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Abstract

Visualizatiorof volumedataonthe WWW usingthe Virtual Reality
ModelingLanguaggVRML) andthe Java programminganguage
offers new perspecties for distributed and platform independent
applications. A naive approachwould eithertransferthe volume
datato theclient sidefor local processingr it would computethe
iso-surbiceon the sener side by a marchingcubesalgorithmand
transferthe resultingpolygonsto theclient. In both caseghe net-
work bandwidthwould bethelimiting factorfor large datasets.In
this papemwetry to overcomethisrestrictionby usingaprogressie
iso-surficealgorithm,which allows the generatiorof surfacehier
archiesfrom the volumedatawith a level-of-detailcontrol (LOD).
The surfacehierarchyis generatedn the sener andthe levels of
resolutionaretransmittedo the client progressiely, i.e. only the
differencebetweertwo successk levelsis sentacrosghenetwork.
In orderto beplatformindependentntheclientside,aJavaapplet
runningin a web-bravseris usedto reconstructhe hierarchypro-
gressiely. Thevisualizationof onelevel of resolutionis doneby a
VRML web-bravserplug-in or the Java3D API, which allows the
useof 3D graphicshardware support. In orderto avoid the trans-
missionof alarge numberof polygonstheusercanreconstructhe
surfaceup to a coarselevel of resolutionandrefineit if required.
The surfacehierarchycan be visualizedat ary level of detail up
to thefinestlevel available,while the appletcontinueouslyecon-
structsthe hierarchyprogressiely.

1 Introduction

Due to the exponentiallyincreasingsize of volume datasetsyol-
umedatabasesenersarenovadaysoften usedto storeandmain-
tain suchdatasetsThesesenerscanbeaccessebtly alargevariety
of client systemsrangingfrom low end PCsto high end graph-
ics workstations. The visualizationof volume datarequiresdis-
tributed applications,which allow the inspectionsof the volume
datainteractvely by balancingenderingquality andrealtime per
formance.This issueis very importantfor distributedapplications
ontheWorld Wide Web (WWW), which still suffersfrom network
bandwidthrestrictions. In this paperwe focuson distributedvol-
umedatavisualizationusingiso-suraces.

We developeda new web-basedso-surfice visualizationtool
which usesthe conceptof progressie iso-surficesintroducedin
previouswork [3]. Theapplicationis locatedat
http://mww9.inf ormatik.uni-erlangen.de/eng/eseach/prolet/.
andis basedon the client-serer paradigm. The sener generates
the multi-resolution surface from the volume data and sends
it progressiely to the client which is a Java appletrunning in
the web-bravser The usercan selecta data set from different
application areassuch as medicineor CFD. A coarselevel of
resolution can be selectedfor inspecting the volume data at
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differentiso-values,which requireslow network throughputand
thereforeenablesinteractve rates. If neededthe surfacecanbe
refinedup to the finestlevel of resolution,which will requirea
longernetwork transmission.In that caseall levels of resolution
can be selectvely visualizedby the user This canbe usefulin
the casethat the client side doesnot have 3D graphicshardware
supportfor polygonrendering.

On the client side,our web applicationis completelywritten in
Java, which evolvedto becomeheidealprogrammindanguagéor
web-basediistributedapplicationduringthe pastyears.However,
Javastill suffersfrom performancdimitations,especiallywhenren-
deringcomplex 3D scenesTheVirtual RealityModelingLanguage
(VRML) [5, 1] offers the possibility to visualize 3D dataon the
internetusingthe full 3D acceleratiorhardware of a given client.
An external Java appletis ableto getaccesdo a VRML plug-in,
embeddednto a web page,usingthe ExternalAuthoringInterface
(EAI) [7] . This canbe usedto creategeometrydynamically We
alsoimplemented version,which useshe newv Jaza3D API [8] to
visualizetheiso-surfces.

In thefollowing sectionwe will discusgelatedwork in thefield
of distributedweb-basedolumevisualizatiorapplicationsandpro-
gressie iso-surhicegeneratioralgorithms.Section3 discussefim-
plementatiordetails. Thetransmissiorandthe visualizationof the
iso-surficesis controlledby ajava applet,which will be explained
in Section4. In Section5 we presentsomeresultsof our perfor
mancetestson a ISDN andEthernetconnectiorof the Java3D and
the VRML implementationWe will concludethe paperwith some
remarkson futureactvities.

2 Related Work

In the pastyearsseveral approache$or scientificvisualizationon
thewebwereinvestigated. TrappandPagendarnpresentec pro-
totypeof a WWW-basedlow visualizationservice[4]. They allow
arbitraryuserdatato be sentto a visualizationsener by a copy-
and-past®perationfrom a dataproducerapplicationinto aHTML
form. Thesener generates VRML modelof the visualizationof
thedata,whichis requestedby a Java appletandvisualizedby the
browserVRML plug-in. Thedatatransfebetweerclientandsener
is doneusingplain ASCII text, which requiresavery high network
throughputandprocessindime. The majordravback, however, is
thatthegeometricdataproduceddy thesener hasto betransmitted
to the client completely beforeit canbe visualized,thuslimiting
the possibilitiesof the userto controlthedatavisualizationinterac-
tively.

Anotherinterestingapproactis theVisWiz [2] platformindepen-
dentvisualizationtool for iso-surfices cuttingplanesandelevation
plotsfor 2D and3D datasets.

Oneof thefirst progressie applicationdor volumevisualization
waspresentedh [6]. Theirsystems basednthelocal reconstruc-
tion of wavelet-compressedata,but sinceit worksin the Fourier
domainit is restrictedto X-ray like images.

In this paperwe presenta systembasedon iso-suriceswhich
males a betterand more balanceduseof network and computing
resourcesOursystentransmitsasfew dataaspossibleandexploits



(a) all trianglesof
level 5

(b) regular trian-
glesof level 5

(c) irregulartrian-
glesof level 5

(d) all trianglesof
level 6

(e) regular trian-
glesof level 6
Figurel: Isosurficeof a sphericaharmonicfunction

(f) irregular trian-
glesof level 6

native codeandhardwaresupportfor the processingtepswhereit
is requiredandavailable.

3 Implementation Issues

TheWWW visualizationapplicationis basednthreemainparts:a
senerprogramwhichis writtenin C++, anetwork communication
protocolandthe clientprogramwhichis writtenin Java. Theclient
hasto beableto build aVRML or Java3Dscengraphwhichallows
to switch betweenrlevels of resolutionfor aniso-surfice. A major
technicalcontritution of this paperarethemethoddor building the
VRML sceneln this sectionwe briefly describethe network com-
municationprotocolandthemethoddor creatingandmanipulating
theVRML or Javza3Dscenegraph.

3.1 Network Communication

If theclientrequestainiso-surficefor agiveniso-valueandresolu-
tion level, thesener computegheiso-suraceandsendgheresult-
ing trianglesto the client. The sener sendsfurtherinformationin
orderto markthetrianglesfor building the hierarchyof surfacelev-
els. Theclient-serer communicatioris basecbn Berkeley soclets.

A dataseffor one level of the iso-surfice consistsof an array
of verticesfor triangles,which shareno verticesand an array of
indices. Theindicesmarktriangles thatwill bereplacedn higher
levels of theiso-surfice(irregulartriangles). The vertex andindex
datahave 16 bit precision. A triangle consumed8 bytesand an
index 2 bytes.

3.2 Visualization

Eachlevel of theiso-surficecontaingwo typesof triangles:regular
andirregular ones.Regulartriangleswill notchangen the higher
levels of the surface. Regulartrianglesof level m arereusedn all
levelsn > m. Irregulartrianglesof level m areonly usedat level
m. Figs.1(b,e)shav theregular trianglesfor two differentlevels
of aniso-suracewhile Figs.1(c,f) shav thecorrespondingregular
triangles.Thecompleteiso-surbcescanbeseenn Figs.1(a,d).
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Figure2: VRML Scengyraphfor theiso-suricehierarchy

3.21 VRML

The VRML scenegraphstoresall the differentlevels of detail of
the iso-surfice (Fig. 2). In orderto switch betweenthe different
levels a Switch nodeis usedasthe root nodefor the scenegraph.
Eachchild of this switchnodeis aGroup node thatrepresentene
level of the iso-surice. The childrenof a Group nodeare Shape
nodeswhich consistof anAppearanceanda Geometry node.We
uselndexedFaceSenhodesasGeometry nodes.

In orderto build the VRML scenegraphusingdataevents,the
trianglesarestoredin anarray Theindices,which arecreatedon
theclient,arecollectedn asecondarray ThelndexedFaceSesare
createdmmediatelyafter the VRML plug-in is loadedat startup.
They build a base scene which is actually empty This sceneis
filled up with trianglesusingVRML events.

We usethe eventin field "points” of the sub-nodeCoordinate
of alndexedFaceSemnodeto setthe verticesof thedata. Thisfield
is mappedo aninstanceof theclassEventinMFInt32 .

public class EventlnMInt32 extends Eventln {
public void setValue(int[] val ue)
throws |1l egal Argunent Excepti on;

Theeventin field "set.coordinde” of thelndexedFaceSenode
is usedto settheindicesof the IndexedFaceSetode.Thisfield is
mappedo aninstanceof the EventinMFV ec3fclass.

This approachof creatingVRML geometrydynamicallyturned
out to be the mostefficient, becauseno string operationsand no
VRML parseris involved. The verticesandthe index datacanbe
handedlirectly to thegeometrynodesof the VRML scenegraph.

3.2.2 Java3D

Jara3Dis a high level scengraphAPI for creatingandmanipulat-
ing 3D geometryandfor creatingthe structuresusedin rendering
thatgeometry[8] . The currentJava3Dimplementationsrrebased
ontop of OpenGL thusJasa3Drenderings accelerate@crosshe
samewide rangeof systemshataresupportedy this lower-level

API. We usedthe Java3D Alpha3Releaseavhich runswith JDK1.2
Beta3.

The structureof the Java3D scenegraph(Fig. 3) is very similiar
to the earlier describedvVRML scenegraph. It storesall the dif-
ferentlevels of detail of theiso-surfice.EachBranchGroup child
nodeof a Switch noderepresentenelevel of theiso-surfce. If a
setof regularandirregulartrianglesis recevedfor onelevel of the
iso-surfice,two Shapenodesareinstantiated.Thefirst storesthe
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Figure3: Java3D Sceneagraphfor theiso-surficehierarchy

irregulartrianglesin a TriangleArray object. This Shapenodeis

addedonly to theBranchGroup nodeof thecorrespondindevel of

theiso-surfice. ThesecondShapenodestoresheregulartriangles
in a TriangleArray object. It is addedto the BranchGroup node
of the correspondindevel andto the BranchGroup nodesof all

higherlevelsof theiso-surfce.

4 The Java User Interface

TheJavauserinterfaceis attachedo thebottomof the VRML plug-
in andprovidesmary parameteror theuserto chooserom.

A typical working sessiorproceedsasfollows. First selectthe
machinerunningthe sener process.Dueto Jasa securityrestric-
tions, anappletis only ableto connectto the sener, whereit was
down-loadedfrom. If the sener differsfrom the HTTP sener, the
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Figure4: Theuserinterfaceof the Jasa applet
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accesamust be explicitly grantedandthe userwill be prompted
with asecuritydialog.

A pool of representate data sets containing pre-processed
3D scalarvolumesin the form of adaptvely refinedunstructured
mesheghat canbe visualizedwith the progressie iso-surbiceap-
plication hasbeenmadeavailable. A datasetcanbe selectecby
moving a scroll bar and choosingone of the icons obtainedfrom
thevisualizationof thedata. Thedatasetis loadedonthe sener by
pressingthe load button. The maximumlevel of resolutionavail-
ableonthesener sideis transferredo the clientandall thesliders
areadjustedaccordingly

Now, aniso-valueanda level of detail canbe selectedvith the
Refine-Level andthe Iso-value sliders. Pressinghe Start button
initiatesthe computatiorof the surfacelevelsatthe sener sideand
the progressie transmissiorto the client. If a nev dataseis se-
lectedor if theiso-valueis changedtheiso-suricewill berecom-
putedandtransferredrom level 0 upto theselectedendlevel to the
client. Ontheotherhand,if only thelevel of resolutionis changed,
theiso-surhcewill berefined,i.e. thecorrespondingurfacelevels
will becomputednthesener sideandonly thedifferencewwill be
transmittedo theclient.

TheJavaappletwill automaticallyswitchto a higherlevel of de-
tail, assoonasa new level is available. The Show level sliderwill
be adjustedaccordingly This slider canbe usedto switch backto
ary previouslevel of detail,which allows to visualizethe complete
surfacehierarchy Becauseghe VRML plug-in andthe Java applet
run asynchronousjthe iso-surficecanbevisualized,i.e. rotated,
translatedand zoomedin and out, while higherlevels of the sur
facearebeingtransmitted.A statusline at the bottomof the user
interfacepromptsstatusanderrormessages.

5 Results

In thissectionwe compargheperformancef thetransferandvisu-
alizationof thesurfacefor the VRML andJasza3Dimplementation.

Theclientmachinevasa PCwith a200MHz Pentiumprocessqr
80MB RAM anda DiamondFire GL 1000 Pro graphicsadapter
We usedinternetExplorer4.01and CosmoPlayeP.1 for the tests
with our VRML implementationand the JDK 1.2 Beta3and the
Jara3D Alpha3releasdor the Java3Dtests. The senerwasa SGI
02 with a R5000processoand128MB RAM. A 64 KBit ISDN
andan10 Mbit Ethernetconnectiorwereused.

Our measurementserebasedon a numericalsimulationof the
fluid motionarounda wing (Figure5). The datais discretizedon
a structuredgrid of dimension100 x 78 x 34. The datasetwas
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level | A triangleé | indice$ | triangle$ datd sunf

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

atrianglestransmittedn this level
bindicestransmittedn this level

Ctrianglesin this level

ddatatransmittedn thislevel (bytes)

total datatransmittecup to this level (bytes)

Tablel: Datatransmissiorior the planewing iso-surace(lso: 1.1)

pre-processedndstoredin compressefbrmatasdescribedn [3].
Thesizeof thecompressedatasetis 3.2 MBytes.

The benefitsof our approachare olvious. The timesgivenin-
cludethe network transmissiorand the constructionof the scene
graph.ThelevelsO to 4 of theiso-surceswerevisualizedin less
than5 secondFigure6). Theuseris ableto geta quickimpression
of thedataandfind interestingso-values.

The performancdor the refinemenbf theiso-surbiceup to the
highestlevel of detailis obviously muchlower (Figure6 column2),
but still high enoughto maintainanacceptableateof interactvity.

The performanceof Jasa3D for the constructionof the scene-
graphwasmuchslover asthe VRML implementatior(Figure6).
This canbeexplainedwith theearlystateof theJasa3DAPI (Alpha
3) andJDK1.2(Beta3),which arenot optimizedfor performance.

Table 1 shavs the numberof trianglesandindicestransmitted
for eachlevel of theiso-surfce,the numberof trianglesin the ac-
cordinglevel, thenumberof bytestransmittedrom onelevel to the
next andthe total numberof bytestransmitted.Eachtrianglecon-
sistsof anarrayof 18 bytes(3 verticeswith 16 bits precision).Each
index marksanirregulartriangleandconsumeg® bytes.

Thenumberof datatransmittedor lowerlevelsof theiso-surfice
is very smallcomparedo the transmissiorfor higherlevels. The

transmissioroverheadcauseddy our progressie approachis very
limited. The numberof bytestransmittedup to the highestlevel
of the planewing iso-surficeis 347 198 bytesfor the progressie
algorithmand295578 (16421triangles* 18) bytesfor a non pro-
gressie algorithm.

6 Conclusions

We have presented distributed applicationwhich is suitablefor
the visualizationof large volume datasetson the WWW. At the
coreof the systemis a progressie iso-surficealgorithm,which al-
lows theuserto interactvely adjusttheiso-valueandtheresolution
of extractediso-surces. If aninterestingiso-valueis found, the
usercanrefinetheiso-surcedependingntheperformancef the
clientmachine hardwaresupportandnetwork load. Theoverheads
produceddy our progressie transmissions very low. Becausehe
VRML plug-in andthe network transmissiorrun asynchronously
theusercanvisualizethedata,i.e. rotate,translateandzoomin or
out, while the surfaceis beingrefined.

The use of Java and VRML gives us the advantageof being
platform independentvhile exploiting graphicshardware support
if available. However, specialattentionhasto be paid to the effi-
cientcommunicatiorbetweerbothcomponents.

With the techniquedntroducedin [3] it is possibleto progres-
sively transmitnotonly surfacesput alsoentirevolumesacrosghe
network. At theclientsidea Java appletcouldreconstructhe hier
archyof the 3D meshesandextractiso-surbcesat differentlevels
of resolution. The developmentof sucha Java appletwhich satis-
fiestheperformanceequirementsf interactive visualizations one
topic of futureresearch.
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