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Abstract

The 3D renderingcapabilitiesof the desktophave improved immenselyin the
recentyearsandon the otherhand,the availability andthe useof WWW have also
increased. This hascreateda large numberof opportunitiesfor developmentand
deplaymentof 3D contentfor the Internet. This reportsureys thefollowing aspects
thesubject:

1. Classe®f online3D Applicationsthatcanbe deplo/ed,
2. Contentcreationissues,

3. Contentdistribution of issues,

4. Renderingandinteractiontechniquesand

5. Securityandcopyright protectiontechnologies.

Wefocusonthedatamanagemerdandalgorithmicaspect®f thesassuesandcitethe
representate work thathasbeendonealreadyandalsothe currentresearchssues.

1 Intr oduction

Many applicationghatessentiallydealwith 3D dataneedeffective visualizationandin-
teractionsystemdor accessaand manipulation. The datais sometimegeneratedn one
siteandis accessetty mary peoplewho aregeographicallyseparatedHenceit is most
cornvenientto sharethat dataacrossthe machinesn anintranetor acrossthe Internet.
Below, we presenbnly someof therepresentatie scenariosvhere3D datais shared:

1. A car compaty may wish to give a preview of someof its new modelsto the
prospectre buyersby placingthe 3D digital modelsof their productson the weh
Theinterestedoeoplecanthenview the 3D modelfrom variousviewpointsinside
andoutsidethecarmodel. It is alsopossibleto interactively choosevariouscolours
for thecarandalsotry differentaccessorieanduphosteryfor themodel. Extending
thisideafurther, theusercanevenorderthe carwith thevariousoptionshe/shehas
selected.

2. Architecturalmodelsor CAD modelsmay be worked uponby multiple architects
or engineersvho visualisethe sharednodels interactwith eachotherby accessing
the model. Here, variouspartsof the samemodelmay be storedin variousloca-
tions, but visualisedn anintegratedfashion.Thedegreeof integrationmayalsobe
controlledby individualsinspectingthe models.
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3. Digital documentatiorof heritagesitescanbeenplacedon thewebalongwith the
3D modelsof the monumentsandstatuedor interactve viewing.

4. MedicaldatasuchMRI and CT-scanvolumetricimagescanbe madeavailableto
expertsresidingat remotelocationsfor their opinionsanddiagnosis. Such3D data
mustbe renderedat remotelocationfor interactve inspectionfrom variousview-
points.

5. Educationamaterialthatrequires3D visualizationfor improved understandingf
thesubjectbeingstudiedcanbe presentedvith appropriate8D animationsof mod-
els.

In all theabove casesthefundamentatechnicalissuesareacquitionof data,formatsfor
storageandsharingof information,transmissiorof data,visualization,accessontroland
copyright protection. The pastfew yearshave seenan exponentialgrowth in the com-
plexity of 3D databeingusedon desktopclassmachinesandalsoin sophisticatiorof the
modelingtools for the creationandediting of the content. This is anoutputof persistent
work of researcheanddevelopersan theareaof computergraphics.Thetechnicalissues
in efficiently andeffectively using3D onthewebposedmary new andchallengingprob-
lems. Consequentlya large pool of new computationatechniquesdata-structureand
algorithmshasemeped. This work continuegto grow at a rapid pace.In this reportwe
presenthe stateof theartin deploymentandthe useof 3D modelson theweh

1.1 How this report is organised.

Restof the reportis organisedasfollows. Section2 definesthe basicelementsaandthe
typesof 3D dataandalsodescribeshevariousprevalentprocesseasedfor theacquisition
of themodels.Section3 discusse¥ RML97 file formatwhichis currentlythestandardor
exchangeof virtual worldsacrosgheweh Sectiord surweysthesimplificationtechniques
useto reduceredundantatain the 3D models.Section5 describesheissuesnvovedin
compressiorof geometricmodelsrepresented@s triangle meshes.Section6 motivates
anddescribeshe concepbf progressie transmissiorof large models.Section7 outlines
theissuedn handlingcopyright protectionof polygonmeshmodels.

2 Acquision of 3D data

We first identify thevariouskindsof 3D datathatcanbe of interestfor visualizationover
thewebandthenbriefly touchuponthetoolsusedto acquirethe data.
2.1 DataElements

Thedifferentformsof 3D datacurrentlyusedfor exchangeoverthewebare:

1. Polygon mesh: This is mostgeneraform of modelingboundaryrepresentatioof
objects. The popularchoiceof polygonsin suchrepresentations triangles. The
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meshesrerepresenteth termsof asharedist of vertices alist of triangles— with

eachtriangle definedwith a triple of indicesinto the sharedvertex list. The ver

ticesaredefinedminimally by their (z, y, z) coordinatesAdditionally, the vertices
may have otherattributeslike normals,colour value andtexture coordinates.The
mesheslsohave materialpropertiedefiningtheirlight reflectancdehaiour when
illuminated. The texturesto be mappedarerepresentedsimagesin someformat
like JPEG,GIF, etc.

2. Smoothsurface definition: B-splinecurvesandsurfacesprovide a mechanisnof
definingobjectswith smoothfeatures Thesemodelingschemegrovide acompact
representationf complex modelsthatwould requirelarge numberof polygonsto
capturethe smoothnessThis representatiors the mostpopularfor modelingCAD
dataof engineeringnodels.

3. Voxel models: Voxel-basednodelingschemds anothergenericschemeor mod-
eling 3D objects. This dataconsistsof threedimensionalarray of somescalaror
vectorvalues.Thesevaluesareinterpretedoy visualrenderingsoftwarein different
waysdependingon the application.

Of thesddifferentrepresentationstianglemeshbasedepresentatiors the mostpopular
Thispopularityis partly dueto thehardwarefor rendering3D graphicgs mostlyatriangle
renderingengine.

2.2 Modesof Acquision

Variousapplicationareaggenerate3D datavia differentprocesseanddifferenttools. In
fact,any modelingtool thatgenerate8D modelscanbeused.This providesalargespec-
trum of dataacquisitiontoolsrangingfrom thetraditional CAD packageso 3D scanning
systemdo motiontrackingsystemso MRI scannergandsoon.

CAD packages:Themosttraditionaltechniquehatcontinuego be usedfor creating3D
contentis to usea CAD package.Thesepackagesiave numerousspecialisedools for
creatingvariousaspectf models: geometryvisual attributesandtemporalbehaiours
suchas animationand morphing. Geometryis modelledby creatingfree-form shapes
by extrusion,sweep fleshingabouta skeleton,editing of control pointsandsoon. The
visualattributessuchascolourandmaterialpropertiesaredeterminecht a granularityof
ameshor a surface. Otherattributessuchasvertex normalsandtexture coordinatesare
computedautomaticallyby the packageThesearegeneratedy mappingthegivenobject
to the closestcononicalshapédik e spherecylinder, cube,tetrahedronetc. Examplesof
somepopularpackagesre3D StudioMAX, Alias WavefrontandMaya.

3D scanning: Sometimesnodellerscreateclay modelsof the objects. At othertimes,
digital modelsof existing physicalobjectsareneededTheseobjectsarethenscannedy
using3D scanners.Thesescannersamplea large numberof pointson the modelfrom
all directionsandconstruciadense3D model. Somescannerslsoscanthe colourvalues
along of the coordinatesof the points scanned. The software that drives the scanner



connectghe points scannedn a regular patterninto a triangle meshor a quadrilateral
mesh.

3D digitizers: Beforethe automaticscannerappearedn the market, manualdigitizers
werein use. The modelof usageof thesedigitizersis asfollows: (a) theusermustmark
pointson the clay modelin a regular patternof a quadrilateraimesh,(b) the digitizer is
thencalibratedo obtaina frameof referencdor digitising the points,(c) the stylusof the
digitizer is thenplacedon eachpoint marked on the modelin a sequencesuchthatthe
measuregoints canthenbe usedto createa meshin a trivial manner Thesescenners
areinexpensve andusable andhencecontinueto be usedin theanimationindustry The
numberof pointsthat can be manuallydigitized is limited. To refine the resolutionof
distribution of pointsonthe model,mathematicatechniquesuchasCoon’s patchfitting
areused. To modify the shapedefinition the userscanedit the scannegointsandother
parameterat thesepointslik e tangentsand normals. The surfacefitting is modifiedto
reflectthe changesn thelocal parameters.

MRI and CT scanning: Magneticresonanceémaging and computedtomographbased
scannergyeneratea large amountof voxel dataof 3D objects. Thesedataconsistof a
threedimensionahrrayof scalar Mostcommonsource®f suchdataaremedicalimaging
centresandindustrialnon-destructie visualtestingmachines.

A few otherspecialisedools exist for the creationof 3D data. Theseare volume dis-
cretizationtools (alsocalledgrid generatiorpackages)CFD analysispackagesetc.

2.3 Format corversion and healing of models

Themodelsareacquiredusingvariousprocesseandstoredn formsthearedifferentfrom
thoserequiredfor the enduse. The dataneedsto be corvertedto a suitablefile format
andthemodelalsoneedgo betransformedsothatit is in ausablestate.Herewe list the
issuegelatedto thefile formatsandtransformatiorof modelsfor the endapplication.

Issuedn conversionof file formats:

1. Informationcapturedn the sourcefile formatmaynotbe sufficientto constructhe
detailsnecessaryo build the modelin the otherfile format. In suchcasesjt may
benecessaryo infer thisinformation.

2. The corversionbetweenfile formatsmay be a lossy processvherethe tamgetfile
formatdoesnot needthe excessdatain the sourcefile format.

3. Thedatatypesusedin thesourcefile formatandthedestinatiorfile formatmaynot
bethesame.Hencesomeapproximatiorof modelmayhave to beaccomodated.

Otherissuesadaptingthe capturedsourcedatafor anendapplicationare:

1. Thesourcedatamay have a very high resolutionwhich may not be suitablefor the
endapplicationandneedgo bereduced While reducingthe data,theinformation
being communicatedfrom the viewpoint of the application)must be minimally
affected. This canbe achieved by adaptve samplingratherthan trivial uniform
sampling.



2. The sourcedatasometimeshaserrorsincurred during recordingor modeling of
objectseitherdueto theinstrumentatiorerrorsor humanerrors.Theseerrorscould
be missingpolygons,gapsin the geometricdescription,ncorecttexturesmapped
ontothe geometry Theseartifactsmustbe correctedoeforeusingthe modelsfor
the application. Someof the errorscan be healedautomatically whereas some
needto be manuallyfixed by loadingthe modelin someeditor.

3. To achievefastertransmissiorandprogressie loadingof themodels thedatamust
be transformednto a suitableformat suchthat the informationis differently rep-
resented. Many model compressiorand progressie transmissiorschemesave
beenproposedby researchersin this reportwe surwey somesuchrepresentatie
techniques.

3 File Formats

In this section,we shall largely concentrateon the polygon meshrepresentatioof sur
facesfor modeling3D worlds or scenes.The basicelementf 3D datato be modelled

are:

1. Scenedefinition: A moderatesizedsceneusuallyhasmary meshesandafew light
sourceglefiningtheillumination conditionsin the scene.

(a) List of meshes
(b) List of lights

2. Trianglemeshdefinition: Individual meshesn the scengform the largestpartof a
scenedefinition. The meshdefinition providesthe geometryandvisual attributes.

(a) Sharedvertex list: Thislist is sharecamongthetrianglesin themesh.Sharing
thelist savesthe duplicationof vertex detailswhena vertex is sharedacross
multiple triangles.

I. vertex coordinates,

ii. vertex normals,
iii. texturemapcoordinatesand
iv. vertex colours.

(b) Meshtopology: This definesthe connectvity amongthe verticesby listing
theindicesinto the sharedvertex list.

I. list of triangles,and/or
ii. list of triangle-strips.

(c) Textureimages:Thetextureimagesare parameterisewith arectangulado-
main and mappingof certainareason the imagesonto the trianglesis done
by specifyingthe texture coordinatesvithin the parametriacangeof the map.
The texture parametergxceedingthe parametricdomainare wrappedback
into theimage.



(d) Material properties:Modeling of the reflectve behaiour of materialin the
givenillumination conditionsis specifiedin the form of ambientreflectance,
diffusereflectancespeculareflectancendemmissve properties.

3. Lights: Thelightsaredefinedwith variouscomponentsuchasdiffuseillumination,
speculaillumination, and otherpropertiessuchas point source,spotlightsource,
etc. Thelightsarecommonlymodelledwith red,greenandbluecomponentsyhich
is a greatsimplificationof the more elaboratespectrummodelof light. This ap-
proximation,however, hasbeenfoundto be adequatdor mostof the applications
requiringconsumptioronly by humanvisual system.

To encodetheseelementsf informationon storageandtransmissiormedia,numerous
formatshave beenused. The stadardformatsfor dataexchangeover the Internethas
beenVRML1.0 andVRML97. However, therearealsomary proprietoryfile formatsin
usefor the modelingpackagedik e 3DStudioMAX, Alias Wavefront,andsoon. These
file formatshave provisionsfor storinginformationthatis specificto the algorithmsand
featuresof the packagesHencethey areextremelyrich in theinformationthey capture
andstore.In thissectionwe only briefly discusghefeaturesof the VRML97 file format,
sinceit is the currentstandardf World Wide Web Consortiumandis widely accepted.

3.1 VRML97

TheVirtual RealityModelingLanguag€VRML) is afile formatfor describingnteractve
3D objectsandworlds. VRML is designedo be usedon the Internet,intranets andlocal
clientsystemsVRML is alsointendedo bea universalinterchangdéormatfor integrated
3D graphicsandmultimedia. VRML may be usedin a variety of applicationareassuch
asengineeringand scientific visualization,multimediapresentationsgntertainmenand
educationatitles, web pagesandsharedvirtual worlds.

VRML hasbeendesignedo fulfill thefollowing requirements:

1. Authorability: Enablethe developmentof computemprogramscapableof creating,
editing,andmaintainingVRML files, aswell asautomatidranslationprogramsor
convertingothercommonlyused3D file formatsinto VRML files.

2. Composability: Provide the ability to useandcombinedynamic3D objectswithin
aVRML world andthusallow re-usability

3. Extensibility: Provide the ability to addnew objecttypesnot explicitly definedin
VRML.

4. Be capable of implementation: Capableof implementatioron awide rangeof sys-
tems.

5. Performance. Emphasizescalable,interactve performanceon a wide variety of
computingplatforms.

6. Scalability: Enablearbitrarily large dynamic3D worlds.
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VRML is capableof representingstaticand animateddynamic3D and multimediaob-
jectswith hyperlinksto othermediasuchastext, soundsmovies, andimages. VRML
browsers,aswell asauthoringtoolsfor the creationof VRML files, arewidely available
for mary differentplatforms.

VRML supportsanextensibility modelthatallows new dynamic3D objectsto bedefined
allowing applicationcommunitiesto develop interoperableaxtensionsto the basestan-
dard. Thereare mappingsbetweenVRML objectsandcommonlyused3D application
programmeinterface(API) features.

A VRML file consistsof the following major functional components:the header the
scenegraph,the prototypesandeventrouting. The contentsof thisfile areprocessedor
presentatiomndinteractionby a programknown asa browser

The scenegraphcontainsnodeswhich describeobjectsandtheir properties.It contains
hierarchicallygroupedgeometryto provide anaudio-visualrepresentationf objects,as

well asnodesthat participatein the eventgeneratiorandroutingmechanismPrototypes
allow the setof VRML nodetypesto be extendedby the user Prototypedefinitions
canbeincludedin thefile in which they areusedor definedexternally. Prototypesmay

be definedin termsof other VRML nodesor may be definedusing a browserspecific

extensionmechanismWhile ISO/IEC 14772hasa standardormatfor identifying such

extensionstheirimplementatioris brovserdependent.

SomeVRML nodegyenerateventsin responséo ervironmentalchange®r userinterac-
tion. Eventrouting givesauthorsa mechanismseparatdérom the scenegraphhierarchy
throughwhich theseeventscan be propagatedo effect changesn othernodes. Once
generatedeventsaresentto their routeddestinationsn time orderandprocessedy the
receving node. This processingcan changethe stateof the node, generateadditional
events,or changethe structureof the scenegraph.

Script nodesallow arbitrary authordefinedevent processing.An eventreceved by a
Scriptnodecausesheexecutionof afunctionwithin a scriptwhich hastheability to send
eventsthroughthe normaleventrouting mechanismor bypasshis mechanismandsend
eventsdirectly to any nodeto which the Script nodehasa reference. Scriptscanalso
dynamicallyaddor deleteroutesandtherebychangingthe event-routingtopology

Theidealeventmodelprocesseall eventsinstantaneouslin the orderthatthey aregen-
erated A timestampsenestwo purposeskFirst, it is aconceptuatievice usedto describe
thechronologicaflow of theeventmechanismlt ensureshatdeterministiaesultscanbe
achiezedby real-world implementationshataddresprocessinglelaysandasynchronous
interactionwith externaldevices. Secondtimestampsare alsomadeavailableto Script
nodesto allow eventsto be processedbasedon the orderof useractionsor the elapsed
time betweerevents.

The interpretation,execution,and presentatiorof VRML files will typically be under
taken by a mechanisnknown asa browser which displaysthe shapesandsoundsn the
scenggraph.This presentatiotis known asavirtual world andis navigatedin thebrowser
by a humanor mechanicakntity, known asa user The world is displayedasif experi-
encedfrom a particularlocation; that positionand orientationin the world is known as
theviewer. The browserprovidesnavigation paradigmgsuchaswalking or flying) that



enablethe userto move the viewer throughthevirtual world.

In additionto navigation,the browserprovidesa mechanisnallowing the userto interact
with the world throughsensomodesin the scenegraphhierarchy Sensorgespondto
userinteractionwith geometricobjectsin the world, the movementof the userthrough
theworld, or the passagef time.

VRML file

VRML =

PROTOs Ji| Buiftin

Browser

Execution Route
&) Engine Graph

Figurel: Copnceptuainodelof VRML browser

Figure 1 illustratesa conceptuaimodelof a VRML browser The browseris portrayed
asapresentatiompplicationthatacceptsiserinputin the formsof file selection(explicit

andimplicit) anduserinterfacegesturege.g., manipulationandnavigation usingan in-

put device). The threemain componentf the browserare: Parser SceneGraph,and
Audio/Visual PresentationThe Parsercomponenteadsthe VRML file andcreateghe
SceneGraph.The SceneGraphcomponentonsistof the TransformatiorHierarchy(the
nodes)andthe RouteGraph. The SceneGraphalsoincludesthe ExecutionEnginethat
processesvents,readsandeditsthe RouteGraph,andmakeschangeso the Transform
Hierarchy(nodes).Userinputgenerallyaffectssensorandnavigation,andthusis wired

8



to the Route Graphcomponen{sensorsiandthe Audio/Visual Presentatiotomponent
(navigation). The Audio/Visual Presentatiomomponenperformsthe graphicsandaudio
renderingof the TransformHierarchythatfeedsbackto theuser

3.2 Currentreseachissuesdan file formats

The new file formatsproposechave the following main concernsof enhancements(a)

staticreductionof the redundantiatato simplify the data,(b) compressiorof geometric
scenegor compactrepresentatiorn(c) progressie transmissiorof 3D scenes- suchthat
the userexperienceof the modelcan starteven beforethe entire model hasarrived for

the browserto startinterpretingit, and(d) protectionof intellectualpropertyrights—the

painstakinglyconstructed3D modelsmustnot be stolenand usedtherebyderying the

creatorof the commerciabenefitshe/sheshouldgetfor the efforts.

Variousresearcherbave proposedschemedor handlingtheseissuesof handlingthe 3D
modelsover the weh In the following sectionswe reportsurwey someof the work in
progressn thesearea.

4 Simplification of Geometry

The highestcomplity of the modelsis not always neededsince very often a model
may occupy very smallfootprintin the screenandrenderingsuchlesssignificantmodel
with all its detailsdoesnot have ary bettervisual effect thanrenderinga simplified, low

resolutionrepresentationkigure2 shovs anexample.As therenderingratesaredirectly

dependenbn the combinatoriccompleity of the modelsbeing handled,it is usefulto

have simpler modelsof the complex whenthe modelsare not requiredin their highest
resolution.

Figure2: SimplifiedMesh

Recentearshave seeralot of researcheingfocussedntheproblemof polygonalmesh
simplificationalgorithms.Many algorithmshave beenreportedn theliteratureandafew
papershave surweyed [4] andcomparedhe methods.In this reportwe aim to studythe
methodsandclassifythemon the basisof the following:

e Basedontherequirement®f theapplicationsusingmeshesat multiple resolutions.
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e Basedonthealgorithmicstratgiesemployedin thetechniques

We also study somespecialrenderingtechniqueutilized for efficient renderingof the
meshesvailableat multiple resolutions.

4.1 Classification

Basedntherequirementsf theapplicationscertaincharacteristicef theoriginalmeshes
representinghe objectsmay or maynot beretained.The mostimportantof suchcharac-
teristicsis thetopologicalfeaturessuchasgenus protuberancandconnectvity between
vertices,edgesandfacets. The applicationsthat demandreal time frame-ratesut can
toleratesmallvisual artifactscanusemeshsimplificationalgorithmsthat modify certain
topologicalfeatures.The otherclassof methodssimplifiesthe combinatoriccompleity
of the meshegin termsof the numberof triangles)while retainingtopologicalfeatures
andcertaingeometricfeaturedik e sharpedges.

The orderof simplificationin termsof percentagef numberof trianglesdecimateds
much higherin caseof the simplification algorithmsthat sacrifisetopologicalfeatures
while retainingthe visual similarity of the objects.

Variousalgorithmic stratgjies are employed to simplify meshes.Thesecan be broadly
classifiedas: (a) vertex clustercollapsing,(b) edgecollapsing.and(c) trianglecollapsing
stratgyies. Thesestratgjiesareemployedto get both topology preservingalgorithmsas
well astopologysimplifying algorithms.

Visualizationof multi-resolutionmeshesand selectve simplification and refinementof
the meshess importantsincethe level of detail of the meshto be usedmustbe decided
by the applicationthat wishesto renderthe objects. Although differentmulti-resolution
meshedave differentwaysof parameterisinghelevel of detail,the determinatiorof the
parameteralueat a giveninstantis still anon-trivial andinterestingssue.

In the following sectionswe seemeshsimplificationtechniquef the differentclasses
mentionedabove and examinethe suitability of eachalgorithmfor specifictasks. Most
of the methoddiscussedbelov assumehatthe sourcemeshesretrianglemeshesThis
assumptiordoesnot sacrifisegeneralityof polygon meshessincethe polygonshaving
morethanthreesidescanbe decomposedhto triangles.

4.2 TopologyPrese&ring Mesh Simplification

To maintaintopologicalfeaturesof the original meshacrossa hierarchyof simplifiedlow

resolutionmeshesepresentinghe original object,mostapproachefave proposed set
of local operators.Theseoperatorancrementallyincreaseor decreaséhe detail in the
mesh. Schroedeet al [12] were amongthe first to reporta triangle meshdecimation
stratgy where“visually insignificant”verticesareremoved. Remaoval of a vertex andthe
trianglesconectedo it createsa holein themeshwhichis triangulatecandpatched.

HuguesHoppe[5] presented techniquecalledasProgressie Mesheghat give a facil-
ity of generatingsmoothspectrumof levels of detail usingtwo operators:edge-collapse
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(e-col) andvertex-split (v-split). (seeFigure3.) The e-col operatorcollapseghe given
edgeandalsocollapseghetwo trianglessharingthe edge. The edgegetscollapsednto
avertex. The connectedcheighbourhoods readjustedo acommodatehe change.Each
edgecollapseoperationcreatesa recordof the operation“pushed” onto a stack. This
recordconsistof the descriptionof the original edgeandinformationaboutthetriangles
thatwereconnectedo theedgebeforecollapsing.Notethateache-coloperatiorremoved
onevertex andat mosttwo trianglesfrom themesh.This hold true providedthatthemesh
representa manifoldandeachnon-boundargdgehasonly two trianglesconnectedo it.
The v-split operation“pops” the recordoff the stackandreconstructshe local connec-
tivity andgeometricdetail. Althoughthetermstackis usedfor storingandretrieving the
recordsfor reconstructinghe detail of the simplifiedmeshi,it is often possibleto retrieve
refinemendetailfor themesh.

E-COL

s}

r r

(=

V-SPLIT

Figure3: Progressie meshes

While thesemethodgetainthetopologicalfeaturesof the original meshin the simplified
low resolutionversions the orderof simplificationis limited. A comple objecthaving
mary topologicalfeaturescannotbe simplified below a certainlevel of detail. However,
in somecritical applicationsthe topologicaldetailsarerequiredeven at the lowestlevel
of detalil.

4.3 Topology Simplifying Techniques

Very oftenthe footprint of a 3D meshis too smallto capturethe detail modeledin the
mesh.Many of thetriangleshave a subpixel projectedsize. At timesevenmajortopolog-
ical featuresdo not shav up evenif the objectis dravn in all its detail. For mary visual
applicationssuchasvirtual walkthroughsof architecturaimodels,the visually insignif-
icant may be renderedas approximaterepresentationTopology simplifying algorithms
for meshsimplificationachiese higherorderof reductionof the meshesln this section,
we briefly describehreerepresentatie techniques.

JovanPopuwic etal [9] proposedrogressie simplicial complexeswhichis ageneraliza-
tion of the progressre mesheseportedn [5]. Thiswork extendsthe progressie meshes
to work on meshegepresentingnon-manifoldsufaces.This enablegshemto handlel-D
curves, 2-D triangles,3-D tetrahedraandeven higherdimentionalsimplices. Also, ren-
deringof thesemulti-resolutionrmeshess doneby somerepresentatie shapegor spheres,
cylinders,etc. whenthe collapsedyeometryoccupiesa very smallportiononthe screen.

David Luebke et al [7] presentvertex clustercollapsingstratgy to simplify polygonal
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scenes. This techniquecreatesa tight octree of the verticesin the surfacemeshede-
scribingthe scene.The partof the scenethatis visually significantis retainedin its full
detail andthe trianglesin the lesssignificantregions are collapsed reducingthe num-
ber of trianglesto be sentto the renderingenginefor display Collapsingof geometry
within aregionis doneby selectingverticesin a givencell of the octree. The geomtryis
un-collapsedvhenit becomewisally significantwhile collapsingthe geometrythatmay
becomeinsignicant. To be ableto un-collapsethe geometry the techniquekeepshier
archiesof collapsedgeometries Eachlevel in the hierarchyrepresents level of detail.
Dependingnthelevel of detailrequired theappropriatdevel in the hierarchyis selected
anddisplayed. Note that no specialcareis take to retainthe topologicalfeaturesof the
mesheswhile collapsingthe geometry Geometryis collapsedbasedon the proximity
of vertices. Thesenearbyverticesmay belongto differentmeshes.The only issuethat
mattergto thistechniques visal similarity of the sceneo the original onewhendrawn at
differentresolutions.

JihadEI-Sanaet al [3] reporttheir work on topologysimplificationfor polygonalvirtual
environenmentsThis paperdescribegxtensve geometryanalysistechniquedor identi-
ficationof topologicalfeaturedik e edgescornersgenusprotuberanceandsoclets. The
topologicalfeaturesarebasedn geometriadiscontinuityof normalsacrosseighbouring
triangles.Significanceof topologicalfeatureds ratedon the basisof geometricdisconti-
nuity, surfaceareaof a protuberancer asoclet,lengthof anedge andsoon. To simplify
the meshestheir techniqueprovidesa setof operators An operatoris availablefor sim-
plification of eachof thetopologicalfeatures.The operatorsave two phasesremoval of
thefeatureandretriangulatiorof theregion.

4.4 View-dependentsimplification of meshes

In this sectionwe shalllook at somerepresentatie techniquesieterminingat run-time
which partof the geometryin the surfacemeshshouldbe simplified. Simplificationand
refinementriteriacanbeclassifiedattoplevel as:view frustumbasedsurfaceorientation
basedandscreen-spacgeometricerrorbased.

The geometrythatfalls insidetheview frustumof thevirtual cameracapturingthe scene
forms a good candidatefor high level of detail, and the geometryfalling outsidethe
frustummay be simplified. To acceleratehe selectionof geometrieghatlie insidethe
view frustum,mostimplementationgarryoutboundingbox inclusiontestfor eachof the
meshesn the scene.Sometechniquesiseoctree-basedelectionof partsof the geome-
triesfor simplification.

Backfacingpolygonsof the meshesarenot visible to the viewer. This factcanbe used
determinghepartof thegeometryto reducethedetailof the surfacesafterthey have been
passedyy the view frustumtest. This selectionmethodrequiresthe original meshedo
haveaconsistenandcorrectorientation.Also, thesimplificationalgorithmmustmaintain
the consisteng of orientationof the simplifiedmeshes.

Thethird refinementriterionis screen-spacgeometricerror. The goal of this criterion
is to adaptthe meshrefinemensuchthatthe distancebetweerthe approximateneshand
the original mesh,whenprojectedon the screenjs everywherelessthana screenspace

12



tolerances. Hoppedefinesameasurdor screerspacedistancen [6].

Note thatthesecriteria arenot tricial to computeefficiently. To computethemfast,the
implementation®ften useapproximationf the criteriato quick determinethe level of
detail of the modelto beused.

View dependenprogressie mesheg6] describesll the above criteriafor selectingthe

level of detail for progressie meshes For efficiengy, he pre-computeshe hierarchyby

usinge-col operators.At run time, the partsof the meshedo be simplified are selected
andcorresponding-split operatorsareperformedo refinetherequiredregions.

Luebke’s work onview-dependensimplificationof arbitrarypolygonalernvironmentq7]

usesview-frusum basedselectionof cells of a packed octreewhich is usedto classify
the verticesandmeshesn the scene.The sceneis organizedasa hierarchyof levels of
detail which looks like pyramid. The baseof the pyramid hasthe scenedefinedat the
original level of detail, andthetip representshe coarsesappoximation.Dependingon
theviewing frustum,differentpartsof the scends renderedt differentlevelsof detail.

5 Geometry Compression

To reducethe storageand transmissiortime requirementscompressiorof datais the
standardsolution. Thegenericdatacompressiotechniquesanyield compressiomatios
upto somelevels whenappliedto geometrydatabasesuchas 3D scenes.However, by
knowing the structureand form of the datarepresentingsuchmodels,it is possibleto
arrive at specialcompressioralgorithms. Suchalgorithmstake variouslossy and non-
lossyapproachet reducethe datarequiredto obtaina compactepresentatiofor visual
consumption.

Much of thework donein the areaof geometrycompressioris basedn clever encoding
of thetopologicalrelationshipbetweemodesin the meshesTheseencodingsminimize
therepeatedeferenceso nodestherebyachiving acompacidescriptionof topology An
interestingobsenationmadein meshesepresentingnanifoldsis that,on anaveragethe
numberof trianglesis twice the numberof verticesandeachvertex is referencedn 5to 7
triangles.Hence,alot of researcthasconcentratedn aggressie attackon the problem
of encodingof topologicalrelationshipbetweenvertices.

Early examplesof compactencodingof a meshwereseenin trianglerenderingengines
suchasOpenGL,in the form of triangle-stripsandtriangle-ans. A lot of researcthas
beencarriedout in generatingmaximal triangle-stripdecompositiorof given meshes,
minimizing therepeatitionsn thereferenceso vertices.Deering[2] describesa moreef-
ficient “generalisedrianglemesh’representatiofior furtherreducingthe redundantef-
erencingof vertex data. A setof four operatorss definedto interpreta streamof vertex
indicesreferingto thelist of points. Thisleadsto averyefficientencoding.Thistechnique
is now apartof Java3ds [8] compressedeometrynode.Chow [1] extendedthe work of
Deeringby improved strateyy of trianglestrip traversalandencoding.Rossignas work
on Edgebreaékr [11] algorithmachiezeseven greatercompressioriy compactrepresen-
tationof topologicalrelationshipbetweerverticesof amesh.

HuguedHoppe,in hiswork on Progressie Mesheg5], mentionghecompressiomachieved
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throughthe progressie representationf the meshes.The progressie additionof detail
to the existing descriptionof the meshinvolvessplitting of a vertex at a time by v-split
operationwhichaddsanew pointto themesh.Theadditionalencodingdescribesheleft
andright handsidetrianglesgeneratedh theproces®f addinganew edge.Thecompact-
nessof the representatiomomesfrom the factthat eachvertex is storedandreferenced
only oncein the progressie meshdata-structure.

Besidexompactlyencodinghetopologicalrelationshipsetweenverticesin themeshes,
mostof the work reportedalsouseslossytechniquedor reducingthe bits usedfor rep-
resetingvertex coordinatesnpormalsand colour values. For example,Deeringuses3 X
16-bitrepresentatiofor XYZ-valuesfor points,9-bitindex into agloballist of valuesfor
normalsand15-bitrepresentatiofor colourvalues.

6 Progressve Transmission

While compressiorof the geometryrepresentinghe 3D modelsbeing sharedover the
net helpsin reducingthe transmissiortimes, the experienceof the 3D scenedoesnot
begin until theentiredatahasarrivedandis uncompressedihe progressie transmission
schemesor distributing 3D geometricscenesuild in mechanismghathave thefollowing
characteristics:

1. Transmitthe modelsuchthatthe initial dataelementgepresenthe coarsemodel
thatcanbeusedo renderthecurrentlyviewedareaor thecoarsanodelof theentire
scene.

2. Thesubsequerdataelementsaretransmittedo refinetheinitial modelon need-to-
transmitbasis.

3. At thereceving end, the browser begins renderingthe 3D geometryand the at-
tributesassoonasit recevesan approximationof the modelthatis sufficient to
startthe experienceof the 3d scene.

4. Thesubsequentetailsrecevedareusedto refinethe modelprogressiely.

Theearliestwork on progressie tranmissiorof 3D geometrywasreportedoy Hoppe[5]
throughhis paperon Progressie Mesheswhich we have describecearlier However, his
approachis largely effective on singlemeshes.The modelshaving mary meshesio not
yield to the methodeffectively. Gabriel Taubin's [13] work towardsProgressie Forest
Split Compressioralgorithm provides anothertechniqueto achieve progressie repre-
sentationof meshes.This algorithmviews the meshasa graphwith verticesandedges
correspondingo the geometriccoordinateandthe connectvity amongthem. Thegraph
is split into subgraphdasedon the geometricpropertiesof the local regions. To move
to a lower resolutionof the mesh,the nearbysubgraphsare mergedandthe information
neededo reconstructhe geometryis stored.

The currentefforts areconcentrate@n treatinga sceneasa wholefor progressie trans-
missionratherthandealingwith one meshin the sceneat a time. The Multi-resolution
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clusteredmeshe$14] presenta schemdor handlingmeshclustersfor progressietrans-
mission.At thecoarseslkevel of resolutionthe 3D scenas representelly asetof vertices
representinglustersof mesheandsomeconnectity. Subsequendetailsdescribehow
theseclustersshouldbetransformednto meshego progressiely reconstructheoriginal
scene.

7 Watermarking of 3D Geometry

Watermarkingorovidesamechanisnior copyright protectionof digital mediaby embed-
ding informationidentifying the owner of the data. The bulk of the researclon digital
watermarkinghasfocusedon mediaasimagesyideo,audioandtext. Rohustwatermarks
mustbe ableto survive a variety of “attacks”including resizing,croppingandfiltering.
For resilianceto suchattacksyecentwatermarkingschemegmploy a“spread-specturm”
approach- they transformthe datainto the frequeng domain(e.g. usingDCT) andper
turb the coeficientsof the perceptuallynostsignificantbasisfunctions.

The field of steganography addresseshe problemof hiding information within digital
documents. The information, called the embeddedbject, is insertedinto the original
document,called the cover object, to producea stego object. The term watermarking
looselyrefersto the useof steganographyn the applicationareasof ownershipassertion,
authenticationcontentlabeling, contentprotectionand distribution channeltracing. It
shouldbe notedthatno singlewatermarkingschemas suitablefor all theseapplications,
assomeof thegoalsareincompatible.

For ownershipclaims,watermarksencodethe factthatthe documentwascreatedoy the
owner. To be effective, the watermarkschememust minimise the probability of false-
positive results— incorrectly assertingthat a documentin watermarled whenit is not.
To decreasehe probability of false-positre claims,the watermarkis usuallyencodedn
the documentusing vectorcoeficients. This vectoris comparedo thatobseredin the
suspectiocumentandthe ownershipclaimis basedon their statisticalcorrelation.

Theprobabilityof fal se-negative results thatof failing to detectawatermarikeddocument,
is of lesserimportanceandis moredifficult to analysesinceit depend®n thetypeand

magnitudeof attack. Suchattacksmay includeinadwertantalterationdike compression,
blurring, sharpeningscaling,cropping,darkeningandformat corversion; but may also

includemaliciousoperationlik e intentionaladditionof noise,modificationof low-order

bits, or eveninsertionof otherwatermarks.

Accordingto their resilienceto attackswatermarksanbe fragile or robust. Fragilewa-
termarksareusedfor authenticatiorandfor localizationmodifications.Much lik e digital
signaturestheir goal is to detectthe slightestchangeto the document.In contrast,ro-
bustwatermarksaredesignedo survive (remaindetectablejhroughmostattacks.While
an attackif sufficient magnitudecould erasethe watermarkthe hopeis thatan attacler
would have to significantlydegradethe documenin orderto destry the watermark(i.e.
to achieve false-ngative result).

Watermarkscould be perceptible or imperceptible, dependingon whetherthey are di-
rectly detectabldoy the humansensesPerceptiblevatermarksare often usedto display
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copyright noticesor to lower the commercialvalue of public or preview documents.In
contrastjmperceptiblevatermarksanonly bedetectedisingacomputationaélgorithm,
which may or may notrequirethe original unwatermarlkeddocument.

Numerougesearctpapershave exploredvariantsof this approachPraunetal [10] have
presentedheir work basedon multiresolutionmeshesusedto embedwatermarksinto
trianglemeshsurfaces.

8 Interaction Requirements

The modelsthat are available on the Internetas of today are mostly in VRML format.
To visualizeandinteractwith thesemodels,VRML browserpluginsarecommonlyused.
Theseprogramshave somegenericandnon-applicatiorspecificin built interactiontech-
niques.They arepanning,examining,walking, zooming,etc.

However, thetheinteractionsuitefor specificapplicationmustbe provided by the devel-
operof the content.In the caseof VRML, thisis achvedby scriptingmechanismsThe
actionto be taken on userinteractionswith the visible andthe invisible entitiesin the
modelsmustbe codedusinga JaraScriptor VBScript noderepresentinghe behaiour.

9 Conclusion

Themedium3D geometriaonodelsthe WWW asa distributionchannelandwebbrowser
asthetool for experiencingthe mediahasposedmary technicalproblemsin achieving
effective results. A large numberof innovative solutionshave beenproposedn the last
few years. In this reportwe surneyed somerepresentatie problemsandthe significant
resultsandimplementations.

While therehasbeena lot of work alreadydonein this field, the problemshave not been
satishctorily resohedyet. Also, increasinghe volumeof the contentto be presentedo
theend-userposesewner problems.
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