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Abstract

Thevisualizationof largescaledatasetsis still oneof thebiggest
challengesin scientificvisualization.In thefieldof web-basedvisu-
alizationthehandlingof suchdatasetsraisesnew questions:How
to distributethevisualizationtaskontoclientandservermachines?
How to achieve interactive refreshrates?How to reducenetwork
load? How to adaptthe visualizationto the network bandwidth?
How to extendsingleuservisualizationapplicationsinto collabora-
tivevisualizationtools?

In this paperwe presenta new approachfor web-basedvisual-
izationusingimagestreamingtechniques.A framework enablesthe
remotecontrol of an OpenInventorapplication. Imagesgenerated
by ahigh-endvisualizationserverarestreamedthroughthenetwork
to visualizationclientsusinga specialvideo-streamingcodec.The
visualizationon theserver is controlledby CORBA (CommonOb-
ject RequestBroker Architecture)requestsgeneratedon theclient
machines.CORBA providesaccessto thevisualizationserver from
a largevarietyof client architectures- an issuewhich is especially
importantin the field of the heterogeneousWorld Wide Web. We
presenta web-basedteleradiologysystemwhich is basedon the
proposedtechniques.

1 Introduction and Related Work

The World Wide Webprovidesaccessto a hugeamountof scien-
tific data. New algorithmsandapplicationshave to be developed
in orderto visualizesuchdataon thelargevarietyof clientson the
World Wide Web. Datasetsfrom typical scientificapplicationsare
growing fast.For exampledatavolumesfrom 3D medicalimaging
likeCT areapproachingsizesof 512
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whichamountsto morethan
100 million of voxel cells. Specialfeaturesof high-endgraphics
machinesaretrying to handlesuchhugedatasetsby relocatingvi-
sualizationtasksdirectly into hardware.For exampleexpensive in-
terpolationcalculationsaretakenoverby 3D texturemappinghard-
ware.

In the pastyearsseveral approachesfor scientificvisualization
on the web were investigated.Oneof the first progressive appli-
cationsfor volumevisualizationwas presentedby Lippert et. al
[9]. Their systemis basedon the local reconstructionof wavelet-
compresseddata,but sinceit works in theFourierdomainit is re-
strictedto X-ray like images.

Driven mainly by the gameindustry, the cost of 3D graphics
hardwarewith texturemappingsupportis continuouslydecreasing
over the past few years. This developmenthasinducedthat the
role of the client for distributed scientific visualizationhasbeen
emphasizedin recentwork.

HendinintroducedaVRML-basedvolumevisualizationtool [7],
whichusesthreestacksof perpendicularslices.TheVRML-plugin
is controlledbyaJavaappletusingtheExternalAuthoringInterface
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(EAI) [10]. We extendedthe approachof Hendinin [3]. We pre-
senteda web-based,multi-uservisualizationtool for medicalvol-
umedatasetswhichmakesheavy useof new renderingcapabilities
of client machines.Sinceit is completelywritten in Java, it can
beexecutedon a standardweb-browser. TheVirtual RealityMod-
eling Language(VRML) [5, 2] is usedto visualizemedicalvol-
umedatasetsusingtexturemapping,which enablestheuseof fast
3D graphicsaccelerationhardware of client systems- especially
bilinear filtering usingtexture mappinghardware. We introduced
techniquesfor fast volume clipping, collaborative work and data
size reduction. However the applicationrequiresvolume datato
betransferredto all clientsparticipatingin a visualizationsession.
Besidesthevisualizationquality is limited dueto thebilinearinter-
polationof thevolumedata.

Ma andPattenintroducedawebbasedvolumevisualizationsys-
temcalledDiVision, which allows theuserto exploreremotevol-
umetricdatasetsusinga webbrowser[11]. The systemcomputes
imageson avisualizationserver, whicharetransferredto theclient
andinsertedinto a graph.Thegraphrepresentstherelationshipof
all imageswhich the userhasrenderedso far. The edgesof the
graphshow the changeof renderingparametersbetweentwo im-
ages.

Despiteof the fact that the gapin computationpower between
high-endworkstationsandlow-endclientsbecamesmallerover the
pastyears,high-endserverswill probablyalwayshave specialfea-
turesthat will enablethemto visualizelargescaledatasetsfaster
andwith betterimagequality thanstandardPCs.

In order to make thosecapabilitiesavailable to a large variety
of clients on the World Wide Web we proposethe streamingof
images,generatedby ahigh-endvisualizationserver, throughanet-
work connectionto clientsonlyusedasdisplayandcontroldevices.
Visualizationparameters(e.g.viewpoint,mappingparameters)can
be controlledon the clientssideandaresentto the visualization
serverusingCORBA methodinvocations.Theuseof CORBA war-
rantsaccessto thevisualizationserver from a largevarietyof client
applications,thusenablingto beplatform-independentontheclient
side. We developeda framework, thatallows to adaptanOpenIn-
ventorapplicationfor remotecontrol. developeddirectvolumevi-
sualizationapplicationwhichmakeheavy useof special3D texture
mappinghardwareof ahigh-endgraphicsmachinewasadaptedus-
ing our framework [12].

Our framework allows thesharingof expensive hardwarein lo-
cal areaandwide areanetworks. Additionally theframework pro-
videsnew possibilitiesfor collaborative work anddistanceeduca-
tion. Multiple usersat different locationscanjoin a visualization
sessionandwork on a large scaledatasetwhich is renderedon a
high-endgraphicsserver. On theclient sideonly a standardPCis
neededto join thesession.

In thefollowing sectionwewill describethegeneralarchitecture
of our framework. The image-streamingcodecis outlinedin Sec-
tion 3. Section4 explainstheexemplaryteleradiologysystemwe
built usingtheproposedtechniques.Resultsaregivenin section5.
Wewill concludethepaperwith someremarkson futureactivities.
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Figure1: Framework Architecture

2 General Architecture

In orderto achieve interactive refreshratestheuseof 3D hardware
accelerationis essential.OpenGLis the graphicsapplicationpro-
gramminginterface(API) for developingportable,interactive 2D
and3D graphicsapplications.However, it is a low-level API which
doesnot provide extendedfeaturesfor thenavigationin 3D scenes
andthemanipulationof 3D objects.OpenInventoris anobjectori-
entedgraphicstoolkit built on top of OpenGL,which hasbecome
a de-factostandardfor interactive modeling,renderingandmanip-
ulationof 3D scenes[14]. It providesa scenegraphprogramming
interfacewith a wide varietyof 3D manipulationcapabilities.One
of themostimportantaspectsof OpenInventoris theability to pro-
gramnew objectsasextensionsto thetoolkit. OpenGLextensions
whichprovideaccessto specialhardwarefeaturescanbeusedfrom
within thesenew objects.

WeuseOpenInventorto renderimagesinto thepbuffer, aspecial
protectedgraphicsmemoryblock which allows hardwareacceler-
atedoff-screenrendering. Imagesare readfrom this buffer into
mainmemory, encoded,transferredto theclient, decodedanddis-
played(Fig. 1).

A framework whichenablesany OpenInventorapplicationto be
remotelycontrolledwasdeveloped.The streamingof imagesand
theremotecontrolof theserver applicationarestrictly decoupled.
They arerealizedusingtwo differentnetwork connections,thusen-
ablingthereplacementof theimage-transfermoduleby othermore
sophisticatedstreamingmodules.Ourframework allowsthedesign
of collaborative visualizationapplicationsasoutlinedin Fig. 2.

Theclient applicationis ableto remotelycontrol theserver ap-
plicationby invoking differentremotemethodsof a server object.
CORBA letsyou invokemethodsontheserverusingthehigh-level
languageof choice,sotheclientapplicationcanbeimplementedas
a stand-alonex-applicationor asa Java applet. The client hasto
provide a drawing areawith mouseeventhandlingcapabilitiesfor
thedisplayof thestreamedimages.

OntheserversideOpenInventorprovides3-dimensionalmanip-
ulator widgetswhich are integratedinto the visualizationof the
data.Transformations,clippingplanepositioningetc.areremotely
influencedby pickinganddraggingmanipulatorhandles.Theposi-
tion andtypeof mouse-eventsgeneratedon a client aresentto the
visualizationserver usingCORBA requests.Thenthey aretrans-
lated into OpenInventor eventsandhandledby the OpenInventor
application.Otherapplicationspecificvisualizationparametersare
manipulatedusingthegraphicaluserinterfaceof theclientapplica-
tion andaresentto theserverusingaspecialrequestmethod.

3 Image-Streaming

While our setupwould allow the transmissionof generatedim-
ages by the off-screen renderer in an uncompressedraw for-
mat, we further extend the transmissionof imagesby an image-

Figure2: Collaborative work usingour framework. Visualization
parameterschangedby oneuseraresendto theserver andapplied
to thevisualization.Newly createdimagesareencoded,sentto the
clients,decodedanddisplayed.

streamingcodec. This codec has been integrated in coopera-
tion with the TelecommunicationsInstitute of the University of
Erlangen-Nuremberg.

We shortlypresenttheir transmissionschemefor Internetvideo
streamingthat provides an acceptablevideo quality over a wide
rangeof connectionqualities.

Imagesgeneratedby theserver visualizationapplicationareen-
codedon-the-flyby an encodermoduleandsentthroughthe net-
work usinga UDP socket connection. On the client side the re-
ceived data is decodedand extractedimagesare copiedinto the
frame buffer. In order to make efficient useof the available re-
sources,a schemelike this mustassumestableandin a multicast
scenarioidentical channelconditionsfor all receivers, as well as
identicalresourcesto performthe channelandvideo decodingof
the received packets. Unfortunately, all theseassumptionsdo not
hold for the Internet:Channelconditionsareboth time- anduser-
dependent,andusershave differentnetwork accessandcomputa-
tional resources.Thereforescalablevideoschemeswereproposed
which producebitstreamsdecodeableat differentbit rates,requir-
ing differentcomputationalpower.

The Internetvideo transmissionschemeusedin this paperis
basedon spatio-temporalresolutionpyramids, first proposedby
Uz and Vetterli in 1991 [15, 13]. The idea is shown in Fig. 3
for a two-layerspatio-temporalpyramid. The original video sig-
nal is decomposedinto a low quality anda high quality layer. The
QCIF baselayerhashalf of the temporalresolutionof theCIF en-
hancementlayer. Thebaselayer is transmittedby a fully standard
compatibleH.263coder. The enhancementlayer is encodedby a
motioncompensatedhybrid coderwheretheusualDCT (Discrete
CosinusTransform)hasbeenreplacedby lattice vectorquantiza-
tion to give animprovedcodingefficiency. Within the low quality
layer the original signal is representedat a quarterof its original
spatialresolution,andat half of its temporalresolution. The low
quality layer canbe encodedat a lower bit-ratesinceit contains
fewer samplesthanthe original sequence.Neverthelessthe over-
all amountof samplesto encodebothlayersis increasedby 12.5%
in this example. The advantagesof this overcompleterepresenta-
tion are,thatdownsamplingandinterpolationfilters canbechosen
freely andthat motion-compensationcanbe easilyincludedwith-
out suffering from thedrift problemin caseswhereonly the lower



Figure3: The GroupOf Pictures(GOP)structureof the scalable
coder. It containsa baselayer at CIF resolution(352x288pix-
els)complementedby a4CIF(704x576pixels)enhancementlayer.
ThisGOPcompriseseightframes,i.e., in eachlayeranIntra-frame
is transmittedevery 8th or 4th frame. Spatialandtemporalredun-
danciesareexploitedby applyingspatialand/ortemporalprediction
asdenotedby verticalandhorizontalarrows.

resolutionlayercanbedecoded.
Theproposedschemeis especiallyusefulfor Internetmulticast

applicationswheredifferentusersaresubjectto differentchannel
qualities. It allows the encodingof imagesstreamwith two lay-
ersat CIF andQCIF resolutionat 5 framesper secondon a fast
workstationin software. This framerateis sufficient for applica-
tions wherethe renderserver is even locally not able to produce
high framerates. Higher CPU power will allow to achieve better
frameratesin thefuture.A computationpower of a standardPCis
neededto decodetheimagestream.A moredetaileddescriptionof
thisapproachcanbefoundin [4, 8].

4 A Web-based Teleradiology System

In thissectionwewill describetheweb-basedteleradiologysystem
(Fig. 4) that we built using the proposedframework. Teleradiol-
ogy systemsaim to reducedistancesfor the medicalcommunity
by providing mechanismsfor thedistribution of medicaldataover
network connectionsandenablingcollaborative work. TheWorld
Wide Webhasestablisheditself asthecommunicationchannelfor
communitiesall over the world in the pastfew years. The useof
telemedicalapplicationsimprovesmedicalcareby

� allowing expertsfrom all over theworld to participatein the
discussionof diagnoses.

� exchanginginformation with other treating physiciansfor
joint therapy planning.

� sharingexpensive hardwareandexperts.

� giving accessto referencedatabases.

� enablingcooperationwith otherresearchers.

� providing possibilitiesfor distanceeducationand advanced
training.

We developeda web-basedteleradiologysystemfor computer
tomography(CT) data,magneticresonanceimaging (MRI) data
and positronemissiontomography(PET) datausing 3D texture
mapping. Recently, the useof 3D texture mappinghardwarehas
becomea powerful visualizationoption for direct volumerender-
ing [1]. The rectilinearvolumedatais first convertedto a 3D tex-
ture.Then,anumberof planesperpendicularto theviewers’ line of

Figure4: Visualizing a CT scanusing the teleradiologysystem.
Two clipping planesareusedto show the insideof thehead.Note
themanipulatorhandleswhichareintegratedinto thevisualization
(smallcubesandspheres).

Figure5: Volumerenderingby 3D textureslicing.

sightareclippedagainstthevolumeboundingbox. Thetextureco-
ordinatesin parametricobjectspaceareassignedto eachvertex of
theclippedpolygons.During rasterizationtheslice that is cut out
of the 3D texture accordingto the texture coordinatesis mapped
ontothegeneratedfragments.Theresultingpolygonsareprojected
onto the imageplaneusingadequateblendingoperationto realize
back-to-frontor front-to-backcompositing(seeFigure5). Since
thisprocessis supportedby specializedgraphicshardwarethetime
it consumesdecreasesconsiderablycomparedto a softwareimple-
mentation.Thus,interactive frameratescanbeachieved.

Texture mappingbasedvolumerenderinghasbeencompletely
integratedinto theOpenInventorframework in orderto obtainthe
whole flexibility and functionality offered by the toolkit. By in-
troducinga new classthevolumerendereris representedasa sep-
arateobject within the hierarchicalstructureof the scenegraph.
This allows convenientapplicationof built-in manipulators,sen-
sors, editorsand other predefinedclasses,methodsand features
(light sources,anti-aliasing,stereomode,perspective/orthogonal
projection,fly, walk, trackball)[6].

The applicationenablesthe remotevisualizationof radiologic
patientdatafor multipleusers.Theusersareableto sharetheview
onto the visualizationof the patientdataby synchronizingvisual-
izationparameters.A marker canbe placedinto the visualization
to point to a region of interest. Images,createdon-the-fly by a
high-endvisualizationserver, arestreamedthroughthenetwork to
thin clientsparticipatingin a visualizationsession.High quality
andfastgenerationof imagesareguaranteedby theuseof special
3D-texturemappinghardwareof ahigh-endservermachine.



Figure6: TheJavaclientapplicationrunningin aweb-browser.

local raw10 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%

Table1: Performanceof theapplication(framespersecond)for a
small, mediumandlarge dataset. A typical sequenceof images
generatedduring a visualizationsessionwasencodedto calculate
theaverageframerate.Thesecondnumberdenotesthepercentage
of thetransfertime(includingencodinganddecoding)respectively
to theoverall time for displayingoneframe.

We developeda native client X-Windows applicationusingthe
C++ programminglanguageand a Java applet. The Java applet
is currentlyonly ableto receive uncompressedimagedatabut en-
ablesaccessto thecapabilitiesof thevolumevisualizationapplica-
tion from a large variety of clientsusinga standardweb-browser
(Fig. 6). Pull-down menus,dialogsandotherfeaturesof thestand-
alonevolume visualizationapplicationwherereproducedon the
client side. Thedirect interactionwith thevolumeis doneasusu-
ally by draggingmanipulatorhandleswhichareintegratedinto the
visualizationof thevolumedata.

5 Results

In thissectionweshow resultsfor theproposedtechniquesandthe
exemplaryteleradiologysystem.On the server sideall testswere
run on a SGI OctaneMXE equippedwith two 250 MHz R10000
processorsand 1024 MB main memory. A SGI O2 workstation
with 195MHz R10000processorand128MB mainmemorywas
servingasthe client system.Both machineswerelinked via a 10
MBit anda100MBit Ethernetnetwork connection.

First we analyzethe frame ratesfor different imagestransfer
methodsover a 10 and100MBit Ethernetconnectionfor a small,
mediumand large dataset. Method local refersto local compu-

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

Table2: Averageimagesize(Kbytes)for differentencodingmeth-
ods.A sequenceof 40imageswasencodedwhile performingavol-
umerotationandavolumetranslationparallelto theimageplane.

tation and display of the imagesequence.Methodsraw10 and
raw100refer to the raw transmissionsof imagedatain rgb format
over a 10 and100 MBit connectionwhereasmethodcodecrefer
to the imagetransmissionusingthe streamingcodec.The images
whererenderedat4CIFresolution(704x576pixels)andtransferred
in full resolutionin methodraw10andraw100. In methodcodec
the imageswhereencodedusingtwo layersat CIF (352x288)and
QCIF (176x144)resolutions. A frameat full resolutionis trans-
ferredwhenthemanipulationof thevolumeends.Thisschemewas
choosenbecausewecouldnot achievesatisfiyingencodingratesat
4CIF resolution.A network bandwidthof 10 MBit is far sufficient
for thetransferof theimagestream.Nearlythesameframeratecan
beachievedfor network connectionswith muchsmallerbandwidth.

Table1 shows, that for the 100 MBit network connectionthe
bestframerateswhereachievedusingtheraw transmissionof im-
agedata. This is due to the fact that the encodinganddecoding
of imageswas the limiting factor in this scenario- not the net-
work bandwidth.Thelocalcomputationshowsonly asmallperfor-
manceadvantagefor largedatasetsbecausemostof the time was
spendfor therenderingof thevolumedata.Usingthe10MBit net-
work connectionthenetwork bandwidthbecomesthelimiting fac-
tor andhigherframeratescanbeachievedusingtheimagestream-
ing codec.

Table2 comparestheaverageimagesizeusingthedifferentpro-
posedcompressiontechniquesfor two typicalmanipulationsof the
volume.Methodraw refersto theuncompressedencodingof image
data.Theimagessizewas704x 576in RGB formatwhich results
in a raw imagesizeof 1 216512bytes.MethodGZIPrefersto the
encodingof singleframesusingtheGZIPcompression.Themeth-
odscodec/low, codec/mediumandcodec/highreferto theproposed
codeccompressionusinga low, mediumandhighbit rate.

Obviously, concerningthe avarageimage size methodcodec
with all bit ratesettingsis aheadof all othermethodsdue to the
interdependentencodingof theimagesandthelossycompression.
Thisencodingmethodinvolvesa reductionof imagequalitywhich
maynotbeacceptableto medicalapplications.However it is possi-
ble to acceptthelossof imagequality whenmanipulatingthevol-
ume and senda completeframe with full quality as soonas the
manipulationis stopped.Due to theuseof motionvectorsfor the
encodingof imagesthecodecperformsbetterfor thetranslationof
thevolumeparallelto the imageplanethanfor the rotationof the
volume.

MethodGZIP reachesgoodcompressionratesandis especially
interestingusinga platform-independentclient. Java is ableto de-
codeGZIPstreamsdirectlythroughasocketconnectionusingbuilt-
in native codevery effectively.

Method raw requiresa very high network bandwidth,usually
only availablein local areanetworks. Dueto theomitting of a en-
coderand decodermoduleon the server and the client side this
methodis interestingfor resourcesharingin a local areanetwork
when a high bandwidthis available and best imagequality and
framerateshouldbeachieved.



6 Conclusions and Future Work

We have presentedan image-streamingframework for the remote
visualizationof largescaledatasets.The framework is integrated
into OpenInventor. Visualizationparametersof imagesproduced
by a highendvisualizationserver arecontrolledusingCORBA re-
questsgeneratedonclientmachines.

The introducedtechniqueswere demonstratedby a prototypic
web-basedteleradiologysystemwhich makesheavy useof special
3D texture mappinghardware. Thereare a numberof other im-
portantrequirementsfor sucha system. In this paperwe mainly
focusedon thehigh-qualityvisualizationandimagetransfercodec.
Securityissuesandpatientdatabaseaccessissueswerenotcovered.

The introducedapplicationis work in progress.Only the basic
functionalityof thepowerful stand-alonevolumevisualizationap-
plicationhasbeenmadeavailablefor remotecontrol. In thefuture
we aregoing to extendtheapplicationto provide the whole func-
tionalityof thestand-aloneapplicationin theweb-basedapplication
andextendthemulti-userabilities. Themulti-usercapabilitieswe
proposedarecurrentlynot implemented.

Currentlyonly thenatively implementedclient applicationsup-
portscompressedimage-streamingmechanisms.We arecurrently
investigatingthepossibilitiesof usingcompressionmethodswhich
Javaprovides(ZIP andGZIPcompression)andimplementingade-
coderfor theproposedstreamingcodec.

Anotherareafor possiblefuturework involvesthedevelopment
of specializedimage-streamingcodecsfor on-the-flycomputerren-
deredimages. The presentedcodecis basedon the needsof in-
ternetvideo transmission,which hasdifferentcharacteristicsthan
renderedimagesequences.It involvesquality losswhich maynot
beacceptablefor medicalapplications.
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