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Abstract. We presenta texture-basedolumevisualizationtool, which permits
remoteaccesso radiologicaldataandsupportsnulti-userervironments Theap-
plicationusesJAVA andthe Virtual RealityModelingLanguagdVRML), thusit

is platform-independera@ndableto usefast3D graphicsacceleratiomardwareof

clientmachinesThe applicationallows the sharedviewing andmanipulationof

three-dimensionahedicalvolumedatasetsn a heterogeneousetwork. Volume
datasetaretransferredrom a sener to differentclient machinesandlocally vi-

sualizedusinga JAVA-enabledveb-bravser In orderto reducenetwork traffic, a
datareductionandcompressioschemes proposedTheapplicationallows view

dependenandorthogonaklipping planeswhich canbemovedinteractiely. On

theclientside theusersareableto join avisualizationsessiorandto getthesame
view ontothevolumedataseby synchronizingheviewpointandary othervisu-

alizationparameterinterestingpartsof the datasetiremarkedfor otherusershy

placingataginto the visualization.In orderto supportcollaboratve work users
communicatevith achatappletwhichwe provide,or by usingary existingvideo
conferencingool.

1 Introduction

The hypermediastructureof the Web offers the possibility for global distribution of
medicaldatasetssuchasradiologicalpatientdatabasesA multi-usersystemfor the
visualizationof computertomography(CT) data,magneticresonancémaging (MRI)
dataand positronemissiontomography(PET) datawill offer new perspecties.The
useof telemedicabpplicationgmprovesmedicalcareandallows expertsfrom all over
theworld to participatein the discussiorof diagnosedy joining a multi-uservolume
visualizationsession.

A possibleapproacHor thevisualizationof volumedatatset®nthe WWW consists
in renderinganimageonasenerandsendingheimagego aclientsystemChange®f
visualizationparameterare sentfrom the client to the sener, a new imageis rendered
anddisplayedntheclientaftertransmissionThelimited bandwidthandlateng of the
network would bethelimiting factorfor theinteractvity of suchanapplication.



As we areinterestedn providing fastrespons¢imes,we proposea web-basedol-
umevisualizationapplicationsvith renderingonlocal clientsystemsHowever, suchan
applicationrequiresfast3D graphicshardware[10, 2]. High quality volumevisualiza-
tion by maensof 3D texture mappingis still restrictedto expensve high-endgraphics
workstations Driven mainly by the gameindustry the costof 3D graphicshardware
with 2D texture mappingsupportis continuouslydecreasingver the pastfew years.
In the nearfuture this developmentwill enableevery standardpersonalcomputerto
visualize3D volumedatasetdy usingtwo dimensionatexturemapping- animportant
aspectpecausealoctorsarenormally usingonly a standard®C with internetaccessn
their office.

We developeda new web-basedmulti-uservisualizationtool for medicalvolume
datasetgFig. 1). Sinceit is completelywrittenin JAVA, it canbeexecuteconastandard
web-bravser The Virtual Reality Modeling Language(VRML) [13,6,3] is usedto
visualizemedicalvolume datasetsising 2D texture mapping, which enableghe use
of fast 3D graphicsacceleratiorhardware of client systems- especially2D texture
mappinghardware.
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Fig. 1. TheVRML VolumeVisualizationApplication

A possiblescenaridor our applicationis acomputemetwork connectinghe com-
putersin hospitalsand othermedicalsites.A dedicatedsener storesradiologicalpa-
tient datawhich canbe accessednd visualizedby radiologistsusing a standard”C
in their office. Expertsfrom otherlocationsall over the world canbe consultedn or-
derto discusgthe diagnosticfindings.To join the discussioronly a standard®C with
a HTML-browseranda installedVRML-plugin is neededThe usersareableto share



theview ontothedatasetyhile manipulatingary visualizationparameteandmarking
partsof the dataset.

The techniqueswe build on were introducedby Ofer Hendin [7]. We add some
importantextensiongo this approachFirst, we developeda fastvolumeclipping algo-
rithm, which doesnot requirepervoxel operationsThe secondextensionis the ability
for multiple usersto join a visualizationsessiorandto sharethe view andmanipula-
tion of the volume datasetAnother extensionwe addis the reductionof the datato
be transferredo the client machinesThis is achieved by a cutting and compression
schemeThe combinationandcloselinkageof a 2D slice controlpanelandthe 3D vol-
umevisualizationoffers a betterspatialimpressiorfor the user We alsoimplemented
aclient-sidegjava-basedso-surficeextractionalgorithm,which allows the combination
of volumevisualizationwith reconstructegurfaces.

In thefollowing sectiorwe will discusgelatedwork in thefield of distributedweb-
basedvolumevisualizationapplicationsThetechniquesve usedto developour appli-
cationaredescribedn Section3. Sectiord explainsfastvolumeclippingusingVRML.
Ourapplicationenablesnultiple usergo shareheviewpoint, manipulatehevisualiza-
tion andmarkinterestingdetailsof the volumedatasetwhich is discussedn Section
5. As volumedatasetsnustbe transferredo client machinesn our application,data
reductionis avery importantsubject.We will gointo detailson this subjectin Section
6. In Section7 we presentsomeresultsregardingvisualizationspeedand quality. We
will concludethe papemwith someremarkson futureactuities.

2 Reated Work

In the pastyearsseveralapproachefor scientificvisualizationonthewebwereinvesti-
gated.Oneof thefirst progressie applicationdor volumevisualizationwaspresented
by Lippert et. al [14]. Their systemis basedon the local reconstructiorof wavelet-
compressedata,but sinceit worksin the Fourierdomainit is restrictecto X-ray like
images.

Trappand Pagendarnpresentedh prototypeof a WWW-basedflow visualization
service[9]. They allow arbitraryuserdatato besentto avisualizationsenerby acopy-
and-pasteperationfrom a dataproducerapplicationinto a HTML form. The sener
generatea VRML modelof thevisualizationof thedata,whichis requestedby a JAVA
appletandvisualizedby the browserVRML plug-in. The datatransferbetweerclient
andseneris doneusingplain ASCII text, which requiresavery high network through-
put and processingime. The major drawback, however, is that the geometricdata
producedby the sener hasto be transmittedo the client, beforeit canbe visualized,
thuslimiting the possibilitiesof theuserto controlthe datavisualizationinteractively.

Anotherinterestingapproachs the VisWiz [4] platformindependentisualization
tool for iso-surices,cutting planesand elevation plots for 2D and 3D datasetsThe
systemis completelywritten asa JAVA applet.Dueto the JAVA softwarerendererno
graphicshardwarecanbeusedevenif available.

Kwan-Lui Ma andJamedPattenintroduceda web basedvolumevisualizationsys-
temcalledDiVision,which allows theuserto exploreremotevolumetricdatasetsising
awebbrowser[17]. The systemcomputesmageson a visualizationsener, which are



transferredo the client andinsertedinto a graph.The graphrepresentshe relation-
shipof all imageswhich the userhasrenderedsofar. The edgesof thegraphshav the
changeof renderingparameterbetweertwo images.

While Kwan-Lui Ma andJamedPattenfocuson shaving the entire procesf vol-
umevisualizationwe aremainlyinterestedn allowing theuserto interactvely inspect-
ing datasetdy fastlocal volumerendering Our applicationis basedon previouswork
by Ofer Hendin.We will discusghetechniquesheintroducedn the next chapter

3 Technical Background

Ofer Hendinintroduceda VRML-basedvolume visualizationtool, which usesthree
stacksof perpendiculaslices.The VRML-plugin is controlledby a JAVA appletusing
the ExternalAuthoring Interface(EAI) [16].

VRML plug-insareavailablefor nearlyeverycomputehardwarearchitectureThey
areableto visualizepolygonaldatavery fast,sincethey areoftenwrittenin optimized
native codeanduseavailable3D graphicshardware.Moreoverif 2D texture mapping
hardwareis available,VRML is ableto displaybilinearinterpolatedexture maps.An
external JAVA applet,which is embeddednto a HTML pagewith a VRML plug-in,
canaccesst throughthe ExternalAuthoring Interface(EAI). SinceJAVA andVRML
aredefinedplatformindependentlythis combinationcanbe appliedto any computer
architecture.

For eachvolumethreestacksof planesn orthogonabrientationgXY, XZ andYZ)
arebuilt up in the VRML scengraph.The volumeslicesfor the correspondingtacks
aretexturemappedntotheseplaneqFig. 2).

(a) Coronalslice stack (b) Axial slicestack (c) Sagittalslice stack
Fig. 2. Thethreeslicestacks

Fromagivenviewpointonly themostperpendiculaslicestackis renderedack-to-
front. The texture mapsareinterpolatedi-linearly acrosseachprojectedpolygonand
blendednto theframebuffer usingthe over-operator

Whenthe VRML scenefor a volumedataseis createdthreestacksof rectangu-
lar facesarebuilt usingl ndexedFaceSet nodegFig. 3). Eachl ndexedFaceSet
represent®neslice of the volume.A Pi xel Text ur e nodeis usedto texture map
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Fig.3. VRML Scengraph

onesslice image of the volume dataonto one face. The lookup-tableis usedto pro-
duceRGBA texture data,which is thensentto the Pi xel Text ur e nodeusingthe
event | nfieldi mage.

(a) Theslice panelwith thetransferfunc- (b) Combinationof iso-surbicewith
tion control directvolumevisualization

Fig. 4.

If thetransferfunctionis changedthe textureshave to be completelyrekuilt. This
time consumingperations necessarpecaus&RML doesotallow to definelookup-
tables.In orderto find an interestingtransferfunctionit is often necessaryo adjust
the transferfunction several timesandto get the resultsimmediately To decreasdo
numberof VRML texturebuiltups,we haveaddedatwo-dimensionaslicecontrolpanel
(Figs.4(a)). It's usedto preview the resultof lookup-tablechangesmmediately If a
new transferfunctionis found, the new texturesare producedand sentto the VRML
plugin.



Thecombinatiorof a 2D slice controlpanelandthe 3D volumevisualizationoffers
new possibilitiesfor radiologists The 3D volumevisualizationandthe 2D slice control
arelinkedto eachother If the userselectsa slice of thevolumedatasetisingthe slice
control panelthe positionof the sliceis displayedin the 3D volumevisualization.On
the otherhand,the useris ableto move a probeplanein the 3D volumevisualization
andthe correspondinglice canbe viewedin the slice control panel.Thecloselinkage
of 2D and3D visualizationwill give radiologistsa betterspatialimpressiorof volume
datasets.

The combinationof the directvolumevisualizationusingtwo-dimensionatexture
mappingandiso-suraiceq15] is anotherinterestingcapabilityof our application.The
useris ableto selecta subvolumeusingthe 2D sliceview andto computeaniso-surfice
for a giveniso-valuein this part of the volume.The surfaceis computedon the client
by a JAVA class,consequentiyho additionalnetwork transferis neededFigure 4(b)
shavs thevolumevisualizationof a CT datasetvith aniso-surbcethatwasgenerated
by selectinghefront partof the skull for iso-surcegeneration.

4 Fast VRML Volume Clipping

VRML doesnotallow to definearbitraryclipping planesHendinproposedo usethe z-
farclipping planefor view dependentlipping of volumesn VRML. Weimplemented
fastorthogonalolumeclippingalgorithm whichdoesnotrequirepervoxel operations.

(a) Switchingslicesoff (b) Cuttingslices (c) Cuttingslices
Fig.5. Slice StackClipping

Themainideaof our algorithmis to clip the volumedataby omitting slicesof the
volumedatawhich areorderedparallelto theclipping plane.Slicesthatareorthogonal
to theclipping planearecut off andthe correspondingexture coordinatesreadjusted.

Figure5 shows the situationfor a givenclipping plane.For thefirst slice stackit is
sufficientto switchof slicesthatlie beyondtheclipping plane.Theslicesof thesecond
andthird slice stackhave to be cutandthetexture coordinate$ave to be adjusted.

Sinceevery slice is the only child of a Swi t ch node,it canbe toggledon and
off by usingthewhi chChoi ce event | n field of the switchnode,which selectghe
child nodeto berenderedTheslicesarecut by sendinghew dimensiondo thecoor d
event | n field of thel ndexedFaceSet node.Thetexture coordinatesreadjusted
usingthet exCoor d event | n field of the correspondindfi xel Text ur e node.



This schemepermitsinteractive creationand movementof orthogonalclipping
planes.

5 Multi-User Interaction

An essentiafeatureof our web-basedeleradiologysystemis the possibilityfor differ-
entusergo sharetheviewpoint,to manipulatehevisualizationandto markinteresting
detailsof the volumedataset.

Thedesignof ourwebapplicationshavn in Figure6 is particularlysuitablefor pro-
viding collaboratie diagnosisamongmultiple users A senersynchronizeshevisual-
ization of the patientdataby broadcastingeventsaboutchangef the view, clipping
planes transferfunction, etc. from oneuserto all otherinterestedusers.Eachuseris
ableto synchronizéhis local visualizationwith any otheruser

Fig. 6. Sharedview on adatasetn avisualizationsession

From a list of all userswhich are logged,eachuseris ableto selecta userfor
synchronizationlf a userchangeghe view, transfeffunction, clipping planesor ary
other parameterthe changesare sentto synchronizatiorsener, which forwardsthe
informationto the synchronizectlients. The parametersn theseclientsare changed
andthevisualizationis updated.

Interestingpartsof the volume datasettan be marked by clicking onto a part of
the volumeusingthe mouseor ary otherpointingdevice. A small marker (redball) is
addedinto thevisualization(Fig. 7(a)). The positionof the marker is broadcastednd
themarkersareupdatedor all synchronizedisers.

To supportcollaboratve work useranustbe ableto talk to eachotherin someway.
For this purposeary existing video conferencingool canbe used.Alternatively we
provide a chatapplet(Fig. 7(b)) with basiccommunicatiorfeatures.

6 Data Reduction

One major drawback of direct volume visualizationon local clients is the needto
transfervolumedatasetso the client system Dueto the large size of medicalvolume



(a) Marked aneurysm (b) Communicatiorpanel
Fig.7.
datasetsye proposeseveralfilter anddatareductionstepso reduceheoverallamount
of datato betransferredFig. 8).

Fig. 8. Datareductionfrom original dataseto renderedlataset

Quiteoftenexpertsareonly interestedn a certainsmallerpartof a volumedataset.
Sothefirst filter operationis the cuttingof a sub-wvolumeout of thevolumedatasetfFor
orientationpurposeghreeslicesin the XY, XZ andYZ directionsarerequestedrom
thedatasesener. Theseslicesareusedto markarectangulapartof thedatasetywhich
is transferredo theclient.

All volumedatais transferredn compressefbrmatusingthe GZIP format. JAVA
1.1 supportghisformatdirectly in thejava.util.zip package.

After transferringthe datait is decompressedndvisualizedin the slice view win-
dow of ourapplicationNow theuseris ableto inspectthedataseby navigatingthrough
theslicesusingthe slice view window. Again a rectangulapartof the transferredsol-
umecanbeselectedThispartis cutandvisualizedoy the VRML visualizationmodule.

Thefinal possibilityto reducethe amountof datashawn, is the placemenbf clip-

ping planes.



7 Results

In this sectionwe shav someresultsregardingvisualizationperformanceanddatare-
duction.

We usedNetscapeCommunicato”.04 and CosmoPlayef.1 on the IRIX clients
systemsandNetscapeCommunicato#.07 andBlaxxun Contact4.0 on the PCfor our
tests.

For a256x 256x 128volumea performancef 2 framespersecondvasachiesed
onaSGI02with aR10000ProcessofTablel). TheVoodooBanshegraphicsadapter
!, performedvery well for thelow resolutionvolume.Sincethe adapteis limited to 16
MB it wasnotableto visualizethe high resolutionvolume?.

machine dataset 128x 128x 64|256x 256x 128
SGI02(R1000) 7 fps 2 fps|
SGIOCTANE MXE 20fps 41ps|
Pentium200/\bodooBansheg 15fps - fps

Table 1. Performancef the application(framespersecond)

2 noresultdueto 16MB memorylimit

Ourfastorthogonactlippingalgorithmallowstheinteractve compositiorandmove-
mentof clipping planeswith the sameframerateasachievedwhenrotating,scalingor
translatingthe volume. This is dueto the fact that only little changesn the VRML
scene-graplare neededy our volumeclipping algorithm. The switchingand cutting
of slicescanbe doneefficiently usingthe eventmechanisnof VRML.

dataset format uncompressgdompressgdompressiofiacto
128x 128x 64 x 1 byte 1048576 397868 2.64
256x 256x 128x 1byte 8388608 1170860 7.14
512x 512x 106x 1 bytel 27787264 4720204 5.89

Table 2. Datasizesof uncompressedompressedatatsetin bytes
andcompressioffiactors

We achieved compressiomatesbetweer? and 10 by usingthe GZIP compression
(Table 2). As this formatis a JAVA 1.1 standardfeature,thatis implementedn na-
tive code,the compressioranddecompressiotimesdo not significantlyinfluencethe
datasetransfertime.

8 Conclusionsand Future Work

A prototypedapplicationfor volume visualizationusing VRML and JAVA hasbeen
proposedit permitsthe platform-independentastandinteractve visualizationof vol-
umedataset$or multiple useron the world wide weh As the hardwarerequirements
for the applicationarevery low, a standard®C with two-dimensionatexture mapping
andalphablendinghardwarecanbe used.

! lessthan90$
2256x 256X 128=8MB x 3=24MB



Currentlywe arecomputingiso-suriceson the client system Anotherpossibility,
however, would beto integratetechniquedor progressie generatiorandtransmission
of iso-surficed5]. Theiso-surficecouldbeeitherprogressiely generateantheclient
systemor computednthesenerandthenprogressiely transferredo theclient.

Securityof patientdatais a very importantrequiremenof a web-basedeleradiol-
ogysysteny1]. Wewill evaluateheapplicabilityof thenew JAVA securitymechanisms
in thefuture.

Currentlywe areevaluatingJAVA3D, JAVA OpenGLbindingsandJAVA Cosmo3D
bindingsfor thepossibleusein ourapplication A sheaswarp,basedn OpenGLbind-
ings, hasalreadybeendeveloped.
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