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Abstract

Visualizationof volumedataontheWWW usingtheVirtualReality
ModelingLanguage(VRML) andtheJava programminglanguage
offers new perspectives for distributed and platform independent
applications.A naive approachwould either transferthe volume
datato theclient sidefor local processingor it would computethe
iso-surfaceon the server sideby a marchingcubesalgorithmand
transfertheresultingpolygonsto theclient. In bothcasesthenet-
work bandwidthwould bethelimiting factorfor largedatasets.In
thispaperwetry to overcomethisrestrictionby usingaprogressive
iso-surfacealgorithm,which allows thegenerationof surfacehier-
archiesfrom thevolumedatawith a level-of-detailcontrol(LOD).
The surfacehierarchyis generatedon the server andthe levels of
resolutionaretransmittedto the client progressively, i.e. only the
differencebetweentwo successive levelsis sentacrossthenetwork.
In orderto beplatformindependentontheclientside,aJavaapplet
runningin a web-browseris usedto reconstructthehierarchypro-
gressively. Thevisualizationof onelevel of resolutionis doneby a
VRML web-browserplug-in or theJava3DAPI, which allows the
useof 3D graphicshardwaresupport. In orderto avoid the trans-
missionof a largenumberof polygons,theusercanreconstructthe
surfaceup to a coarselevel of resolutionandrefineit if required.
The surfacehierarchycanbe visualizedat any level of detail up
to thefinestlevel available,while the appletcontinueouslyrecon-
structsthehierarchyprogressively.

1 Introduction

Due to the exponentiallyincreasingsizeof volumedatasets,vol-
umedatabaseserversarenowadaysoftenusedto storeandmain-
tainsuchdatasets.Theseserverscanbeaccessedby a largevariety
of client systems,rangingfrom low end PCsto high end graph-
ics workstations. The visualizationof volume datarequiresdis-
tributed applications,which allow the inspectionsof the volume
datainteractively by balancingrenderingqualityandrealtime per-
formance.This issueis very importantfor distributedapplications
on theWorld WideWeb(WWW), whichstill suffersfrom network
bandwidthrestrictions. In this paperwe focuson distributedvol-
umedatavisualizationusingiso-surfaces.

We developeda new web-basediso-surfacevisualizationtool
which usesthe conceptof progressive iso-surfacesintroducedin
previouswork [3]. Theapplicationis locatedat
http://www9.inf ormatik.uni-erlangen.de/eng/research/prolet/.
and is basedon the client-server paradigm. The server generates
the multi-resolution surface from the volume data and sends
it progressively to the client which is a Java applet running in
the web-browser. The user can selecta data set from different
applicationareassuch as medicine or CFD. A coarselevel of
resolution can be selectedfor inspecting the volume data at
�
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different iso-values,which requireslow network throughputand
thereforeenablesinteractive rates. If needed,the surfacecanbe
refinedup to the finest level of resolution,which will requirea
longernetwork transmission.In that caseall levels of resolution
can be selectively visualizedby the user. This can be useful in
the casethat the client sidedoesnot have 3D graphicshardware
supportfor polygonrendering.

On theclient side,our webapplicationis completelywritten in
Java,whichevolvedto becometheidealprogramminglanguagefor
web-baseddistributedapplicationsduringthepastyears.However,
Javastill suffersfromperformancelimitations,especiallywhenren-
deringcomplex 3Dscenes.TheVirtualRealityModelingLanguage
(VRML) [5, 1] offers the possibility to visualize3D dataon the
internetusingthe full 3D accelerationhardwareof a given client.
An externalJava appletis ableto get accessto a VRML plug-in,
embeddedinto a webpage,usingtheExternalAuthoringInterface
(EAI) [7] . This canbeusedto creategeometrydynamically. We
alsoimplementedaversion,whichusesthenew Java3DAPI [8] to
visualizetheiso-surfaces.

In thefollowing sectionwewill discussrelatedwork in thefield
of distributedweb-basedvolumevisualizationapplicationsandpro-
gressive iso-surfacegenerationalgorithms.Section3 discussesim-
plementationdetails.Thetransmissionandthevisualizationof the
iso-surfacesis controlledby a java applet,whichwill beexplained
in Section4. In Section5 we presentsomeresultsof our perfor-
mancetestson a ISDN andEthernetconnectionof theJava3Dand
theVRML implementation.Wewill concludethepaperwith some
remarkson futureactivities.

2 Related Work

In the pastyearsseveral approachesfor scientificvisualizationon
thewebwereinvestigated.TrappandPagendarmpresenteda pro-
totypeof aWWW-basedflow visualizationservice[4]. They allow
arbitraryuserdatato be sentto a visualizationserver by a copy-
and-pasteoperationfrom adataproducerapplicationinto aHTML
form. Theserver generatesa VRML modelof thevisualizationof
thedata,which is requestedby a Java appletandvisualizedby the
browserVRML plug-in. Thedatatransferbetweenclientandserver
is doneusingplainASCII text, whichrequiresaveryhighnetwork
throughputandprocessingtime. Themajordrawback, however, is
thatthegeometricdataproducedby theserverhasto betransmitted
to the client completely, beforeit canbe visualized,thuslimiting
thepossibilitiesof theuserto controlthedatavisualizationinterac-
tively.

Anotherinterestingapproachis theVisWiz [2] platformindepen-
dentvisualizationtool for iso-surfaces,cuttingplanesandelevation
plotsfor 2D and3D datasets.

Oneof thefirst progressiveapplicationsfor volumevisualization
waspresentedin [6]. Theirsystemis basedonthelocal reconstruc-
tion of wavelet-compresseddata,but sinceit works in theFourier
domainit is restrictedto X-ray like images.

In this paperwe presenta systembasedon iso-surfaceswhich
makesa betterandmorebalanceduseof network andcomputing
resources.Oursystemtransmitsasfew dataaspossibleandexploits
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Figure1: Isosurfaceof asphericalharmonicfunction

native codeandhardwaresupportfor theprocessingstepswhereit
is requiredandavailable.

3 Implementation Issues

TheWWW visualizationapplicationis basedonthreemainparts:a
serverprogram,whichis writtenin C++, anetworkcommunication
protocolandtheclientprogramwhich is written in Java. Theclient
hasto beableto build aVRML orJava3Dscenegraphwhichallows
to switchbetweenlevelsof resolutionfor an iso-surface. A major
technicalcontributionof thispaperarethemethodsfor building the
VRML scene.In thissectionwebriefly describethenetwork com-
municationprotocolandthemethodsfor creatingandmanipulating
theVRML or Java3Dscenegraph.

3.1 Network Communication

If theclientrequestsaniso-surfacefor agiveniso-valueandresolu-
tion level, theserver computestheiso-surfaceandsendstheresult-
ing trianglesto theclient. Theserver sendsfurther informationin
orderto markthetrianglesfor building thehierarchyof surfacelev-
els.Theclient-servercommunicationis basedonBerkeley sockets.

A datasetfor one level of the iso-surfaceconsistsof an array
of verticesfor triangles,which shareno verticesandan arrayof
indices.Theindicesmarktriangles,thatwill bereplacedin higher
levelsof theiso-surface(irregulartriangles).Thevertex andindex
datahave 16 bit precision. A triangleconsumes18 bytesandan
index 2 bytes.

3.2 Visualization

Eachlevel of theiso-surfacecontainstwo typesof triangles:regular
andirregular ones.Regulartriangleswill not changein thehigher
levelsof thesurface.Regulartrianglesof level m arereusedin all
levels ����� . Irregulartrianglesof level m areonly usedat level
m. Figs.1(b,e)show the regular trianglesfor two differentlevels
of aniso-surfacewhileFigs.1(c,f)show thecorrespondingirregular
triangles.Thecompleteiso-surfacescanbeseenin Figs.1(a,d).
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Figure2: VRML Scenegraphfor theiso-surfacehierarchy

3.2.1 VRML

The VRML scenegraphstoresall the different levels of detail of
the iso-surface(Fig. 2). In order to switch betweenthe different
levelsa Switch nodeis usedasthe root nodefor thescenegraph.
Eachchild of thisswitchnodeis aGroup node,thatrepresentsone
level of the iso-surface. Thechildrenof a Group nodeareShape
nodes,whichconsistof anAppearanceandaGeometrynode.We
useIndexedFaceSetnodesasGeometrynodes.

In orderto build the VRML scenegraphusingdataevents,the
trianglesarestoredin an array. The indices,which arecreatedon
theclient,arecollectedin asecondarray. TheIndexedFaceSetsare
createdimmediatelyafter the VRML plug-in is loadedat startup.
They build a base scene which is actually empty. This sceneis
filled upwith trianglesusingVRML events.

We usethe eventIn field ”points” of the sub-nodeCoordinate
of a IndexedFaceSetnodeto settheverticesof thedata.Thisfield
is mappedto aninstanceof theclassEventInMFInt32 .

public class EventInMFInt32 extends EventIn {
public void setValue(int[] value)

throws IllegalArgumentException;
}

TheeventIn field ”set coordIndex” of theIndexedFaceSetnode
is usedto settheindicesof theIndexedFaceSetnode.Thisfield is
mappedto aninstanceof theEventInMFVec3fclass.

This approachof creatingVRML geometrydynamicallyturned
out to be the most efficient, becauseno string operationsandno
VRML parseris involved. Theverticesandthe index datacanbe
handeddirectly to thegeometrynodesof theVRML scenegraph.

3.2.2 Java3D

Java3Dis a high level scenegraphAPI for creatingandmanipulat-
ing 3D geometryandfor creatingthestructuresusedin rendering
thatgeometry[8] . ThecurrentJava3Dimplementationsarebased
on topof OpenGL,thusJava3Drenderingis acceleratedacrossthe
samewide rangeof systemsthataresupportedby this lower-level
API. WeusedtheJava3DAlpha3Releasewhich runswith JDK1.2
Beta3.

Thestructureof theJava3Dscenegraph(Fig. 3) is very similiar
to the earlierdescribedVRML scenegraph. It storesall the dif-
ferentlevelsof detailof theiso-surface.EachBranchGroup child
nodeof a Switch noderepresentsonelevel of the iso-surface.If a
setof regularandirregulartrianglesis receivedfor onelevel of the
iso-surface,two Shapenodesareinstantiated.Thefirst storesthe
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Figure3: Java3DScenegraphfor theiso-surfacehierarchy

irregular trianglesin a TriangleArray object. This Shapenodeis
addedonly to theBranchGroup nodeof thecorrespondinglevel of
theiso-surface.ThesecondShapenodestorestheregulartriangles
in a TriangleArray object. It is addedto theBranchGroup node
of the correspondinglevel andto the BranchGroup nodesof all
higherlevelsof theiso-surface.

4 The Java User Interface

TheJavauserinterfaceis attachedto thebottomof theVRML plug-
in andprovidesmany parametersfor theuserto choosefrom.

A typical working sessionproceedsasfollows. First selectthe
machinerunningthe server process.Due to Java securityrestric-
tions,anappletis only ableto connectto theserver, whereit was
down-loadedfrom. If theserver differs from theHTTP server, the

Figure4: Theuserinterfaceof theJava applet

(a) level 4 - 1500 triangles
(iso-value1.1)

(b) level 6 - 16421 triangles
(iso-value1.1)

Figure5: Pressureiso-surfacearounda planewing with different
LOD

accessmust be explicitly grantedand the userwill be prompted
with asecuritydialog.

A pool of representative data sets containing pre-processed
3D scalarvolumesin the form of adaptively refinedunstructured
meshesthatcanbevisualizedwith theprogressive iso-surfaceap-
plication hasbeenmadeavailable. A datasetcanbe selectedby
moving a scroll bar andchoosingoneof the iconsobtainedfrom
thevisualizationof thedata.Thedatasetis loadedontheserverby
pressingthe load button. The maximumlevel of resolutionavail-
ableon theserver sideis transferredto theclientandall thesliders
areadjustedaccordingly.

Now, an iso-valueanda level of detailcanbeselectedwith the
Refine-Level andthe Iso-value sliders. PressingtheStart button
initiatesthecomputationof thesurfacelevelsat theserversideand
the progressive transmissionto the client. If a new datasetis se-
lectedor if theiso-valueis changed,theiso-surfacewill berecom-
putedandtransferredfrom level 0 upto theselectedendlevel to the
client. On theotherhand,if only thelevel of resolutionis changed,
theiso-surfacewill berefined,i.e. thecorrespondingsurfacelevels
will becomputedontheserversideandonly thedifferenceswill be
transmittedto theclient.

TheJavaappletwill automaticallyswitchto ahigherlevel of de-
tail, assoonasa new level is available.TheShow level sliderwill
beadjustedaccordingly. This slidercanbeusedto switchbackto
any previouslevel of detail,whichallows to visualizethecomplete
surfacehierarchy. BecausetheVRML plug-in andtheJava applet
run asynchronously, the iso-surfacecanbevisualized,i.e. rotated,
translatedandzoomedin andout, while higher levels of the sur-
facearebeingtransmitted.A statusline at thebottomof the user
interfacepromptsstatusanderrormessages.

5 Results

In thissectionwecomparetheperformanceof thetransferandvisu-
alizationof thesurfacefor theVRML andJava3Dimplementation.

TheclientmachinewasaPCwith a200MHz Pentiumprocessor,
80MB RAM anda DiamondFire GL 1000Pro graphicsadapter.
We usedInternetExplorer4.01andCosmoPlayer2.1 for the tests
with our VRML implementationand the JDK 1.2 Beta3and the
Java3DAlpha3releasefor theJava3Dtests.Theserver wasa SGI
O2 with a R5000processorand128MB RAM. A 64 KBit ISDN
andan10 Mbit Ethernetconnectionwereused.

Our measurementswerebasedon a numericalsimulationof the
fluid motionarounda wing (Figure5). The datais discretizedon
a structuredgrid of dimension �	�
����
�������� . The datasetwas
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Figure6: Transmissionandconstructiontimesfor theplane-wing

level � trianglesa indicesb trianglesc datad sume

0 2 2 2 40 40
1 6 6 6 120 160
2 78 78 78 1560 1720
3 354 354 354 7080 8800
4 1500 1076 1500 29152 37952
5 8317 1171 8741 151836 189788
6 8745 1881 16421 157410 347198

atrianglestransmittedin this level
b indicestransmittedin this level
ctrianglesin this level
ddatatransmittedin this level (bytes)
etotaldatatransmittedup to this level (bytes)

Table1: Datatransmissionfor theplanewing iso-surface(Iso: 1.1)

pre-processedandstoredin compressedformatasdescribedin [3].
Thesizeof thecompresseddatasetis 3.2MBytes.

The benefitsof our approachareobvious. The timesgiven in-
cludethe network transmissionand the constructionof the scene
graph.The levels0 to 4 of theiso-surfaceswerevisualizedin less
than5 second(Figure6). Theuseris ableto getaquick impression
of thedataandfind interestingiso-values.

Theperformancefor the refinementof the iso-surfaceup to the
highestlevel of detailis obviouslymuchlower(Figure6 column2),
but still highenoughto maintainanacceptablerateof interactivity.

The performanceof Java3D for the constructionof the scene-
graphwasmuchslower asthe VRML implementation(Figure6).
Thiscanbeexplainedwith theearlystateof theJava3DAPI (Alpha
3) andJDK1.2(Beta3),whicharenotoptimizedfor performance.

Table1 shows the numberof trianglesand indicestransmitted
for eachlevel of the iso-surface,thenumberof trianglesin theac-
cordinglevel, thenumberof bytestransmittedfrom onelevel to the
next andthetotal numberof bytestransmitted.Eachtrianglecon-
sistsof anarrayof 18bytes(3 verticeswith 16bitsprecision).Each
index marksanirregulartriangleandconsumes2 bytes.

Thenumberof datatransmittedfor lowerlevelsof theiso-surface
is very small comparedto the transmissionfor higherlevels. The

transmissionoverheadcausedby our progressive approachis very
limited. The numberof bytestransmittedup to the highestlevel
of the planewing iso-surfaceis 347 198bytesfor the progressive
algorithmand295578(16421triangles* 18) bytesfor a nonpro-
gressivealgorithm.

6 Conclusions

We have presenteda distributedapplicationwhich is suitablefor
the visualizationof large volume datasetson the WWW. At the
coreof thesystemis aprogressive iso-surfacealgorithm,whichal-
lows theuserto interactively adjusttheiso-valueandtheresolution
of extractediso-surfaces. If an interestingiso-valueis found, the
usercanrefinetheiso-surfacedependingontheperformanceof the
clientmachine,hardwaresupportandnetwork load.Theoverheads
producedby our progressive transmissionis very low. Becausethe
VRML plug-in andthe network transmissionrun asynchronously,
theusercanvisualizethedata,i.e. rotate,translateandzoomin or
out,while thesurfaceis beingrefined.

The useof Java and VRML gives us the advantageof being
platform independentwhile exploiting graphicshardwaresupport
if available. However, specialattentionhasto be paid to the effi-
cientcommunicationbetweenbothcomponents.

With the techniquesintroducedin [3] it is possibleto progres-
sively transmitnotonly surfaces,but alsoentirevolumesacrossthe
network. At theclientsideaJavaappletcouldreconstructthehier-
archyof the3D meshesandextract iso-surfacesat differentlevels
of resolution.Thedevelopmentof sucha Java appletwhich satis-
fiestheperformancerequirementsof interactivevisualizationis one
topicof futureresearch.
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