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1 Intr oduction

The CLS control systemis responsible€or the monitoring and control of the technicalcomponentf the facility.
Theseincludethe:

e Electrongun

e Timing system

o Magnetpower supplies
¢ RF modulatorcontrols
¢ CW RFcontrols

¢ Vacuumvalves

o Slit drives

¢ Photonbeamshutters

The control systemis not responsibldor the operationof:

Beamline equipmenbeyondthefront-endequipment.

¢ Personnetafetysystems

Equipmentsafetysystems
e Fastvacuumvalves

¢ HVAC control

¢ Undulators

The control systemmay monitor the operationsof thesesystemsbut will not provide control signalsto them. The
control systemwill provide a veto signalto the undulatorcontrolsto ensurethat undulatorchangedake placeonly
whenthe CLS operatohasallowed suchchanges.

2 EPICS

The CLS control systemwill be basedon EPICS (ExperimentalPhysicsand Industrial Control System). EPICSis
basedon a distributed network of computernodes. The hardwarebuilding blocks of EPICS are the Input/Outpu
Controllers(IOCs), the Operatorinterfaceq OPIs)anda Local-AreaNetwork (LAN). The IOCs communicatewith
the devicesto be monitor and controlledthroughField Buses. The distributednatureof EPICSmakesit possibleto
control ary pieceof equipmentrom any workstationon the network. Securityrestrictionscanbe appliedto ensure
thatary givensignalcanbe controlledfrom a particularsubseof workstationor operators.
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The EPICSrun-time ervironment provides several componentswvhich sharea standardcommunicationdayer.
Thereare componentdor dataacquisition,supervisorycontrol, continuouscontrol and sequentialcontrol. Other
componentprovide interfacego modellingandanalysispackages.

Therun-timeervironmentusesadatabas#o isolatethehardwarecharacteristicef thel/O devicesfrom thehigher
level controlroutines.Thedatabasés distributedamongthelOCssothateachlOC containdnformationonthesignals
for whichit is responsible.

Data flow throughEPICSis event driven. It is not necessaryo poll a datasource. Instead,the datasource
will inform all consumersvhenthe datachangesThis dramaticallyreduceghe communicatiortraffic betweendata
sourcesanddataconsumers.

The EPICSstate-notatiodanguagewill be usedto automatemary of the tasksnow performedby the operater
Theaim is to makeoperationof startingthe machineanddelivering a high-qualityelectronbeamto the boostering
assimpleasclicking an‘ON’ buttonon a control-roomworkstationscreen.

EPICSalsoprovidesextensive supportfor handlingalarmconditionsfrom equipmentAlarm displayscreenwill
provide immediateindicationof thelocationandtype of equipmenbr softwarefailure.

3 CLS Input/Output Controllers

The EPICSIOC routinesmay berun on a wide rangeof hardware.Initially the CLS projectwill usethe MVME167
VME single-boarccomputerswvhich wereusedat SAL for experimentdataacquisition. FuturelOCswill usemore
modern,andmuchfaster VME single-boarccomputersuchasthe MotorolaMVME2400 series.

Work doneatthe CLS hasshowvn thatthe EPICSIOC coresoftwarecanberundirectlyontheembeddedontrollers
developedatthe CLS. Thiswill allow usto greatlyincreasghenumberof EPICSIOC’sandreducecostsby reducing
the numberof field bus connectiondetweenOC’s andotherequipment.For example,we will installanembedded
controllerin eachof our existing magnetpower suppliego replacethe CAMAC IGOR moduleswhich hadbeenused
to controlthe supplies.lt is now possibleto runthe EPICSIOC coreroutinesdirectly ontheembeddeaontrollerand
treateachpower supplyasanEPICSIOC.

4 CLS Operator Interfaces

SunandPC/Linuxworkstationswill be usedto developthe operatorinterfacedisplayand control software. Several
workstationswill beinstalledin the controlroom. Someof theseworkstationswill be usedto displayinformation
from variousmonitor systemsandotherswill be usedfor controllingthelinac, transporfines,andrings. The EPCIS
operatorinterfacecodewill alsobe installedon somelaptop computergo allow local control of equipmentduring
testingandmaintenance.

As mary control and monitoringfunctionsas possiblewill beimplementedby the EPICScontrol system. This
will minimize the numberof discretecontrol elementgbuttons,knobs,displays)the operatorswill have to dealwith
to controlthe machine.

Knob boxeswill be availablein thenew controlsystem.

5 CLS Control SystemLAN

Separaté AN sggmentgoinedto anEtherneswitchwill beusedto join thelOCsandthe OPIs. A routerwill control
accesdetweenthe control systemnetworkandthe generallaboratorynetwork. The control systemLAN will be a
twisted-pairl00 Megabit/secondhetwork. If necessarysomefibre optic segmentswill be usedin very electrically-
noisylocations.

The ‘field-bus’ Ethernetsggmentswill be 10 Mbits/sectwisted-pair(10base2) Eachsuchseggmentwill includea
connectionto a routerto the main control systemnetwork. This will allow controlof the devicesevenif the lOC for
thatseggmenthasfailed.
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6 CLS Field Buses

EPICSsupportsa numberof Field Buseswhich are usedto communicaténformationbetweenl/O Controllersand
smallerembeddedomputersvhich operatethe devicesto be monitoredandcontrolled. The CLS will employsereral
of thesebuses:

¢ VME
The IOCs are VME single-boardcomputers.In mostcaseghe actualcontrol operationswill be handledby
smaller remote,processorgonnectedo the IOC throughone of the field busesmentionedbelon. In some
casesthough,additionalmoduleswill beaddedto thelOC VME crateso handlespecialoperationsuchas:
— Programmablelelaygeneration
— Peak-sensingnalogto digital conversion
— Time-to-digitalconversion
— Videodigitization
e Ethernet
EPCISusesEthernetasthe LAN to communicatébetweenlOCs and OPIs. The IOCswill be equippedwith
additionalEtherneinterfacego be usedasfield busesto equipmensuchas:
— Magnetpower supplies
— Steppemotors
— Timing system

Therecentporting of the EPICSIOC coreto the CLS embeddedontrollerswill allow mary of theseEthernet
field busesto bereplacedwvith smallEPICSIOCs.

¢ Allen-Bradley

¢ Modicon
Allen-Bradley andModiconcontrollerswill beusedfor low-level controlof equipmensuchasheatexchangers
andthe RF modulators. Thesecontrollerscommunicatavith eachother over a DeviceNetlink andwith the
IOCsover aserialRS-232link or aTCP/IPethernetonnection.

o FieldPoint
NationalInstrumentd-ieldPointdeviceswill be usedfor monitoringinterlocks,temperaturesyaterpressures
andotherslow-changinganalogsignals.Thesedevicescommunicatevith eachotherover a serialRS-485link
andwill communicatevith thelOCsover aserialRS-232link or a TCP/IPethernetonnection.

e GPIB
GPIBwill find moreapplicationin variousmonitor subsystemgut will alsobe usedto communicatebetween
the controlsystemanddevicessuchas:
— Voltmeters
— Digital oscilloscopes
— Spectrumanalyzers

GPIB/Ethernetdaptersvill beusedto communicatéetweenGPIB devicesandlOC ethernefield buses.

¢ CAMAC
Theexisting SAL controlsystemusesCAMA C modulesin cratesconnectedo the controlcomputerby a serial
highway This systemwill be replacedby thefield busesnotedabove, but to provide control during the early
stagesof the conversiona serial highway driver will be installedin an EPICSIOC. It is anticipatedthat all
CAMAC equipmenwvill have beenreplacedy thethetime the CLSis to be commissioned.

EPICSis distributedwith supportfor all of the above field busesexceptEthernetandFieldPoint. EPICSdrivers
will have to bewrittenfor devicesconnectedo thesefield buses.
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7 CLS I10C Assignments

Thenumberandlocationof the Input/OutputControllerswill bedeterminedaftermoreexperiencehasbeengainedin
theoperationof EPICS.An initial estimatds that12 VME 10C deviceswill beused:

¢ Facility corventionalcontrols(monitoringonly)

¢ Linacandtransportine beammonitors

¢ LINAC (RF Modulators Magnetpower SuppliesyandLTB1 transporiine
e Boosterring includingboostetto storageransportine

¢ Storageing magnetsheatexchangersetc. (4)

e Storageing RF

e Storageing beammonitors

e Storageing orbit correction

In addition,smallembeddedOCswill beinstalledin eachexisting magnetpower supplyandin otherlocations
suchasthe steppemotorcontrollers.

Thedegreeto which monitorandcontrolfunctionsareshareetweerthe|OCsin eachareaof thefacility remains
to bedetermined.
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