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Abstract

In this writeup we report the work carriedout during the semesterto develop
softwaretools for geometrydatamanipulation.Thescopeof manipulationof geo-
metricobjectsreportedhereis: parsingof variousfile formats,conversionbetween
file formats,studyandusageof aneutralfile format,geometryanalysisandcleanup
functionsandanew approachto compressionof databasefor architecturalgeometry.

1 Intr oduction

In orderto developany geometrymanipulationapplication,oneneedsa setof basicge-
ometryprocessingtools.Theaimof thework reportedhereis build asetof classlibraries
capableof handlingsomebasicfunctionalities.Thesefunctionsare:

1. Readingfrom andwriting to populargeometrydatafile formats

2. Developmentof an extensibledatastructurefor modelinggeometryand its at-
tributes

3. Conversionbetweenfile formats

4. Geometrycleanupfunctions

5. Setof traversalfunctionsfor moving aroundin the geometrydatabaseat various
levelsof granularity

(a) traversalamongmeshesin ascene

(b) tranversalamongtrianglesin meshes– thesetraversalareprovidedin various
differentforms

6. Topologicalanalysisutilities

Usingthesebasictools,ageometrycompressiontool hasbeendevelopedwhichpromises
to giveahighdegreeof compressionfor architecturaldatabases.

In the following sections,thework donein variouscategoriesof geometricdatamanip-
ulation hasbeenreported. All the ideaspresentedbelow have beenimplementedasa
partof thework in progress.Thelastsectionof thereportdescribesthefutureplansfor
continuingthis work to developmoreadvancedsoftwaretools.
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2 3D Object Types,attrib utes

A typical geometrydatabasefor animation,virtual walkthoughsof 3D scenesconsistsof
trianglemeshes,associatedmaterialpropertiesandtexturemaps.Many geometrydatafile
formatsalsoincludesmoothcurves,surfacesmodeledusingNURBS, proceduralanima-
tion elementssuchasparticlesystems,mesheswith temporaltransformationinformation,
lighting conditionsandsomepresetcamerapositions.

In thework carriedout sofar, wehaveconsideredthefollowing geometrydatatypesand
attributes:

1. Trianglemeshes

2. Material propertiesincludingambient,diffuseandspecularreflectance,shininess,
transparency andmaterialemmission.

3. Texturemaps

4. Vertex normalsfor meshes

3 File formats

As a partof this work, we have concentratedon 3 differentfile formats:OFF, WAK and
Alias Wavefront.Fromall theseweonly dealwith trianglemeshdata,materialproperties,
texturemappingandvertex normals. Supportfor othertypeseof entitiesis plannedfor
thefuturework. We briefly describethesefile formatsin the following subsections.All
theseareASCII file formats,thoughbinaryfile formatsalsoexist.

3.1 OFF file format

We describethis file format with an exampleof dodecahronrepresentedin the format.
SeeFigure1.

The“OFF” headertells usit’ s a polylist file. Thesecondline in thefile tells usthatthere
are20 vertices,12 faces,and30 edges.Thenext 20 linesgive a list of vertices.Thelast
12 linesspecifythe faces:thefirst numberis thenumberof verticesin that face. Since
our polyhedronhappensto beregular, all faceshave thesamenumberof vertices(in this
case,5). Therestof thenumberson theline arezerobasedindicesinto theabove list of
vertices.

In mostof themesheswehavehandled,therewereonly threesidedpolygons(triangles).
A polygonhaving moresideswasfirst triangulatedandthenused.

3.2 Alias Wavefront file format

This file formatis thenativedatabaseformatfor ananimationand3D modelingpackage
calledAlias Wavefront. This format is very extensive in termsof differentkindsof geo-
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OFF
20 12 30
1.214124 0.000000 1.589309
0.375185 1.154701 1.589309
-0.982247 0.713644 1.589309
-0.982247 -0.713644 1.589309
0.375185 -1.154701 1.589309
1.964494 0.000000 0.375185
0.607062 1.868345 0.375185
-1.589309 1.154701 0.375185
-1.589309 -1.154701 0.375185
0.607062 -1.868345 0.375185
1.589309 1.154701 -0.375185
-0.607062 1.868345 -0.375185
-1.964494 0.000000 -0.375185
-0.607062 -1.868345 -0.375185
1.589309 -1.154701 -0.375185
0.982247 0.713644 -1.589309
-0.375185 1.154701 -1.589309
-1.214124 0.000000 -1.589309
-0.375185 -1.154701 -1.589309
0.982247 -0.713644 -1.589309
5 0 1 2 3 4
5 0 5 10 6 1
5 1 6 11 7 2
5 2 7 12 8 3
5 3 8 13 9 4
5 4 9 14 5 0
5 15 10 5 14 19
5 16 11 6 10 15
5 17 12 7 11 16
5 18 13 8 12 17
5 19 14 9 13 18
5 19 18 17 16 15

Figure1: Dodecahedronin OFFformat
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metricentities.Thecompletespecificationof thefile format is beyondthescopeof this
report. However, we describeherethe featuresof this file format thatwereusedfor our
work.

TheASCII versionof Alias Wavefrontformat(whichtypically has.objextension)consists
of single-linestatementswhich definecomponentsof the3D objects.We have usedonly
thegeometryandstaticattributesof trianglemeshobjects.Thegeometryis definedwith
vertex dataandsurfaceelementdata.Groupingmechanismsareusedto representmultiple
3D objectsin thesamefile.

Vertex data:

Vertex dataprovidescoordinatesfor:

1. Geometricvertices(v):

2. Texturevertices(vt):

3. Vertex normals(vn):

Thevertex datais representedby threevertex lists;onefor eachtypeof vertex coordinate.
A right-handcoordinatesystemis usedto specifythecoordinatelocations.

The following sampleis a portion of an .obj file that containsthe threetypesof vertex
information.Sometimes,thegeometricverticesmayhave a fourth coordinateindicating
theweight of thevertex.

v -5.000000 5.000000 0.000000
v -5.000000 -5.000000 0.000000
v 5.000000 -5.000000 0.000000
v 5.000000 5.000000 0.000000
vt -5.000000 5.000000 0.000000
vt -5.000000 -5.000000 0.000000
vt 5.000000 -5.000000 0.000000
vt 5.000000 5.000000 0.000000
vn 0.000000 0.000000 1.000000
vn 0.000000 0.000000 1.000000
vn 0.000000 0.000000 1.000000
vn 0.000000 0.000000 1.000000

Whenverticesareloadedinto theAdvancedVisualizer, they aresequentiallynumbered,
startingwith 1. Thesereferencenumbersareusedin elementstatements.

Elements:

For polygonalgeometry, theelementtypesavailablein the.obj file are:

1. Lines(l): This is a polygonalgeometrystatement.It specifiesa line andits vertex
referencenumbers.You canoptionally includethe texture vertex referencenum-
bers.Althoughlinescannotbeshadedor rendered,they areusedby otherAdvanced
Visualizerprograms.The referencenumbersfor the verticesandtexture vertices
mustbe separatedby a slash(/). Thereis no spacebetweenthe numberandthe
slash.
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l v1/vt1 v2/vt2 v3/vt3 . . .

v is a referencenumberfor avertex on theline. A minimumof two vertex numbers
arerequired.Thereis no limit on themaximum.Positive valuesindicateabsolute
vertex numbers.Negativevaluesindicaterelativevertex numbers.vt is anoptional
argument. vt is the referencenumberfor a texture vertex in the line element. It
mustalwaysfollow thefirst slash.

2. Face(f): This is a solid polygonalgeometrystatement.It specifiesa faceelement
andits vertex referencenumber. You canoptionally includethetexturevertex and
vertex normalreferencenumbers.The referencenumbersfor thevertices,texture
vertices,andvertex normalsmustbe separatedby slashes(/). Thereis no space
betweenthenumberandtheslash.

f v1/vt1/vn1 v2/vt2/vn2 v3/vt3/vn3 . . .

v is the referencenumberfor a vertex in the faceelement. A minimum of three
verticesarerequired.vt is anoptionalargument.vt is the referencenumberfor a
texturevertex in thefaceelement.It alwaysfollowsthefirst slash.vn is anoptional
argument. vn is the referencenumberfor a vertex normal in the faceelement.It
mustalwaysfollow thesecondslash.Faceelementsusesurfacenormalsto indicate
theirorientation.If verticesareorderedcounterclockwisearoundtheface,boththe
faceandthenormalwill pointtowardtheviewer. If thevertex orderingis clockwise,
bothwill point away from theviewer. If vertex normalsareassigned,they should
point in thegeneraldirectionof thesurfacenormal,otherwiseunpredictableresults
mayoccur.

If a facehasa texturemapassignedto it andno textureverticesareassignedin the
f statement,thetexturemapis ignoredwhentheelementis rendered.

Examplesof geometry:

Thisexampleshowsasquarethatmeasurestwo unitsoneachsideandfacesin thepositive
direction(towardthecamera).Notethattheorderingof theverticesis counterclockwise.
Thisorderingdeterminesthatthesquareis facingforward.

v 0.000000 2.000000 0.000000
v 0.000000 0.000000 0.000000
v 2.000000 0.000000 0.000000
v 2.000000 2.000000 0.000000
f 1 2 3 4

Thenext exampleis aa cubethatmeasurestwo unitson eachside.Eachvertex is shared
by threedifferentfaces.
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v 0.000000 2.000000 2.000000
v 0.000000 0.000000 2.000000
v 2.000000 0.000000 2.000000
v 2.000000 2.000000 2.000000
v 0.000000 2.000000 0.000000
v 0.000000 0.000000 0.000000
v 2.000000 0.000000 0.000000
v 2.000000 2.000000 0.000000
f 1 2 3 4
f 8 7 6 5
f 4 3 7 8
f 5 1 4 8
f 5 6 2 1
f 2 6 7 3

Grouping:

Therearefour statementsin the.obj file to helpyou manipulategroupsof elements:

1. Groupnamestatementsareusedto organizecollectionsof elementsandsimplify
datamanipulationfor operationsin Model.

2. Smoothinggroupstatementslet you identify elementsover which normalsareto
beinterpolatedto give thoseelementsa smooth,non-facetedappearance.This is a
quickway to specifyvertex normals.

3. Merging groupstatementsareusedto identify free-formelementsthat shouldbe
inspectedfor adjacency detection.Youcanalsousemerginggroupsto excludesur-
faceswhich arecloseenoughto beconsideredadjacentbut shouldnotbemerged.

4. Objectnamestatementslet youassigna nameto anentireobjectin asinglefile.

All groupingstatementsarestate-setting.This meansthatoncea groupstatementis set,
it appliesto all elementsthatfollow until thenext groupstatement.

Syntax:

g group_name1 group_name2 . . .

Specifiesthe groupnamefor the elementsthat follow it. You canhave multiple group
names.If therearemultiplegroupsononeline, thedatathatfollowsbelongto all groups.
Groupinformationis optional.groupnameis thenamefor thegroup.Letters,numbers,
andcombinationsof lettersandnumbersareacceptedfor groupnames.Thedefaultgroup
nameis “default.”

s group_number
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Setsthe smoothinggroup for the elementsthat follow it. If you do not want to usea
smoothinggroup,specifyoff or avalueof 0. To smoothpolygonalgeometryfor rendering
with Image,it is sufficient to put elementsin somesmoothinggroup. However, vertex
normalsoverridesmoothinginformationfor Image.

groupnumberis thesmoothinggroupnumber. To turnoff smoothinggroups,useavalue
of 0 or off. Polygonalelementsusegroupnumbersto putelementsin differentsmoothing
groups.For free-formsurfaces,smoothinggroupsareeitherturnedon or off; hereis no
differencebetweenvaluesgreaterthan0.

mg group_number res

Setsthemerging groupandmergeresolutionfor thefree-formsurfacesthat follow it. If
you do not wantto usea merging group,specifyoff or a valueof 0. Adjacency detection
is performedonly within groups,neverbetweengroups.Connectivity betweensurfacesin
differentmerging groupsis not allowed.Surfacesin thesamemerging grouparemerged
togetheralongedgesthatarewithin thedistanceresapart.

groupnumberis themerging groupnumber. To turn off adjacency detection,usea value
of 0 or off. resis the maximumdistancebetweentwo surfacesthat will be mergedto-
gether. The resolutionmustbea valuegreaterthan0. This is a requiredargumentonly
whenusingmerging groups.

o object_name

Optionalstatement;it is not processedby any Wavefront programs.It specifiesa user-
definedobject namefor the elementsdefinedafter this statement.objectnameis the
user-definedobjectname.Thereis nodefault.

Example:

The following exampleis a cubewith eachof its facesplacedin a separategroup. In
addition,all elementsbelongto thegroupcube.

v 0.000000 2.000000 2.000000
v 0.000000 0.000000 2.000000
v 2.000000 0.000000 2.000000
v 2.000000 2.000000 2.000000
v 0.000000 2.000000 0.000000
v 0.000000 0.000000 0.000000
v 2.000000 0.000000 0.000000
v 2.000000 2.000000 0.000000
# 8 vertices
g front cube
f 1 2 3 4
g back cube
f 8 7 6 5
g right cube
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f 4 3 7 8
g top cube
f 5 1 4 8
g left cube
f 5 6 2 1
g bottom cube
f 2 6 7 3
# 6 elements

3.3 WAK file format

This is aneutralfile formatthathasbeenusedat NCSTfor avirtual walkthoughapplica-
tion in a very largedigital modelof a heritagesite. This formatconsistsof nodeswhich
describevariousaspectsof 3D geometricscene.Thesenodesare:

1. Material count: This nodespecifiesthe total numberof materialdefinitionsto
follow in thescenefile.

2. Material node: This nodedescribesmaterialpropertiesof bundledin a structure.
It hasthefollowing componentsin it:

(a) materialname(a string)

(b) diffusereflectity(r, g, b components)

(c) ambientreflectivity (r, g, b components)

(d) specularreflectivity (r, g, b components)

(e) shininess(ascalar)

(f) emmission(ascalar)

(g) light cone(ascalar)

(h) direction(a vectorwith 3 components)

3. Meshcount: Thisnodespecifiesthetotalnumberof meshedefinitionsto follow in
thescenefile.

4. Mesh node: A meshnodespecifiesa meshwith all its geometricdefinition and
associationwith its attributes.It hasthefollowing components:

(a) meshname(a string)

(b) meshmaterial(astring,referingto amaterialnode)

(c) texturemapfile name(astring)

(d) vertex list (asequenceof x-, y-, z- coordinatesof vertices)

(e) vertex normals(a sequenceof vertex normals,eachhaving 3 components)

(f) triangle list (list of triangles,eachdefinedusing3 integer referencesto the
vertex list andimplicit referenceto vertex normal)
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(g) boundingspheredefinedusing4 scalars- threepositionvectorelementsand
a radius.

Example:

# WALKER FILE FORMAT v2.0 (c) NCST

materials 1

material "dik-floor" {
ambient 0.898039 0.898039 0.898039
diffuse 0.898039 0.898039 0.898039
specular 0 0 0
shininess 0
transparency 100
emmission 1
lightcone 0 0 0 0

}

meshes 1

mesh dik-gflr-f000 {
material "dik-floor"
texture 0 "dik grou.bmp" 8

2.49795 2.49795
-0.49795 2.49795
-0.497951 -0.49795
2.49795 -0.497951
2.49795 2.49795
2.49795 -0.497951
-0.497951 -0.49795
-0.49795 2.49795

vertices 8
-1182.92 -2807.53 62.7297
-1522.92 -2807.53 62.7297
-1522.92 -2467.53 62.7297
-1182.92 -2467.53 62.7297
-1182.92 -2807.53 62.9797
-1182.92 -2467.53 62.9797
-1522.92 -2467.53 62.9797
-1522.92 -2807.53 62.9797

normals 8
0.000367647 -0.000735294 -1
-0.00147059 -0.000735293 -0.999999
-0.000367647 0.000735294 -1
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0.00147059 0.000735293 -0.999999
0.000735294 -0.000367647 1
0.000735293 0.00147059 0.999999
-0.000735294 0.000367647 1
-0.000735293 -0.00147059 0.999999

trilist 12
0 1 2
2 3 0
4 5 6
6 7 4
5 3 2
2 6 5
4 0 3
3 5 4
7 1 0
0 4 7
6 2 1
1 7 6

sphere -1352.92 -2637.53 62.8547 240.416
}

4 Parsing of geometryfiles

For readingin geometrydata,we have developedparsersusingLex andYACC asparser
generatortools.Thesetoolshelpin definingahigherleveldefinitionof thegrammarof the
datadefinedin thefile formatandgeneratea parserautomatically. Lex (lexical analyser)
generatesa pieceof codethat scansthe input streamanddetectstokenscorresponding
to keywords,identifiersandnumericdata(integersandrealnumbers).Thetaggedtoken
arepassedon to theparsergeneratedby YACC (Yet AnotherCompilerCompiler)which
looks for syntacticstructuresin thestreamof tokensandinvokesusersuppliedcodefor
processingeachsyntacticstructure.

The input to lex programis a set of regular expressionscorrespondingto tokensfor
reserved words, identifiersandnumericdata. The outputof lex is C functionswhich
carryout lexical analysisof theinput file. Theinput to YACC is a descriptionfile which
describesthegrammarof thefile format in BNF-like notation.For terminalnodesin the
grammardefinition,it is possibleto specifyfunctionsto beinvokedfor actionsto translate
the input datainto a datastructureor into anotheroutputformat. Theouputof YACC is
a setof C functionswhich carryout grammarmatchingandinvocationof corresponding
usersuppliedactionfunctions.

Below we list thelex andyaccapartof thespecificationsfor theWAK file format.
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4.1 Lex specsfor WAK file format:

integer ([+-]?[0-9]+)
dreal ([+-]?[0-9]*"."[0-9]+)
ereal ([+-]?[0-9]*"."[0-9]+[eE][+-]?[0-9]+)
real {dreal}|{ereal}
nl \n

%%
[ \t] ;

{integer} {
sscanf(yytext, "%d", &yylval.integer);
return INTEGER;

}

{real} {
sscanf(yytext, "%lf", &yylval.real);
return REAL;

}

{nl} {
extern int lineNo;
lineNo++;

}

#.* ;

meshes return MESHES;
mesh return MESH;
materials return MATERIALS;
material return MATERIAL;
texture return TEXTURE;
vertices return VERTICES;
normals return NORMALS;
trilist return TRILIST;
sphere return SPHERE;
ambient return AMBIENT;
diffuse return DIFFUSE;
specular return SPECULAR;
shininess return SHININESS;
transparency return TRANSPARENCY;
emmission return EMMISION;
lightcone return LIGHTCONE;
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[a-z][-a-zA-Z0-9\_\./]* {
strcpy(yylval.id,yytext);
return ID;

}

. return yytext[0];
%%

4.2 YACC specsfor WAK file format:

%union {
double real;
int integer;
char id[STRLEN];

}

%token COMMENT
%token MESHES
%token MESH
%token MATERIAL
%token TEXTURE
%token VERTICES
%token NORMALS
%token TRILIST
%token SPHERE
%token MATERIALS
%token AMBIENT
%token DIFFUSE
%token SPECULAR
%token SHININESS
%token TRANSPARENCY
%token EMMISION
%token LIGHTCONE

%token <real> REAL
%token <integer> INTEGER
%token <id> ID

%%
wakscene: /* nothing */

| nodes
{ postProcessing(); }

nodes: /* nothing */
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| node nodes

node: /* nothing */
| materialsLine
| materialNode
| meshesLine
| meshNode

coordValue: REAL
{ recordNextCoordValue($1); }

| INTEGER
{ recordNextCoordValue($1); }

materialsLine: MATERIALS INTEGER
{ addMaterialsNode($2); }

materialNode: MATERIAL quotedId ’{’ materialNodeDefs ’}’
{ addMaterialNode(); }

quotedId: ’"’ idlist ’"’

idlist: oneId
| oneId idlist

oneId: ID
{ buildCompositeId($1); }

materialNodeDefs: /* nothing */
| matNodeDefItem materialNodeDefs

matNodeDefItem: AMBIENT coordValue coordValue coordValue
{ recordAmbientField(); }

| DIFFUSE coordValue coordValue coordValue
{ recordDiffuseField(); }

| SPECULAR coordValue coordValue coordValue
{ recordSpecularField(); }

| SHININESS coordValue
{ recordShininessField(); }

| TRANSPARENCY coordValue
{ recordTransparencyField(); }

| EMMISION coordValue
{ recordEmissionField(); }

| LIGHTCONE
coordValue coordValue coordValue coordValue
{ recordLightconeField(); }
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meshesLine: MESHES INTEGER
{ addMeshesNode($2); }

meshNode: meshNodeBegin ’{’ meshDetails ’}’
{ addMeshToDatabse(); }

meshNodeBegin: MESH oneId
{ registerMeshName(); }

meshDetails: /* nothing */
| meshDefItem meshDetails

meshDefItem: MATERIAL quotedId
{ registerMeshDetMaterial(); }

| TEXTURE INTEGER quotedId INTEGER coords
{ registerMeshDetTexCoord($2, $4); }

| VERTICES INTEGER coords
{ registerMeshDetVertexCoord($2); }

| NORMALS INTEGER coords
{ registerMeshDetNormals($2); }

| TRILIST INTEGER coords
{ registerMeshDetTriIndices($2); }

| SPHERE
coordValue coordValue coordValue coordValue
{ registerMeshDetBndSphere(); }

coords: /* nothing */
| coordValue coords

%%

5 Neutral data-structures

Themotivationfor aneutraldatastructurefor triangle-basedgeometrydatabaseis asfol-
lows. Therearemultiple file formatsdescribingvariouskindsof attributesfor geometry.
Cateringto all thesetypesof attributesall thetimeconsumestoomuchmemory. Also var-
iousalgorithmsthatoperateonthegeometryrequiresomegeneralpurposemechanismof
attachingtemporaryinformationin thecourseof processing.Spacefor all thiscannotbe
allocatedstatically. Somuchdatamaynot beneededfor somealgorithms.An algorithm
thatwill bedevelopedin thefutureandfile formatsthatwill beusedin futuremayhave
morespecialisedrequirements.Only therelatedcodewill know aboutsuchrequirements.

This led us to designa plug-in architecturefor building a data-structurethat hasa core
geometryin the form of a mesh.Thebasicstructureconsistsof a setof C++ classesfor
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holdingvertices,trianglesandmeshes.A Meshconsistsof a list of verticesanda list of
triangles.Eachvertex hasthreerealnumbersdescribingthecoordinatesin 3-space.Each
trianglehasthreeinteger indicesinto the list of vertices.A 3D scenemayhave multiple
suchmeshes.To accomodateattributesat vertex, trianglemesh,andscenelevels,a plug-
in mechanismis implemented.A generic“Attrib” base-classis developedto holda list of
attributesat eachlevel. This classhasa nameassociatedwith it. Thedetailsof valueto
beassociatedwith thenameis left to theimplementorof thederivedclasses.Specialised
classesarederivedfrom Attrib andassociatedwith vertex/triangle/mesh/sceneby creating
instancesat run-time.

For example,to load WAK file, list of materialsis built at scenelevel, vertex normals,
andtexturecoordinatesareattachedto thevertices,texturemapimageis attachedto the
meshes.This attachmentis donein theform of pluggingin objectsof derivedclassesof
thebaseclassAttrib.

Specialisedalgorithmsthatneedto attachsomedatawith vertices,trianglesandmeshes,
createtheir own attributeclassesandattachinstanceof theclasswith a name.Thealgo-
rithmsthemselvesareexpectedto do a cleanupoperationafter thework is doneandthe
auxiliarydatais no moreneeded.

6 Algorithms

Towardsthe developmentof a core toolkit for geometrybasedmanipulation,we have
implementeda largenumberof geometricandtopologicalqueriesthatarealwaysneeded
for many applications.Theutility functionsarelistedbelow:

1. Givenavertex returnthetrianglesconnectedto it

2. Givenavertex returntheverticesconnectedto it

3. Returnthethreeneighboursof agiventriangle

4. Obtaintheboundariesof anopensurface

5. Orienta triangulated2-manifold

6. Flip theorientationof thegiventriangulatedsurface

7. Returnthelist of boundaryverticesfor agivenmesh

8. Determineif thegivensurfaceis closedor not

9. Returnthenormalof thegiventriangle

10. Returntheareaof thetriangulatedsurface

11. Mergetwo surfacesalongtheboundaries

12. Determinetheconvex hull of asetof 2D points.
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13. Intersecttwo trianglesanddeterminetheline segmentof intersection

14. Booleanoperationsonaxisalignedboxes

Note thatmany of theabove algorithmsarenon-trivial to implement.Typically they are
difficult becauseof the involvementof tolerancebasedcheckingat variousstagesin the
algorithm. Someotheralgorithmshave alsobeendevelopedin the courseof this work.
Wedescribethemin a little moredetails.

6.1 Cleaningup of geometry

In many cases,thetriangulationcarriedout by modelersto tessellatesmoothsurface3D
objectscreatessomeunwantedgeometry. Thisunwantedgeometrymanifestsin theform
of unreferencedvertices,degeneratetriangles,reapeatedvertices,overlappinggeometry,
andsoon. This geometryis in generaluselessfrom almostany processingpoint of view.
Also, its beingtherein thedatabasehogsmemoryandprocessingtime. Henceit is im-
portantto detectandremove it.

6.2 TopologicalAnalysis

Topologicalcharacterizationof a given meshis often useful from the point of view of
matchingshapes.Geometricfeaturesthatdo not contributeto importanttopologicalfea-
tures like corners,edges,loops and facesshouldbe filtered out first. The remaining
geometricdatais thenusedto determinethe connectivity informationbetweencorners.
Having obtainedverticesandedges,loops(orderedsequenceof edges)areobtained.Fi-
nally, the facesboundedby loopsaredetermined.Many applicationarebasedon such
topologicalanalysisof agiventriangulatedsurface.Notably, shapematching,topological
simplificationof 3D meshesandtopologicalanalysisfor CSGdecomposition.

6.3 GeometryCompression

As a part of the ongoingactivity, we have developedan algorithmfor compressionof
3D scenesconsistingof triangulatedsurfaces.Thetranditionalbytestreamcompression
algorithmscanalwaysbe supersededby specialalgorithmsthat canusethe knowledge
about3D geometryin thecompressionstrategy.

Theexistingmeshcompressionalgorithmsmakea naiveassumptionthata trianglemesh
canalwaysberestructuredinto longtrianglestripssothatthestripscanthenbeefficiently
encoded.In practice,thearchitecturaldatabasesdesignedin CAD packages,which also
have texturemaps,cannotusuallybeconvertedinto long trianglestrips.Hencetheprevi-
ouslypublishedtechniquescannot givehighcompressionratios.

We proposea dictionary-basedgeometrycompressionscheme. In this scheme,a dic-
tionary of geometricshapesin constructedfrom the givendatabaseof geometricscene.
Only thefirst instanceof a geometrymeshis storedin thedictionarywith all its details.
All otherinstancesof similar meshesarestoredasa referenceto themeshinsertedin the
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dictionaryandthedifferenceis encodedsuchthatduringuncompression,themeshescan
bereconstructed.Thedifferentialcodingincludesrigid bodytransformations,nameand
“minor” topologicaldifferences.This schemecangivea high degreeof compressionfor
sceneswith many repeatedshapes.

This schemecan be fine-tunedto look for and matchvariouskinds of geometricand
topologicalfeaturesin thegeometricdatabase.This is apartof thework in progress.

7 Conclusionand Futur ework

In thisreportwelistedtheworkcarriedoutin thissemestertowardsbuilding of atoolkit of
geometryhandlingtools. Concreteimplementationof geometrydatabaseimport andex-
portfunctionalityhasbeendeveloped.An extensibledata-structureis developedto handle
currentandfuturedevelopmentwork over triangle-meshbasedgeometrydatabases.

The currentwork concentratesin variousschemesfor the compressionof large andde-
tailedgeometrydatabase.In theprocess,we intendfurtherdevelopingthegeometryand
topologytoolkit’sscopeandfunctionality.
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