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Abstract

Large 3D modelsdocumentingarchitecturaldesigns,heritagemonuments,power plantsand mechanical
CAD designsarebeingincreasinglydeployedin variousapplicationsinvolving interactive visualizationand
Internetbasedaccess.More often thannot, complexity of these3D modelsfar exceedsthe limits of what
bequickly downloadedat popularconnectionspeedsandwhatbeeasilystoredandrenderedfor interactive
explorationon personaldesktops.Engineeringmodelsof this type invariably have a numberof repeating
componentfeatures,e.g.windows,pillars,fixtures,etc.Wehaveobservedthatin mostof thewidely available
modelsin thisclass,thegeometricdescriptionof suchcomponentfeaturesarealsorepeated,of coursein their
positionsandorientations.

We have developedtechniquesthatdiscover repetitionof componentfeaturesandalsorepetitionof groups
of componentfeatures.Thesetechniqueshave wide possibilitiesin increasingthe efficiency of a number
of interactivevisualizationcomputationalprocesses,suchasgeometryhealing,simplification,compression,
progressive display, etc. As anexample,we derive a compressionschemefor large3D modelsof this kind.
We usethe above representationto compactlyencodethe large 3D modelusinga “mastergeometry– in-
stancetransform”hierarchy. The mastergeometryitself canbe encodedusingthe mostsuitablegeometry
compressionalgorithmsdevelopedearlier[3, 4, 6, 7, 8, 4, 5, 2].

The key challengein (andalsoan importantcontribution of) this approachis to automatically identify the
componentfeaturesthatrepeatin thescene,giventhegeometricuncertaintyinherentin any suchlargemodel
due to approximationsusedduring modelingand in numericalrepresentations.In modelsrepresentedby
collectionof polygonmeshes,thesefeaturesrepeatat variouslevelsof granularity(seefigure1):

� Connected components, for example,in a machineplantmodel,nuts,bolts,fasteners,etc. mayrepeat
many times.

� Groups of connected components, for example,in anarchitecturalmodel,many pillars maybefound
andeachpillar is oftenconstructedfrom multiple connectedcomponents.

� Subsets of connected components, for example,a gearhasmany teeth.

While we know somesuchfeaturecomponentslistedabove, therearemany othershapefeaturesthatrepeat
andwe donot know in advancewhatfeaturesto expectin agivenmodel.Giventhis situation,we musthave
a setof techniquesthatenableusto identify therepeatingfeatureseffectively.

Our techniqueproceedsby first associatingwith eachvertex in the modela footprint that is positionand
orientationinvariant(Examplesof someusefulinvariantfootprintscanbefoundin [1]). Theverticesof the
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Figure1: Repeatingfeaturecomponentsin themodels:(a)Heritagemonument,(b) MechanicalCAD model

modelarethenclassifiedinto equivalenceclassesbasedonthefootprint’svalue.Theverticesin aclassrepre-
sentpossiblestartingpointsof identicalandrepeatingfeatures.Startingwith theseverticesin anequivalence
class,wegrow thefeaturewith simultaneousexplorationaroundthesevertices.Thisgrowth givesusidentical
spanningtreesaboutthestartingpointswhich representcandidatesfor repeatingfeatures.Thesecandidates
arethenverifiedusinga geometricmatchingtest.This processof discovery of patternsis carriedout on the
modeluntil all its verticesarespanned.

For engineeringmodelsagoodheuristicis to attemptdiscoveryof repeatedpatternsat thelevel of connected
components.This is doneby first obtaininga normalized orientation for all the componentsandthenper-
forming a vertex correspondencetestamongthe componentsthat have equalnumberof vertices,triangles
andalsohave boundingboxesof identicalsizes.On finding componentsthatmatch,therepeatinginstances
(USE-instances)of a shapearerepresentedasa referenceto the first instance(DEF-instance)anda suitable
geometrictransformationto reconstructtheoriginalorientationandposition.

At thegranularityof groupsof componentshapes,therepetitionis discoveredby forming iso-transformation
collectionsof the USE-instances.This techniqueof aggregationof USE-instancesbasedon similar transfor-
mationsfurtherimprovesthecompactnessof therepresentation.

Whenappliedto theproblemof geometrycompression,thesenew techniquesarecomplementaryto thepre-
viouslydevelopedgeometrycompressionalgorithmswhich largely focusoncompressionof connectivity. In
fact,we incorporatethosealgorithmsinto our schemeto compresstheDEF-instancesdetectedwhile discov-
eringrepeatingfeatures.Our compressionschemeis somewhatanalogousto dictionarybasedalgorithmsfor
compressionof text; componentshapesandgroupsof suchcomponentstake theplaceof dictionaryphrases.
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