Geometry Data Handling: Implementation Issues

DineshShikhare
NationalCentrefor Software TechnologyJuhu,Mumbai.

May 1999.

Abstract

In this writeup we reportthe work carriedout during the semesteto develop
softwaretools for geometrydatamanipulation. The scopeof manipulationof geo-
metric objectsreportednereis: parsingof variousfile formats,conversionbetween
file formats,studyandusageof a neutralfile format,geometryanalysisandcleanup
functionsandanew approactto compressiomf databaséor architecturageometry

1 Intr oduction

In orderto developany geometrymanipulationapplication,oneneedsa setof basicge-
ometryprocessingools. Theaim of thework reportechereis build a setof classlibraries
capableof handlingsomebasicfunctionalities. Thesefunctionsare:

1. Readingfrom andwriting to populargeometrydatafile formats

2. Developmentof an extensibledata structurefor modeling geometryand its at-
tributes

3. Corversionbetweerfile formats
4. Geometrycleanupfunctions

5. Setof traversalfunctionsfor moving aroundin the geometrydatabaset various
levelsof granularity

(a) traversalamongmeshesn ascene

(b) trarversalamongtrianglesin meshes- thesetraversalareprovidedin various
differentforms

6. Topologicalanalysisutilities

Usingthesebasictools,ageometrycompressiomool hasbeendevelopedwhich promises
to give ahigh degreeof compressiorfor architecturablatabases.

In the following sectionsthe work donein variouscateyoriesof geometricdatamanip-
ulation hasbeenreported. All the ideaspresentedelon have beenimplementedas a
partof thework in progress.The lastsectionof the reportdescribeghe future plansfor
continuingthis work to developmoreadwancedsoftwaretools.



2 3D Object Types,attrib utes

A typical geometrydatabaséor animationvirtual walkthoughsof 3D scenesonsistsof

trianglemeshesassociatethaterialpropertiesaandtexturemaps.Many geometrydatafile

formatsalsoinclude smoothcurves, surfacesmodeledusingNURBS, proceduralnima-
tion elementsuchasparticlesystemsmeshesvith temporaktransformationnformation,
lighting conditionsandsomepresetcamergpositions.

In thework carriedout sofar, we have consideredhefollowing geometrydatatypesand
attributes:

1. Trianglemeshes

2. Material propertiesncluding ambient,diffuseandspeculareflectanceshininess,
transparengcandmaterialemmission.

3. Texturemaps

4. Vertex normalsfor meshes

3 File formats

As a partof this work, we have concentratean 3 differentfile formats: OFF, WAK and
Alias Wavefront. Fromall thesewe only dealwith trianglemeshdata,materialproperties,
texture mappingandvertex normals. Supportfor othertypeseof entitiesis plannedfor
the future work. We briefly describethesefile formatsin the following subsectionsAll
theseareAscil file formats,thoughbinaryfile formatsalsoexist.

3.1 OFF file format

We describethis file format with an exampleof dodecahrorrepresentedh the format.
SeeFigurel.

The“OFF” headettells usit’s apolylist file. Thesecondine in thefile tells usthatthere
are20vertices,12 facesand30 edges.Thenext 20 linesgive alist of vertices.Thelast
12 lines specifythe faces:the first numberis the numberof verticesin thatface. Since
our polyhedronhappendgo beregular, all faceshave the samenumberof vertices(in this
case ). Therestof thenumbersontheline arezerobasedndicesinto the above list of
vertices.

In mostof the meshesve have handledtherewereonly threesidedpolygons(triangles).
A polygonhaving moresideswasfirst triangulatedandthenused.

3.2 Alias Wavefront file format

Thisfile formatis the native databaséormatfor ananimationand3D modelingpackage
calledAlias Wavefront. This formatis very extensve in termsof differentkinds of 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
982247 -0.713644 -1.589309
1234
106 1
11 7 2
12 8 3
13 9 4
14 50
15 10 5 14 19
16 11 6 10 15
17 12 7 11 16

8

9
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19 14 13 18
19 18 17 16 15
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Figurel: Dodecahedrom OFFformat



metric entities. The completespecificatiorof thefile formatis beyondthe scopeof this
report. However, we describeherethe featuresof this file formatthatwereusedfor our
work.

TheAascli versionof Alias Wavefrontformat(whichtypically has.objextension)consists
of single-linestatementsvhich definecomponent®f the 3D objects.We have usedonly
the geometryandstaticattributesof trianglemeshobjects. The geometryis definedwith
vertex dataandsurfaceelementlata.Groupingmechanismareusedo represenmultiple
3D objectsin the saméfile.

Vertex data:

Vertex dataprovidescoordinatedor:
1. Geometricvertices(v):
2. Texturevertices(vt):
3. Vertex normals(vn):

Thevertex datais representetly threevertex lists; onefor eachtypeof vertex coordinate.
A right-handcoordinatesystemis usedto specifythe coordinatdocations.

The following sampleis a portion of an.obj file that containsthe threetypesof vertex

information. Sometimesthe geometricverticesmay have afourth coordinateindicating
theweight of the vertex.

% - 5. 000000 5. 000000 0. 000000
% - 5. 000000 - 5. 000000 0. 000000
v 5. 000000 - 5. 000000 0. 000000
Y 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 the AdvancedVisualizer they aresequentiallynumbered,
startingwith 1. Thesereferencenumbersareusedin elementstatements.

Elements:
For polygonalgeometrythe elementypesavailablein the .objfile are:

1. Lines(l): Thisis a polygonalgeometrystatementlt specifiesaline andits vertex
referencenumbers. You canoptionally includethe texture vertex referencenum-
bers.Althoughlinescannotbeshadedr renderedthey areusedby otherAdvanced
Visualizerprograms. The referencenumbersfor the verticesandtexture vertices
mustbe separatedy a slash(/). Thereis no spacebetweenthe numberandthe
slash.



| v1/vtl v2/ vt 2 v3/vt3 .

v is areferencenumberfor avertex ontheline. A minimumof two vertex numbers
arerequired. Thereis no limit on the maximum. Positve valuesindicateabsolute
vertex numbersNegative valuesindicaterelative vertex numbersvt is anoptional
argument. vt is the referencenumberfor a texture vertex in the line element. It
mustalwaysfollow thefirst slash.

. Face(f): Thisis asolid polygonalgeometrystatementlt specifiesa faceelement

andits vertex referencenumber You canoptionallyincludethetexturevertex and
vertex normalreferencenumbers.The referencenumbersfor the vertices,texture
vertices,and vertex normalsmustbe separatedy slasheq/). Thereis no space
betweerthe numberandthe slash.

f wvl/vtl/vnl v2/ vt 2/ vn2 v3/vt3/vn3 .

v is the referencenumberfor a vertex in the faceelement. A minimum of three
verticesarerequired. vt is an optionalargument. vt is the referencenumberfor a
texturevertex in thefaceelement.It alwaysfollowsthefirst slash.vn is anoptional
argument. vn is the referencenumberfor a vertex normalin the faceelement. It

mustalwaysfollow thesecondslash.Faceelementaisesurfacenormalsto indicate
their orientation.If verticesareorderedcounterclockwisaroundtheface,boththe
faceandthenormalwill pointtowardtheviewer. If thevertex orderingis clockwise,
bothwill point away from the viewer. If vertex normalsareassignedthey should
pointin thegeneraldirectionof the surfacenormal,otherwiseunpredictableesults
mayoccut

If afacehasatexturemapassignedo it andno textureverticesareassignedn the
f statementthetexture mapis ignoredwhenthe elements rendered.

Examplesof geometry:

Thisexampleshavsasquarghatmeasuresvo unitsoneachsideandfacesn thepositive
direction(towardthe camera) Note thatthe orderingof the verticesis counterclockwise.
This orderingdetermineghatthe squards facingforward.

Vv
Vv
v
Vv
f

0. 000000 2.000000 0.000000
0. 000000 0. 000000 0.000000
2. 000000 0. 000000 0O.000000
2. 000000 2. 000000 0. 000000
1234

Thenext exampleis aa cubethatmeasure$wo unitson eachside. Eachvertex is shared
by threedifferentfaces.



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 1234

f 8765

f 4378

f 5148

f 5621

f 2673

Grouping:

Therearefour statement the .obj file to helpyou manipulategroupsof elements:

1. Groupnamestatementsreusedto organizecollectionsof elementsand simplify
datamanipulationfor operationsn Model.

2. Smoothinggroup statementset you identify elementsover which normalsareto
beinterpolatedo give thoseelementsa smooth,non-facetedappearancerhisis a
quick way to specifyvertex normals.

3. Merging group statementare usedto identify free-formelementghat shouldbe
inspectedor adjaceng detection.You canalsousemeiging groupsto excludesur
faceswhich arecloseenoughto be considereddjacenbut shouldnot be meiged.

4. Objectnamestatementset you assigna nameto anentireobjectin asinglefile.

All groupingstatementsire state-settingThis meanghatoncea groupstatements set,
it appliesto all elementghatfollow until the next groupstatement.

Syntax:
g group_nanel group_nane2 .

Specifiesthe group namefor the elementghatfollow it. You canhave multiple group
nameslf therearemultiple groupson oneline, thedatathatfollows belongto all groups.
Groupinformationis optional. groupnameis the namefor the group. Letters,numbers,
andcombination®f lettersandnumbersareacceptedor groupnames.Thedefaultgroup
nameis “default”

S group_nunber



Setsthe smoothinggroup for the elementghat follow it. If you do not wantto usea
smoothinggroup,specifyoff or avalueof 0. To smoothpolygonalgeometryfor rendering
with Image, it is sufficient to put elementan somesmoothinggroup. However, vertex
normalsoverridesmoothingnformationfor Image.

group.numbers the smoothinggroupnumber To turn off smoothinggroups,useavalue
of 0 or off. Polygonalelementsisegroupnumberdo putelementsn differentsmoothing
groups. For free-formsurfaces,smoothinggroupsare eitherturnedon or off; hereis no
differencebetweenvaluesgreaterthanO.

nmg group_nunber res

Setsthe mewging groupandmeige resolutionfor the free-formsurfacesthatfollow it. If
you do notwantto usea meging group,specifyoff or avalueof 0. Adjaceny detection
is performedonly within groups heverbetweergroups.Connectvity betweersurfacesn
differentmemging groupsis not allowed. Surfacesin the samemeiging grouparemeiged
togetheralongedgeghatarewithin thedistanceresapart.

group.numberis the meiging groupnumber To turn off adjacenyg detectionuseavalue
of 0 or off. resis the maximumdistancebetweentwo surfacesthatwill be megedto-
gether Theresolutionmustbe a valuegreaterthan0. This is a requiredargumentonly
whenusingmeiging groups.

0 obj ect nane

Optional statementjt is not processedby ary Wavefront programs. It specifiesa user
definedobject namefor the elementsdefinedafter this statement. objectnameis the
userdefinedobjectname.Thereis no default.

Example:

The following exampleis a cubewith eachof its facesplacedin a separategroup. In
addition,all elementselongto 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 1234

g back cube

f 8765

g right cube



f 4378

g top cube

f 5148

g left cube

f 5621

g bottom cube
f 2673

# 6 elenments

3.3 WAK file format

Thisis aneutralfile formatthathasbeenusedat NCST for a virtual walkthoughapplica-
tion in avery large digital modelof a heritagesite. This format consistsof nodeswhich
describevariousaspect®f 3D geometricscene Thesenodesare:

1. Material count: This node specifiesthe total numberof material definitionsto
follow in thescendile.

2. Material node: This nodedescribesnaterialpropertiesof bundledin a structure.
It hasthe following componentsn it:
(a) materialname(a string)
(b) diffusereflectity(r, g, b components)
(c) ambientreflectvity (r, g, b components)
(d) speculareflectvity (r, g, b components)
(e) shininesqascalar)
() emmission(ascalar)
(g) light cone(ascalar)
(h) direction(avectorwith 3 components)

3. Meshcount: Thisnodespecifieghetotalnumberof meshelefinitionsto follow in
thescendile.

4. Mesh node: A meshnodespecifiesa meshwith all its geometricdefinition and
associatiorwith its attributes.It hasthefollowing components:
(a) meshname(a string)
(b) meshmaterial(a string,referingto a materialnode)
(c) texturemapfile name(astring)
(d) vertex list (asequencef x-, y-, z- coordinate®f vertices)
(e) vertex normals(a sequencef vertex normals,eachhaving 3 components)

() trianglelist (list of triangles,eachdefinedusing 3 integer referencego the
vertex list andimplicit referenceo vertex normal)
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(g) boundingspheredefinedusing4 scalars- threepositionvectorelementsand
aradius.

Example:
# WALKER FI LE FORVAT v2.0 (c) NCST
materials 1

material "dik-floor" {
anmbi ent 0.898039 0.898039 0.898039
di ffuse 0.898039 0.898039 0.898039
specular 0 0 O
shininess 0
transparency 100
emm ssion 1
lightcone 0 0 0 O

}

meshes 1

mesh di k-gflr-f000 {

material "dik-floor"

texture 0 "dik grou. bnp" 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

normal s 8
0. 000367647 -0.000735294 -1
-0.00147059 -0.000735293 -0.999999
-0.000367647 0.000735294 -1



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
trili 12

(7]
—

PO OoO~NwWwhADNOOIO BMADNO
~N~NNPARPRPOOTOOOWNOIWER
OFRP~NOPR~AWONMOONDN

sphere -1352.92 -2637.53 62. 8547 240. 416

4 Parsing of geometryfiles

For readingin geometrydata,we have developedparseraisingLex andYACC asparser
generatotools. Theseoolshelpin definingahigherlevel definitionof thegrammauof the
datadefinedin thefile formatandgeneratea parserautomatically Lex (lexical analyser)
generates pieceof codethat scansthe input streamand detectstokenscorresponding
to keywords,identifiersandnumericdata(integersandreal numbers).Thetaggedtoken
arepassednto the parsergeneratedby YACC (Yet AnotherCompilerCompiler)which
looksfor syntacticstructuresn the streamof tokensandinvokesusersuppliedcodefor
processingachsyntacticstructure.

The input to | ex programis a setof regular expressionscorrespondingo tokensfor
resened words, identifiersand numericdata. The outputof | ex is C functionswhich
carryoutlexical analysisof theinputfile. Theinputto YACC is a descriptionfile which
describeghe grammairof thefile formatin BNF-like notation. For terminalnodesin the
grammadefinition, it is possibleto specifyfunctionsto beinvokedfor actionsto translate
theinput datainto a datastructureor into anotheroutputformat. The ouputof YACCis
a setof C functionswhich carry out grammarmmatchingandinvocationof corresponding
usersuppliedactionfunctions.

Below we list thelex andyacca partof the specificationgor the WAK file format.
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4.1 Lexspecsfor WAK file format:

i nt eger
dr eal
er eal
real

n

L%
[ \t]

{integer}

{real}

{nl'}

#*

nmeshes
mesh
materi al s
mat eri al
texture
vertices
nor mal s
trilist
sphere
anbi ent

di ffuse
specul ar
shi ni ness
t ranspar ency
enmi ssi on
[ i ght cone

+-]1?[0-9] +)
+-]?[0-9]*"."[0-9]+)

+-]1?[0-9]*"."[0-9]+H[eE][+]?[0-9]+)

real }| {ereal}

sscanf (yytext, "o%d",

return | NTEGER;

sscanf (yytext, "%f",

return REAL;

extern int
[ i neNo++;

| i neNo;

return
return
return
return
return
return
return
return
return
return
return
return
return
return
return
return

MESHES;
MESH;
MATERI ALS;
MATERI AL;
TEXTURE;
VERTI CES;
NORIVALS;
TRI LI ST;
SPHERE;
AMBI ENT;
DI FFUSE
SPECULAR;
SHI NI NESS;
TRANSPARENCY;
EMM SI ON;
LI GHTCONE

11
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[a-z][-a-zA-Z0-9\ \./]* {
strcpy(yylval.id,yytext);
return | D;

}

, return yytext[O0];
%0

4.2 YACC specsfor WAK file format:

%uni on {
doubl e real;
I nt I nt eger;
char I d[ STRLEN] ;
}

% oken COMVENT
% oken NMESHES

% oken NMESH

% oken NMATERI AL
% oken TEXTURE
% oken VERTI CES
% oken NORMALS
% oken TRI LI ST
% oken SPHERE

% oken MATERI ALS
% oken AMBI ENT
% oken DI FFUSE
% oken SPECULAR
% oken SHI NI NESS
% oken TRANSPARENCY
% oken EMM SI ON
% oken LI GHTCONE

% oken <real > REAL
% oken <integer> | NTEGER
% oken <id> ID

9%
wakscene: /* nothing */
| nodes
{ postProcessing(); }
nodes: /* nothing */
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node:

/
I
I
I
I

node nodes

* nothing */
mat eri al sLi ne
mat er i al Node
nmeshesLi ne
meshNode

coor dval ue: REAL

{ recordNext CoordVal ue($1); }
| NTEGER
{ recordNext CoordVal ue($1); }

mat eri al sLi ne: MATERI ALS | NTEGER

{ addmaterial sNode($2); }

mat er i al Node: MATERI AL quotedld ’'{’ material NodeDefs '}’

{ addMateri al Node(); }

guot edl d: "trojdlist T
idlist: onel d

| oneld idlist
onel d: | D

mat er i al NodeDef s:
I

{ buil dConpositel d($1); }

/* nothing */
mat NodeDef | t em nat eri al NodeDef s

mat NodeDef | t emm AMBI ENT coor dVal ue coor dVal ue coordVal ue

{ recordAmbientField(); }
DI FFUSE coor dVal ue coordVal ue coordVal ue
{ recordDiffuseField(); }
SPECULAR coor dVal ue coordVal ue coordVval ue
{ recordSpecul arField(); }
SHI NI NESS coor dVal ue
{ recordShini nessField(); }
TRANSPARENCY coor dVal ue
{ recordTransparencyField(); }
EMM SI ON coor dVval ue
{ recordEm ssionField(); }
LI GHTCONE
coordVal ue coordVal ue coordVal ue coordVal ue
{ recordLightconeField(); }
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meshesLi ne:

meshNode:

nmeshNodeBegi n:

meshDet ai | s:

meshDef | t em

coords:

W0

MESHES | NTEGER
{ addMeshesNode($2); }

meshNodeBegin ' {’ neshDetails '}’
{ addMeshToDat abse(); }

MESH onel d
{ registerMeshName(); }

/* nothing */
| meshDefltem nmeshDetail s

MATERI AL quot edl d
{ registerMeshDet Material (); }
| TEXTURE | NTEGER quot edl d | NTEGER coor ds
{ registerMeshDet TexCoord($2, $4); }
| VERTI CES | NTEGER coords
{ registerMeshDet Vert exCoord(%$2); }
| NORMALS | NTECGER coords
{ registerMeshDet Normal s($2); }
| TRILIST I NTEGER coords
{ registerMeshDet Tri |l ndi ces($2); }
| SPHERE
coor dVval ue coordVal ue coordVal ue coordVal ue
{ registerMeshDet BndSphere(); }

/* nothing */
| coordVal ue coords

5 Neutral data-structures

Themotivationfor a neutraldatastructurefor triangle-basegeometrydatabasés asfol-
lows. Therearemultiple file formatsdescribingvariouskinds of attributesfor geometry
Cateringto all thesetypesof attributesall thetime consume$oo muchmemory Also var
iousalgorithmsthatoperateon the geometryrequiresomegenerapurposemechanisnof
attachingtemporaryinformationin the courseof processingSpacefor all this cannotbe
allocatedstatically Somuchdatamay not be neededor somealgorithms.An algorithm
thatwill be developedin the future andfile formatsthatwill be usedin future may have
morespecialisedequirementsOnly therelatedcodewill know aboutsuchrequirements.

This led usto designa plug-in architecturefor building a data-structureéhat hasa core
geometryin the form of a mesh. The basicstructureconsistsof a setof C++ classedor
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holding vertices trianglesandmeshes A Meshconsistof a list of verticesanda list of
triangles.Eachvertex hasthreerealnumbersdescribingthe coordinatesn 3-spaceEach
trianglehasthreeintegerindicesinto thelist of vertices.A 3D scenemay have multiple
suchmeshesTo accomodatattributesat vertex, trianglemesh,andscendevels,a plug-
in mechanisms implementedA generic‘Attrib” base-class developedto hold alist of
attributesat eachlevel. This classhasa nameassociateavith it. The detailsof valueto
beassociateavith the nameis left to theimplementorof the derived classesSpecialised
classesrederivedfrom Attrib andassociateavith vertex/triangle/mesh/scerigy creating
instancestrun-time.

For example,to load WAK file, list of materialsis built at scenelevel, vertex normals,
andtexture coordinatesreattachedo the vertices texture mapimageis attachedo the
meshesThis attachments donein the form of pluggingin objectsof derived classeof
thebaseclasattrib.

Specialisedlgorithmsthat needto attachsomedatawith vertices trianglesandmeshes,
createtheir own attribute classesandattachinstanceof the classwith aname.Thealgo-
rithmsthemselesareexpectedto do a cleanupoperationafterthe work is doneandthe
auxiliary datais no moreneeded.

6 Algorithms

Towardsthe developmentof a coretoolkit for geometrybasedmanipulation,we have
implementeda large numberof geometricandtopologicalquerieshatarealwaysneeded
for mary applicationsTheutility functionsarelistedbelow:

=

Givenavertex returnthetrianglesconnectedo it
Givenavertex returnthe verticesconnectedo it
Returnthethreeneighbour®of a giventriangle
Obtainthe boundarie®f anopensurface
Orientatriangulated2-manifold

Flip the orientationof the giventriangulatedsurface
Returnthelist of boundaryerticesfor a givenmesh

Determinef the givensurfaceis closedor not

© © N o g bk W D

Returnthe normalof thegiventriangle

[EEN
o

. Returnthe areaof thetriangulatedsurface

H
H

. Mergetwo surfacesalongthe boundaries

[ERY
N

. Determinethe corvex hull of asetof 2D points.
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13. Intersectwo trianglesanddetermingheline segmentof intersection

14. Booleanoperation®n axisalignedboxes

Notethatmary of the above algorithmsarenon-trivial to implement. Typically they are
difficult becausef the involvementof tolerancebasedcheckingat variousstagesn the
algorithm. Someotheralgorithmshave alsobeendevelopedin the courseof this work.
We describeghemin alittle moredetails.

6.1 Cleaningup of geometry

In mary casesthe triangulationcarriedout by modelergo tessellatesmoothsurface3D
objectscreatessomeunwantedgeometry This unwantedgeometrymanifestan theform
of unreferencedertices,degeneratdriangles,reapeatedertices,overlappinggeometry
andsoon. This geometnyis in generaluselessrom almostary processingoint of view.
Also, its beingtherein the databasdnogsmemoryandprocessingime. Henceit is im-
portantto detectandremoveit.

6.2 Topological Analysis

Topologicalcharacterizatiorof a given meshis often usefulfrom the point of view of

matchingshapesGeometrideatureghatdo not contribute to importanttopologicalfea-
tureslike corners,edges,loops and facesshould be filtered out first. The remaining
geometricdatais thenusedto determinethe connectvity informationbetweencorners.
Having obtainedverticesandedges)oops(orderedsequencef edgesyreobtained.Fi-

nally, the facesboundedby loopsare determined.Many applicationare basedon such
topologicalanalysisof agiventriangulatedsurface.Notably, shapanatching topological
simplificationof 3D meshesandtopologicalanalysisfor CSGdecomposition.

6.3 Geometry Compression

As a part of the ongoingactiity, we have developedan algorithm for compressiorof
3D scenegonsistingof triangulatedsurfaces. The tranditionalbyte streamcompression
algorithmscanalwaysbe supersededy specialalgorithmsthat canusethe knowledge
about3D geometryin the compressiorstrateyy.

Theexisting meshcompressioralgorithmsmalke a nave assumptiorthatatrianglemesh
canalwaysberestructurednto longtrianglestripssothatthestripscanthenbeefficiently
encoded.In practice,the architecturadatabasedesignedn CAD packageswhich also
have texture maps,cannotusuallybe corvertedinto long trianglestrips. Hencethe previ-

ously publishedtechniquesannot give high compressiomatios.

We proposea dictionary-basedjeometrycompressiorscheme. In this schemea dic-
tionary of geometricshapesn constructedrom the given databasef geometricscene.
Only thefirst instanceof a geometrymeshis storedin the dictionarywith all its details.
All otherinstance®f similar meshesrestoredasareferenceo the meshinsertedn the
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dictionaryandthedifferenceis encodedsuchthatduringuncompressiorthe meshesan
be reconstructedThe differentialcodingincludesrigid bodytransformationspameand
“minor” topologicaldifferences.This schemecangive a high degreeof compressiotior
scenesvith mary repeateghapes.

This schemecan be fine-tunedto look for and matchvariouskinds of geometricand
topologicalfeaturesn thegeometricdatabaseThis is a partof thework in progress.

7 Conclusionand Futur ework

In thisreportwelistedthework carriedoutin this semestetowardsbuilding of atoolkit of
geometryhandlingtools. Concreteémplementatiorof geometrydatabasémport andex-
portfunctionalityhasbeendeveloped.An extensibledata-structures developedto handle
currentandfuture developmentwork over triangle-mestbasedjeometrydatabases.

The currentwork concentratesn variousschemesgor the compressiorof large andde-
tailedgeometrydatabaseln the processye intendfurther developingthe geometryand
topologytoolkit’s scopeandfunctionality.
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