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Abstract

Large 3D modelsdocumentingarchitecturaldesigns,heritagemonuments power plants and mechanical
CAD designsarebeingincreasinglydeployedin variousapplicationsnvolving interactve visualizationand

Internetbasedaccess.More oftenthannot, compleity of these3D modelsfar exceedsthe limits of what

be quickly downloadedat popularconnectionrspeedsandwhatbe easily storedandrenderedor interactive

explorationon personaldesktops. Engineeringmodelsof this type invariably have a numberof repeating
componenteaturese.g.windows, pillars, fixtures,etc. We have obsenedthatin mostof thewidely available

modelsin this classthegeometriadescriptionof suchcomponenfeaturesarealsorepeatedof coursen their

positionsandorientations.

We have developedtechniqueghat discover repetitionof componenfeaturesandalsorepetitionof groups
of componenfeatures. Thesetechniqueshave wide possibilitiesin increasingthe efficiency of a number
of interactve visualizationcomputationaprocessessuchasgeometryhealing,simplification,compression,
progressie display etc. As anexample,we derive a compressiorschemeor large 3D modelsof this kind.
We usethe above representatioo compactlyencodethe large 3D modelusing a “mastergeometry— in-
stancetransform”hierarchy The mastergeometryitself canbe encodedisingthe mostsuitablegeometry
compressiorlgorithmsdevelopedearlier[3, 4,6, 7, 8, 4, 5, 2].

The key challengein (andalsoanimportantcontribution of) this approachis to automatically identify the
componenteaturedhatrepeain thescenegiventhegeometricuncertaintyinherentin any suchlargemodel
dueto approximationsusedduring modelingandin numericalrepresentationsin modelsrepresentedy
collectionof polygonmeshesthesefeaturesepeatat variouslevelsof granularity(seefigure 1):

e Connected components, for example,in a machineplantmodel,nuts,bolts, fastenersetc. mayrepeat
mary times.

e Groups of connected components, for example,in an architecturamodel,mary pillars may be found
andeachpillar is often constructedrom multiple connectedcomponents.

e Subsets of connected components, for example,a gearhasmary teeth.

While we know somesuchfeaturecomponentsisted above, therearemary othershapefeatureshatrepeat
andwe do notknow in advancewhatfeaturego expectin a givenmodel. Giventhis situation,we musthave
asetof techniqueshatenableusto identify the repeatingeatureseffectively.

Our techniqueproceeddy first associatingvith eachvertex in the modela footprint thatis positionand
orientationinvariant(Examplesof someusefulinvariantfootprintscanbe foundin [1]). Theverticesof the



(a)
Figurel: Repeatindeaturecomponentin the models:(a) Heritagemonument(b) MechanicalcAp model

modelarethenclassifiednto equivalenceclassedbasednthefootprint'svalue. Theverticesin aclassrepre-

sentpossiblestartingpointsof identicalandrepeatingeatures Startingwith theseverticesin anequivalence
classwe grow thefeaturewith simultaneougxplorationaroundthesevertices.This growth givesusidentical

spanningreesaboutthe startingpointswhich representandidategor repeatingfeatures.Thesecandidates
arethenverified usinga geometricmatchingtest. This processf discovery of patternss carriedout on the

modeluntil all its verticesarespanned.

For engineeringnodelsa goodheuristicis to attemptdiscovery of repeategatternsatthelevel of connected
components.This is doneby first obtaininga normalized orientation for all the componentandthenper
forming a vertex correspondenctestamongthe componentghat have equalnumberof vertices,triangles
andalsohave boundingboxesof identicalsizes.On finding componentshat match,the repeatingnstances
(use-instancespf a shapearerepresentedsa referenceo thefirst instance(DEF-instance)anda suitable
geometridransformatiorio reconstructhe original orientationandposition.

At thegranularityof groupsof componenshapestherepetitionis discoveredby forming iso-transformation
collectionsof the use-instances.This techniqueof aggregationof UsSE-instancedasedon similar transfor
mationsfurtherimprovesthe compactnessf therepresentation.

Whenappliedto the problemof geometrycompressionthesenew techniquesrecomplementaryo the pre-
viously developedgeometrycompressiormlgorithmswhich largely focuson compressiorf connectvity. In
fact,we incorporatethosealgorithmsinto our schemeo compresdhe ber-instancesletectedvhile discov-
eringrepeatingeatures Our compressiorschemas someavhatanalogougo dictionarybasedalgorithmsfor
compressiomf text; componenshape&ndgroupsof suchcomponentsake the placeof dictionaryphrases.
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