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Abstract

This reportdiscusseshe problemof mismatchbetweenhe geometrymodelers
andtheend-applicationghatneedto usethegeometrydata. Themismatchs seerat
variouslevels: dataformats,geometricartifacts,quantizationerrors,combinatorial
complity andlack of desiredstructure. To make the geometryusable,it hasto
undego extensve preprocessingvhich is alsoreferredto as“healing” and“cab
datarepair” We also describethe variousapproachesaken by researcherto get
aroundtheseandsimilar problemsfor their specificapplications.

1 Intr oduction

In recentyearstherehasbeena large growth in the developmentof geometricmodel-
ing packagesgeometryvisualizationand walk-throughapplications. Enormousdigital

modelsof 3D geometryhave beenconstructedusingthesemodelers. Very often these
digital modelsare requiredfor multiple applications. For example, a digital model of

an aircraftis requiredfor digital visual mock up, egonomicstudiesin virtual environ-

mentsandcomputationafluid dynamicanalysis.Thesedifferentapplicationshave their
own specificneedsand expectationdrom the digital models. Sometimeghe modeling
packageslo not have thefacilitiesto build suchmulti-purposedigital models.But more
often mary future applicationsare not known and hencetheir requirementsan not be
cateredo while creatingthe digital models therebymakingit difficult to directly utilize

themodels.Therearemary suchexamplesn variousfieldsrangingfrom CAD to virtual

walk-throughto 3D computergames.

In sucha scenario,rekuilding the entire modelis a very expensve proposition. Also,

tinkering with the 3D geometryusingad-hocgeometrymanipulationtools is alsoquite

time consumingand labourintensve. Having recognizedthis, mary researcherfiave

createdyeometryandtopology“healing” softwaretoolsto solve their specificproblems.

In this reportwe describethe major classe®f mismatchbetweenthe two sidesof geom-
etry datamanipulation— 3D geometrydataacquisition,modelingon one handandthe

endapplicationsusingthe digital modelson the other In section2, we briefly describe
thedifferentclasse®f healingrequirementsin sections3 through6, we outline specific
techniquesisedfor healingproblemsn geometry

2 Mismatch betweenModelers and End-Applications

Themismatchbetweerthedigital modelscreatedoy modelingpackagesndtherequire-
mentsof theend-applicationsanbe broadlyclassifiedasfollows:

1



1. Data formats: The modelingpackage®ften have their own proprietarydatafor-
matsfor storingthe 3D modelscreated.The format primarily usedby a particular
packagausuallycapturesall featuresof the constructiortools andproceduresvith
highfidelity. Theend-applicationshowever, oftenrequirethesemodelsin a differ-
entfile formataswell asin termsof differentdataentities.For example,aversatile
NURBS modelingpackagemay be usedto designsurfacegeometryof a 3D object.
For usingthe 3D objectin a visualizationpackage onewould have to tessellate
thesemodelsinto triangulatedsurfaces. This leadsto approximationsnherentto
the discretizationprocess. Various“neutral” file formatsexist for CAD dataex-
change- IGES,STER etc. Modelersfor architecturageometnyike AutoCAD, 3D
animationpackages$ik e 3DStudioMax, Alias Wavefront,Softimagehave theirown
proprietaryfile formats. Translationof modelsacrossdataformatsis a significant
mismatchproblem.

2. Lack of structurein the data: In mary caseghe geometrydatais organizedasa
“soupof polygons”[1]. Handlingsuchdatafor geometrymanipulatioris extremely
difficult becauseof lack of structureand groupingdefinition. A healingpackage
mustgive a structureto sucha geometryby looking for a coherenstructurein the
unstructure®D data.

3. Gaps, holesand T-junctions: 3D modelsdescribedusing polygon meshescan
have topologicalinsanitieslik e gapsbetweentwo meshesattemptingto represent
anobjectwith closedsurfaces.Suchgaps/holesn the datacancauseerrorsin sim-
ulation programssuchglobal illumination computationby radiosity methodg[3].
T-junctionscreatetopologicalholesin modelsdefinedusingmultiple surfacecom-
ponents.Topologicalsugeryis requiredto correctsuchproblemsn thegeometry

4. “In visible” geometry: Therearemary differentsituationswhenpartsof the mod-
eledgeometryis notvisible dueto thefollowing reasons:

e Unusedvertices
e Danglingedges
e Hiddenpolygons

Thisinvisible geometrydoesnot contributein usefulmannero theendapplication,
but posescombinatorialbverheado the computation.

5. Excesdetail: Eitherdueto thedataacquisitionprocesor contentcreators prefer
ence excessve detailsarecapturedor modelswhich canbedescribedusingmuch
lessdata. Excesdevel of detail affectsthe performanceof datavisualizers walk-
throughprogramsetc. Many approachesxist for reducingthedetailsof themeshes
by way geometrysimplification[10, 6] andtopologysimplification[5].

6. Overlapping geometry: Probablythe mostdifficult geometryinsanityto handle
is that of overlappinggeometry Completelyduplicatedgeometrycanbe trivially
eliminated.But partial geometricoverlapbetweenwo surfacesrequirestrimming



of surfacesaresomearbitrarypoint of contactbetweerthe surfaces.handlingthis
automaticallyis difficult, but interactve manipulationby expertuseris feasible.

7. Volume of data: With increasingusageof 3D contentoverthelnternetandincrease
in the compleity of the digital models,specialtechniquedgor compressiorof ge-
ometrydatahave becomeimportant. Varioustopologicalandgeometricencoding
methodd4, 6, 9] have beenexploredby researcherfor achiezing highcompression
ratios.

3 Data Exchange

Giventhe variousdifferentfile formatsandthe useof differentdatastructuresanddata
formatsusedfor represenalmostsimilar kind of 3D digital models,it shouldbe possi-
ble to obtaina neutralfile formatthatwill be the union of all featuresprovided across
the differentarchival formats. Sucha neutralformat musthave the following modeling
features:

1. Curwes,SurfacesVolumetricdatashouldberepresentablan termsof simplices.

2. Smoothcurve andsurfacerepresentationshouldbepossiblefor modelingNURBS
entities.

3. Visualattributessuchascolour, textures,vertex normalsshouldbe modeledin the
package Texturesareusuallyreferences$o imagefiles.

4. Facility to defineassociationgcrossgeometricentitiesand acrossgeometryand
visualattributesshouldbe provided.

5. Userdefinedattributesmustbe availablein a genericfashion.
6. Facility for groupingof entitiesis necessarfor giving astructureto the3D content.

7. It shouldbe possibleto supplyinformationabouthierarchicalstructureamongen-
titiesin the database.

8. Thefile format mustbe extensibleby addinguserdefinedentities. This way new
featurescanbe addedto the structuresFor example,animationpaths transforma-
tionsandany othertemporalchangesnaybeaddedateron.

Geometryhealingpackagenusthave a run time datastructurewhich supportsall these
featuresand a mechanisnto absorbany newv featurethat may needto be added. This

requiresa plug-in supportto be built at the core level of the data-structure.The code
entitiesfor handlinggeometrymusthave a genericassociatre array that canhold ary

additionalassociateattributesin a“name-\alue” fashion.

Having obtaineda neutralfile format, it is possibleto develop a translatorfrom ary file
format X to anotherfile format Y. Conversionof dataacrossfile formatsoften requires



guantizationof dataandapproximations.For example,if a NURBS modelhasto be ex-
portedto VRML world, the smoothsurfacesmustbe discretizedto obtainan “indexed
face”representationThe userof the translatormustbe able specifythe maximumper
missibleerrorin the corversionandthendeterminethe combinatorialcomplexity of the
mesh.On the otherhand,the usershouldalsobe ableto specifythe combinatorialcom-
plexity of the requiredoutputandobtainan outputdatawith the leastpossibleerror A
dataexchangeutility mustbeableto parameterizéhecorversionprocessvith mary such
guantitatve factors. Eachpair of sourceandtarget formatscanhave differentsetof pa-
rameters.

4 Geometry and TopologyEditing

In this sectionwe list the geometricandtopologicalediting featuresa typical geometry
databaséealingpackagemusthave. Many of thetopologicalmodificationfacilitiesalso
modify the geometriadefinitionof the objects.However, thesemodificationoftenneeded
to remove otherwiseinsanegeometricfeatures. The following discussionhasconcen-
tratedon the 3D modelshaving surfacesepresentedstrianglemeshesA representatie

packagethat has somefeaturesdiscussedelon is CADFix which is describedon its

web-site[7].

4.1 Removal of slivers, stray geometry

Sliversaretriangleshaving a very high aspectratio (AR). Aspectratio is unity for an
equilaterakriangle.
AR = R/2r

where, R = radiusof the circum-circleof the triangleandr = radiusof the in-circle of

thetriangle.Suchtrianglesarealmostlik e line-segments.Suchtrianglealmostnever play

ary usefulrolein visualization simulationof themeshesSuchtrianglesmustbedetected
andremoved.

Anothercommonanomalyin geometrydatabaseés straygeometry Thisgeometrypersists
in the databaseitherdueto buggy algorithmsin the modelingpackageor oversightof

the contentcreator Suchgeometryalsodoesnot play ary usefulrole in any usageof the

meshesHowever, it is notalwayseasyto detectsuchstraygeometry This straygeometry
occursin theform of:

unusedvertices(which aretrivial to detect)

duplicatedriangles(easyto detect)

disconnectegbiecesof “small” mesheqit is hardto determinehow smalla mesh
shouldbe eliminatedby labelingit asstray)

straygeometrypiecesconnectedo the usefulpartof the geometry(this is hardest
to detectin general)



The challengeis alwaysto build a usableinterfaceto a healingpackageto let the user
specifywhatis a strayelement.

4.2 Surfaceorientation

A triangulatedsurfaceis orientableif it hasthe following properties:(1) adjacenyg of
trianglesmustbe definedin termsof two trianglessharingtwo verticeswhich forms a
sharededgebetweenthem,(2) eachedgeis sharedby at mosttwo trianglesin the mesh,
(3) the edgessharedby two trianglesare called asinterior edgesand an edgeusedby
only asingletriangleis calleda boundaryedge.The boundaryedgescanbe connectedo
obtainboundarie®f amesh.A meshthathasno boundaryis a closedmesh.

For a meshto be oriented,the sequencef verticesin the definition of trianglesis such
thateachsharededgein oppositedirectionin the respectie triangles. Thatis, a shared
edgedefinedby verticesv; and v, shouldoccurin the trianglesthat sharethem as:
Ty = (v1,v9,v;) @andTy = (v, v1,vy). A simple obseration of the above definition
of orientabilityis thateachorientablemeshcanhave two orientations.

Oftenthe geometrydatabaséasmesheghatarenot orientabledueto the following rea-
sons:

1. Duplicatedvertices:for the sale of texture mapping,geometricallycongruentver-
tex in 3D is repeatedecausd hasadifferenttexturecoordinatewith respecto the
differentpolygonssharingit.

2. Non-manifoldgeometry:edgessharedby morethattwo trianglesleadsto a non-
manifoldgeometry

Incorrectorientationof geometryleadsto erroneousvisualizationanderrorsin simula-
tions. Orientingsuchmeshesnvolvesremoval of duplicategeometrykeepingintactthe
topologicalstructure andrecursve correctionof orientation.

4.3 Merging along surfaceboundaries

Somesurfacesaredesignedn termsof multiple patcheslf thesepatchesaretessellated
independentlygapsareleft betweerthe boundarie®f the surface. Thesegapsadwersely
affect visualizationandothersimulationprocessestHencethereis a needto meigethese
surfacepatchesalongthe boundaries.Therearevariousdifficultiesin meging surfaces
patcheswhich a geometryhealingpackagenustovercome:

1. The “adjacent”surfacesto be melged may be tessellatedat differentresolutions,
therebymakingit difficult to find candidatepairs of pointsto stitch the surfaces
along. If point pairscannot be trivially found, eitherextra pointsmustbe gener
atedartificially onthe surfaceboundariesalongwith modifiedlocal tessellationpr
positionsof pointsmustbe modified. Both theseoptionsare non-triial to imple-
ment.



2. The pair pointsis usuallydeterminedoy proximity betweenpointswith sometol-
erancevalue. This make the processrery sensitve to the selectionof thetolerance
value.

3. This operationmusthave a gooduserinterfaceto be ableto guidethe processn
caseof ambiguoussituations.

Work reportedin [1] by Barequetgt al iillustratesmary specialcasesvherepointsneed
to be shiftedin orderto effectively “stitch” the surfaces.

4.4 Closinggapsand Local triangulation

Sometimegapshetweersurfacepatchess toolargeto eliminateusingboundarymeging
tool. In suchcasesa small surfacemustbe constructedor patchingthe hole. This is
usuallydoneby generatingriangulationof the boundaryof the gap/hole.The procedure
for the local triangulationis variesfrom systemto system.In a packagecalledVolGrid
[8] developedat NCST, the patchingof holesis doneusingthefollowing procedure:

Identify the closedloop of gapin termsof anorderedist of vertices.
Determinethe bestplanerepresentingheloop.

Projectall the pointsof theloop onthis plane.

CarryoutextendedDelaunaytriangulationof the 2D patch.

1.

2.

3.

4. Align theplaneandall the pointsontheloop alongthe XY plane.

5.

6. Apply theinversetransformatiorto placethe planebackto the original position.
1.

Usingthe surfacemeiging proceduredescribecabore, this new triangulatedpatch
is memgedwith the existing surfacesto closethegap/hole.

The approachdescribedn [2] is similar, but the differenceis thatthey carry out local
triangulationin placein 3D domain.However, theresultsarecomparable.

5 Geometry Compression

A major type of mismatchbetweencontentcreationprocessand contentconsumption
processs thebandwidthof communicatiorof databetweerthetwo. Increasingly3D data
is beingsharedacrossnetworks anddisconcertingatenciesn communicatiormake the
3D applicationdessusablethatthey couldbe. The mostobviousway out is to compress
the geometrydatafor fastertransfer The generalpurposecompressiorechniquedike
LZW can not take advantageof the information and relationshipamongentitiesin the
geometrydata.



Hencesomeresearcherbave attemptedo develop specialcompressioriechniquedor

triangle meshed4, 9]. The approachtaken by both theserelies on orientability of the
triangle meshes.The commonstratgy is to corvert the triangle meshegnto maximal
trianglestripsandthenencodehetrianglestripsoptimally. Besidedrianglestrip coding,
somelossyencodingof geometryis alsoattemptedo reducethespacaequiredto encode
coordinate®f pointsandvertex normals.

Thework in progressattheauthorsorganizationis basednadictionarybasedechnique
to compresdarge 3D scenesconsistingof triangle meshes. This techniquederivesits

adwantagesrom thefactthatmary meshareoftenduplicatedin suchscenest different
positionsandin differentorientations. Typically, thesetransformationsarerigid body
transformationdetweeninstancesf basicallythe sameobjects. Hencegeometryand

topologymatchingalgorithmshave beendevelopedto determinenstance®f areplicated
meshin the scenealongwith therigid bodytransformatiorused.

Sucha stratgy givesa very efficient coding schemefor large 3D scenes.Eachmesh
thatappearsnultiple timesin the 3D scenes describedn detail only once. Eachof its

instancess encodedhlongwith theindex of thefirstinstanceandtherigid bodytransfor

mation.

6 AssociatedAttrib utes

While manipulatinggeometry/topologyin a geometryhealing package,one must pay
attentionto the associateattributessuchas:

1. Colourdefinitionatvertices
2. Vertex normals
3. Texturecoordinateslefinedatverticeswith respecto eachof thepolygonsusingit

Theseattributesare difficult to handleparticularlyin placeswheresurfacesare meiged
alongboundariesndgapsareclosedby localtriangulation.In caseof meging of surfaces
alongboundariesthe algorithmmustavoid visualdiscontinuityin the attributes.
Whenlocal triangulationis carriedout to fill gapsthereis no informationaboutthe at-
tributesat the verticesof the newly createdpatch. Here, either user must specify the
valuesinteractiely or thealgorithmmustautomaticallydeterminghe values.

As thereis very little definitive work reportedin this area,it forms a very challenging
subjectfor new researchand development. The applicationsof this are seenin mary
areassuchasmodelingfor 3D architecturablatabasesgnimationcharactedevelopment,
pre-processorfor surfaceandvolumegrid generatiorfor CFD analysisandsoon.

7 Conclusion

This reportis a resultof studycarriedout in the areaof healingof geometrydatabases.
We discussedhe variousclasseproblemsfacedin geometrydatasetaindrepresentatie
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algorithmictechniquesusedto solve the problems. The scopeof the work to be done
to develop a usablegeneralpurposesoftware packages very large. This is the reason
why variousresearcheraredevelopingtoolsthatcaterto their own problemsn a narrov
domainof problemshatthey face.
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