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Abstract

Primary beamlinesat the PSl acceleratoare equippedwith automaticstabi-
lization of the centerof gravity of the particlebeam.Positionpickups,steering
magnetsandthe control systemare usedfor this process.The hardware, the
softwarewith the usedalgorithmsandtheimplementediatastructuresareex-
plained. The upgradedpackagencludesan Oracledatabasethe prediction
of the steeringinfluencesasedon actualmagnetsettingsandthe closedioop
control process.Includedareauxiliary programsfor developmentand main-
tenance Over 10 yearsof experiencen operation performanceandencoun-
teredproblemsareexplained.Plansfor future improvementandenhancement
areoutlined.

1. PSI Situation of Acceleratorsand Beamlines

The cyclotron acceleratorat PSI producebeamswith intensitiesexceedingl.5 mA. Thesebeamsare
splitin two placesto provide simultaneouservicefor differentfacilities

2. Control System

The control systemimplementsa classicaldistributed architecture.Frontend computersare HPrt. 743
risk processorsn VME with the HPrt operatingsystem. Serial CAMAC loops are usedfor the pro-
cessinterface. The communications basedon Ethernetandimplementsa messag®rientedprotocol
developedin house.OpenVMSWorkstationsorm the operatotinterface.

3. Reasonfor online beamcentering

The high intensity beamshave a power of up to 1 MW within a few squaremm’s. This demandsa
high stability in the beamtrajectorysoasnotto destry delicatecomponentshatneedto be nearto the
beam.Thesmallaperturesitcollimatorsandtargetsandtherequirementfrom experimentsiemanchigh
stability for beamposition. Instabilitiesare causedor instanceby dischagesin electrostaticlements
or theacceleratingavities. An additionalproblemis the strongdependengcof the beamcharacteristics
on intensity This causegroblemsfor the recovery of the beamafter an interlock. The variation of
beampropertiesis causedoy the intensity dependencef the spacechage effectsandby the variable
asymmetriccollimationin transersephasespacehatis usedfor intensitycontrol.

4. Beamcontrol
Thefollowing applicationdor beamcontrolexist, in additionto the closedloop centering.

e Openloop beampositioncompensatiomor switchingon andrampingof beamintensity

¢ Openloop beampositioncenteringwith the moving wire profile monitors.

e Transportwith aninterfacefor acquisitionandsettingof beamline elementsandthe measurement
of thebeamcharacteristicsThe operatormaythen”closetheloop” by settingrecommendeden
values.

e Onlinemeasurementf influenceparameter®sf steeringelementdo positionsfor the verification
of machinemodeldata.

e Generictwo by two parametePID controltask,includingmethodso measurdransferfunctions
andfrequeng responsef the controlledsystem.
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5. Data structures

Thedescriptiorof thestructureof thebeamlinesandthedatafor theopticalelementss dervedfrom the
generalacceleratodatabasén ORACLE. For eachbeamline this datais transformedo afile in ASCII
formatandexportedto all workstations.Additional datausedfor configuringis alsoin from of ASCI|
files. The preparatiorof the staticdatastructuredor the workstationss doneoffline.

6. Influence prediction

At processnitialization the actualsettingsof quadrupolesndbendingmagnetsareacquired.Together
with thebeamline structurefile, this datais usedto calculateheinfluencematrix of thesteeringelements
on the beampositions. The predictionis basedon the transportalgorithm. For useby the closedloop
correction,a quadraticselectionof this matrixis inverted.

7. Control process

Theactualcontrolprocesss implementedasa classicalPID loopwheretheinputandoutputparameters
arerepresentedsvectors. The correctionvectoris calculatedoy multiplying the error vectorwith the
invertedinfluencematrix. At presentve supportonly quadratianatricesandstabilizationatthelocation
of beampositionmonitors. Otherconfigurationswith additionalboundaryconditionsarebeingstudied.
The determinationof the influencematrix is part of the control processon requestthe operatormay
repeatedhis procedureonline to correctfor changesn quadrupolesettingsafter tuning the beamline.
Theunderlyingcontrolsystenprovidestheinterfacefor theacquisitionof thebeampositionsandsetting
of the correctionvaluesto the steeringelements.GraphicalUser InterfaceLike all applicationson the
controlsystemthe beamline centeringcontrol processisesXwindow Motif asgraphicaluserinterface.
Theusersurfaceprovidesextensive controloverthebehaior of the controltask. Valuesof reference$or
beampositions,P-, I-, D gain,filter constanfor feedbackandminimumbeamintensityfor activation of
the closedioop maybeadjustedoy slidersor by incrementsAt initialization thescreerimageis created
usingthe beamline and configurationdatafiles Performancel he beamitself hasa noisespectrumfar
exceedingour capabilitiesn frequeng responsdor measuremerdndcontrol. Themachineis operated
in a staticway, sothe magnetsare madefrom solid iron they are not laminatedhencethey are slow,
having time constantsn the orderof 0.1-1second.The positionpick upsaresimilarly slow with time
constant®f 0.3 sec.We have chosem repetitionrateof 3 Hz for the closedloop positioncontrol.

8. Problems

Therearenoreally severeproblemsbut we still questiorsomefactsThestability, linearity, beamintensity
independencandnoiseof the beampositionmeasurementould beimproved. This is nowonderin all

closedoop systemgheacquisitionof thecontrolledvalueis themostcritical partof aall othererrorsare
within the loop andthereforethey arereducedoy the gain of the system.The precisionof the predicted
influencevaluesis anothercritical point. Theseerrorsproduceatemporaryviolation of thewaistto waist
transformationin the beamline. In our casethe waist at extractionis reproducecht the tarmget station,
instabilitiesinherentlyoccurin the directionof the extractedbeam.Whenthe beamintensityis ramped
up to its nominalvalueaftera interlock, the positionof the beamat the target stationis shiftedcausing
anadditionalbeamtrip.

9. Futuredevelopments

Include the possibility to specify beampositionsat locationsalong the beamline that are not at the
position of a position measurement.This will allow to specify the beamposition at a tamget station
whereit is not possibleto placea monitor To solve this wee needalgorithmsfor the calculationof
the effective orbit outsidethe positionsensorsincluding the compensatiorfor all errorsin the system.
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Online checkof the correctnes®f the usedinfluencematrix. This will alertthe operatorin caseof a
malfunctioningdevice andthenhelpto localizethe fault. The closedloop providesa lot of dataonline
aboutthecharacteristicsf thesystem.Correlationmethodson amodelhave shavn encouragingesults.
In the real casehowever this failed. This leadsto the next theme. Compensatiorof the hysteresisof
themagnetslin aclosedloop regulation,theindividual correctionghatareappliedin eachiterationare
smallin amplitudeandvary in sign,they aresimilarto asmallnoisesignal. As thelocal hysteresitoop
of themagnetis comparableo the correctionamplitudea compensatiomnf this effect mayimprove the
predictabilityof the system.
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