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Abstract

We have carried out the basicresearchfor the accelera-
tor andtokamakcontrol systembasedon the Experimen-
tal Physicsand Industrial Control System(EPICS). The
EPICSis usedwidely in theacceleratosystemswvherethe
hardreal-timefield, wide rangeandlarge integratedfacil-
ities arerequired. We have usedthe procesdatabasend
the statenotationlanguaggSNL) in the EPICSto develop
the simulatorwhich representsas a virtual machine. In
this paper we introducethe simulatorof the global orbit
feedbacksystemasan example. This simulateghe global
orbit feedbacksystemunderthe constraintconditionsfor
PohangLight Source(PLS) storagering. We describethe
detailsof thefeedbackalgorithmandthe realizationof the
simulator

1 INTRODUCTION

When the beam position changetakes place during the
corventionalglobal orbit correctionprocesseshe photon
beamthroughthe beamlines affected,andit resultsin the
alignmentof mirrors and monochromators.This is par
ticularly severefor along beamlinesuchasthe undulator
beamlines. This problem can be overcomeby introduc-
ing alocal bump at the particularbeamline.However, for
somelight sourcestherearenotenoughcorrectormagnets
to generatdocal bumpsasmuchasneededThis difficulty
canbeovercomewhenwe correctthe COD underthe con-
dition wherethe beampositionsat particularpointsarenot
changedThisis ourmainobjectiveto developamethodof
the closedorbit correctionunderconstraintconditions.

2 THEORY

2.1 Ordinary COD correction and regulariza-
tion

The beampositionis normally describedas a vector |x)

measuredby M beampositionmonitors(BPM). In orderto
correctthe COD, we needN correctormagnetswith their
strengthsdescribedas a vector |k). When the corrector
magnetskick a beam,the new beampositions|y) canbe
describedasfollows.

ly) = R[k) +[x). 1)
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Here,R is calledtheresponsenatrix of (M x N) dimen-
sionswhosecomponentgregivenby

_ VB cos (|¥; — ;| —7v),

2sin v

ij @
wherev isthebetatrortuneof thestorageing, and(8;, ¥;)
and(3;, ¥;) arethe betafunction andthe phasefunction
for theit® BPM andjt* correctormagnetrespectiely. In
orderto reducethe COD, we have to choosethe kick of
eachcorrectormagnetsatisfying

R'Rk)+R"|x) =0. (3)
It is calledthe PSINOMalgorithm[1].

The COD correctionis actually a minimization proce-
dureof S definedas

1

S=3 {kIRTRk) +2(x|R|k) + (x |x)}. (4
By usingtherelationsof vectoroperatoravhich arehyper
dimensionabradientoperatorsye cangetthe sameresult
of PSINOMalgorithmasshawvn in eq. (3).

This algorithm includesan inversion procedureof the
matrix RTR.. In somecasesye cangetunacceptableor-
rectionsdueto theill-posednes®f RTR.. A regularization
methodis introducedo avoid this problem.In this case,S
is written as

5= 3 {RTRIK) +2(x| R k) + (x )}

1
+5Klalk). ()
wherea is the regularizationparameter Then the mini-
mum correctorkicks canbe determinedy

R'R+ol) k) +RT|x)=0. (6)
This equationrepresentshe modifiedPSINOMalgorithm,
and we can relax the inversion problem of the singular
matrix by using the diagonalmatrix oI when RTR is
singular[3.

2.2 Method with constraint conditions

After having thenew closedorbit with theminimumdistor
tion from eq. (6), the new orbit is generallydifferentfrom
the original orbit. Sometimesthis differencecanbe taken
placeat very sensitve locationssuchasthe entranceand
theexit of anundulator If the beamlineis well alignedfor
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this undulator a COD correctionshouldbe avoidedin this
region. A constrainttonditioncanbedescribedn termsof
the beampositionatit* BPM suchas
(Ri k) + zoi = z; - (7)
Here, (R;| is the i*® row of the responsamatrix R.. Also,
xo; andzx; arethe beampositionsheforeandafterthe cor
rection,respectrely. Sincewe wantto keepthis position
unchanged(R; |k) shouldbe zero. If thereare L BPMs
involvedin the constraintcondition,we canwrite the con-
straintconditionasfollows.
cTlk) =o. (8)
Here,CT isthe(L x N) sub-matrixof theresponsenatrix.
Eachcomponenof C correspondso the BPM involved
in the constraintcondition. We alsoassumehat k) hasa
non-trivial solution.
We now add this constraintcondition to the modified
PSINOMalgorithmto obtainthenew S suchas,

S =5 [(KIRR k) + 2 (x| R [k) + (x|x)]

DN | =

1

+5 Kafl) +(T|CT k). (@)
Here,(T'| istheLagrangiarmultiplier, andit isan L dimen-
sionalvector By following the derivative to the corrector
strength,we can get the vector [k) which minimizesthe
closedorbit distortion outsidethe constraintregion such
as,

(A+al) k) +RT|x)+C|T) =0. (10)
Here,we definethesquaranatricesof N x N dimensional
A andL x L dimensionaD asfollows.

A =RTR, (11)
D=CT(A+al)"'C. (12)

Eq. (10) canberewrittenas
1) = -D'CT (A +al) 'x) . (13)

Now, we canremove the Lagrangianrmultiplier |T') in eq.
(10) by usingthe above equation.Then,we canfinally get
thekick valuesof the correctormagnetsasfollows.

k) == (A+aD ' {I1-CD7'CT (A+aD) '}
R” |x) . (14)

3 DEVELOPMENT OF SSMULATOR
USING EPICS

The algorithmdevelopedin the previous sectionhasbeen
successfullytestedfor the Pohang.ight Source(PLS) op-
eration. The new correctioncodeis written in C language
andit is installedin one of the operatorconsoleswhich
is a SUN workstation. Although the PLS control system
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is not using ExperimentalPhysicsand Industrial Control
System(EPICS)which is usedin mary acceleratotabo-
ratoriesworld-widely, thereis a plan to upgradethe con-
trol systembasedon EPICStechnology[34]. As apartof
suchupgradeactivity, we have startedthe developmentor-
bit correctionalgorithmwith EPICS.Sincewe donothave
arny EPICS-basedontrolsystemyet, we decideto develop
theorbit correctionsimulatorusingEPICS.

In orderto seektheway to adoptour orbit correctional-
gorithminto EPICS,we have consideredwo ways: oneis
basedon the subroutinerecordandthe otheris using the
statenotationlanguaggSNL) program. The first method
needsnew recordsupportthatrunsthe orbit correctional-
gorithm. To do this, the correctioncodeis requiredto be
written upon the protocol requiredby the recordsupport
suchasthe entry structureandthe callbackstructure.This
approactyivesrelatively fastresponséecausehis method
usesdatabas@accessandcanaccesgshe recordby process
passve mode[4 6]. Thisis agoodfeaturefor therealtime
systembut the large portion of the orbit correctioncode
we have alreadytestedmustbe rewritten accordingto the
protocolof therecordsupport.

Oneof importanttasksof EPICSinput/outputcontroller
(I0C) is the sequencethatrunsprogramswrittenin SNL.
The SNL considerghe control objectasthe statemachine
andtreatstransitionsbetweenstates.The sequencemon-
itors the transitionsfor the SNL and runs callbackfunc-
tionsusingtheentrytablethe correspondingrogramwrit-
tenin SNL. Sincethe sequenceaccesseto therecordvia
channelaccesgCA) andtherecordaccesss only possible
throughnon-procespassve mode,thereare somerestric-
tionsin accesgime or thetreatmentf records.However,
this methodcan directly imbed the programwritten in C
language.Also, unlike the subroutinerecord,this method
canremove programtaskswithout rebootingthe system,
which givesthe codedehuggingvery easy[4 5]. Thus,the
secondmethodgives more benefitswhenthe systemdoes
not requireheavy realtimedemands.Upon reviewing the
two methodswe have decidedto usethelattermethod.

3.1 SNL program

The orbit correctionsimulatoris developedin IOC level
andhasthe SNL programimbeddingC codesandseveral
databaseecords,asshovn in Fig. 1. Therearetwo parts
in the SNL program: onefor the feedbackincluding the
orbit correctionalgorithm andthe otherfor the simulator
which emulateghe PLS storageing. The latter calculates
orbit changegrom ai: KICK$(kick_no) recordswhich store
the correctorstrengthsobtainedfrom the responsamatrix
measuredtthe PLS. This processs actuallya productof
matrix and columnvectors. The calculatedorbit changes
are storedat ai: CorrOrhit$(bpm_no) records. In the next
step,the correctorstrengthss calculatedby the algorithm
describedn the previous sectionandthe resultsarestored
atal:KICK$(kick_no).
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Figure 1: Schemematic diagram of the orbit correction simulator

3.2 Database and record linkage

The SNL programwe have developedconsistof four state
sets. Sincethey are linked togetherand interacteddy-

namicallyvia EPICSdatabasewe needto understandhe
databaseand its recordsas well as the linkage between
them. The ai:KICK$(kick_no) recordusesthe analogin-

put recordto representhe correctorstrength. Thereare
70 recordsaltogetherasrepresenting/0 correctorsin the
PLS storagering. They arelinking the simulatorandthe
feedbackin a paralleimanner Theindex $(kick_no) is the
integervaluebetweeroneand70.

The records of ai:OrgOrbit$(bpm no) and
ai:CorrOrhit$(bpm_no) are the orbit distortion before
the feedbackis applied and the orbit changeafter the
feedback, respectiely. They are using analog input
records. Since theserecordsrepresentghe changesat
the PLS BPM, $(bpm no) is the interger value between
one and 108. The superpositionof thesetwo records
gives new orbit. This can be done by the calculation
record calc:Orbit$(bpm_no).  Since this calculation
record is linked forwardly from ai:OrgOrbit$(bpm_no)
and ai: CorrOrbit$(bpm_no), the superpositionis newly
calculatedvhenererthevaluesof two recordsarechanged.

On the other hand, ai:numBPM, ai:numCorrector,
ai:startCONSTR, andai:endCONSITR arerepresentinghe
BPMsandcorrectorausedin thecorrectionalgorithm,start
andendpoint of the constraintregion, respectrely. They
areusinganaloginput recordsandnotifying the SNL pro-
gramif necessary

The otherrecordsare binary input recordsandthey are
representinqiecessangtatusflags. They are usedasthe
mediatorof statetransitionsbetweenstatesetsin the SNL
program.

4 CONCLUSION

We have developedthe COD correctionalgorithm under
the constraintconditionwherethe beampositionat partic-
ular point is not changed.The new algorithmis basedon
the modified PSINOM algorithmwhich includesthe regu-
larization processn orderto avoid the inversionproblem
of theill-posedresponsenatrices.

We have confirmedthat this algorithmis working well
andis in goodagreementvith the experimentakesults[7].
Eventhoughthe PLS s planningto upgradetheir control
systermwith EPICS thereis noworking EPICSbasedcon-
trol systemat PLS.Dueto this,we have developecdtheorbit
correctionsimulatorusingC-codeembedde&NL program
basedn EPICStechnology This simulatorpartcanbere-
placedby therealcontrolsystemwith minor changesfter
the completionof theupgrade.
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