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Abstrac:: - In the LEP collider, electrostatic 
separators serve to keep the et/e- h:lnches apart during 
injection and acceleratioc and to adjust them during 
collision. After a brief overview on the separator 
equipment and i t. s associated cc~ntrol system t.t1e 
article will focus on software issues. A number of 
structures and Itilities has been developed to allow an 
efficient surveillance of the equipment, the diagnostic 
of fault conditions, and the analysis of the past and 
present perform.ance. The systerr. is essentially basr?d on 
PCS running under XENIX. The application programs ar-e 
written in C. The User access is based on menus, 
graphics software is used to visualize the rrsults. The 
user interface xi11 be illustrated. 

Introduction 

In each of the eight collision points of the 
LEP collider, four electrostatic separators [l] are 
used to keep the et a& e- hunches apart during: 
injecti-” ani: s(~crleration in order to allow t.hz 
act uniulst iur 0 f. r;uffirirritly high tieam c urrent $ at 
injectlrn rnr’rgy (ahout 20 GeV1. 

After- the ai~r:rlt~ra’ ioil alibi the tuning of the 
low-beta insert ions the beams ore simulranr,)usly 
brought into col.lisi0r: in rhe four experimental areas 

bY rapidly discharging the SeFaratOr Plartrodes by 
means of synchronous discharge switches [7.,3]. Small 
collision imperfections in the vertical plane can be 
compensated by a vernier ad justmect including a 
polarity reversal of the electric: fields. 

In t.he following, firstly a short overview on 
the control systrlm is given. Afterwards, the article 
will focus on the software structures and t. oc 1 s which 
have been developed by and t or t !I F? equipment 
specialists for the surveillance, the fault diagnostics 
ic the equiprner t RII~ the r‘ont LO1 cys:Pm as wrll a!: fo1- 
the performance analysis of tt.e - equipme:lt The user 
inte7tac.v -xi li br illnstrared nz,ing il f vw examplv~; 
Finally, the expt’r iex<.e gaired wi tli thr s~~ftwarr is 
reported. 

Aspect? related to the ~:nntrol of t-he 
separators ir. the frarwxork rif the overall ac<-elel-ator 
operation are not covered within this context . A 
discussion of- the LEP control system in general can be 
found e.g. in [4]. 

The Control System 

Figure 1 gives a schematic overview on the 
hardware of the LEP control system (only part of the 
separat.or cont.rnl system of one collision point is 
shown). The ?art above and incllldins the VME crates has 
been provided within the general LEP control system 
[4]. All involved Apollos and PCs as well as the file 
server are running UNIX type operating sys+ems. 

All separator equipment is handled I,y a nunbc! I 
of exbrdded wicrccomputers (equipment cant ml lc,rs) 
housed in G-64 chassis. Zach controller contains a CPU 
card based on a M6809 microprocessor, a MIL-1553B bus 
interface, and, varying with the attached equipment, 
digital and/or analogue inp’lt/output cards and/or serve 
amplifiers. Each major device (e.g. every HV generator, 
the synchronous discharge switch) has been attributed a 
separate controller. In total. there arc 64 units 
distributed eve I the 8 collision points. A more 
thorocgh disiussinc of the si’,‘arnt <IT c~r,ii:.rol syst.Pm <‘a~: 
he found in [ 51. 

In ?a.,h point , A PC (lo< al Ircirlsol te) has lW<Prt 
installed tk> allow lo(.al tests a& a visualizati.on of 
the status of the equipment and their (,ontrollers near 
the equipment. 

All eqllipmrnt. rnnrrollfrs ol a collision point 

__________-_________-------~----.-----------------------. I 111’ ~0311101 ruo111 
(.crllrill cims~~le cen:r,:l f.li. \CTii'l 

___- ____ { ____________ -- . .._. .-------------.---- t‘;I;rtllon;, 

eipipmsnt contr0lirr: h.Yrl um\ole 

-1 

E’ip. I I,:lyl>lit >f’ t tit’ l,Rl’ l’Cil,l I <II ,yc;t *al:/ 

ark linkrd t,) a I”“’ <‘!.‘i i tint rol ]“I whii,h t.: i dpr:. t hi, 
local hIi5 tc tt1t, T<ikrr, R i ny, aiid wli i 1.h tlacslat es 
ai Living r.ic.1 2t)‘;t’i i nt /\ t im!mii:lil.. t .! t tlfl ?l~‘:ip”“!l’ 
< ont.rollc~rr; (using ‘Rt~Intrtf~ ilr’>L’?tlJI’i c a 1 : s ’ to a 
p !;<~T\-i’r IIF .~[:ra:n ) lit :i iilrs ; 1 ll.it 1 it p”‘fl~ims a:iu suL-- 
vr:i 1 liiii~~i~ rilsk:;. T%t- ::,r I>< /at: t: t .:rit I t-1 lr1 :; ii,-c lwin~: 
shared wit.h other ust’r’i. 

BY the catur’r of tilr rqu.ipmcint tt:r whole 
prLw+J:;~ ~~:,ntrol <‘a*, IX’ s1iw. Thr invclvrd command ratPs 
and data rates are low. Critical t.iming signals 
necessary for the propcAr fnnvt i.oning iit the rquipmect 
or protection interlocks are hard-wired. Less critical 
interlocks have been implemented using a broadcast 
mechanism between all equipmer,t controllers. 
Information about short-timed processes (e.g. an 
operation Of the synchronous discharge switch) are 
stored temporari I y in the equipment. cont.rollers for 
later retrieval ( ‘post-mortem information’). The access 
to the equipment is based oc commands like ‘genersto- 
on. ( ‘read s t. a t II 5 - , cc 1. * read post. mn r t em ’ E r r o r :i 
oc<,urring during thr cummurication or the executinr. of- 
the <command are sip,nal :ed tc) the p,eneral LEP er~-i):- 
reporting software for .<‘gt:iio;, 

r)iaanostic Tr~ols and St.ructui-es 

A IIuIIII~zt~ rlf suf twar e :.ool; and m.?chan~sms hnvm.3 
IN?PE developed tc allow thr surveillance Oi- the 
equ i pmen t. , t~he detection of current or previous fault 
states, the access f II I- test. p’Jrp*ses, and th+ 
pe’~forinallce anal.ysis. AL 1 involved programs have hracxl 
written in C. 

The surwilliin~ 0 <It t h,> cqixi p:~wii? an? i t 5 
control system is ha sc!d on $1 program running in th? 
process cmtrollt’r. Thi !: pr”:!ram !‘+t I .! ?vP!: the h!.at us 
of all Pquipmc’nt control Irrs every 5 s and performs all 
necessary ,:her:ks. In case of failures it gerxrates an 
alarm, which is ?ed in the general LEP alarm chain for 
I cigf,irl,l, ati,.l display in t hr c,ont.rol Iocm. 
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The same program is used to acquire a subset 
of all arising information for off-line diagnostics and 
p+rf or1x3nce analyses : OIWP per 5 minutes, the complete 
stat.us information of all equipment controllers is 
sent to the central file server (‘short-term history 
data’), together with all new alarms and post mortem 
data. In addition, once per 10 minutes a compressed 
status and once per hour again a complete status is 
sent (‘long-term history data’:. The data are received 
by a server program ar.d put. into a file structure. 
Simultaneously, the file server takes care of the 
storage of machine parameters (e.g. heam current-s). The 
short-term information (about 1.5 MB/day for all 
collision points together) is kept for four days and 
ther. deleted automatically. The long-term information 
(about 350 kB/day for all collision points together) is 
kept. on dj.sc within the limits of the reserved 
partition (about 4 months). A tape backup mechanism 
can then be used to save this information further. 

package fis i:En “~~ve:$d t.: 
comprehensive software 
allow to visualize the 

hi story dats stored on the file server (for off-line 
exploitation and diagnosti::s) and t.o access directly 
r.hr rqllipme11t (ior w-ii:~c~ I- ant r-01 and diagnostics). 
Th i jl ma In applicat inn pr09,ram am0unt.s to about. 41001: 
1 inrs 3f silurco rr,dP or about 750 kB of- exe:utabir 
ccxle. 7 c i; 1 (Computet Gral;hir:s Intr:-Lace: is used as 
graphi IS packagt>. This program <‘an run on al; PC 
consolt~s in t.htJ LEP control room and tht? offices, and 
all PC . s c; on t. r I2 1 1 e r s 
lm~al PCpr:i:;L?s. 

i r the LEP tunnel and the 

The selection of the collision points, the 
i t.ems t.o be displayed, or the desired actions to be 
performed is made v.La the keyboard from a tree of 
lllBTl”S. 1: is foreseen to include also input from a 
mouse or a trackball. Besides the possibiiity to 
provoke any possible command singly , there are a 
number of useful command .srquences already 
pre-programmed. 

The.re are s-igbt ditfrrrnc+s bet WPt?T. the 
imr.lemrntat ion on thr l<l<~S I ~~oils~~les and the other 
rmrhines: The functiorxlity on the local cor.soles is 
test Lit ..c:d r.0 Lie ixmedintri iii’l‘is!: t3 t.he equipment in 
the local cg>llislcn pc-8ir.t) whereas all other PCs allow 
thr immediate BZCPSS to all {~ollisinn point. and to the 
history dat.a on the file server. On the other hand, on 
the local consoles the displays are automatically 
updated with the inc,oming broadcast information, 
whereas on the other PCS each update has to be 
rec,uest*ad .ixplir,itly t 0 r-rd,xl,c, t.he traffic OIL the 
global netw>rk. 

Fig. 2 The broadcast display page 

Fig. 3 Example for a ‘single commands menu’ page 

Examples for the User Interface 

Ic the following, the versatility of the 
program and its user interface will be illustrated by a 
number of examples. 

Figure 2 shows an image of the ‘broadcast 
display page’. This page gives a ‘quasi-synoptic’ 
overview of the equipment in o*P collision point and 
allows a quivk check of the most important parameters 
(e.g. tensions and currents of all HV generators). 

The ‘single commands menu' of a particular 
equipment, in this case one of the main HV generators, 
is given in figure 3. The left. part visualizes again 
the a c t Lla 1 state Of some 0 f the most important 
parameters, whereas the right part permits to select 
the desired command. According to the type of the 
command ) the selection is followed either by the pure 
action (e.g. ‘generator on’), by another sub-menu to 
enter data (e.g. ‘write operation mode’), or by the 
display cf the requested data. An example of the latter 
is given ir: figure 4, resulting from the action ‘reed 
general status which displays t.hr complete status 
infrlrrnatior. of this generator. 

Figure 5 gives a synoptic view of the separator 
.elec~trt~ilrs 0 f t,:IP se: tc 1 ei collision jx’int. and thr 
associated spark <:Cunts and rates s;nc’e tt:r last 
reset. Thr displayed information is derived from a 
table trontiined in cnf or the equipment control 1 ers. 

During each operation of the synchronous 
discharge switch, information about this short-timed 

Fi2. 4 Display resulting from the action ‘read 
general status 

process (duration sbcxt 300 ms) i s stored in the 
equipment controll.Pr of F-his devirr ( ‘post-mortem 
information’!. A graphical representation of the se 
data is given in figure 6. It may he interesting to 



Fig. 5 Display of the electrode spark information 

Fig. 6 Display of the post-mortem inforntior. of the 
synchr-~)n3us di.st~hargt~ switch 
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a high voltage generat?r nr‘.d the spa:-k :ount or rint= I? f 
tlhta as:;;!i,iatrr ,‘lI’c’trr7ir% - 1lc:“r h.‘i’.l ‘;kaI ,,I t.er.1 <in.1 
tl i z1 ;> 1 it ye 11 1 c ? L llts il,s:;i: 1911 pi: i0- wl.1 x.2,! ., tht, dpt,i i,‘i 
reso1ilt.i.m. Ff)I ti1ca n1Js.r fut!lri~ it is t.‘l-eserr-l t .’ 
include ,a I s 0 th(a display iii c orrclsti;inr twtwr?f~n 
parameters. 

For documentwtion or rommuni~:iiti~xj purpcizes, 
every image displayed on the screen can be stored ~311 a 
floppy disk and rrplayed later on elsewhere. In thr 
longer tern. it is envisaged t.c; implement 
farilit y. 

a hartl:~opy 

Exprriencte 

The instal I ed diagnost ic softwarr zun?. 
reliably. 

-TV f y 
Most of tbr presented t.ools t:nw: alzeady bri111 

very useful tlur ing the run:1ini:-ir Of tile c 011 t i i,l 
system. A few improvements havr h??n tarried <jut :,ince 
then. Today, the installed stru.-tures and tools art’ 
suzcessfully us& by a number of persons for the fault 
finding in t.he equipment and its control system as wpl: 
as fnr t tit, s?lpf~rvision (a! t iliP PPL-IC, :,,aiI,< e of thr 
equipment . The way in whirl1 the ‘nman inirrfacc is 
designed ar.d implemented is wrl 1 ri:lprP,:iated, 

*/ Al,ki!uwl-lli;I!i!‘:11 

‘i’llk~ ef f 01 t !: of tI?r f <,rmr I 
]>rwikling 

sr:;/ilcc grr,up f.11 
t hr n.‘rPssary ha rdwa f t’ and Scttwall 

jnfiastruc~turr iircs dratefully s<~knowlr~:lgerd, Thr author:; 
wauld also like to thank F. Courier, 17. P. Grillet. M. 
Laffin, G. Marmet, and D. Perrin for thtair help during 
the i.rpparation and 
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Fiy. 7 Example for t.hr display cf history dzta 

t-c~:n~~arr thr graphs with thosr~ .,f figure 5 iI1 [?I. 
Finally, figurr 7 gi-ues an tar the 

repi ay 
rxamjllr 

0 t information previously st.orrd on the file 
st’rvef. For th:s image, two pararr.et.ers - ttr tc,nsion of 


