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Abstract

Thevisualizationof large scaledatasetsis still oneof the biggest
challengedn scientificvisualization.In thefield of web-basedisu-
alizationthe handlingof suchdatasetsraisesnew questions:How
to distributethevisualizationtaskontoclientandsener machines?
How to achieve interactive refreshrates? How to reducenetwork
load? How to adaptthe visualizationto the network bandwidth?
How to extendsingleuservisualizationapplicationsnto collabora-
tive visualizationtools?

In this paperwe presenta new approacHor web-basedisual-
izationusingimagestreamingechniquesA framavork enableshe
remotecontrol of an Openliventorapplication. Imagesgenerated
by ahigh-endvisualizationsenerarestreamedhroughthenetwork
to visualizationclientsusinga specialvideo-streamingodec.The
visualizationontheseneris controlledby CORBA (CommonOb-
ject RequesBroker Architecture)requestgyeneraten the client
machinesCORBA providesacces$o thevisualizationsenerfrom
alargevariety of clientarchitectures anissuewhich is especially
importantin the field of the heterogeneoug/orld Wide Weh We
presenta web-basedeleradiologysystemwhich is basedon the
proposedechniques.

1 Introduction and Related Work

The World Wide Web providesaccesgo a hugeamountof scien-
tific data. New algorithmsand applicationshave to be developed
in orderto visualizesuchdataon thelarge variety of clientsonthe
World Wide Weh Datasetsfrom typical scientificapplicationsare
growing fast. For exampledatavolumesfrom 3D medicalimaging
like CT areapproachingizesof 512° which amountgo morethan
100 million of voxel cells. Specialfeaturesof high-endgraphics
machinesretrying to handlesuchhugedatasetsby relocatingvi-
sualizatiortasksdirectly into hardware. For exampleexpensve in-
terpolationcalculationsaretakenoverby 3D texturemappinghard-
ware.

In the pastyearsseveral approachesor scientificvisualization
on the web wereinvestigated. One of the first progressie appli-
cationsfor volume visualizationwas presentecdy Lippert et. al
[9]. Their systemis basedon the local reconstructiorof wavelet-
compressedata,but sinceit worksin the Fourierdomainit is re-
strictedto X-ray likeimages.

Driven mainly by the gameindustry the costof 3D graphics
hardwarewith texture mappingsupportis continuouslydecreasing
over the pastfew years. This developmenthasinducedthat the
role of the client for distributed scientific visualizationhasbeen
emphasizeth recentwork.

Hendinintroduceda VRML-basedvolumevisualizatiorntool [7],
which usegshreestacksof perpendiculaslices. The VRML-plugin
is controlledby aJavaappletusingthe ExternalAuthoringInterface
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(EAI) [10]. We extendedthe approactof Hendinin [3]. We pre-

senteda web-basedmulti-uservisualizationtool for medicalvol-

umedatasetsvhich makesheary useof new renderingcapabilities
of client machines. Sinceit is completelywritten in Java, it can
be executedon a standardveb-bravser The Virtual Reality Mod-

eling Language(VRML) [5, 2] is usedto visualize medicalvol-

umedatasetsisingtexture mapping,which enableghe useof fast
3D graphicsacceleratiorhardware of client systems- especially
bilinear filtering using texture mappinghardware. We introduced
techniquedor fastvolume clipping, collaboratve work and data
sizereduction. However the applicationrequiresvolume datato

betransferredo all clientsparticipatingin a visualizationsession.
Besidedhevisualizationquality is limited dueto thebilinearinter-

polationof thevolumedata.

Ma andPattenintroducedawebbasedsolumevisualizationsys-
tem calledDiVision, which allows the userto explore remotevol-
umetricdatasetsisinga web browser[11]. The systemcomputes
imageson a visualizationsener, which aretransferredo theclient
andinsertedinto a graph. The graphrepresentshe relationshipof
all imageswhich the userhasrenderedso far. The edgesof the
graphshav the changeof renderingparameterdetweentwo im-
ages.

Despiteof the factthatthe gapin computationpower between
high-endworkstationsaandlow-endclientshecamesmallerover the
pastyears high-endsenerswill probablyalwayshave specialfea-
turesthatwill enablethemto visualizelarge scaledatasetsfaster
andwith betterimagequality thanstandardPCs.

In orderto make thosecapabilitiesavailableto a large variety
of clients on the World Wide Web we proposethe streamingof
imagesgeneratethy ahigh-endvisualizatiorsener, throughanet-
work connectiorto clientsonly usedasdisplayandcontroldevices.
Visualizationparameterge.g. viewpoint, mappingparametersjan
be controlledon the clients side and are sentto the visualization
senerusingCORBA methodinvocations.Theuseof CORBA war
rantsaccesso thevisualizationsenerfrom alargevariety of client
applicationsthusenablingto beplatform-independerintheclient
side. We developeda frameawork, thatallows to adaptan Openin-
ventorapplicationfor remotecontrol. developeddirectvolumevi-
sualizatiorapplicatiorwhich make heary useof special3D texture
mappinghardwareof a high-endgraphicamachinevasadaptedis-
ing our framework [12].

Our framework allows the sharingof expensve hardwarein lo-
cal areaandwide areanetworks. Additionally the framework pro-
videsnew possibilitiesfor collaboratve work anddistanceeduca-
tion. Multiple usersat differentlocationscanjoin a visualization
sessiomrandwork on a large scaledatasetwhich is renderedon a
high-endgraphicssener. On the client sideonly a standardPCis
neededo join thesession.

In thefollowing sectiorwe will describehegenerahrchitecture
of our framevork. Theimage-streamingodecis outlinedin Sec-
tion 3. Section4 explainsthe exemplaryteleradiologysystemwe
built usingthe proposedechniquesResultsaregivenin section5.
Wewill concludethe papemwith someremarkson futureactbities.
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Figurel: Framevork Architecture

2 General Architecture

In orderto achieve interactive refreshratesthe useof 3D hardware
acceleratioris essential.OpenGLis the graphicsapplicationpro-
gramminginterface (API) for developing portable,interactve 2D
and3D graphicsapplicationsHowever, it is alow-level APl which
doesnot provide extendedfeaturesfor the navigationin 3D scenes
andthe manipulationof 3D objects.Openlventoris anobjectori-
entedgraphicstoolkit built on top of OpenGL,which hasbecome
a de-factostandardor interactve modeling,renderingandmanip-
ulation of 3D sceneg14]. It providesa scenegraphprogramming
interfacewith a wide variety of 3D manipulationcapabilities.One
of themostimportantaspect®f Openliventoris theability to pro-
gramnew objectsasextensiongo thetoolkit. OpenGLextensions
which provide accesso speciahardwarefeaturescanbe usedfrom
within thesenew objects.

We useOpenliventorto renderimagesnto the pbuffer, aspecial
protectedgraphicsmemoryblock which allows hardware acceler
ated off-screenrendering. Imagesare read from this buffer into
mainmemory encodediransferredo the client, decodedanddis-
played(Fig. 1).

A frameavork which enablesary Openliventorapplicationto be
remotelycontrolledwasdeveloped. The streamingof imagesand
the remotecontrol of the sener applicationarestrictly decoupled.
They arerealizedusingtwo differentnetwork connectionsthusen-
ablingthereplacemenof theimage-transfemoduleby othermore
sophisticatedtreamingnodules.Our framevork allows thedesign
of collaboratve visualizationapplicationsasoutlinedin Fig. 2.

The client applicationis ableto remotelycontrolthe sener ap-
plication by invoking differentremotemethodsof a sener object.
CORBA letsyouinvoke methodsonthe sener usingthe high-level
languagef choice, sotheclientapplicationcanbeimplementeds
a stand-alon-applicationor asa Java applet. The client hasto
provide a drawing areawith mouseeventhandlingcapabilitiesfor
thedisplayof thestreamedmages.

OnthesenersideOpenliventorprovides3-dimensionamanip-
ulator widgetswhich are integratedinto the visualizationof the
data.Transformationsglipping planepositioningetc. areremotely
influencedby picking anddraggingmanipulatothandlesTheposi-
tion andtype of mouse-gentsgeneratean a client aresentto the
visualizationsener using CORBA requests.Thenthey aretrans-
lated into Openliventor eventsand handledby the Openlventor
application.Otherapplicationspecificvisualizationparametersre
manipulatedisingthegraphicaluserinterfaceof theclientapplica-
tion andaresentto the sener usinga specialrequestmethod.

3 Image-Streaming

While our setupwould allow the transmissionof generatedm-
ageshy the off-screenrendererin an uncompressedaw for-
mat, we further extend the transmissiorof imagesby an image-
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Figure2: Collaboratve work usingour framework. Visualization
parametershangedy oneuseraresendto the sener andapplied
to thevisualization.Newly createdmagesareencodedsentto the
clients,decodedcanddisplayed.

streamingcodec. This codec has beenintegratedin coopera-
tion with the Telecommunicationgnstitute of the University of
Erlangen-Nurembgr

We shortly presentheir transmissiorschemeor Internetvideo
streamingthat provides an acceptablevideo quality over a wide
rangeof connectiorgualities.

Imagesgeneratedby the sener visualizationapplicationareen-
codedon-the-flyby an encodemmoduleand sentthroughthe net-
work usinga UDP soclet connection. On the client side the re-
ceived datais decodedand extractedimagesare copiedinto the
frame buffer. In orderto male efficient use of the available re-
sourcesa schemdik e this mustassumestableandin a multicast
scenarioidentical channelconditionsfor all recevers, aswell as
identicalresourcego performthe channeland video decodingof
the receved paclets. Unfortunately all theseassumptionslo not
hold for the Internet: Channelconditionsare both time- anduser
dependentandusershave differentnetwork accessand computa-
tional resourcesThereforescalablevideo schemesvere proposed
which producebitstreamslecodeablat differentbit rates,requir
ing differentcomputationapower.

The Internetvideo transmissionschemeusedin this paperis
basedon spatio-temporatesolution pyramids, first proposedby
Uz and Vetterli in 1991[15, 13]. The ideais shawn in Fig. 3
for a two-layer spatio-temporapyramid. The original video sig-
nalis decomposeihto a low quality anda high quality layer The
QCIF baselayerhashalf of the temporalresolutionof the CIF en-
hancementayer Thebaselayeris transmittecby a fully standard
compatibleH.263 coder The enhancemeniayeris encodediy a
motion compensatetybrid coderwherethe usualDCT (Discrete
CosinusTransform)hasbeenreplacedby lattice vector quantiza-
tion to give animproved codingefficiengy. Within the low quality
layer the original signalis representeét a quarterof its original
spatialresolution,andat half of its temporalresolution. The low
quality layer canbe encodedat a lower bit-rate sinceit contains
fewer sampleghanthe original sequence Neverthelesghe over-
all amountof samplego encodebothlayersis increasedy 12.5%
in this example. The adwantageof this overcompleterepresenta-
tion are,thatdonnsamplingandinterpolationfilters canbe chosen
freely andthat motion-compensationan be easilyincludedwith-
out suffering from the drift problemin caseswvhereonly the lower
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Figure 3: The Group Of Pictures(GOP) structureof the scalable
coder It containsa baselayer at CIF resolution(352x288pix-
els)complementethy a 4CIF (704x576pixels)enhancemerayer
This GOPcomprise®ightframesj.e., in eachlayeranintra-frame
is transmittedevery 8th or 4th frame. Spatialandtemporalredun-
danciesareexploitedby applyingspatialand/otemporaprediction
asdenotedy verticalandhorizontalarrovs.

resolutionlayercanbe decoded.

The proposedschemes especiallyusefulfor Internetmulticast
applicationswheredifferentusersare subjectto differentchannel
qualities. It allows the encodingof imagesstreamwith two lay-
ersat CIF and QCIF resolutionat 5 framesper secondon a fast
workstationin software. This framerateis suficient for applica-
tions wherethe rendersener is even locally not ableto produce
high framerates. Higher CPU power will allow to achieve better
frameratesin thefuture. A computatiorpower of a standardPCis
neededo decodeheimagestream. A moredetaileddescriptiorof
this approactcanbefoundin [4, 8].

4 A Web-based Teleradiology System

In this sectionwe will describeéheweb-basedeleradiologysystem
(Fig. 4) that we built usingthe proposedramenork. Teleradiol-
ogy systemsaim to reducedistancedor the medicalcommunity
by providing mechanisméor the distribution of medicaldataover
network connectionsindenablingcollaboratve work. The World

Wide Web hasestablishedtself asthe communicatiorchannelfor

communitiesall over the world in the pastfew years. The useof

telemedicahpplicationdmprovesmedicalcareby

¢ allowing expertsfrom all over theworld to participatein the
discussiorof diagnoses.

e exchanginginformation with other treating physiciansfor
joint therapy planning.

o sharingexpensve hardwareandexperts.
e giving accesgo referencelatabases.
e enablingcooperatiorwith otherresearchers.

o providing possibilitiesfor distanceeducationand advanced
training.

We developeda web-basedeleradiologysystemfor computer
tomography(CT) data, magneticresonanceémaging (MRI) data
and positron emissiontomography(PET) datausing 3D texture
mapping. Recently the useof 3D texture mappinghardware has
becomea powerful visualizationoption for direct volumerender
ing [1]. Therectilinearvolumedatais first cornvertedto a 3D tex-
ture. Then,anumberof planesperpendiculato theviewers'’line of

Figure 4: Visualizinga CT scanusing the teleradiologysystem.
Two clipping planesareusedto shav theinsideof the head.Note
the manipulatothandlesvhich areintegratedinto the visualization
(smallcubesandspheres).

Figure5: Volumerenderingoy 3D textureslicing.

sightareclippedagainsthevolumeboundingbox. Thetextureco-

ordinatesn parametricbjectspaceareassignedo eachvertex of

the clippedpolygons. During rasterizatiorthe slice thatis cut out

of the 3D texture accordingto the texture coordinatess mapped
ontothegeneratedragmentsTheresultingpolygonsareprojected
ontotheimageplaneusingadequatdlendingoperationto realize
back-to-frontor front-to-backcompositing(seeFigure5). Since
this processs supportedy specializedyraphicshardwarethetime

it consumeslecreasesonsiderablycomparedo a softwareimple-

mentation.Thus,interactve frameratescanbeachieved.

Texture mappingbasedvolumerenderinghasbeencompletely
integratedinto the Openlwventorframework in orderto obtainthe
whole flexibility and functionality offered by the toolkit. By in-
troducinga new classthe volumerenderelis representedsa sep-
arateobjectwithin the hierarchicalstructureof the scenegraph.
This allows corvenientapplicationof built-in manipulators sen-
sors, editors and other predefinedclasses methodsand features
(light sources,anti-aliasing,stereomode, perspectie/orthogonal
projection fly, walk, trackball)[6].

The applicationenablesthe remotevisualizationof radiologic
patientdatafor multiple users.Theusersareableto sharetheview
ontothe visualizationof the patientdataby synchronizingvisual-
ization parametersA marker canbe placedinto the visualization
to point to a region of interest. Images,createdon-the-fly by a
high-endvisualizationsener, arestreamedhroughthe network to
thin clients participatingin a visualizationsession. High quality
andfastgeneratiorof imagesareguaranteedy the useof special
3D-texturemappinghardwareof a high-endsener machine.



Figure6: TheJava clientapplicationrunningin aweb-bravser

local rawl0 | raw100 codec
128x128x64 6.6 | 0.9/86% | 3.5/47% | 2.8/58%
256x256x99 3.5 | 0.9/74% | 2.4/31% | 2.1/40%
512x512x106| 0.9 | 0.5/44% | 0.8/11% | 0.8/11%

Tablel: Performancef the application(framesper second)or a
small, mediumand large dataset. A typical sequencef images
generatediuring a visualizationsessiorwas encodedo calculate
theaverageframerate. The seconchumberdenoteghe percentage
of thetransfertime (includingencodinganddecodingyespectrely
to the overalltime for displayingoneframe.

We developeda native client X-Windows applicationusingthe
C++ programminglanguageand a Java applet. The Java applet
is currentlyonly ableto receve uncompresseinagedatabut en-
ablesaccesdo the capabilitiesof thevolumevisualizationapplica-
tion from a large variety of clientsusing a standardveb-bravser
(Fig. 6). Pull-dovn menusdialogsandotherfeaturesof the stand-
alone volume visualizationapplicationwherereproducedon the
client side. The directinteractionwith the volumeis doneasusu-
ally by draggingmanipulatohandlesvhich areintegratedinto the
visualizationof thevolumedata.

5 Results

In this sectionwe shaw resultsfor the proposedechniquesndthe
exemplaryteleradiologysystem. On the sener sideall testswere
run on a SGI OctaneMXE equippedwith two 250 MHz R10000
processorand 1024 MB main memory A SGI O2 workstation
with 195 MHz R10000processoand128 MB main memorywas
servingasthe client system. Both machineswerelinked via a 10
MBIt anda 100MBit Ethernemnetwork connection.

First we analyzethe frame ratesfor differentimagestransfer
methodsover a 10 and 100MBit Ethernetconnectionfor a small,
mediumand large dataset. Method local refersto local compu-

rotation | translation
raw 1188.6 1188.6
GZIP 63.7 63.6
codec/lov 6.1 5.2
codec/medium 12.7 10.6
codec/high 16.1 14.9

Table2: Averageimagesize(Kbytes)for differentencodingmeth-
ods.A sequencef 40imagesvasencodedvhile performingavol-
umerotationandavolumetranslatiorparallelto theimageplane.

tation and display of the image sequence. Methodsraw10 and
rawl00referto the raw transmission®f imagedatain rgb format
over a 10 and 100 MBIt connectionwhereasmethodcodecrefer
to theimagetransmissiorusingthe streamingcodec. Theimages
whererenderedat4CIFresolution(704x576pixels)andtransferred
in full resolutionin methodraw10andraw100 In methodcodec
theimageswhereencodedisingtwo layersat CIF (352x288)and
QCIF (176x144)resolutions. A frameat full resolutionis trans-
ferredwhenthemanipulatiorof thevolumeends.Thisschemevas
chooserbecausave couldnot achieve satisfiyingencodingratesat
4CIF resolution.A network bandwidthof 10 MBit is far sufficient
for thetransferof theimagestream Nearlythe samerameratecan
beachievedfor network connectionsvith muchsmallerbandwidth.

Table 1 shaws, that for the 100 MBit network connectionthe
bestframerateswhereachiezed usingthe raw transmissiorof im-
agedata. This is dueto the fact that the encodingand decoding
of imageswas the limiting factorin this scenario- not the net-
work bandwidth.Thelocal computatiorshavs only asmallperfor
manceadwantagefor large datasetsbecausenostof the time was
spendor therenderingof thevolumedata.Usingthe 10 MBit net-
work connectiorthe network bandwidthbecomeshe limiting fac-
tor andhigherframeratescanbe achieved usingtheimagestream-
ing codec.

Table2 compareshe averagemagesizeusingthedifferentpro-
posedcompressioechniquedor two typical manipulationsf the
volume.Methodraw refersto theuncompresseencodingof image
data.Theimagessizewas704x 576in RGB formatwhich results
in araw imagesizeof 1 216512 bytes.MethodGZIP refersto the
encodingof singleframesusingthe GZIP compressionThe meth-
odscodec/low codec/mediurandcodec/higtreferto theproposed
codeccompressiomisingalow, mediumandhigh bit rate.

Olviously, concerningthe avarageimage size method codec
with all bit rate settingsis aheadof all other methodsdueto the
interdependergncodingof theimagesandthe lossycompression.
This encodingnethodinvolvesa reductionof imagequality which
maynotbeacceptabléo medicalapplications Howeverit is possi-
ble to accepthelossof imagequality whenmanipulatingthe vol-
ume and senda completeframe with full quality as soonasthe
manipulationis stopped.Due to the useof motionvectorsfor the
encodingof imagesthe codecperformsbetterfor thetranslationof
the volumeparallelto the imageplanethanfor the rotationof the
volume.

MethodGZIP reachegioodcompressiomatesandis especially
interestingusinga platform-independerdlient. Javais ableto de-
codeGZIP streamdlirectlythroughasoclet connectiorusingbuilt-
in native codevery effectively.

Method raw requiresa very high network bandwidth,usually
only availablein local areanetworks. Dueto the omitting of a en-
coderand decodermoduleon the sener and the client side this
methodis interestingfor resourcesharingin a local areanetwork
when a high bandwidthis available and bestimage quality and
framerateshouldbe achieved.



6 Conclusions and Future Work

We have presentedn image-streamindramework for the remote
visualizationof large scaledatasets. The framevork is integrated
into Openliventor Visualizationparameter®f imagesproduced
by a high endvisualizationsener arecontrolledusingCORBA re-
questgyeneratean clientmachines.

The introducedtechniquesvere demonstratedby a prototypic
web-basedeleradiologysystemwhich makesheary useof special
3D texture mappinghardware. Thereare a numberof otherim-
portantrequirementgor sucha system. In this paperwe mainly
focusedon the high-qualityvisualizationandimagetransfercodec.
Securityissuesandpatientdatabasaccessssuesverenotcovered.

The introducedapplicationis work in progress.Only the basic
functionality of the powerful stand-alonerolumevisualizationap-
plicationhasbeenmadeavailablefor remotecontrol. In the future
we aregoingto extendthe applicationto provide the whole func-
tionality of thestand-alon@pplicationn theweb-basedpplication
andextendthe multi-userabilities. The multi-usercapabilitieswe
proposedarecurrentlynotimplemented.

Currentlyonly the natively implementectlient applicationsup-
portscompresseimage-streamingnechanismsWe are currently
investigatinghe possibilitiesof usingcompressiomethodswvhich
Javaprovides(ZIP andGZIP compressionandimplementingade-
coderfor theproposedstreamingcodec.

Anotherareafor possiblefuture work involvesthe development
of specializedmage-streamingodecdor on-the-flycomputerren-
deredimages. The presentedcodecis basedon the needsof in-
ternetvideo transmissionwhich hasdifferentcharacteristicshan
renderedmagesequenceslt involvesquality losswhich may not
beacceptabléor medicalapplications.
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