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Abstract
The sessionon presentABS Systemsis summarized.A variety of systems
havebeencreated,but therearemany commonelements,includingalgorithms,
operationalchallenges,and goals. Similarities and differencesbetweenthe
systemsarenoted,andhighlightsof varioustalksaredescribed.

1. INTR ODUCTION

Thesessionon presentABS systemsincludedninetalks,reportingon existing automatedsystemsfrom
several laboratoriesaroundtheworld. Thereis awide variationin complexity andsophisticationamong
thedifferentsystems.Limited hardwareandsoftwareresourcesareacommonsituation,andthesophis-
ticationof automatedsystemsis necessarilymatchedto local requirements.Key goalsof thepackages
includeproviding morereproduciblebeamconditions,reducingtuning time, andoptimizing luminos-
ity. Higherordertuningpackagesareusedin several facilities. In several facilities,thecontrolshistory
shows a trendof increasinglevelsof automationin responseto increasinglydemandingrequirements.

At present,commonalgorithmsandneedsareaddressedamongthe labs,but commonsoftware
amongmultiple projectsis not typical. In many cases,differentexperimentsat thesamesiteusediverse
controlsinterfaces,resultingin duplicationof softwareeffort and increasedcomplexity for users.An
effort to standardizealgorithmsaswell assoftwareandhumaninterfacescould beof benefitfor many
facilities. The COCU packageis a positive steptowardsthis goal, providing a machine-independent
correctionpackagewith achoiceof algorithmswhichhasbeenusedatseveraldifferentexperiments.

Automatedsteeringpackageshave commonchallenges,suchasrecognisingandeliminatingun-
reasonablebeampositionmonitors(BPMs),andenhancingnumericalstabilityandrobustness.Decisions
mustbemadeaboutnumberandplacementof measurementandcontroldevices.A commonoperational
strategy is to limit thenumberof correctors,andto minimize their strength.Difficultieswith coupling
or crosstalkbetweenhorizontaland vertical planes,or betweenseparatebeamlinesor beamsaread-
dressed.Severalprojectshave encounteredquestionsof compensatingfor hysteresisandnonlinearities
of correctiondevices.

A commonquestionfor controlsdesignersis choiceof the locationat which the beamposition
is stabilized. At Jeffersonlab, thereis a proposalto introduce“virtual monitors” to allow choiceof
the stabilizationpoint, in addition to providing a tool for improved numericalstability. For the SLC
feedbacksystem,a similar function is provided by movable “fit points”, which canbe placedat any
modeledlocationin theaccelerator, includingcomponentlocationsandarbitrarymarker points.

Response-basedmatrixmethodsaretypical. SingularValueDecomposition(SVD) andMicadoal-
gorithmsarewidely used.In somecases,model-drivenmatricesareadequate,but for many experiments
a measurementof the responsematrix is required. In discussionsat the workshop,therewasgeneral
agreementthatwhenmeasuredmethodsareused,it is advisableto studyany discrepanciesbetweenthe
measurementsandthemodelto gainabetterunderstandingof themachineandto improve themodel.

Steeringpackagesaretypically availableunderusercontrol,with anapplicationrun on demand,
andanopportunityfor usersto review proposedcorrectionsbeforemakinga decisionto implementor
rejectchanges.Usershave an opportunityto selecta rangefor steering,anddevicesto be includedor
excluded.Many systemsallow a choiceof severalsteeringalgorithms,andsomeprovide a selectionof
packageswith varyinglevelsof automation.
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Time scalesrangefrom high bandwidthfeedbacksystems,to once-a-daytuning packages,to
once-a-yearprocedures.Hardwareconsiderationsfrequentlylimit thebandwidthfor control, including
controlsarchitectureandmagnetresponselimitations. Somefully automatedsystemsrequireminimal
operatorintervention, while othersinvolve more substantialusercontrol and interaction. Thereis a
trendtowardsimprovedcontrolsresponsetime andadditionalfeedbacksystemsasexperimentsmature.
FeedbackalgorithmsincludePID control,statespaceformalism,aswell assimpleresponsealgorithms.

Oracledatabasesare common,althoughthey are not typically usedfor real-timeinformation.
Therearealsofile-driven configurations,andseveral typesof real-timedatabases.A varietyof control
systemhardwareandarchitecturesis seen;in many casesthesystemsuse“vintage” hardwarethat is no
longerstate-of-the-art,sincetechnologyis changingrapidly andmany controlsystemsarelong-lived.

2. Automated Tuning and FeedbackSystemsat the SLC

PantaleoRaimondispoke aboutsomeof thetuningandsteeringpackageswhichhave contributedto the
successof thelatestSLCrunatSLAC.Theluminosityfor the1997-1998runwassubstantiallyincreased
over previousruns,duein largepartto improvementsin tuningandoptimizationprocedures.

In the linac, a two-beamdispersionfree steeringalgorithm was usedsuccessfully. This takes
advantageof information from electronandpositronbeamstraveling down the samebeamline,since
imposingthesameorbit on bothbeamsis equivalentto minimizing thedispersion.Thealgorithmuses
SingularValueDecompositionto fix theorbit while minimizing thecorrectorstrengths.

A strongerfocusinglatticeandweakerBNSprofilealsocontributedtowardsminimizingemittance
in thelinac. An automated,generalizedoptimizationpackagefacilitatedadjustmentof emittancebumps
in thelinac aswell asotherparameters.Finally, anautomated,reliablesubboosterphasingmethodwas
developedfor the linac, to help maintaina stable,well-understoodenergy profile. Figure 1 shows a
graphicaldisplayof the“dithering” phasemeasurement.Thesubboosterphaseis movedupanddown by
a smallamount,with repeatedmeasurementsof theenergy takenat eachpoint. Theresultsof a cosine
fit of theenergy versusphaseareusedto determinethedesiredphasesetting.

Emittancecontrolin thearcsectionswasimprovedby anew orbit centeringtechniquewhichmin-
imizedwakefieldeffects. Improvedemittancemeasurementsin thefinal focusfacilitatedminimization
of synchrotronradiationgrowth. Thesenew proceduresresultedin thesmallestemittancesever seenin
thefinal focusof theSLC.

Feedbacksystemsareusedin every major region of the SLC to control parameterssuchas in-
tensity, steeringandenergy aswell ashigher-ordercontrol. Statespacefeedbackalgorithmsareused,
with Kalmanfilters andLinearQuadraticGaussianregulators.A specializedalgorithmis usedto damp
beamnoiseat andneartheNyquist frequency of 60 Hz. A fully-automatedoptimizationfeedbacksys-
tem usessubtoleranceexcitation, or “dithering” techniquesto maximizeluminosity by adjustingfinal
focusparametersandaveragingluminositymonitorreadingsovermany pulses.Theoptimizationsystem
providessubstantiallyimprovedresolutionover thepreviousmethod,which involvedmanualscansand
userinteraction.Thenew methodresultsin improvedreproducibilityandluminosity, aswell asfreeing
operatorsfor other tuning. The optimizationfeedbackis alsousedasa high resolutionmeasurement
device for manualtuning of higherorderaberrations.As a resultof thesenew tuning procedures,the
final focusis effectively correctedup to thethird order.

TheSLC experiencehasshown that improvedonlineapplications,feedbacksandsoftwarediag-
nosticsareof greatbenefitfor complex andchallengingmachines.

3. ABS at the PSDivision

Michel Martini reportedon automatedsteeringand tuning proceduresfor the PS complex at CERN.
Thegoalfor thePScomplex is to provide high brightnessbeamsfor colliders.This is accomplishedby
minimizingbeamemittanceblow upandparticlelosses.Steeringandmatchingareperformedfor thePS
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Y = A + B * Cos (x-C)
A = -2179.06 +- 113.215 Mev
B =  2220.70 +- 114.568 Mev
C =    -3.04 +-   0.346 Degrees
Chi-squared/DOF =  227.36/(198-3) =   1.166

Extremum PHAS =    -3.04  Expected        =     0.00
 Sbst    PCON =   -20.00  Proposed Change =    -3.04

Data Acquired: 10-MAY-1998 17:16:31

 

Fig. 1: Subboosterphasingprocedurein theSLC
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Fig. 2: TheCERNPScomplex.

andassociatedtransferlines. TheMicadosolver is used.ThePSsystemsaremorefully describedin a
latersection.A view of thefacility andassociatedbeamlinesis shown in figure2.

4. ABS at CRYRING

AnsgarSimonssonof MSL reportedon someof the tuning techniquesusedat CRYRING, an atomic
physicsfacility in Stockholm,Sweden.

Feedbackfor theelectronion sourceis usedto control theanodevoltage,improving stability for
thebeamenergy andthecurrent.In the injectionline, a beamcenteringprocedurevariesa quadrupole,
and determinesthat the beamis centeredif the spot doesnot move on an insertedscreen,adjusting
steeringelementsasneeded.Thismanualprocedurewill bereplacedwith anautomatedLabview system.

Of interestto many at the workshopwas an intensity optimizationsystem,with a “stupid but
indefatigable”virtual operator. A Pascaloptimizationprogramvariesparametersup anddown, keeping
changesthatresultin increasedintensity. Theconceptandsomesystembenefitsaresimilar to theSLC
optimizationfeedback:thesystemis fasterthanahuman,andit still workswhena humanis distracted.

5. BeamSteeringand Control at DAFNE

CatiaMilardi describedtechniquesandresultsfor trajectorycontrolof theDAFNE facility at Frascati.
Commissioninghasbeencompletedandorbit control systemsareworking well. DAFNE is a double-
ring F-factory, with circulatingelectronandpositronbeams.Thetransferline includes23beamposition
monitors,and the trajectorycorrectionis usedto optimize the beamcurrenttransmittedto the rings.
VME is usedfor controlsin thetransferline andin therings.

In therings,theclosedorbit correctionsystemmustmanagechallengesdueto cross-talkbetween
the electronandpositronrings, andbetweenthe rings and transferline. The correctionsystemmust
optimizethecouplingandcontrolthepositionsof thebeamsattheinteractionpoints.Localclosedbumps
areusedfor collision control. Verticaltuningis particularlyimportantdueto thebeamdimensions,and
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Fig. 3: Architectureof DAFNE ClosedOrbit AcquisitionSystem

fine tuningis accomplishedusinga luminositymonitor.

A schematicof thesystemusedfor theclosedorbit acquistionis shown in figure3. TheBPMsare
multiplexed,andtheacquisitionsystemrunsat5 Hz. Severalalgorithmsfor closedorbit correctionhave
beentried, including bestcorrector, harmonicmethod,andorbit decompositioneigenvector methods.
The responsematrix is measured,and is independentfrom the modelor from correctorcalibrations.
In the future,morework will be doneto usethe responsematrix measurementsin DAFNE modeling.
Figure4 shows acomparisonof theclosedorbit beforeandaftercorrection.

At the interactionpoint, in additionto bringing the beamsinto collision, the synchronizationis
tunedby making small adjustmentsto the RF cavity phase. Beamcoupling is controlledwith skew
quadrupoles,and the beamlifetime is enhancedby propertuning. A novel arc lattice is used,with
a Bending-Wiggler-Bending (BWB) configuration.This hasresultedin decreaseddampingtimesand
betteremittancetunability.

6. Online BeamlineCentering at PSI

Automatedsystemsfor beampositionmonitoringandcontrolatPSIweredescribedby ThomasBlumer.
Severalacceleratorfacilitiesaresupported,includinga mesonfactory, spallationneutronsource,proton
therapy and irradiationareas,aswell asan injector with many differentparticles. Goodcontrolsare
neededdueto thevery high intensitybeamswhich requiregoodstability, andthestrongdependency of
thebeamcharacteristicson intensity.

The controlshardwarearchitectureincludesVME, CAMAC, ethernet,andAlpha/Vax, HP and
SUN workstations. Softwarearchitectureincludesa message-basedcommunicationssystem. Oracle
databasesareusedto storedevice information,while ASCII files areusedto storeprogramconfigu-
rations. A graphicaluserinterfaceenablesviewing of resultsandmodificationof control parameters.
Severalapplicationsareprovided for bothopenandclosedloop controlof beampositionandintensity
parameters,andfor measurementof beamcharacteristics.A generalizedPID-basedfeedbackcontroller
is usedto stabilizea two-by-two system,with a repetitionrateof 3 Hz. Stabilizationis effective at the
beampositionmonitorlocations,althoughalternativesarebeingstudied.

7. Automatic BeamTuning at Ganil

Automatedtuning packagesat Ganil weredescribedby A. Savalle. Systemshave beendevelopedfor
transversematching,beamcenteringandachromaticity. Tuningfor thecyclotronsandassociatedtransfer
linescantake 24 hours. Automatedsystemsspeedup tuning,optimizebeamparameters,andimprove
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Fig. 4: Resultsof DAFNE ClosedOrbit System

reproducibility. Figure5 shows a userinterfacedisplayfor thesystem.Thebetatronmatchingsystem
hasbeenoperationalsince1997,andhasbeenfasterandmorereliablethanthepreviousmanualmethod.
Beamsizesaremeasuredwith profilemonitors,andanonlinebeamopticscalculationis usedto optimize
the beamtransfermatrix. The automaticbeamcenteringsystemusesprofile monitorsto measurethe
beamcenter, anda leastsquaresfit is performedto determinecorrectionswhich centerthebeamwhile
minimizing correctorvalues. Noiseon the profile monitor measurementsis a limitation for both the
matchingandcenteringpackages.An additionalpackagewasdevelopedto decorrelatethetransverseand
longitudinalplanes,resultingin fully achromaticbeamin thematchingsectionby optimizingquadrupole
settings.Initial testsareencouraging.

8. ABS at the SPSand LEP

Joerg Wenningerreportedon automatedsystemsfor SPSandLEP, which arelargecircularaccelerators
at CERN. Much of the steeringsoftware for the two machinesis common,even thoughthe two ma-
chineshave very differentoperationalgoals.SPSorbit controlhassimplerrequirements,andis mainly
concernedwith minimizing beamlosses,while LEP is concernedwith optimizing theverticalorbit for
maximumluminosityandpolarization.As a result,mostof thedevelopmentshave beengearedtowards
therequirementsof LEP.

TheCOCUorbit correctionpackageis used,in combinationwith amainuserinterfaceanddisplay
dataviewer. A userinterfacedisplayfor theLEP orbit control is shown in figure6. Thedataviewer and
COCU are identical for both machines. COCU is a machineindependentpackagewhich supportsa
varietyof correctionalgorithms.It wasdevelopedat CERNfor SPSandLEP, but hasbeenadoptedat
severalotherfacilities.

For SPS,the twiss parametersarestoredin an Oracledatabase,andothermachineparameters
anddataarestoredin files. GlobalMICADO correctionsareused,in additionto local bumpsandother
corrections.All orbit correctorsfor thetwo machinesarebasedon modelingparameters,without using
measuredresponsematrices.
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Fig. 5: UserInterfacefor Ganil AutomatedTuning

Fig. 6: UserInterfaceFor LEP Orbit Control
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Fig. 7: InteractionPointCollisionControlat LEP

At LEP, all hardwareandmodelingparametersarestoredin an Oracledatabase,with orbits up-
datedto the databaseevery 40 seconds.MICADO is the mostpopularalgorithm. Goldenorbits are
foundthroughanempiricaltuningprocess,but testsusingSVD for orbit anddispersioncorrectionlooked
promising,andamorecompleteimplementationis plannedfor 1999.An autopilotapplicationmaintains
the orbit, with correctionsevery 2 minutes. A HydrostaticLevelling Systemwasinstalledaroundthe
quadrupolesto monitormovementassociatedwith orbit drifts. At theinteractionpoint,theverticalbeam
collisionsareadjustedwith electrostaticseparators.Local separatorbumpsarescannedto find theopti-
mal setting,basedon luminositymonitoranddeflectionmeasurements.Figure7 shows a displayof the
beam-beamdeflectionasa functionof separation.

Automatedbeamsteeringhasbeenessentialfor theoperationof SPSandLEP. Theimplementation
of DispersionFreeSteeringfor LEP is plannedfor 1999.

9. Orbit Correction Methods - Basic Formulation, Curr ent Application at Jefferson Lab, and
Futur ePossibilities

Yu-ChiuChaopresentedanoverview of orbit correctionmethodswhich areapplicableto CEBAF and
to otherfacilities. A summaryof generalchallengesencounteredin orbit correctionat any facility was
included,alongwith symptoms,sourcesandpossibilitiesfor solutions.An exampledepictedin figure
8 shows a situationin which therearenot enoughmonitorsto correctlydetectan orbit excursion. An
optimizationprogramwasusedto identify optimallocationsto addmonitorsin orderto improvetheorbit
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Fig. 8: Monitor Deficiency DetectionandEliminationfrom JeffersonLab

detection.Theprogramalsoidentifiedredundantcorrectors,which hadresultedin excessive correction
andpoorreproducibility. In orderto improve responsesingulariesandothernumericalproblems,Chao
proposesa Virtual Monitor algorithm,which is capableof controlling theorbit at anarbitrarylocation.
Furtherinformationaboutthesetechniquesis providedin a latersection.

10. AutomatedBeamPosition Control in the ESRFStorageRing

LaurentFarvacquedescribedtwo independentsystemswhich areusedfor automatedorbit correctionat
ESRF. Thegoalis to stabilizethebeamto 10%of thebeamsizein boththehorizontalandverticalplanes.
A periodicautomatedorbit correctionsystemperformsacorrectionevery30secondsto controlmedium
andlong-termeffects,andaglobalpositionfeedbacksystemregulatesshorttermeffects.SingularValue
Decomposition(SVD) is used.Figure9 shows theopticalfunctionsin thering.

Theresponsematrix is augumentedto includeadditionaleffects:adjustmentof theRF frequency
actingon the orbit throughthe dispersion,andkeepingthe sumof the correctorsconstantso that the
energy of theparticlesis constant.Resultsfor measuredresponsematriceswerecomparedto themodel,
with goodagreementasshown in figure10. Limiting thenumberof eigenvectorsreducesthesensitivity
to BPM drifts by a factorof 2, minimizing emittancegrowth. Theautomatedcorrectionsystemrequires
specificbeamandBPM conditions,in orderto ensurethereliability of thecalculations.
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OPTICAL FUNCTIONS   
NUX  = 36.435                                                                   
NUZ  = 14.391                                                                   

R    = 134.3890                                                                 
ALPHA= 1.839E-04                                                                Ex/Gam**2=  2.702E-17                                                           
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Fig. 9: Orbit CorrectionSystemat ESRF
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