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Abstract

For theLHD projecta long-pulse plasmaexperimentof one-hourdurationis planned. In
this quasisteady-state operation,the dataacquisition systemwill be requiredto continu-
ouslytransferthediagnosticdatafrom thedigitizer front-endanddisplaythemin real-time.
TheCompactPCIstandardis usedto replacetheconventionalCAMAC digitizersin LHD,
becauseit providesgoodfunctionality for real-timedatastreamingandalsoa connectivity
with modernPCtechnology. Thedigitizerscheme,interfaceto thehostcomputer, adoption
of datacompression,anddownstreamapplicationsare discussedin detail to designand
implementthisnew real-timedatastreamingsystemfor LHD plasmadiagnostics.
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1 Introduction

In thefield of fusiontechnologyresearch,someworksonreal-timedataacquisition
have beenreportedespeciallyfrom largeor steady-statetokamakdevices[1,2]. In
tokamaks,it is very importantto detectthe plasmadisruptionsand to study the
mechanismof this transitionphenomenonby analyzingthecorrespondingsignals
aroundthem[3,4]. Suchkind of systembehavior is oftencalledevent-drivendata
acquisition[5,6]. Eventhoughtherecentenormousprogressin semiconductortech-
nologies,suchascomputermemoriesor CCD arraysensors,stronglypromotesan
increasein raw data,its sporadicoperationwill effectively help to reducethedata
size.

As theplasmaitselfhascharacteristicfluctuationfrequencies,plasmadiagnosticsin
fusionexperimentsgenerallyrequirea definitesamplingrate.For instance,plasma
�
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magneto-hydro-dynamic(MHD) oscillationscanbeoftenobservedin thefew kHz–
MHz range.Theseratesareusuallymuchhigherthanthetypical plantcontrolling
or monitoring intervals of Hz–kHz. The VMEbus systemrunningon a real-time
OSis verypopularin factoryautomation(FA), however, its dataacquisitionrateis
insufficient for theplasmaphysicsmeasurements[7].

Conventionaldataacquisitionsystemsare usually called batch-processingones,
andthey have oftenappliedthe CAMAC digitizersin short-pulseplasmaexperi-
ments[8]. At the endof the post-processingproceduresaftereachdischarge, the
dataacquisition,storage,andvisualizationareexecutedsequentiallyfor datapro-
ducedwithin the digitizers. In long-pulseexperimentswhosedurationareup to
one-hour, however, sucha post-processingmechanismwill be ineffective because
any diagnosticdatacannotbe seenthroughoutthe duration.Therefore,real-time
dataacquisitionandsimultaneousvisualizationwill be indispensablefor thelong-
pulseexperiments.

On the otherhand,the recentgrowth in information technologyhasenabledthe
non-stopgeneration,transferandrestoreof high-bandwidthdatawithin a definite
delay. It is known as datastreamingtechnology. The future plan for the newest
fusiondevicesusingthesuperconductingmagnets,suchasLHD andWenderstein
7-X [9], is to holdthequasisteady-stateplasmafor morethantenminutes.In these
circumstances,thedataacquisitionsystemalsohasto runin real-timesothatit can
displaythetransientbehavior in accordancewith theplasmadischargein progress.
Thustheacquisitionof streameddatawill berequiredquitesoon.

2 Design Requirements

In general,theMHD fluctuationdiagnosticswill requestthe maximumA/D con-
vertorspecificationtoward thenew digitizersystem.For instance,at least500kHz
samplingrate is requiredfor the LHD electroncyclotron emissionmeasurement
even if the plasmadurationbecomeslonger. Nowadays,for the 2- or 3- dimen-
sionalspatialdistribution measurements,averagediagnosticsoftenhave over 100
digitizerchannels.As aresult,thenecessaryconditionfor anew digitizer front-end
(DFE) is that it shouldhave 100channelADCs with a samplingrateof 500kHz
in onechassis.It meansthateachDFE will producea continuous100MB/s data
stream.

The basicspecificationfor oneDFE chassiscanbe summarizedasfollows. The
ADC resolutionis assumedto be12–16bits, thatis, 2 byte/sample.

(1) Datatransferrateshouldbeabove100MB/s in non-stopcontinuousoperation.
(2) Oneshouldcontainabout100digitizerchannels.
(3) Linkagebetweenthe DFE andthe hostcomputershouldbe electricallyiso-
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latedandthedistance(about500m) extendableby usingtheopticalfibers.
(4) High connectivity with thePC/EWShostcomputeris required.

AlthoughtheCAMAC standardhasbeenappliedasa substantialdigitizer system
in aconventionalplasmaexperiment,it hasnofunctionalityfor real-timedatatrans-
fer andeven its maximumbandwidthof 3 MB/s is quite insufficient now. Among
presentPC andEWS technologies,the PCI bus is conceived to be the mostsub-
stantialstandardbusthatcansatisfythe100MB/s bandwidthrequirement.

As thePCIbushasbeendesignedjustfor thePCextensionslot,it hasnowidefront-
panel to implementmultiple coaxial connectorsfor analoguesignal inputs, and
neitherdoesit havethecapabilityof electricalinsulationfromPCmainbodywhich
containsmany noisesources.It alsohasalogical limitation of themaximum8 slots
or devices in one PCI bus. The CompactPCIstandarddesignedfor the modular
front-endwould resolve suchrestrictions,with keepingthe PCI compatibility. A
detaileddiscussionof its suitablenessis givenin thefollowing section.

3 Scheme for Digitizer Front-end

TheDFE designstructurecanbearrangedprimarily into oneof two categories.In
one,thewholeDFEchassisis madeto beacomputerlike VMEbussystem,andact
autonomouslyto provide somefunctionality throughthe computernetworksuch
astheEthernet.The otherway is to maketheDFE to bea computer’s peripheral
device,whoseexamplesaretheCAMAC andSCSIdevices.It is connectedlocally
to thecomputer’s peripheralinterfaceandbecomesfunctionalunderthecontrolof
thehostcomputer. Theformer hasthedisadvantagethatthesoftwaredevelopment
costof boththeDFE client andserver sideswould bedoubled,thoughit simulta-
neouslyhasa wide flexibility to beableto modify theDFE behavior on software
which governsthe CPU or I/O modules.Also usingthe network communication
will beanothershortcomingbecauseit resultsin higheroverheadsandhigherCPU
loadin comparisonwith generalI/O datatransfer. As a peripheraldevice, theDFE
behavesmoremechanicallyandthe hostcomputerhasonly to prepareits device
drivercode.

From anotherviewpoint, the computer-type DFE would have a tendency to be-
comeobsoleteas computertechnologyprogresses.It is very significant,on the
other hand,that the device-typeDFE can survive longerbecauseit is just con-
nectedthroughsomestandardI/F to the host computersand thuscanbe almost
independentfromthem.TheCAMAC equipment,whichwaslaunchedin 1970and
hassurviveduntil now, is agoodexampleof thelatter-typeperipheraldevice.

For thedesignof thenew DFEscheme,therefore,it is preferablethattheDFEsys-
temshouldbea peripheraldevice. BecausetheLHD diagnosticshave to continue
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usinga numberof DFE systemsduring aboutten years,the longer lifetime and
smallerburdenof softwaremaintenancearequitesignificant.

4 Data Transferring Interface

To examinetheoptimallink mediabetweentheperipheralDFE andthehostcom-
puter, in Table1 we enumeratepossiblecandidatesthatarepresentlypopular, reli-
able,or capableof 100MB/s datatransfer.

In additionto the100MB/s bandwidthandtheperipheraldevicestructure,another
essentialconditionis thedistantexpansionandtheelectricisolationby usingopti-
cal fibers.Takingaccountof theeasinessto obtaincommercialproducts,only the
SCSIopticaltransceiversor theFibreChannelareavailableat thepresenttime.The
SCSIinterface,however, wasnot originally designedfor distanttransfer, andthe
extensionbecomesmoredifficult at higherratesof Ultra2Wide (80 MB/s) or Ul-
tra160(160 MB/s). We finally discoveredthat the FibreChannelstandardhasthe
uniquepossibilityof providing thecapabilityof 100MB/s datatransfer. Evenit will
be insufficient for our maximumstreamof non-stop100MB/s, whenconsidering
thesystemoverheads.

Now considerthat oneCompactPCIsubrackshouldcontains100 digitizer chan-
nels.Becausethe CompactPCIgeometryhasthe samesizeasthe Eurocardstan-
dard3U or 6U, it canimplementatmost6–8connectorspermoduledueto thefront
panelsize.Anotherlimitation is themaximum8 devicesin onePCI bus.Popular
commercialCompactPCIchassisareusually equippedwith (8-1)*2=14 slots by
usinga PCI-to-PCI bridgein its backplane.In thesecases,therecanbemaximum
8*14=112channelsin two PCI busesandtheir dataproductionratewill be 112
MB/s. Soit is realisticenoughto transfera100MB/s datastreamfrom these2 PCI
busesif we applyoneFibreChannelI/F to eachof them.Fig.1 shows a schematic
view of thisCompactPCIDFE system.

For the popular32-bit PCI bus that has132MB/s bandwidth,it is very severeto
carryouta100MB/s continuousdatatransfer, with consideringtheI/O overheads.
Thus,weneedto adoptthe64-bitPCIbusthatis usuallyappliedin GigabitEthernet
andFibreChannelI/F cards.The66MHz 64-bitPCIbuswith 528MB/s bandwidth
wouldbepreferable,however, it hasmorerestrictionsespeciallyfor theCompact-
PCIsystembuscontroller.
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5 Compression Method

Usingdatacompression,it mightbepossibleto reducethedatatraffic for realizing
a high-performancedatastreamingsystem.We canenvisagesomeoptionswhere
the compressionanddecompressionmethodcanbe introducedasfollows. In the
following discussion,all thecompressionmethodsareassumedto maintaincom-
pletedatareversibility, thatis, to bea loss-lessmethod.

Hardware compression just after ADC. Pre-programmedDSPor custom-made
compressionchipswill bedirectlywiredto AD converteroutputsoneverymod-
ule or channel.It canavoid consumingthe CPU resourceandalsoreducesthe
bustraffic on theCompactPCIbackplane.For furtherflexibility , introducingthe
CPUmight bepossibleinsteadof theDSP, however, theestimationof thepro-
cessingtime-stepswill beindispensable.

I/O stream or packet compression is a similar methodthat is oftenusedin PPP
packetcommunicationfor dial-upremoteaccess.At bothendsof theDFE bus
controllerandthe host computer, packetcompressionanddecompressionwill
beautomaticallydone.It canbeimplementedin eitherthehardware or software
processing.In theformercase,acustom-madecompression/decompressionchip
canbemadeandinstalledon I/F cards,andin thelattercasethehost’s andDFE
controller’s CPUcanbeappliedto thedatacalculations.Thelatterneedsamore
rigid examinationof theprocessingspeedandmemoryconsumption.

No compression for data streaming is evenapossiblechoice.Thesoftwarecom-
pression/decompressionmethodwill resultin aheavy calculationload.Thehard-
warecompression,on the otherhand,cannotachieve a goodcompressionrate
underthelimited calculationtime.

Compression just before archiving into storage. The compressionmethodwill
be introducedonly for reducingthe occupationsize in datastorage.It alsore-
quiresa fastenoughspeedto follow thestreamingdataratefrom theDFE, but
thetechnicalflexibility mightbewider in its implementation.A definiteestima-
tion of theworkingmemoryandthecalculationspeedwill benecessary.

The compressionmethodmight improve theeffective datatransferrate,however,
thedoublepre-/post-processingbefore/afterdatatransferwouldcausea tooheavy
calculationoverheadon thetotal throughput.Thedevelopmentburdenof both-end
softwarewould alsobe double,and that meansa lessflexible systemfor future
modifications.As apreliminary conclusionof theabovediscussion,it hasbeende-
cidednot to adoptany compressionmethodin thenew real-timestreamingsystem
exceptfor dataarchiving.
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6 Downstream Applications

Thestreamingdatatransferredfrom theDFE to thehostcomputershouldbepro-
cessedby thesetwo mechanisms:

(1) Display:not thetimeevolutionalwaveformsof raw databut thetimeslicesof
highly transformedspatialprofilesetc.

(2) Storage:preferablewith somedatareductionor compressionespeciallyfor
themassive-sizedstoragesystem.

The performancecomparisonamongsomestoragemediasis listed in Table2. It
clearlyshows thatonly themagnetichard-disk(HDD) couldeasilyreachthe100
MB/s effective transferrateby adoptingtheRAID (redundantarrayof integrated
disks)formation.Othermedialike magnetictapes(MT) or magneto-opticaldisks
(MO) cannotachieve the demandedI/O rate even thoughthey apply both array
formationanda datacompression.

Visualizationof thereal-timedatastreamwill bemorecomplicated.Althoughthe
original samplingrateis 500 kHz, it is meaninglessfor humanrecognitionto x-t
plot suchahigh-frequency raw waveformin real-time.Whatgivesgoodawareness
is thereal-timedisplayof slowerplasmabehavior, whichwill bedrawn from highly
analyzedandreconstructeddimensionalprofilesor shapes.To fix a typicalaim for
thereal-timedisplayof thestreameddata,thetime evolutionalpicturesshouldbe
refreshednearthevideoframerateof 30Hz. Thetimemargin for thedatatransfer
andthepicturereconstructionwill belimited within eachframeinterval of 33 ms.

The real-timedisplayfor eachdiagnosticsareexpectedto bequitedifferentfrom
oneanother, andtheircalculationroutinesalsohaveagreatvariety. Theimplemen-
tationdesignof thereal-timevisualization,therefore,hasto settlea displayimage
by studyingthe every diagnosticsituation.Moreover, thecalculationroutinepro-
vided by the diagnosticianin charge mustbe surveyed for its speed,becauseits
elapsedtimewill closelydependon thedatatypes.

7 Summary

In thisstudy, theCompactPCIstandardhasbeenselectedfor replacingtheconven-
tional CAMAC or VMEbus front-end.This is becausethe CompactPCIhaslog-
ically and electrically the samespecificationas the PCI bus that is the de facto
standardPC extensionbus, and its 132 or 264 MB/s bandwidthis fast enough
for real-timemassive datatransferring. The investigationfor a new designof the
CompactPCIdigitizer systemhasprovedthat it hasthecapabilityto composethe
streamingdigitizerfront-end.TheCompactPCIDFEwill beoperatedasausualPC
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peripheraldevice or anextensionpartof thePCmainbody’sPCIbus.
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Table1
Possible device interfaces:Thesemight possibly connecttheDFE andthehostcomputer.
IEEE1394is thestandardspecificationof opticallinkage,however, nocommercialproducts
have yetbeenfound(Jul.2000).

I/F transfer rate revisedrate opticalfiber

SCSI 8, 16bit sync. 5 MB/s (1) 10 ... 160MB/s (Ultra160)
�

USB serial 12Mbps(1.1) 240Mbps(2.0) �
IEEE1394 serial 100... 400Mbps � 400... 1600Mbps(b) �
FibreChannel serial 100MB/s (half) 200MB/s (full)

�

PCI-to-PCIbridge 32,64bit sync. 132MB/s 264,528MB/s �

Table2
Comparisonof modernstoragedrives:As HDD can take the RAID formation,MT and
DVD-RAM library alsohave a similar array calledRAIT or RAIL. Capacityvaluesare
non-compression ones.

type spec. capacity mediarate remarks

HDD Ultra160SCSI 73GB 49MB/s (SeagateCheetahX15/73)

MT DTF2 200GB 24MB/s (Sony DTF2GY8240)

MT DLT8000 40GB 6 MB/s

MO 8x 5.2GB 4.6/2.3MB/s Read/Write

DVD DVD-RAM2.0 9.4GB 2.76MB/s (double-side)
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Fig. 1. Schematicview of theCompactPCIDFE system:At leastoneslotwill beoccupied
by the systembus controller board.For the hostcomputerFibreChannelI/F, 64-bit PCI
cardsandtheir slotsarealsorequiredto avoid datastreamingbottlenecks.
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