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Abstract
Primarybeamlinesat the PSI acceleratorareequippedwith automaticstabi-
lizationof thecenterof gravity of theparticlebeam.Positionpickups,steering
magnetsandthecontrol systemareusedfor this process.Thehardware,the
softwarewith theusedalgorithmsandtheimplementeddatastructuresareex-
plained. The upgradedpackageincludesan Oracledatabase,the prediction
of thesteeringinfluencesbasedon actualmagnetsettingsandtheclosedloop
control process.Includedareauxiliary programsfor developmentandmain-
tenance.Over 10 yearsof experiencein operation,performance,andencoun-
teredproblemsareexplained.Plansfor futureimprovementandenhancement
areoutlined.

1. PSI Situation of Acceleratorsand Beamlines

The cyclotron acceleratorsat PSI producebeamswith intensitiesexceeding1.5 mA. Thesebeamsare
split in two placesto provide simultaneousservicefor differentfacilities

2. Control System

The control systemimplementsa classicaldistributedarchitecture.Front endcomputersareHPrt 743
risk processorsin VME with the HPrt operatingsystem. SerialCAMAC loopsareusedfor the pro-
cessinterface. The communicationis basedon Ethernetandimplementsa messageorientedprotocol
developedin house.OpenVMSWorkstationsform theoperatorinterface.

3. Reasonfor online beamcentering

The high intensitybeamshave a power of up to 1 MW within a few squaremm’s. This demandsa
high stability in thebeamtrajectorysoasnot to destroy delicatecomponentsthatneedto benearto the
beam.Thesmallaperturesatcollimatorsandtargetsandtherequirementsfromexperimentsdemandhigh
stability for beamposition. Instabilitiesarecausedfor instanceby dischargesin electrostaticelements
or theacceleratingcavities. An additionalproblemis thestrongdependency of thebeamcharacteristics
on intensity. This causesproblemsfor the recovery of the beamafter an interlock. The variation of
beampropertiesis causedby the intensitydependenceof the spacecharge effectsandby the variable
asymmetriccollimationin transversephasespacethatis usedfor intensitycontrol.

4. Beamcontrol

Thefollowing applicationsfor beamcontrolexist, in additionto theclosedloopcentering.
� Openloopbeampositioncompensationfor switchingon andrampingof beamintensity.
� Openloopbeampositioncenteringwith themoving wire profilemonitors.
� Transportwith aninterfacefor acquisitionandsettingof beamline elementsandthemeasurement

of thebeamcharacteristics.Theoperatormaythen”closetheloop” by settingrecommendednew
values.

� Onlinemeasurementof influenceparametersof steeringelementsto positionsfor theverification
of machinemodeldata.

� Generictwo by two parameterPID control task,includingmethodsto measuretransferfunctions
andfrequency responseof thecontrolledsystem.
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5. Data structures

Thedescriptionof thestructureof thebeamlinesandthedatafor theopticalelementsis derivedfrom the
generalacceleratordatabasein ORACLE. For eachbeamline this datais transformedto a file in ASCII
formatandexportedto all workstations.Additional datausedfor configuringis alsoin from of ASCII
files. Thepreparationof thestaticdatastructuresfor theworkstationsis doneoffline.

6. Influenceprediction

At processinitialization theactualsettingsof quadrupolesandbendingmagnetsareacquired.Together
with thebeamline structurefile, thisdatais usedto calculatetheinfluencematrixof thesteeringelements
on thebeampositions.The predictionis basedon the transportalgorithm. For useby the closedloop
correction,aquadraticselectionof this matrix is inverted.

7. Control process

Theactualcontrolprocessis implementedasaclassicalPID loopwheretheinputandoutputparameters
arerepresentedasvectors.Thecorrectionvectoris calculatedby multiplying theerrorvectorwith the
invertedinfluencematrix. At presentwesupportonly quadraticmatricesandstabilizationat thelocation
of beampositionmonitors.Otherconfigurationswith additionalboundaryconditionsarebeingstudied.
The determinationof the influencematrix is part of the control process,on requestthe operatormay
repeatedthis procedureonline to correctfor changesin quadrupolesettingsafter tuning thebeamline.
Theunderlyingcontrolsystemprovidestheinterfacefor theacquisitionof thebeampositionsandsetting
of thecorrectionvaluesto thesteeringelements.GraphicalUserInterfaceLike all applicationson the
controlsystemthebeamline centeringcontrolprocessusesXwindow Motif asgraphicaluserinterface.
Theusersurfaceprovidesextensivecontrolover thebehavior of thecontroltask.Valuesof referencesfor
beampositions,P-, I-, D gain,filter constantfor feedbackandminimumbeamintensityfor activationof
theclosedloopmaybeadjustedby slidersor by increments.At initialization thescreenimageis created
usingthebeamline andconfigurationdatafiles PerformanceThebeamitself hasa noisespectrumfar
exceedingourcapabilitiesin frequency responsefor measurementandcontrol.Themachineis operated
in a staticway, so the magnetsaremadefrom solid iron they arenot laminatedhencethey areslow,
having time constantsin theorderof 0.1-1second.Thepositionpick upsaresimilarly slow with time
constantsof 0.3sec.Wehave chosena repetitionrateof 3 Hz for theclosedlooppositioncontrol.

8. Problems

Therearenoreallysevereproblemsbut westill questionsomefactsThestability, linearity, beamintensity
independenceandnoiseof thebeampositionmeasurementcouldbeimproved. This is no wonderin all
closedloopsystemstheacquisitionof thecontrolledvalueis themostcritical partof aall othererrorsare
within theloop andthereforethey arereducedby thegainof thesystem.Theprecisionof thepredicted
influencevaluesis anothercritical point. Theseerrorsproduceatemporaryviolationof thewaistto waist
transformationin thebeamline. In our casethe waist at extractionis reproducedat the target station,
instabilitiesinherentlyoccurin thedirectionof theextractedbeam.Whenthebeamintensityis ramped
up to its nominalvalueaftera interlock,thepositionof thebeamat thetargetstationis shiftedcausing
anadditionalbeamtrip.

9. Futur edevelopments

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 target station
whereit is not possibleto placea monitor. To solve this weeneedalgorithmsfor the calculationof
theeffective orbit outsidethepositionsensors,including thecompensationfor all errorsin thesystem.
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Online checkof the correctnessof the usedinfluencematrix. This will alert the operatorin caseof a
malfunctioningdevice andthenhelp to localizethefault. Theclosedloop providesa lot of dataonline
aboutthecharacteristicsof thesystem.Correlationmethodsonamodelhaveshown encouragingresults.
In the real casehowever this failed. This leadsto the next theme. Compensationof the hysteresisof
themagnets.In a closedloop regulation,theindividual correctionsthatareappliedin eachiterationare
small in amplitudeandvary in sign,they aresimilar to asmallnoisesignal.As thelocal hysteresisloop
of themagnetis comparableto thecorrectionamplitudea compensationof this effect mayimprove the
predictabilityof thesystem.
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