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Abstract

We have carriedout the basic researchfor the accelera-
tor andtokamakcontrol systembasedon the Experimen-
tal Physicsand Industrial Control System(EPICS).The
EPICSis usedwidely in theacceleratorsystemswherethe
hardreal-timefield, wide rangeandlarge integratedfacil-
ities arerequired.We have usedthe processdatabaseand
thestatenotationlanguage(SNL) in theEPICSto develop
the simulatorwhich representsas a virtual machine. In
this paper, we introducethe simulatorof the global orbit
feedbacksystemasanexample.This simulatestheglobal
orbit feedbacksystemunderthe constraintconditionsfor
PohangLight Source(PLS)storagering. We describethe
detailsof thefeedbackalgorithmandtherealizationof the
simulator.

1 INTRODUCTION

When the beamposition changetakes place during the
conventionalglobalorbit correctionprocesses,the photon
beamthroughthebeamlineis affected,andit resultsin the
alignmentof mirrors and monochromators.This is par-
ticularly severefor a long beamlinesuchasthe undulator
beamlines. This problemcan be overcomeby introduc-
ing a local bumpat theparticularbeamline.However, for
somelight sources,therearenotenoughcorrectormagnets
to generatelocalbumpsasmuchasneeded.This difficulty
canbeovercomewhenwe correcttheCOD underthecon-
dition wherethebeampositionsatparticularpointsarenot
changed.This is ourmainobjectiveto developamethodof
theclosedorbit correctionunderconstraintconditions.

2 THEORY

2.1 Ordinary COD correction and regulariza-
tion

The beamposition is normally describedas a vector
� ���

measuredby � beampositionmonitors(BPM). In orderto
correcttheCOD, we need� correctormagnetswith their
strengthsdescribedas a vector

� ���
. When the corrector

magnetskick a beam,the new beampositions
� 	
�

canbe
describedasfollows.� 	
����
�� ������� �����
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Here,



is calledtheresponsematrix of ��������� dimen-
sionswhosecomponentsaregivenby


���� �"! # � # �$&%('*),+�-/.10 % � � 23�54627�8�94 +�- �5: (2)

where
-

is thebetatrontuneof thestoragering,and � # � : 23� �
and � # � : 27� � arethe betafunction andthe phasefunction
for the ;=<?> BPM and @A<?> correctormagnet,respectively. In
order to reducethe COD, we have to choosethe kick of
eachcorrectormagnetsatisfying
�B�
C� �����D
�B�� �����FEG�

(3)

It is calledthePSINOMalgorithm[1].
The COD correctionis actuallya minimization proce-

dureof H definedas

H �JI$LKNM ���O
 B 
�� ���
� $ M ���P
�� ����� M �6� ���RQ7� (4)

By usingtherelationsof vectoroperatorswhicharehyper-
dimensionalgradientoperators,we cangetthesameresult
of PSINOMalgorithmasshown in eq. (3).

This algorithm includesan inversionprocedureof the
matrix


 B 

. In somecases,we cangetunacceptablecor-

rectionsdueto theill-posednessof

 B 


. A regularization
methodis introducedto avoid this problem.In this case,H
is writtenas

H �SI$TK M ���(
�B�
C� ����� $ M ���O
�� ����� M �6� ��� Q�UI$ M ���(VW� ���5� (5)

where
V

is the regularizationparameter. Then the mini-
mumcorrectorkickscanbedeterminedbyX 
WB�
��DV
YRZ[� �����D
�B�� ���\�FEG�

(6)

This equationrepresentsthemodifiedPSINOMalgorithm,
and we can relax the inversion problem of the singular
matrix by using the diagonalmatrix

V
Y
when


 B 

is

singular[2].

2.2 Method with constraint conditions

After having thenew closedorbit with theminimumdistor-
tion from eq. (6), thenew orbit is generallydifferentfrom
theoriginal orbit. Sometimes,this differencecanbetaken
placeat very sensitive locationssuchas the entranceand
theexit of anundulator. If thebeamlineis well alignedfor
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this undulator, a COD correctionshouldbeavoidedin this
region. A constraintconditioncanbedescribedin termsof
thebeampositionat ;^]?_ BPM suchas

M 
 � � ���
�a`Nb � �F` � � (7)

Here, M 
W�c� is the ;^]?_ row of the responsematrix



. Also,` b �
and

`N�
arethebeampositionsbeforeandafterthecor-

rection,respectively. Sincewe want to keepthis position
unchanged,M 
���� ��� shouldbe zero. If thereare d BPMs
involvedin theconstraintcondition,we canwrite thecon-
straintconditionasfollows.e B � �����fEg�

(8)

Here,
e B

is the( d��3� ) sub-matrixof theresponsematrix.
Eachcomponentof

e B
correspondsto theBPM involved

in theconstraintcondition. We alsoassumethat
� ���

hasa
non-trivial solution.

We now add this constraintcondition to the modified
PSINOMalgorithmto obtainthenew H suchas,

H � I$Uh M ���(
 B 
C� ����� $ M ���O
�� ����� M ��� ���ji�UI$ M ���(Vk� ���
� M�l � e B � ����� (9)

Here, M�l � is theLagrangianmultiplier, andit is an d dimen-
sionalvector. By following thederivative to the corrector
strength,we can get the vector

� ���
which minimizesthe

closedorbit distortion outsidethe constraintregion such
as,

�^m �6VnY � � �����D
�BW� ����� e � l ���FEg� (10)

Here,wedefinethesquarematricesof �o�p� dimensionalm and dq��d dimensionalr asfollows.

m ��
 B 
 : (11)r � e B ��m �6VnY �1s5t e �
(12)

Eq. (10)canberewrittenas� l ���u4 r s5t e B ��m �DVnY �vswt � ���L� (13)

Now, we canremove the Lagrangianmultiplier
� l � in eq.

(10) by usingtheaboveequation.Then,we canfinally get
thekick valuesof thecorrectormagnetsasfollows.� �����x4 �ym �6VnY � s5t\z Y{4 e r swt e B �?m �6VnY � s5t}|
 B � ���L�

(14)

3 DEVELOPMENT OF SIMULATOR
USING EPICS

The algorithmdevelopedin the previoussectionhasbeen
successfullytestedfor thePohangLight Source(PLS)op-
eration.Thenew correctioncodeis written in C language
and it is installedin one of the operatorconsoleswhich
is a SUN workstation. Although the PLS control system

is not using ExperimentalPhysicsand IndustrialControl
System(EPICS)which is usedin many acceleratorlabo-
ratoriesworld-widely, thereis a plan to upgradethe con-
trol systembasedon EPICStechnology[3, 4]. As a partof
suchupgradeactivity, we havestartedthedevelopmentor-
bit correctionalgorithmwith EPICS.Sincewe donothave
any EPICS-basedcontrolsystemyet,wedecideto develop
theorbit correctionsimulatorusingEPICS.

In orderto seektheway to adoptourorbit correctional-
gorithminto EPICS,we have consideredtwo ways:oneis
basedon the subroutinerecordand the other is using the
statenotationlanguage(SNL) program. The first method
needsnew recordsupportthat runstheorbit correctional-
gorithm. To do this, the correctioncodeis requiredto be
written upon the protocol requiredby the recordsupport
suchastheentrystructureandthecallbackstructure.This
approachgivesrelatively fastresponsebecausethismethod
usesdatabaseaccessandcanaccesstherecordby process
passive mode[4, 6]. This is a goodfeaturefor therealtime
systembut the large portion of the orbit correctioncode
we have alreadytestedmustbe rewritten accordingto the
protocolof therecordsupport.

Oneof importanttasksof EPICSinput/outputcontroller
(IOC) is thesequencerthatrunsprogramswritten in SNL.
TheSNL considersthecontrolobjectasthestatemachine
andtreatstransitionsbetweenstates.Thesequencermon-
itors the transitionsfor the SNL and runs callbackfunc-
tionsusingtheentrytablethecorrespondingprogramwrit-
tenin SNL. Sincethesequenceraccessesto therecordvia
channelaccess(CA) andtherecordaccessis only possible
throughnon-processpassive mode,therearesomerestric-
tions in accesstime or thetreatmentof records.However,
this methodcandirectly imbed the programwritten in C
language.Also, unlike the subroutinerecord,this method
can remove programtaskswithout rebootingthe system,
which givesthecodedebuggingvery easy[4, 5]. Thus,the
secondmethodgivesmorebenefitswhenthe systemdoes
not requireheavy realtimedemands.Upon reviewing the
two methods,wehavedecidedto usethelattermethod.

3.1 SNL program

The orbit correctionsimulator is developedin IOC level
andhasthe SNL programimbeddingC codesandseveral
databaserecords,asshown in Fig. 1. Therearetwo parts
in the SNL program: one for the feedbackincluding the
orbit correctionalgorithmandthe other for the simulator
which emulatesthePLSstoragering. Thelattercalculates
orbit changesfrom ai:KICK$(kick_no) recordswhichstore
the correctorstrengthsobtainedfrom the responsematrix
measuredat thePLS.This processis actuallya productof
matrix andcolumnvectors. The calculatedorbit changes
arestoredat ai:CorrOrbit$(bpm_no) records. In the next
step,the correctorstrengthss calculatedby the algorithm
describedin theprevioussectionandtheresultsarestored
at al:KICK$(kick_no).
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Figure 1: Schemematic diagram of the orbit correction simulator

3.2 Database and record linkage

TheSNL programwehavedevelopedconsistsof four state
sets. Since they are linked togetherand interacteddy-
namicallyvia EPICSdatabase,we needto understandthe
databaseand its recordsas well as the linkage between
them. The ai:KICK$(kick_no) recordusesthe analogin-
put recordto representthe correctorstrength. Thereare
70 recordsaltogetherasrepresenting70 correctorsin the
PLS storagering. They are linking the simulatorandthe
feedbackin a parallelmanner. Theindex $(kick_no) is the
integervaluebetweenoneand70.

The records of ai:OrgOrbit$(bpm_no) and
ai:CorrOrbit$(bpm_no) are the orbit distortion before
the feedbackis applied and the orbit changeafter the
feedback, respectively. They are using analog input
records. Since theserecordsrepresentsthe 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
calculatedwheneverthevaluesof two recordsarechanged.

On the other hand, ai:numBPM, ai:numCorrector,
ai:startCONSTR, andai:endCONSTR arerepresentingthe
BPMsandcorrectorsusedin thecorrectionalgorithm,start
andendpoint of the constraintregion, respectively. They
areusinganaloginput recordsandnotifying theSNL pro-
gramif necessary.

The otherrecordsarebinary input recordsandthey are
representingnecessarystatusflags. They areusedas the
mediatorof statetransitionsbetweenstatesetsin theSNL
program.

4 CONCLUSION

We have developedthe COD correctionalgorithm under
theconstraintconditionwherethebeampositionat partic-
ular point is not changed.The new algorithmis basedon
themodifiedPSINOMalgorithmwhich includestheregu-
larizationprocessin order to avoid the inversionproblem
of theill-posedresponsematrices.

We have confirmedthat this algorithmis working well
andis in goodagreementwith theexperimentalresults[7].
Even thoughthe PLS is planningto upgradetheir control
systemwith EPICS,thereis noworkingEPICSbasedcon-
trol systematPLS.Dueto this,wehavedevelopedtheorbit
correctionsimulatorusingC-codeembeddedSNL program
basedon EPICStechnology. Thissimulatorpartcanbere-
placedby therealcontrolsystemwith minorchangesafter
thecompletionof theupgrade.
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