, Several OMi4s cae be connected, in
paralliel, to the Ok The three shown in Tig. 1 cor=
respong ko three control stations at the SupewHILAL,
one for each injector. Wt presest, TRjeciors 1 amd 2
remain under analog control--we plan toe ¢onvert Lhom
to digital controT in the near felture.

In the present paper we will focus peimari Iy upon
the DM and associated operator console equipnent.

The [

Fig, 2 shows schematicaily the conputer boards wsed
in the DWW gt present——hure ¢an by asoed 23 needed.
The alphanumeric g1splay boards are vied 19 weite to
tho two LAT&. [Dwitpet of the conzale touch soreens 1=
Ehrpugh the Cnsbile computer bioard, A graphics CoOme
puker hoard 15 wied to support fowe vector graphic
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Fhystcs, HoClear 3cience Myvisien, U5, Lept. of Enerdy umier contract W=Fd05-LnG-a8,
¥ ayrent e Berkeley Laboratory, University of California, Berkeley, LA 0473,



digplays. The operating computer 15 used tg gxecute
standard operating tasks, as »el? as to provide a Tk
to g separate, powerful computer System which is usea
Tor a nunber of developuent activities. ALl of these
computer boards have direct access to the data base in
the MM via the multibus extension.

5T

WAL THERUS EDIPANNON TO FROM Cyll

Tmu-ﬂmw

ADTATICHAL COMPUTERS A% NEEDED

L-

OPERATIG COMBUTIER BEG DA 124 | Ao '_"
Prycagrey of wipainrd Spariing pron s i hbaid

MULTRN

ALPFAMUBMEN INEFLAT BOARD ™w
lanxz4}

i
T

B
H

R
=]
o
o
E
-3

COHEDLE COMPTEN ARG A0 12A Ll
COME Il SHezi i, By rirliiy

no
HOo

LED [18u13h
Haybeard [1]

GRAPHICS CORPUTEN (D0 N1 20 Wik gk i
14 Saphays!

T A L

Fig. 2 Gaghematic of OMM comfiguratien.

Qperatgr Consele

The portian of the <onsele which 15 served by the
microproce ssiv contral system 15 Shown 1n Fig. 4.
There arg tWwo contral panels, eack contayming a CRT
for displaying alphanmerics., Thess are overlaid
With touch sreens maving @ spatial resolubion corre—
spanding to the si2e of one character. Two 16-button
pads to the right of each CRT allow entry of nmumbers
and special cowmands., These fnput in parallel to the
touch screens and give & 116tle more FlexsbiTrby for
irput. A1 commands comld be givan through the touch
screens, but this would result 10 & great deal of
wisteful paging back and forth 1n Tome ¢ases.

Fig, 3 Phote of operater conscle,

Tounk mommes. (4

SuperHILAC beam: require frequent retuening, on the
orger of several times per week, because of changing
circumstances. Consequently, knobs for oparabor use
gare important for this acielerator. Each CRT at the
control skation has & kndbs, and ¢ach knob has & 17
character addressable LELR for labeling the controlled
deyice (see Fig. ). Alternatively, the davice param-
eter value can be displayeo 1n this space, Buttons
focated an the panel Below the knobs ave used to aove
g curse ¢n the CRT parameter 19st dysplay, bo scroll
the T1sc, tn assign knobs to parameters, to change
kaol semsitivity, etc.
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Fig., 4 Closewp of touth panel CRT with associated
tontrols.

four vector graphic display wnits are moonted af
exch cansele above the touch panels, These units, in
addit{on to displaying graphs with alpharumerics,
allow mixing of reat-time analog sygnats with Lhe
digital plots. This can be thought of &5 an o5c1 10—
seope with labels under prograwm contral,  These
signals are ddded to the putput of the graphics trans-
istor ustng a chopper technique {see frg. 5). The
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Fig. 5 Schematic of video mixing of anajog signals
with vector graphics translator nutput.
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gdder also pravides for Twnked changing af Lhe gan
and time bate. Im fig. 6 the display 15 an éxanple
of the use af this analug capability Lo preseat throe
wave Forms from the son fource  extraclor woltage,
sputter current, and arc Current.

Fiy, B Closeup wiew of grepiic c1splay wilh aoged
anslog signals,

The Fortable Lonsole

The portable comsole §f1g. 7} can be connected g
any MM for tocal operatiam af dny of its controidied
deyices. & 5 1nch CRT permits oisplay of parsmeters
and won tored yalues, Thers 15 ng touch panel, out a
row of puttong lacated weedialely eelow the LET as
software l1abalable., Twd control knobs are proviged.
It 15 possible, using the portanle console, to momify
the KOM dala base dynamically. T[his 15 done by dupli=
cattpg the JdwmM oata bose an Rih, and uging this for
contrsl and possible mooificatian,  This 15 most valu=
able durieg checkout ¢f an Jumh, when many of the
database paroceters [1unts, allawable Lolerances,
et} have only beep Lenbabively as3signed, and need
to be refined while aperating the attual vevice, The
revised oata baze 1nformabion 13 then wipressed on Lo
a maw ROM chip, which then replaces the ofd &UM chp
1 the IR,  The entire process of changimg kil
wilues 15 fast=—a few minutes--whide the 1iMM 1%
“aown® for only the tew secgnos required 1o change
chips.

Fig. 7 Photo of portable cansole betnyg used 1n
Lockcraft-kalton terminal,

Another nporiant use for the porieble console 15
to run accelerator aguipment ti1ed to thoe I0FW for
checkout durin) maintenonce periods, when the comeuier
control spaten 15 also wsually gown For naintenance
or for the 1nstaltaton of new preporams, etc, Without
such & lacal control capability, a full set of par-
allel controls would need to be 1astalled for such
critiwcal equipment as 1n sources and RF, which require
operation a5 an integeal part ¢f waintenance.

Froally, the portabTe cansale 15 provided with
spec1al progeans and putput plucs wied to checkout ana
1s0late problews associated wilk contig] system Compa-
nents iuUCh &s ou{tiplesors, Cwming aQaeles, and
grapnics equipment tdepenasnt of the [,

System Limitatyons and Flans for [mprovement

Thig cortrol syseem mests or exteeds all of 1t
design specificatywns.  However, a very 1mportont test
for amy control systen 1s sts ability tp aoapt to new
requireanents.  we wi1ll want Lo ada many new controlled
elements and n@ny nore bEam WR1toring devices to bhe
present system. With a2 36 HE rachine, recuirements
for gata cellection and analysis can grow to almost
ary Twirt. We wowla Vike for the sysbew fo be able to
handle as moch as possible.  As the system grows In
counplexicy, reliabi Ity consideralions will demana
nemgrey prolection, the abiTiwty for the compyter to
diagnose 1ts own failures, and to fe1l gracefufly.
Fortunatety, the microprocessor technglogy Bhat we
have chosen ta follow 15 maving 1n thisg direcewon, [t
will be possible to meet all of these geals vnexpens-
1wely with stanoard hargdwarg amd w1th modest software
addirtrons.

The currently 1mplemented systen can kandle glwout
lui controllea elewents, each requiring % channgls
{such as analoy control, analog momitor, etc.}. A mew
board which w11l soon be available {incorporaling
Inte? 1AFLZEE) 111 2110w us Lo handle mare than
10,600 controllen gevices, Tt w1l be § tmes Foster
than the present bodras, will have & larger Address
space (16 wegabytes), and will provive far menory
protection, Nherg needed, COMLULATIGNS ©AN be speeden
up by adding & wgth chyp. ke w31l redg the CHm 50
that all serval traffic 15 5 twes Faster by using 4
single chip magrpgonputer for soch channgl, This wall
aleg elmwapate &1] gwltibws treaffie due to serial
transuissyon, [t will then be possikle o put the
serial transw i21gn networkimg into fumedre, with
the consequence thet Lhe Uk con write fo the DakH
Just as 1f 1t were local menory.,  ins will sionif—
reantiy swplify progranming o othe o,

With expacted wiprovesments 1o Fibar optics 11nks
Cloe meqabits/sec) 16 w111 be possible to convert the
il ta IOMw commection to a serial bus.  This will
hayg the effect of waking the UMM appedr to be on the
UMM 1ocal bus, ewen though 1€ may be thousands of Feet
amay e
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