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Abstract. We presenta texture-basedvolumevisualizationtool, which permits
remoteaccessto radiologicaldataandsupportsmulti-userenvironments.Theap-
plicationusesJAVA andtheVirtual RealityModelingLanguage(VRML), thusit
is platform-independentandableto usefast3D graphicsaccelerationhardwareof
client machines.Theapplicationallows thesharedviewing andmanipulationof
three-dimensionalmedicalvolumedatasetsin a heterogeneousnetwork. Volume
datasetsaretransferredfrom a server to differentclient machinesandlocally vi-
sualizedusingaJAVA-enabledweb-browser. In orderto reducenetwork traffic, a
datareductionandcompressionschemeis proposed.Theapplicationallowsview
dependentandorthogonalclippingplanes,whichcanbemovedinteractively. On
theclientside,theusersareableto join avisualizationsessionandto getthesame
view ontothevolumedatasetby synchronizingtheviewpointandany othervisu-
alizationparameter. Interestingpartsof thedatasetaremarkedfor otherusersby
placinga tag into thevisualization.In orderto supportcollaborative work users
communicatewith achatapplet,whichweprovide,orbyusingany existingvideo
conferencingtool.

1 Introduction

The hypermediastructureof the Web offers the possibility for global distribution of
medicaldatasets,suchasradiologicalpatientdatabases.A multi-usersystemfor the
visualizationof computertomography(CT) data,magneticresonanceimaging(MRI)
dataandpositronemissiontomography(PET) datawill offer new perspectives.The
useof telemedicalapplicationsimprovesmedicalcareandallowsexpertsfrom all over
theworld to participatein thediscussionof diagnosesby joining a multi-uservolume
visualizationsession.

A possibleapproachfor thevisualizationof volumedatatsetsontheWWW consists
in renderinganimageonaserverandsendingtheimagesto aclientsystem.Changesof
visualizationparameteraresentfrom theclient to theserver, a new imageis rendered
anddisplayedontheclientaftertransmission.Thelimited bandwidthandlatency of the
network wouldbethelimiting factorfor theinteractivity of suchanapplication.



As weareinterestedin providing fastresponsetimes,weproposea web-basedvol-
umevisualizationapplicationswith renderingonlocalclientsystems.However, suchan
applicationrequiresfast3D graphicshardware[10,2]. High quality volumevisualiza-
tion by maensof 3D texturemappingis still restrictedto expensive high-endgraphics
workstations.Driven mainly by the gameindustry, the costof 3D graphicshardware
with 2D texture mappingsupportis continuouslydecreasingover the pastfew years.
In the nearfuture this developmentwill enableevery standardpersonalcomputerto
visualize3D volumedatasetsby usingtwo dimensionaltexturemapping- animportant
aspect,becausedoctorsarenormallyusingonly a standardPCwith internetaccessin
theiroffice.

We developeda new web-based,multi-uservisualizationtool for medicalvolume
datasets(Fig.1).Sinceit is completelywrittenin JAVA, it canbeexecutedonastandard
web-browser. The Virtual Reality Modeling Language(VRML) [13,6,3] is usedto
visualizemedicalvolumedatasetsusing2D texture mapping, which enablesthe use
of fast 3D graphicsaccelerationhardware of client systems- especially2D texture
mappinghardware.

Fig. 1. TheVRML VolumeVisualizationApplication

A possiblescenariofor our applicationis a computernetwork connectingthecom-
putersin hospitalsandothermedicalsites.A dedicatedserver storesradiologicalpa-
tient datawhich canbe accessedandvisualizedby radiologistsusinga standardPC
in their office. Expertsfrom otherlocationsall over theworld canbeconsultedin or-
der to discussthe diagnosticfindings.To join thediscussiononly a standardPCwith
a HTML-browseranda installedVRML-plugin is needed.Theusersareableto share



theview ontothedataset,while manipulatingany visualizationparameterandmarking
partsof thedataset.

The techniqueswe build on were introducedby Ofer Hendin [7]. We add some
importantextensionsto thisapproach.First,wedevelopeda fastvolumeclippingalgo-
rithm, which doesnot requireper-voxel operations.Thesecondextensionis theability
for multiple usersto join a visualizationsessionandto sharethe view andmanipula-
tion of the volumedataset.Anotherextensionwe add is the reductionof the datato
be transferredto the client machines.This is achieved by a cutting andcompression
scheme.Thecombinationandcloselinkageof a2D slicecontrolpanelandthe3D vol-
umevisualizationoffersa betterspatialimpressionfor theuser. We alsoimplemented
aclient-sidejava-basediso-surfaceextractionalgorithm,whichallowsthecombination
of volumevisualizationwith reconstructedsurfaces.

In thefollowing sectionwewill discussrelatedwork in thefield of distributedweb-
basedvolumevisualizationapplications.Thetechniquesweusedto developourappli-
cationaredescribedin Section3.Section4 explainsfastvolumeclippingusingVRML.
Ourapplicationenablesmultipleusersto sharetheviewpoint,manipulatethevisualiza-
tion andmark interestingdetailsof thevolumedataset,which is discussedin Section
5. As volumedatasetsmustbe transferredto client machinesin our application,data
reductionis a very importantsubject.We will go into detailson this subjectin Section
6. In Section7 we presentsomeresultsregardingvisualizationspeedandquality. We
will concludethepaperwith someremarkson futureactivities.

2 Related Work

In thepastyearsseveralapproachesfor scientificvisualizationonthewebwereinvesti-
gated.Oneof thefirst progressiveapplicationsfor volumevisualizationwaspresented
by Lippert et. al [14]. Their systemis basedon the local reconstructionof wavelet-
compresseddata,but sinceit works in theFourierdomainit is restrictedto X-ray like
images.

TrappandPagendarmpresenteda prototypeof a WWW-basedflow visualization
service[9]. They allow arbitraryuserdatato besentto avisualizationserverby acopy-
and-pasteoperationfrom a dataproducerapplicationinto a HTML form. The server
generatesaVRML modelof thevisualizationof thedata,whichis requestedby aJAVA
appletandvisualizedby thebrowserVRML plug-in. Thedatatransferbetweenclient
andserver is doneusingplainASCII text, whichrequiresaveryhighnetwork through-
put and processingtime. The major drawback , however, is that the geometricdata
producedby theserver hasto be transmittedto theclient, beforeit canbevisualized,
thuslimiting thepossibilitiesof theuserto controlthedatavisualizationinteractively.

Anotherinterestingapproachis theVisWiz [4] platformindependentvisualization
tool for iso-surfaces,cutting planesandelevation plots for 2D and3D datasets.The
systemis completelywritten asa JAVA applet.Dueto theJAVA softwarerenderer, no
graphicshardwarecanbeused,evenif available.

Kwan-Lui Ma andJamesPattenintroduceda webbasedvolumevisualizationsys-
temcalledDiVision,whichallowstheuserto exploreremotevolumetricdatasetsusing
a webbrowser[17]. Thesystemcomputesimageson a visualizationserver, which are



transferredto the client and insertedinto a graph.The graphrepresentsthe relation-
shipof all imageswhich theuserhasrenderedsofar. Theedgesof thegraphshow the
changeof renderingparametersbetweentwo images.

While Kwan-Lui Ma andJamesPattenfocuson showing theentireprocessof vol-
umevisualization,wearemainlyinterestedin allowing theuserto interactively inspect-
ing datasetsby fastlocal volumerendering.Our applicationis basedonpreviouswork
by OferHendin.We will discussthetechniques,heintroducedin thenext chapter.

3 Technical Background

Ofer Hendin introduceda VRML-basedvolumevisualizationtool, which usesthree
stacksof perpendicularslices.TheVRML-plugin is controlledby a JAVA appletusing
theExternalAuthoringInterface(EAI) [16].

VRML plug-insareavailablefor nearlyeverycomputerhardwarearchitecture.They
areableto visualizepolygonaldatavery fast,sincethey areoftenwritten in optimized
native codeanduseavailable3D graphicshardware.Moreover if 2D texturemapping
hardwareis available,VRML is ableto displaybilinear interpolatedtexturemaps.An
externalJAVA applet,which is embeddedinto a HTML pagewith a VRML plug-in,
canaccessit throughtheExternalAuthoringInterface(EAI). SinceJAVA andVRML
aredefinedplatform independently, this combinationcanbe appliedto any computer
architecture.

For eachvolumethreestacksof planesin orthogonalorientations(XY, XZ andYZ)
arebuilt up in theVRML scenegraph.Thevolumeslicesfor thecorrespondingstacks
aretexturemappedontotheseplanes(Fig. 2).

(a)Coronalslicestack (b) Axial slicestack (c) Sagittalslicestack
Fig. 2. Thethreeslicestacks

Fromagivenviewpointonly themostperpendicularslicestackis renderedback-to-
front. Thetexturemapsareinterpolatedbi-linearly acrosseachprojectedpolygonand
blendedinto theframebuffer usingtheover-operator.

Whenthe VRML scenefor a volumedatasetis created,threestacksof rectangu-
lar facesarebuilt usingIndexedFaceSet nodes(Fig.3). EachIndexedFaceSet
representsoneslice of the volume.A PixelTexture nodeis usedto texture map
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Fig. 3. VRML Scenegraph

one slice imageof the volumedataonto one face.The lookup-tableis usedto pro-
duceRGBA texture data,which is thensentto thePixelTexture nodeusingthe
eventIn field image.

(a) Theslicepanelwith thetransferfunc-
tion control

(b) Combinationof iso-surfacewith
directvolumevisualization

Fig. 4.

If thetransferfunction is changed,thetextureshave to becompletelyrebuilt. This
timeconsumingoperationis necessary, becauseVRML doesnotallow todefinelookup-
tables.In order to find an interestingtransferfunction it is often necessaryto adjust
the transferfunction several timesandto get the resultsimmediately. To decreaseto
numberof VRML texturebuiltups,wehaveaddedatwo-dimensionalslicecontrolpanel
(Figs.4(a)). It’s usedto preview the resultof lookup-tablechangesimmediately. If a
new transferfunction is found, the new texturesareproducedandsentto the VRML
plugin.



Thecombinationof a2D slicecontrolpanelandthe3D volumevisualizationoffers
new possibilitiesfor radiologists.The3D volumevisualizationandthe2D slicecontrol
arelinkedto eachother. If theuserselectsa sliceof thevolumedatasetusingtheslice
controlpanelthepositionof theslice is displayedin the3D volumevisualization.On
theotherhand,theuseris ableto move a probeplanein the3D volumevisualization
andthecorrespondingslicecanbeviewedin theslicecontrolpanel.Thecloselinkage
of 2D and3D visualizationwill give radiologistsa betterspatialimpressionof volume
datasets.

Thecombinationof thedirectvolumevisualizationusingtwo-dimensionaltexture
mappingandiso-surfaces[15] is anotherinterestingcapabilityof our application.The
useris ableto selectasubvolumeusingthe2D sliceview andto computeaniso-surface
for a giveniso-valuein this partof thevolume.Thesurfaceis computedon theclient
by a JAVA class,consequentlyno additionalnetwork transferis needed.Figure4(b)
shows thevolumevisualizationof a CT datasetwith aniso-surfacethatwasgenerated
by selectingthefront partof theskull for iso-surfacegeneration.

4 Fast VRML Volume Clipping

VRML doesnotallow to definearbitraryclippingplanes.Hendinproposedto usethez-
farclippingplanefor view dependentclippingof volumesin VRML. Weimplementeda
fastorthogonalvolumeclippingalgorithm,whichdoesnotrequireper-voxeloperations.

(a)Switchingslicesoff (b) Cuttingslices (c) Cuttingslices
Fig. 5. SliceStackClipping

Themainideaof our algorithmis to clip thevolumedataby omitting slicesof the
volumedatawhichareorderedparallelto theclippingplane.Slicesthatareorthogonal
to theclippingplanearecutoff andthecorrespondingtexturecoordinatesareadjusted.

Figure5 shows thesituationfor a givenclippingplane.For thefirst slicestackit is
sufficient to switchof slicesthatlie beyondtheclippingplane.Theslicesof thesecond
andthird slicestackhaveto becutandthetexturecoordinateshave to beadjusted.

Sinceevery slice is the only child of a Switch node,it can be toggledon and
off by usingthewhichChoice eventIn field of theswitchnode,whichselectsthe
child nodeto berendered.Theslicesarecut by sendingnew dimensionsto thecoord
eventIn field of theIndexedFaceSet node.Thetexturecoordinatesareadjusted
usingthetexCoord eventIn field of thecorrespondingPixelTexture node.



This schemepermits interactive creationand movementof orthogonalclipping
planes.

5 Multi-User Interaction

An essentialfeatureof ourweb-basedteleradiologysystemis thepossibilityfor differ-
entusersto sharetheviewpoint,to manipulatethevisualizationandto markinteresting
detailsof thevolumedataset.

Thedesignof ourwebapplicationshown in Figure6 is particularlysuitablefor pro-
viding collaborativediagnosisamongmultipleusers.A serversynchronizesthevisual-
izationof thepatientdataby broadcastingeventsaboutchangesof theview, clipping
planes,transferfunction,etc. from oneuserto all otherinterestedusers.Eachuseris
ableto synchronizehis localvisualizationwith any otheruser.

Fig. 6. Sharedview on adatasetin avisualizationsession

From a list of all userswhich are logged,eachuser is able to selecta user for
synchronization.If a userchangesthe view, transfer-function,clipping planesor any
other parameter, the changesare sentto synchronizationserver, which forwardsthe
informationto the synchronizedclients.The parameterson theseclientsarechanged
andthevisualizationis updated.

Interestingpartsof the volumedatasetcanbe marked by clicking onto a part of
thevolumeusingthemouseor any otherpointingdevice.A smallmarker (redball) is
addedinto thevisualization(Fig. 7(a)).Thepositionof themarker is broadcastedand
themarkersareupdatedfor all synchronizedusers.

To supportcollaborativework usersmustbeableto talk to eachotherin someway.
For this purposeany existing video conferencingtool canbe used.Alternatively we
providea chatapplet(Fig. 7(b))with basiccommunicationfeatures.

6 Data Reduction

One major drawback of direct volume visualizationon local clients is the needto
transfervolumedatasetsto theclient system.Dueto the largesizeof medicalvolume



(a)Markedaneurysm (b) Communicationpanel

Fig. 7.
datasets,weproposeseveralfilter anddatareductionstepsto reducetheoverallamount
of datato betransferred(Fig. 8).

Fig. 8. Datareductionfrom originaldatasetto rendereddataset

Quiteoftenexpertsareonly interestedin acertainsmallerpartof a volumedataset.
Sothefirst filter operationis thecuttingof asub-volumeoutof thevolumedataset.For
orientationpurposesthreeslicesin theXY, XZ andYZ directionsarerequestedfrom
thedatasetserver. Theseslicesareusedto markarectangularpartof thedataset,which
is transferredto theclient.

All volumedatais transferredin compressedformatusingtheGZIP format.JAVA
1.1supportsthis formatdirectly in thejava.util.zip package.

After transferringthedatait is decompressedandvisualizedin thesliceview win-
dow of ourapplication.Now theuseris ableto inspectthedatasetby navigatingthrough
theslicesusingthesliceview window. Again a rectangularpartof thetransferredvol-
umecanbeselected.Thispartis cutandvisualizedby theVRML visualizationmodule.

Thefinal possibility to reducetheamountof datashown, is theplacementof clip-
pingplanes.



7 Results

In this sectionwe show someresultsregardingvisualizationperformanceanddatare-
duction.

We usedNetscapeCommunicator4.04andCosmoPlayer1.1 on the IRIX clients
systemsandNetscapeCommunicator4.07andBlaxxunContact4.0on thePCfor our
tests.

For a 256x 256x 128volumea performanceof 2 framespersecondwasachieved
onaSGIO2with aR10000Processor(Table1). TheVoodooBansheegraphicsadapter
1, performedverywell for thelow resolutionvolume.Sincetheadapteris limited to 16
MB it wasnotableto visualizethehigh resolutionvolume2.

machine/ dataset 128x 128x 64 256x 256x 128
SGIO2(R1000) 7 fps 2 fps
SGIOCTANE MXE 20 fps 4 fps
Pentium200/VoodooBanshee 15 fps - fpsa

Table 1. Performanceof theapplication(framespersecond)

a noresultdueto 16MB memorylimit

Ourfastorthogonalclippingalgorithmallowstheinteractivecompositionandmove-
mentof clippingplaneswith thesameframerateasachievedwhenrotating,scalingor
translatingthe volume.This is due to the fact that only little changesin the VRML
scene-graphareneededby our volumeclipping algorithm.Theswitchingandcutting
of slicescanbedoneefficiently usingtheeventmechanismof VRML.

dataset/ format uncompressedcompressedcompressionfactor
128x 128x 64 x 1 byte 1 048576 397868 2.64
256x 256x 128x 1 byte 8 388608 1 170860 7.16
512x 512x 106x 1 byte 27 787264 4 720204 5.89
Table 2. Datasizesof uncompressed,compresseddatatsetsin bytes
andcompressionfactors

We achievedcompressionratesbetween2 and10 by usingtheGZIP compression
(Table2). As this format is a JAVA 1.1 standardfeature,that is implementedin na-
tive code,thecompressionanddecompressiontimesdo not significantlyinfluencethe
datasettransfertime.

8 Conclusions and Future Work

A prototypedapplicationfor volumevisualizationusingVRML andJAVA hasbeen
proposed.It permitstheplatform-independent,fastandinteractivevisualizationof vol-
umedatasetsfor multiple useron theworld wide web. As thehardwarerequirements
for theapplicationarevery low, a standardPCwith two-dimensionaltexturemapping
andalphablendinghardwarecanbeused.

1 lessthan90$
2 256x 256x 128= 8MB x 3 = 24 MB



Currentlywe arecomputingiso-surfaceson theclient system.Anotherpossibility,
however, would beto integratetechniquesfor progressivegenerationandtransmission
of iso-surfaces[5]. Theiso-surfacecouldbeeitherprogressivelygeneratedontheclient
systemor computedontheserverandthenprogressively transferredto theclient.

Securityof patientdatais a very importantrequirementof a web-basedteleradiol-
ogysystem[1]. Wewill evaluatetheapplicabilityof thenew JAVA securitymechanisms
in thefuture.

CurrentlyweareevaluatingJAVA3D, JAVA OpenGLbindingsandJAVA Cosmo3D
bindingsfor thepossibleusein ourapplication.A shear-warp,basedonOpenGLbind-
ings,hasalreadybeendeveloped.
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