MULTIRESOLUTION ANALYSIS
FOR IRREGULAR MESHES
WITH APPEARANCE ATTRIBUTES

MichaélRoy, SebtiFoufou,andFrédéricTruchetet

LE2l, CNRSUMR 5158- Université de Bourgogne
12ruedela fonderie- 71200Le Creusot- France

Abstract We presentinen multiresolutionanalysisframenork basednthelifting scheme
for irregular mesheswith attributes. We introducea surfacepredictionopera-
tor to computethe detail coefcients for the geometryandthe attributesof the
model. Attributeanalysigyivesappearancaformationto completehegeomet-
rical analysisof the model.\W\& presentan applicationto adaptve visualization
andsomeexperimentakesultsto shav the ef ciency of our framework.
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1. INTRODUCTION

3D scannersisuallyproducehugedatasetscontaininggeometricabndap-
pearancattributes. Geometricahttributesdescribeshapeanddimensionof
the objectandinclude datarelative to a point seton the objectsurface. Ap-
pearancaattributes describeobject surface propertiessuchas colors, texture
coordinatesetc.

Multiresolutionanalysisis anef cient framevork to representa datasetat
differentlevels of detail, andto provide frequeng information. It givesrise
to mary applicationssuchas ltering, denoising,compressiongditing, etc.
Many paperspresentthe multiresolutionanalysisand the wavelet transform
in computergraphicsdomain. Here we referto Stollnitz et al., 1996 asan
introduction.

The goal of this work is to build a multiresolutionmeshanalysismanag-
ing both geometricand appearancattributes. Attribute managemenis very
importantespeciallyfor terrainmodelswherethe attributesarelinked to the
natureof the terrain. In somecasesattributes are more importantthan the
terrainitself. The main contrilutions of this work are the use of the lifting
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schemdor themultiresolutionanalysisof irregularmeshesvith attributes,and
theapplicationof the proposednultiresolutionframewvork to detailcoefcient
dependentisualizationof meshes.

In section2, we review multiresolutionmeshanalysisschemegproposed
in the literature. In section3, we detail the proposedmultiresolutionanaly-
sisframewvork. Sectiond presentsomeexperimentakesultsandthe applica-
tion of the proposednethodto detail-dependentisualization.Conclusionand
ideasfor future extensionsaregivenin section5.

2. RelatedWork

Lounsberyet al., 1997 madethe connectionbetweenwaveletsand subdi-
vision to de ne differentlevels of resolution. This techniguemales use of
the theory of multiresolutionanalysisand of the subdvision rulesto con-
structa multiresolutionrepresentatiorfior surfaceswith subdvision connec-
tivity. Zorin etal., 1997proposed combinatiorof subdvision andsmoothing
algorithmsto constructa setof algorithmsfor interactve multiresolutionedit-
ing of complex mesheswith arbitrarytopology Bonneau1998introducedhe
conceptof multiresolutionanalysisover non-nestedpaceswhich are gener
atedby theso-calledBLaC-wavelets.This conceptvasthenusedto contructa
multiresolutionanalysisover irregular meshesKobbeltet al., 1998 proposed
amultiresolutioneditingtool for irregular meshesuisingthe progressie mesh
algorithm(Hoppe,1996)to build the coarseesolutionmesh,anda smoothing
operatotto estimatethe high resolutionmesh.Guslov etal., 1999presented
seriesof non-uniformsignal processinglgorithmsdesignedor irregular tri-
angulation a smoothingalgorithmcombinedwith existing hierarchicaimeth-
odsis usedto build subdvision, pyramid, andwaveletalgorithmsfor meshes
with irregularconnectiity. Recently ValetteandProst,2004presented new
wavelet-basednultiresolutionanalysisof irregularsuriacemeshesisinganewv
irregular subdvision scheme.The methodis a ne-to-coarsedecomposition,
andusea complex simpli cation algorithmin orderto de ne suriacepatches
suitablefor theirirregularsubdvision scheme.

3. MULTIRESOLUTION ANALYSIS

Multiresolutionanalysisprovidesa framework thatrigorouslyde nes var
ious approximationsandfastanalysisalgorithms. This framewvork constructs
iteratively approximatioranddetail partsforming successie levels of resolu-
tion of the original dataset. The detailscapturethelocal frequeng contentof
thedataset,andareusedto exactly reconstructhe original dataset.

Classicalmultiresolutionanalysisframenorks (suchaswavelet transform)
cannotbe appliedto irregularly sampleddatasets. Sweldens1998 proposed
thelifting schemehatallows themultiresolutionanalysisof irregularsamples.
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We proposea multiresolutionanalysisframewvork suitablefor triangularirreg-
ular mesheswith appearancattributes. This framevork decomposea mesh
in aseriesof levelsof detail,andcomputesietailcoefcients ateachlevel.
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Figurel. Multiresolutionmeshanalysisframework.

The multiresolutionmeshanalysisframewvork is presentedn Fig. 1. The
decompositioris representedn theleft partof the gure. Startingfroma ne
meshM K, two groupsof vertices(oddsand evens)are de ned by the split
operator Theoddverticesaredesignatedo beremoved,andtheevenvertices
remainto createthecoarsaneshM i 1 thatapproximatesheinital mesh.The
odd verticesare predictedusingthe predict operator andthen substractedo
the original odd verticesto give the detail coefcients DKi 1. Thelaststepis
the removal of the odd verticesfrom the initial meshusinga downsampling
operatar Thereconstructiotis shavn ontheright partof the gure andis sim-
ply theinversescheme Startingfrom a coarsemeshM i 1, the odd vertices
arere-insertedusingan upsamplingoperator The odd verticesare predicted
usingthe predictoperatorandthenexactly reconstructedby addingthe detail
coefcients DKi 1. In the following paragraphswe detail the differentsteps
requiredto build the multiresolutionmeshanalysisframewvork.

Downsampling and Upsampling

We emplg the Progressie Mesh (PM) framewvork (Hoppe,1996)to build
downsamplingandupsamplingoperators.In the PM settingan edgecollapse
providesthe atomicdownsamplingstep,andavertex split becomesheatomic
upsamplingstep. For the dowvnsampling we usethe half-edgecollapseoper
ation, which doesnot introducea new vertex positionbut rathersubsamples
theoriginalmesh.Thus,it enableghe contructionof nestechierarchieon un-
structuredmesheghat canfacilitate further applications. The dovnsampling
operatoremovesabout33%of theverticesperlevel.

Split and Merge

The split operatortakesa given meshandselectshe evenandthe odd ver-
tices. The lateraredesignatedo be removed usinghalf-edgecollapseopera-
tions. In orderto do global dovnsamplingand upsampling the odd vertices
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arede ned asasetof independentertices(notdirectly connectedy anedge).
Differentmethodscanbeusedto selectheoddverticesandthusthehalf-edge
collapsego perform. Our algorithmperformsanincrementakelectionby se-
lecting one odd vertex andlocking all adjacentvertices(even vertices). The
selectiorendswhenno moreverticescanbeselectedBy selectinganoddver-
tex in orderto remove it, we alsoselectthe evenvertex it will meige with. In
otherwords, we directly selecta half-edgecollapse.The QuadricError Met-
ric from GarlandandHeckbert,1997is usedasa criterionfor the selectionof
the odd verticeshecausét minimizesthelengthof the detailsandretainsthe
visual appearancef the simpli ed mesh. Sincethe upsamplings completly
donewith vertex split operationsthe meige operatoiis notrequired.

Predict

The predictoperatorestimateshe oddverticesusingthe evenvertices.We
proposea predictionoperatorthat usesthe local surfacegeometry Meshes
comingfrom realworld scenesisually containappearancattributessuchas
colors,texture coordinatesetc. Also, we considerthe vertex positionandthe
normalvectorasgeometricattributes. Attributesare consideredhsvectorsin
Euclidianspacede ned on eachvertex of themesh.Soa vertex is represented

attribute vector We de ne anapplicationf,(v) = a, thatgivestheattribute
vectora, of theattribute n associatedvith the vertex v. Our predicitionop-
eratorestimateseachodd vertex vk from the meshM ¥ asa setof attributes
fn(vK) givenby :

X
fn(Vik) = Wilgj an(vjk): (1)
javi(
VX(i) representghe one-ringneighborhoodof the vertex vk. The w;; are
weightsof therelaxationoperatominimizing the cunatureenegy of anedge
&; (Meyeretal.,2002):
C0t®;j + COt_i;j

12v k(i) COt & + cot iy’

wk = P

)

where®; and ;j aretheanglesoppositeto theedgee;; . Predictedattributes
arerelaxed in termsof cunatureenegy of the analysedsurface. This relax-
ationoperatorguarantiesmoothvariationof the attributes. This methodalso
assumeshatthe attrioutesarelinked to the surface. Thew;; coefcients are
computedduring the decompositionand needto be storedto be re-usedfor
the predictionstepin thereconstruction.
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4. EXPERIMENT AL RESULTS

We presentanapplicationof our multiresolutionframenork to adaptve vi-
sualization. Our methodusesthe PM framework, which hasproved its ef -
cieng for view-dependenvisualizationof meshegHoppe,1997). The PM
framework selectghe verticesto displayusingvisiblity criteria. We improve
this selectionusingthe detail coefcients of the analysis.If the detail coef-
cientlengthof a vertex is belov a given threshold,the vertex is declaredas
irrelevantandthusis removedfrom the mesh.

Figure 2 shavs view-dependenvisualizationof the Buddhaandthe Earth
model.On bothFigures2(a)and2(b), theviewport usedto visualizethe mod-
elsis shavn astheyellow pyramid. We seethatinvisible verticesareremoved
usingfrustrumandbackfceculling. Irrelevantverticesareremovedby thresh-
olding thedetailcoefcients.

Figure3 shavsview anddetaildependentisualizationof theBuddhamodel
usingtheviewportrepresenteth Fig. 2(a). The original model,from Stanford
University contains543.652verticesand1.087.71&aces.Figure 3(a) shavs
the modelvisualizedusingonly frustrumandbackbceculling. Figures3(b)
and 3(c) shav the Buddhamodelvisualizedwith our detail dependentech-
nique. Each gure shavs the resultof differentvaluesof the threshold(the
higherthe threshold the coarserthe resolution). We seethatimportantgeo-
metricalfeaturef themodelsuchasthehigh curvatureregionsarepresered.

Figure 4(a) shawvs a model of the earthwith color attributes. Figure 4(b)
shaws the samemodelsimpli ed usingour method.The detail coefcients of
the color attributes are thresholdedo remove irrelevant vertices. Detail de-
pendentsimpli cation insuresthe preseration of attribute features(e.g. the
coastlines).The adwantageof our methodis thatit allows moreadvancedvi-
sualizationby computingthe relevanceof the verticesusingthe detail coef-
cients. Combinationsof several attributescanbe performedto improve the
resultof the simpli cation.

5. CONCLUSION AND FUTURE WORK

We have presente@new multiresolutioranalysigfor irregularmeshedased
on thelifting scheme.Our framevork managesttributessuchascolor, nor-
mals,etc. Our methodis easyto implementandresultsshav the ef ciency of
the analysisover the attributes, which allows more completemultiresolution
analysis.Thenext stepin thiswork will focusonfeaturedetectiorusingdetail
orientationin orderto build asemi-automatidenoisingalgorithmsfor scanned
models.
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(a) (b)

Figure2. View anddetaildependenvisualizationof the Buddhamodelin (a) andthe Earth
modelin (b). Both gures shav the viewport usedto visualizethe models. Wireframerepre-
sentatioris overlaid on eachmodel.
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(a) Originalmodel (b) ¢=0.0001 (c) ¢=0.0004
102.246vertices 31.848vertices 9.293vertices
204.522faces 63.684faces 18.524faces

Figure3. Detaildependentisualizationof theBuddhamodelin (a). Figures(b) and(c) shav
two differentvaluesof the detailthresholdusedto segmentthe geometriadetails.

(a) Original model(327,680faces) (b) Simpli ed model(62,632faces)

Figure 4.  Adaptive visualizationaccordingto the color detail coefcients. Original model
is shavn in (a), andsimpli ed modelin (b). Relerantverticesareselectedy thresholdinghe
colordetailcoefcients. Themodelis aspherewith color representinghe elevationof theearth
from the ETOPOb5dataset.



