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1 Intr oduction

The CLS control systemis responsiblefor the monitoring andcontrol of the technicalcomponentsof the facility.
Theseincludethe:

� Electrongun

� Timing system

� Magnetpowersupplies

� RFmodulatorcontrols

� CW RFcontrols

� Vacuumvalves

� Slit drives

� Photonbeamshutters

Thecontrolsystemis not responsiblefor theoperationof:

� Beamline equipmentbeyondthefront-endequipment.

� Personnelsafetysystems

� Equipmentsafetysystems

� 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 undulatorchangestakeplaceonly
whentheCLS operatorhasallowedsuchchanges.

2 EPICS

The CLS control systemwill be basedon EPICS(ExperimentalPhysicsandIndustrialControl System).EPICSis
basedon a distributednetworkof computernodes. The hardwarebuilding blocksof EPICSare the Input/Output
Controllers(IOCs), theOperatorInterfaces(OPIs)anda Local-AreaNetwork (LAN). The IOCs communicatewith
thedevicesto bemonitorandcontrolledthroughField Buses.Thedistributednatureof EPICSmakesit possibleto
controlany pieceof equipmentfrom any workstationon thenetwork. Securityrestrictionscanbe appliedto ensure
thatany givensignalcanbecontrolledfrom a particularsubsetof workstationsor operators.
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The EPICSrun-timeenvironmentprovides several componentswhich sharea standardcommunicationslayer.
Thereare componentsfor dataacquisition,supervisorycontrol, continuouscontrol and sequentialcontrol. Other
componentsprovide interfacesto modellingandanalysispackages.

Therun-timeenvironmentusesadatabaseto isolatethehardwarecharacteristicsof theI/O devicesfrom thehigher-
level controlroutines.Thedatabaseis distributedamongtheIOCssothateachIOC containsinformationonthesignals
for which it is responsible.

Data flow throughEPICSis event driven. It is not necessaryto poll a datasource. Instead,the datasource
will inform all consumerswhenthedatachanges.This dramaticallyreducesthecommunicationtraffic betweendata
sourcesanddataconsumers.

The EPICSstate-notationlanguagewill be usedto automatemany of the tasksnow performedby the operater.
Theaim is to makeoperationof startingthemachineanddeliveringa high-qualityelectronbeamto theboosterring
assimpleasclicking an‘ON’ buttonon a control-roomworkstationscreen.

EPICSalsoprovidesextensive supportfor handlingalarmconditionsfrom equipment.Alarm displayscreenswill
provide immediateindicationof thelocationandtypeof equipmentor softwarefailure.

3 CLS Input/Output Controllers

TheEPICSIOC routinesmayberun on a wide rangeof hardware.Initially theCLS projectwill usetheMVME167
VME single-boardcomputerswhich wereusedat SAL for experimentdataacquisition.FutureIOCswill usemore
modern,andmuchfaster, VME single-boardcomputerssuchastheMotorolaMVME2400series.

Work doneattheCLShasshown thattheEPICSIOC coresoftwarecanberundirectlyontheembeddedcontrollers
developedat theCLS.Thiswill allow usto greatlyincreasethenumberof EPICSIOC’sandreducecostsby reducing
thenumberof field busconnectionsbetweenIOC’s andotherequipment.For example,we will install anembedded
controllerin eachof our existing magnetpower suppliesto replacetheCAMAC IGOR moduleswhich hadbeenused
to controlthesupplies.It is now possibleto run theEPICSIOC coreroutinesdirectlyon theembeddedcontrollerand
treateachpowersupplyasanEPICSIOC.

4 CLS Operator Interfaces

SunandPC/Linuxworkstationswill beusedto develop the operatorinterfacedisplayandcontrol software.Several
workstationswill be installedin the control room. Someof theseworkstationswill be usedto display information
from variousmonitorsystemsandotherswill beusedfor controllingthelinac, transportlines,andrings. TheEPCIS
operatorinterfacecodewill alsobe installedon somelaptopcomputersto allow local control of equipmentduring
testingandmaintenance.

As many control andmonitoringfunctionsaspossiblewill be implementedby the EPICScontrol system.This
will minimizethenumberof discretecontrolelements(buttons,knobs,displays)theoperatorswill have to dealwith
to controlthemachine.

Knob boxeswill beavailablein thenew controlsystem.

5 CLS Control SystemLAN

SeparateLAN segmentsjoinedto anEthernetswitchwill beusedto join theIOCsandtheOPIs.A routerwill control
accessbetweenthe control systemnetworkandthe generallaboratorynetwork. The control systemLAN will be a
twisted-pair100Megabit/secondnetwork. If necessary, somefibre optic segmentswill be usedin very electrically-
noisylocations.

The‘field-bus’ Ethernetsegmentswill be10 Mbits/sectwisted-pair(10base2).Eachsuchsegmentwill includea
connectionto a routerto themaincontrolsystemnetwork.This will allow controlof thedeviceseven if theIOC for
thatsegmenthasfailed.
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6 CLS Field Buses

EPICSsupportsa numberof Field Buseswhich areusedto communicateinformationbetweenI/O Controllersand
smallerembeddedcomputerswhich operatethedevicesto bemonitoredandcontrolled.TheCLSwill employseveral
of thesebuses:

� VME
The IOCs areVME single-boardcomputers.In mostcasesthe actualcontrol operationswill be handledby
smaller, remote,processorsconnectedto the IOC throughoneof the field busesmentionedbelow. In some
cases,though,additionalmoduleswill beaddedto theIOC VME cratesto handlespecialoperationssuchas:

– Programmabledelaygeneration

– Peak-sensinganalogto digital conversion

– Time-to-digitalconversion

– Videodigitization

� Ethernet
EPCISusesEthernetasthe LAN to communicatebetweenIOCs andOPIs. The IOCs will be equippedwith
additionalEthernetinterfacesto beusedasfield busesto equipmentsuchas:

– Magnetpowersupplies

– Steppermotors

– Timing system

Therecentportingof theEPICSIOC coreto theCLS embeddedcontrollerswill allow many of theseEthernet
field busesto bereplacedwith smallEPICSIOCs.

� Allen-Bradley

� Modicon
Allen-Bradley andModiconcontrollerswill beusedfor low-level controlof equipmentsuchasheatexchangers
andthe RF modulators.Thesecontrollerscommunicatewith eachotherover a DeviceNet link andwith the
IOCsover aserialRS-232link or a TCP/IPethernetconnection.

� FieldPoint
NationalInstrumentsFieldPointdeviceswill be usedfor monitoringinterlocks,temperatures,waterpressures
andotherslow-changinganalogsignals.Thesedevicescommunicatewith eachotherover a serialRS-485link
andwill communicatewith theIOCsover a serialRS-232link or aTCP/IPethernetconnection.

� GPIB
GPIB will find moreapplicationin variousmonitorsubsystemsbut will alsobeusedto communicatebetween
thecontrolsystemanddevicessuchas:

– Voltmeters

– Digital oscilloscopes

– Spectrumanalyzers

GPIB/Ethernetadapterswill beusedto communicatebetweenGPIB devicesandIOC ethernetfield buses.

� CAMAC
Theexisting SAL controlsystemusesCAMAC modulesin cratesconnectedto thecontrolcomputerby aserial
highway. This systemwill be replacedby thefield busesnotedabove, but to provide controlduring theearly
stagesof the conversiona serial highwaydriver will be installedin an EPICSIOC. It is anticipatedthat all
CAMAC equipmentwill have beenreplacedby thethetime theCLSis to becommissioned.

EPICSis distributedwith supportfor all of theabove field busesexceptEthernetandFieldPoint. EPICSdrivers
will have to bewrittenfor devicesconnectedto thesefield buses.

CLS DesignNote021 3 Date:2000/01/1019:58:03



7 CLS IOC Assignments

Thenumberandlocationof theInput/OutputControllerswill bedeterminedaftermoreexperiencehasbeengainedin
theoperationof EPICS.An initial estimateis that12 VME IOC deviceswill beused:

� Facility conventionalcontrols(monitoringonly)

� Linacandtransportline beammonitors

� LINAC (RF Modulators,MagnetpowerSupplies)andLTB1 transportline

� Boosterring includingboosterto storagetransportline

� Storagering magnets,heatexchangers,etc.(4)

� Storagering RF

� Storagering beammonitors

� Storagering orbit correction

In addition,smallembeddedIOCswill be installedin eachexisting magnetpower supplyandin otherlocations
suchasthesteppermotorcontrollers.

Thedegreeto whichmonitorandcontrolfunctionsaresharedbetweentheIOCsin eachareaof thefacility remains
to bedetermined.
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