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ABSTRACT

This paperdescribesanalternative approachfor controlanddataacquisitionsystemto beusedin TESLA controllerand
simulator(SIMCON) boards[1]. ThestandardVME controllermaybereplacedwith a cheapembeddedPCto provide
equivalentor evensuperiorfunctionality. Thenew approachoffersbettercost/performanceratio,betterscalabilityof the
systemandbettertestabilityof theSIMCONboards.
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1. INTRODUCTION

TheVME busis astandardcommunicationinterfacefor controllerandsimulator(SIMCON)boardsin HEPexperiments.
However, suchasolutionis expensiveandsuffersfrom somedisadvantages.Thesystem'sVME controllercannotservice
many boardssimultaneously, whichaffectstheperformance.

Theprogressof technologyallowsputtingmoreintelligencein theSIMCON board,andusingotherinterfaces,better
suitedfor communicationbetweensuch“intelligent boards”- eg. theEthernetnetwork.

Anotheradvantageof Ethernetis its wideuse,whichresultsin very low pricesfor Ethernetcables,switchesandother
accessories.

TheEthernetputsrelatively high demandson thecomputationalpowerof theboardcontroller. In fact,it is necessary
to putanembeddedPC-likesystemon theboardto useEthernetef�ciently .

However, thisbig computationalpowermaybeusedto delegatemoreresponsibilitiesto theboards'controllersthem-
selves.They canwork autonomously, in parallel,to boosttheperformanceandresponsivenessof thewholesystem.

2. TYPICAL VME BASED SOLUTION

In the typical VME bus basedcontrol anddataacquisitionsystem,all boardsin a rack areconnectedto the VME bus
(Figure2 and1).

TheVME' s relatively highbusthroughput(40MB/s with 32-bitbus)is sharedbetweenall theboards.VME bususes
many wiresandrequiresmulti-pin connectors,which makesthemechanicalstructureof the systemmorecomplex and
lessreliable.Eachrackmustbeequippedwith eitheraVME host(ca.2500USD)or aVME busadapter(ca.1500USD),
which increasestotal costof thesystem.TheVME busallows fastregisteraccessesandeasybit manipulations,however
if theVME interfaceis connectedindirectly (eg. via PCIbridge),suchoperationsmayintroduceadditionallatencies.
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Figure1. A typicalVME basedsystemwith VME host.

3. REQUIREMENTS OF THE CONTROL AND DATA ACQUISITION SYSTEM

Typical tasksperformedby controlanddataacquisitionsystemsinvolvethreebasicclassesof operations:

� Bits andregistermanipulationsperformedonhardwareregisters,offenrequiringreadingof statusregistersto assure
properhandshake. For this kind of operationstheoverheadintroducedby a PCI or otherbridgeusedin theVME
hostor busadapteris barelyacceptable.To boostef�ciency, theCPUshouldasdirectlyaspossibledrivetheVME,
or board's internalbus. Additionally the communicationchannelload may be loweredif the board's controller
wouldperformsuchoperationsautonomously.

� Dataprocessingoperations,which may requiresophisticatedprocessingof complex datastructures.Theseoper-
ationshouldbe implementedin thehigh level language,andideally shouldnot absorbthemanaginghost,but be
executedby theboard'scontrollerautonomously.

� Datatransferoperations,whichshouldprovideef�cient transferof controldataor of acquireddata.Thecommuni-
cationtraf�c canbesigni�cantly reducedby appropriatepreprocessingandsendingthepreprocesseddatainstead
of raw data.

It is clearlyvisible that theuseof intelligentembeddedboardcontrollersis desiredto bettermatchtherequirementsof
controlanddataacquisitionsystems.
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Figure2. A typicalVME basedsystemwith externalcomputerandVME busadapter.

4. STRUCTURE OF THE PROPOSEDCONTROL AND DATA ACQUISITION SYSTEM

To provide thebestef�ciency of controlanddatatransferoperations,anEthernetinterconnectedsystemwith embedded
boardcontrollersconsistingof two basiccomponentshasbeenproposed(Figure3):

4.1.Singlechip microcomputer

The SingleChip Microcomputer(SCM) shouldbe equippedwith Ethernetinterfaceto assurenetwork communication
with themanaginghost. It shouldalsoimplementnetwork protocolsusedfor thatcommunicationandperformcomplex
control,dataprocessingandtransferoperations.

TheSCMshouldalsobeableto drivealmostdirectly theVME-lik ebususedasboard's internalbus.

4.2.ProgrammableFPGA chip

ThiscomponentshouldprovideasimpleinterfacebetweentheSCMbusandtheboard's internalbus. It maybeusedalso
to implementsomeadditionalhardwarecontrollers,whichcouldwork autonomouslydecreasingtheSCMload.

4.3.Modularity of the design

The whole EmbeddedBoardControllershouldbe placedon a dedicateddaughterboardwith standarizedconnecters,to
assurethetechnologyindependence.Suchsolutionwarrantsthatevenif thecurrentlyusedSCMandFPGAchipsbecome
obsoleted,it will bepossibleto manufactureanother, compatibleEmbeddedBoardController.
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Figure3. Proposedarchitectureof thecontrolanddataacquisitionsystem.

5. DESIGN OF THE EMBEDDED BOARD CONTROLLER

The �nal designof the embeddedboardcontroller is basedon the ETRAX MCM singlechip computerandthe Altera
ACEX FPGA.Thesecomponentshavebeenchoosenconsideringtheir availability, priceandfeatures.

5.1.ETRAX MCM chip

ETRAX MCM is a relatively cheap(currently40 USD) singlechip computerbasedon 32 bit 100MIPS RISC CPU.It
providesmany peripheralsandconvenientextensibilitypossibilities:

� 10/100MBit Ethernetcontroller
� 32-bit externalmemoryandperipheralasynchronousbus
� 4 asynchronousserialports
� 2 synchronousserialports
� 2 USBports
� 2 Parallelports
� 4 ATA (IDE) ports
� 2 Narrow SCSIports(or 1 Wide)
� 2 MB of FLASH and8 MB of SDRAM memory
� Supportfor additionalmemories(SDRAM, Flash,EEPROM, SRAM, andothers)

The ETRAX chip may work underthecontrol of popularLinux OS.Many softwaretools (compilers,librariesand
others)for Linux are freely available, which makes implementingof necessarysoftware both easyand cheap. This
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Figure4. Block diagramof theControllerandSimulator(SIMCON)Boardwith theEmbeddedBoardController(EBC).

systemalsooffersgoodnetworking capabilities.Finally, theOpenSourcestatusof Linux allows to avoid problemswith
nondocumentedbugsandfeaturesof operatingsystem.

Block diagramof theSIMCON boardwith theEmbeddedBoardController(EBC) is shown in theFigure4.

6. NETWORK PROTOCOLS

The communicationbetweenthe managinghost and the embeddedboardcontrollersusesthe TCP/IPprotocol. This
protocol is platform independent,so it doesn't put any limitations on the platform to be usedin the managinghost.
Additionally it is ef�cient, reliableandwell tested.

Becausethe control anddataacquisitionnetwork is a private,well protectednetwork, it is possibleto usesimple
protocols. Particularly the RPCprotocolwill be usedto provide communicationbetweenthe softwarerunningon the
managinghostandprogrammsrunningon embeddedboardcontrollers. However, if the network traf�c shouldbe en-
cryptedfor bettersecurity, it is possibleto implementthe cryptographicalenginewith the remainingresourcesof the
FPGAchip.

6.1.Network thr oughput

TheETRAX chipoffers100Mb/sEthernetinterface,whicheffectively shouldbeableto handle8MB/sdatatransfer. It' s
lessthantheVME throughput(40MB/s for 32-bitbus),howevertheeffectivecommunicationspeedstill maybebetterin
thenewly proposedarchitecture.
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Figure5. Systemarchitecturewith multiple boardsconnectedto singlenetwork.
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Figure6. Systemarchitecturewith boardsdividedbetweenseparatenetworks.
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Figure7. Systemarchitecturewith boardsservicedby separatemanaginghosts.



Figure8. ThecommerciallyavailableETRAX developmentboard,usedfor softwaredevelopmentandtesting.

For examplein thesetof 8 boardsconnectedto thesingleVME bustheeffectivethroupghputfor asingleboardis only
5MB/s, for thesamesetof boardsconnectedto thenetwork switchwith GigabitUplink (for ca. 150USD) it is possible
to maintainthetroughputof 8MB/s for eachboard.

As it wasmentionedpreviously, it is possiblefurther to improve thecommunicationperformance,becausea higher
level protocolmaybeusedto communicatewith SIMCONboards.Insteadof directmanipulatingwith thebits in board's
hardwareregisters,the managinghostcansendonly the commands'codesandparameters,andthe commandswill be
performedby theboardcontrolleritself. An additionaladvantageis thatmany boardcontrollerscanwork in parallel.

7. FLEXIBILITY AND SCALABILITY OF THE SYSTEM

The proposedsolutionoffers easyrecon�gurationof both the embeddedcontroller �rmw areandthe FPGA core. The
ETRAX chip allows for remoteupdateof its FLASH memorycontents.Additionally, it is possibleto testa new version
of thesoftwarewithout writing it to theFLASH memory(eg. from ramdiskor from NFSmountedremote�lesystem).
TheFPGAmaybecon�guredwith thebitstreamstoredin theFLASH or receivedvia thenetwork.

Useof the standardTCP/IPEthernetnetwork allows to suit the system's architectureto the particularneeds.It is
possibleto connectmany boardsto thesinglemanaginghost,if mainpriority is to keepcostsaslow aspossible(Figure
5). If the highestpriority is to provide the bestpossiblenetwork throughput,it is possibleto usemultiple network
interfacesin a singlemanaginghost(Figure6). Finally, if themaingoal is to achieve thebestpossibleperformance,it is
possibleto usemoremanaginghostsservicinglimited numberof boards(Figure7).



Figure9. TheEmbeddedControllerBoard- topview.

Figure10.TheEmbeddedControllerBoard- bottomwiev. Thestandarizedconnectorsvisible in thepicture.



8. THE SOFTWARE

Thesoftwarefor theEmbeddedBoardControllerincludesthededicateddevicedriversfor theSIMCONboard'shardware
andfor additionalhardwarecontrollersimplementedin theEBC's FPGA.

Next softwarelayer is a setof serversaccesiblewith theRPCprotocol,which implementmorecomplex algorithms
andcommunicatewith theclientprogrammsrunningon themanaginghost.

Both above mentionedlayerswill be implementedin theC languageto make effective useof small resourcesof the
ETRAX SCM.

The client softwarerunningon the managinghostmay be written in C++ andshouldprovide integrationwith the
DOOCSsystem.

TheETRAX chipoffersalsoa HTTPserver, whichcanbeusedto providea simpledebuggingandtestinginterface-
signi�cantly improving thetestabilityof proposedcontrolanddataacquisitionsystem.

9. HARDWARE

For developmentandtestingof the softwarea commerciallyavailableETRAX developmentboard(Axis 82) hasbeen
bought(Figure8).

The dedicatedembeddedcontrolerboardhasbeendesigned.The �rst manufacturedprototypeis beeingdebugged
(Figures9, 10).

10. CONCLUSIONS

Theproposedarchitectureof thecontrolanddataacquisitionsystemoffersbetterperformance/costratiothanthestandard
VME basedsolution. The systemmay be easily extentedand tested. The control and dataacquisitiontaskscan be
performedby controllersof multiple SIMCON boardsin parallel,resultingin overall performanceboost. Themodular
structureof thesystemassuresindependenceon theobsolescenceof currentlyavailablechips.
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