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ABSTRACT

This paperdescribesanalternatve approacHor controlanddataacquisitionsystento be usedin TESLA controllerand
simulator(SIMCON) boards[1]. The standardVME controllermay be replacedwith a cheapembeddedCto provide
equivalentor evensuperiorfunctionality. The new approactoffersbettercost/performanceatio, betterscalabilityof the
systemandbettertestabilityof the SIMCON boards.
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1. INTRODUCTION

TheVME busis a standarccommunicatiorinterfacefor controllerandsimulator(SIMCON) boardsn HEP experiments.
However, suchasolutionis expensve andsuffersfrom somedisadwantagesThesystems VME controllercannotservice
mary boardssimultaneouslywhich affectsthe performance.

The progresf technologyallows puttingmoreintelligencein the SIMCON board,andusingotherinterfacespetter
suitedfor communicatiorbetweersuch“intelligent boards”- eg. the Ethernetnetwork.

Anotheradvantageof Etherneis its wide use which resultsin verylow pricesfor Ethernetcablesswitchesandother
accessories.

The Ethernetputsrelatively high demand®n the computationapower of the boardcontroller In fact,it is necessary
to putanembeddedPC-like systemon theboardto useEthernetef ciently .

However, this big computationapower maybe usedto delegatemoreresponsibilitiego theboards'controllersthem-
seles. They canwork autonomouslyin parallel,to boostthe performancendresponsienes®f thewhole system.

2. TYPICAL VME BASED SOLUTION

In the typical VME bus basedcontrol and dataacquisitionsystem,all boardsin a rack are connectedo the VME bus
(Figure2 andl).

TheVME'srelatively high busthroughput(40 MB/s with 32-bitbus)is sharedbetweerall theboards.VME bususes
mary wires andrequiresmulti-pin connectorsyhich makesthe mechanicaktructureof the systemmore complex and
lessreliable.Eachrackmustbeequippedvith eithera VME host(ca.2500USD) or aVME busadaptefca. 1500USD),
whichincreasesotal costof the system.The VME busallows fastregisteraccesseandeasybit manipulationshowever
if the VME interfaceis connectedndirectly (eg. via PCl bridge),suchoperationsnayintroduceadditionallatencies.
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Figure 1. A typical VME basedsystemwith VME host.

3. REQUIREMENTS OF THE CONTROL AND DATA ACQUISITION SYSTEM

Typical tasksperformedby controlanddataacquisitionsystemsnvolve threebasicclasse®f operations:

Bits andregistermanipulationgperformedon hardwareregisters pffenrequiringreadingof statusegistersto assure
properhandshak. For this kind of operationghe overheadntroducedby a PCI or otherbridgeusedin the VME
hostor busadapteiis barelyacceptableTo boostef ciency, the CPUshouldasdirectly aspossibledrive the VME,
or boards internal bus. Additionally the communicationchannelload may be loweredif the boards controller
would performsuchoperationsautonomously

Dataprocessingpperationswhich may requiresophisticategrocessingf complex datastructures.Theseoper
ation shouldbe implementedn the high level languageandideally shouldnot absorbthe managinghost,but be
executedby the boards controllerautonomously

Datatransferoperationswhich shouldprovide ef cient transferof controldataor of acquireddata. The communi-
cationtraf ¢ canbe signi cantly reducedby appropriatepreprocessingndsendingthe preprocessedatainstead
of raw data.

It is clearly visible thatthe useof intelligentembeddedoardcontrollersis desiredto bettermatchthe requirement®of
controlanddataacquisitionsystems.
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Figure2. A typical VME basedsystemwith externalcomputerandVME busadapter

4. STRUCTURE OF THE PROPOSEDCONTROL AND DATA ACQUISITION SYSTEM

To provide the bestef ciency of controlanddatatransferoperationsan Ethernetinterconnectedystemwith embedded
boardcontrollersconsistingof two basiccomponenthasbeenproposedFigure3):

4.1. Singlechip microcomputer

The Single Chip Microcomputer(SCM) shouldbe equippedwith Ethernetinterfaceto assurenetwork communication
with the managinghost. It shouldalsoimplementnetwork protocolsusedfor thatcommunicatiorand performcomplex
control,dataprocessingndtransferoperations.

The SCM shouldalsobeableto drive almostdirectly the VME-lik e bususedasboardsinternalbus.

4.2.Programmable FPGA chip

This componenshouldprovide a simpleinterfacebetweerthe SCM busandthe boards internalbus. It maybeusedalso
to implementsomeadditionalhardwarecontrollers,which couldwork autonomouslylecreasinghe SCM load.

4.3.Modularity of the design

The whole Embeddedoard Controllershouldbe placedon a dedicateddaughterboaravith standarizedonnectersto
assuraghetechnologyindependencesuchsolutionwarrantghatevenif thecurrentlyusedSCMandFPGAchipsbecome
obsoletedit will be possibleto manugctureanotheycompatibleEmbeddedoardControllet
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Figure 3. Proposedrchitectureof the controlanddataacquisitionsystem.

5. DESIGN OF THE EMBEDDED BOARD CONTROLLER

The nal designof the embeddedoardcontrolleris basedon the ETRAX MCM single chip computerandthe Altera
ACEX FPGA.Thesecomponentfiave beenchooserconsideringheir availability, priceandfeatures.

5.1.ETRAX MCM chip

ETRAX MCM is arelatively cheap(currently40 USD) single chip computerbasedon 32 bit 100 MIPS RISC CPU. It
providesmary peripheralsandconvenientextensibility possibilities:

10/100MBit Ethernetcontroller
32-bitexternalmemoryandperipherabsynchronoubus

4 asynchronouserialports

2 synchronouserialports

2 USB ports

2 Parallelports

4 ATA (IDE) ports

2 Narrow SCSlports(or 1 Wide)

2 MB of FLASH and8 MB of SDRAM memory

Supportfor additionalmemoriefSDRAM, Flash,EEPROM, SRAM, andothers)

The ETRAX chip may work underthe control of popularLinux OS. Many softwaretools (compilers,librariesand
others)for Linux are freely available, which makes implementingof necessarsoftware both easyand cheap. This
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Figure 4. Block diagramof the Controllerand Simulator(SIMCON) Boardwith the EmbeddedoardController(EBC).

systemalsooffersgoodnetworking capabilities.Finally, the OpenSourcestatusof Linux allows to avoid problemswith
nondocumentetugsandfeaturesof operatingsystem.

Block diagramof the SIMCON boardwith the EmbeddedoardController(EBC)is shavn in the Figure4.

6. NETWORK PROTOCOLS

The communicatiorbetweenthe managinghost and the embeddedoard controllersusesthe TCP/IP protocol. This
protocolis platform independentso it doesnt put ary limitations on the platform to be usedin the managinghost.
Additionally it is ef cient, reliableandwell tested.

Becausethe control and dataacquisitionnetwork is a private, well protectednetwork, it is possibleto usesimple
protocols. Particularly the RPC protocolwill be usedto provide communicatiorbetweenthe software runningon the
managinghostand programmsunning on embeddedoardcontrollers. However, if the network trafc shouldbe en-

cryptedfor bettersecurity it is possibleto implementthe cryptographicakenginewith the remainingresourcef the
FPGACchip.

6.1. Network thr oughput

The ETRAX chip offers100Mb/s Etherneinterface which effectively shouldbe ableto handle8MB/s datatransfer It's
lessthanthe VME throughpui(40 MB/s for 32-bit bus),howeverthe effective communicatiorspeedstill maybebetterin
thenewly proposedarchitecture.
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Figure 5. Systemarchitecturewith multiple boardsconnectedo singlenetwork.
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Figure 6. Systemarchitecturewith boardsdivided betweerseparataetworks.
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Figure 7. Systemarchitecturewith boardsservicedby separatenanaginghosts.



Figure 8. ThecommerciallyavailableETRAX developmenthoard,usedfor softwaredevelopmentandtesting.

For examplein thesetof 8 boardsconnectedo the singleVME bustheeffective throupghpufor asingleboardis only
5MB/s, for the samesetof boardsconnectedo the network switchwith GigabitUplink (for ca. 150USD)it is possible
to maintainthetroughputof 8MB/s for eachboard.

As it wasmentionedpreviously, it is possiblefurtherto improve the communicatiorperformancebecause higher
level protocolmaybeusedto communicatevith SIMCON boards.Insteadof directmanipulatingwith thebitsin boards
hardwareregisters,the managinghostcansendonly the commands'codesand parametersandthe commandswill be
performedby the boardcontrolleritself. An additionaladvantagds thatmary boardcontrollerscanwork in parallel.

7. FLEXIBILITY AND SCALABILITY OF THE SYSTEM

The proposedsolution offers easyrecon gurationof both the embeddedontroller rmw areandthe FPGA core. The
ETRAX chip allows for remoteupdateof its FLASH memorycontents.Additionally, it is possibleto testa new version
of the softwarewithout writing it to the FLASH memory(eg. from ramdiskor from NFS mountedremote lesystem).
The FPGAmaybecon guredwith the bitstreamstoredin the FLASH or recevedvia the network.

Use of the standardT CP/IP Ethernetnetwork allows to suit the systems architectureto the particularneeds. It is
possibleto connectmary boardsto the singlemanaginghost,if main priority is to keepcostsaslow aspossible(Figure
5). If the highestpriority is to provide the bestpossiblenetwork throughput,it is possibleto use multiple network
interfacesin a singlemanaginghost(Figure6). Finally, if themaingoalis to achieve the bestpossibleperformanceit is
possibleto usemoremanaginghostsservicinglimited numberof boardg(Figure7).



Figure 9. TheEmbeddedControllerBoard- top view.

Figure 10. The EmbeddedControllerBoard- bottomwiev. The standarizedonnectorwisiblein the picture.



8. THE SOFTWARE

Thesoftwarefor the EmbeddedBoardControllerincludesthededicatedievice driversfor the SIMCON boardshardware
andfor additionalhardwarecontrollersimplementedn the EBC's FPGA.

Next softwarelayeris a setof senersaccesiblewith the RPC protocol,which implementmore comple< algorithms
andcommunicatevith the client programmsunningon themanaginghost.

Both abore mentionedayerswill beimplementedn the C languageo make effective useof small resource®f the
ETRAX SCM.

The client software running on the managinghostmay be written in C++ andshouldprovide integrationwith the
DOOCSsystem.

The ETRAX chip offersalsoa HTTP sener, which canbe usedto provide a simpledeluggingandtestinginterface-
signi cantly improving thetestabilityof proposedtontrolanddataacquisitionsystem.

9. HARDWARE

For developmentandtestingof the software a commerciallyavailable ETRAX developmentboard(Axis 82) hasbeen
bought(Figure8).

The dedicatedembeddedtontrolerboardhasbeendesigned.The rst manufcturedprototypeis beeingdehugged
(Figures9, 10).

10. CONCLUSIONS

Theproposedarchitectureof the controlanddataacquisitionsystenoffersbetterperformance/cosatio thanthe standard
VME basedsolution. The systemmay be easily extentedand tested. The control and dataacquisitiontaskscan be

performedby controllersof multiple SIMCON boardsin parallel,resultingin overall performanceboost. The modular
structureof the systemassuresndependencen the obsolescencef currentlyavailablechips.
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