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Abstract

Subdvision surfacessolve numerousproblemsrelatedto the ge-

ometry of characterand animationmodels. However, unlike on

parametrisedurfacesthereis no naturalchoiceof texture coordi-

nateson subdvision surfaces. Existing algorithmsfor generating
texture coordinateson non-parametrisedurfacesoften find solu-

tionsthatarelocally acceptabldut globally areunsuitablefor use
by artistswishingto painttextures.In addition,for topologicalrea-

sonsthereis not necessarilyary choiceof assignmenbf texture

coordinatego control pointsthat cansatishctorily be interpolated
over theentiresurface.We introducea techniquepelting, for find-

ing bothoptimalandintuitive texture mappingover almostall of an

entiresubdvision surfaceandthenshav how to combinemultiple

texturemappinggogetherto producea seamlessesult.

Keywords: Curwes & Surfaces, Texture Mapping, Physically
BasedAnimation

1 |Introduction

Subdvision surfaceq5], [6] possessiniqueadwantagesver tradi-
tionally usedNURBS surfacesthat make themideal for animated
models. Comple« modelscan be modeledwith the efficiency of
polygonsandthesmoothnessf NURBSandothersplinesurfaces.
Multi-limbed characterscan be createdusing a single, contigu-
ous meshwhen using subdvision surfaces,somethingthat s, in
most cases not possibleusing a single NURBS or other type of
parametrisedurface.

Themostohviousadwantageof usingasinglemeshto define for
example,a humanoidmodel, can be seenduring the deformation
or rigging process.Keepingclosedseamsand tangeng between
multiple NURBS patches trimmed or untrimmed,becomesvery
difficult in areasvheremultiple joints exert influenceover vertices
of thesemultiple surfaces.With subdvision surfacesthe useof a
singlepolygonmeshto definethehead torso,arms,andlegsmakes
skeletalbinding andweightinga muchsimplerandmore effective
process.

However, in orderto applysurfacedetailwith 2 dimensionatex-
turemapg4],[12] thesurfacemustbe parametrisedSplinepatches
comewith a naturalparametrisationbut thereis no suchnatural

parametrisatioln subdvision surfaces.In fact,assubdvision sur

facesmay have arbitrarytopologiestheremayin factbeno global
parametrisatiorover the entire surface. In this paperwe look at
an approachto providing parametrisation$or regions of subdvi-

sionsurfacesandcombiningtheseinto onecontinuouscolourmap
on the surface. Much of our discussioralso appliesto polygonal
modelshowever subdvision surfaceshave someextra complica-
tionsmakingthemmoreinstructie to consider

2 Background

Traditionally the way to representhe geometryof CG creatures
is throughthe useof NURBS [9]. Unfortunately thereare mary
difficulties with arrangingseparattNURBS togetherso that they
definea singlesmoothsurface.Theproblemsof arrangingNURBS
to akut againsteachotherwith a sharedtangentare well knowvn
to thosewho have worked with commercialmodelling packages.
However, even when theseproblemshave beensolved thereare
difficulties with arrangingtexturesto vary continuouslyover the
seamdbetweenpatches.Renderersieedto sampletexture values
over aregion in orderto interpolatecleanly anti-alias,andto cal-
culatequantitieslike normalsfor correctlighting of displacement
maps.As aresultevenwhenthe geometryof NURBS join cleanly
with acommontangenthe surfacedetailcanappeato have ‘tears’
along seams.Subdvision surfacescanprovide a way to solve all
of theseproblemsresultingin texture and displacementshat are
continuousover theentiresurface.

Subdvisionsurfacesareconstructedy startingwith apolygonal
meshthatformsa manifold, M°. A subdiision processs applied
to this meshto producea new higherresolutionmeshM* andthen
this processs iteratedto form meshes\7®, M, .. . thatbetterap-
proximatethelimiting meshM *° [6], [7]. The subdvision scheme
is chosenn suchaway thatunderreasonableonditionsthe limit-
ing surfaceis smooth.

In this paperwe consideronly Catmull-Clarksurfacesbut the
techniquesxtendnaturallyto othersubdvision schemes(For clar-
ity of expositionwe considermainly Catmull-Clark surfacesde-
rived from quadrilateraimeshes.After the first Catmull-Clarkre-
finementary polygonalmeshbecomesquadrilateramesharyway
(22].)

Unfortunatelyassigningexturecoordinate$o asubdvision sur
facecanbeadifficult problem.Firstly, thereis apurelytopological
problem.Thereis no way to assigntexture coordinateso a sphere,
for example,in sucha way thatthe assignments continuousand
every point is assigned uniquepair of texture coordinates.Even
worse- by theBorsuk-Ulamtheoren{19] it is guaranteethatthere
areantipodalpointson the spherghataremappedo the sametex-
ture coordinates.So attemptingto map a sphereusingone global
coordinatesystemis doomedto catastrophidailure. This problem
is well known from cartography Similar resultshold for models
with topologiesotherthanthat of the sphere.Therearea number
of waysto sidesteghis problem:

e Usetexturemappingswith discontinuities



e Changehetopologyof the surlacemaps
e Use3dsolidtexturesratherthan2d textures

e Don't seekaglobaltexturemapbut insteadusemultiple local
textures

We considertheseoptionsin turn. It is difficult to ensurethat
texture mappingswith discontinuitieslook seamlesdecauseaen-
derersrequire continuousfunctionsin orderto calculatenormals
for bump mappingor sampleareador anti-aliasing(this is similar
to theaforementionegroblemwith joining NURBS surfaces).

Thereare a numberof approacheso changingthe topology of
the underlyingobjects. One approactto changingthe modelis to
breakit into individual piecesthat can eachbe globally texture
mapped- unfortunatelythis gives the problem of arrangingthat
thereare no seamsbetweenpieces. One can arrangefor pieces
to overlapbut now we runinto mary of the sameproblemsfound
with NURBSandadditionallywe losethe advantage®f beingable
to work with a singlemodel. Anotherapproachcanbe bestillus-
tratedwith a cylinder. A cylinder maybeformedby rolling a sheet
of paper sothatthe oppositeendsof the paperoverlap. However,
this overwrapping still requiresbreakingandrekuilding theoriginal
geometryanddoesnot generaliseasilyto all topologies.

Usinga solid texture for the entiremodelis inefficientandcum-
bersome.lt is far easierfor artiststo paint 2d texture mapswith
familiar paintingtools.

We chosethe fourth approacthecauseve found we could work
uniformly with surfacesof ary topologyandalwaysguarantee fi-
nal colour mapthatwascompletelysmooth.In additionwe found
thetaskof managingmultiple overlappingtexturesto be mucheas-
ier thanthat of managingoverlappinggeometrieecausehe for-
mer hasno impacton the work of modellersor animators. (Note
thatfrom amathematicaliewpointtheseapproachemay be simi-
lar.)

We broke theproblemdown into two stages:

e Findingawayto textureregionsonthemodelin afashiorthat
is intuitive for artiststo work with and

e Joining togetherdifferentregionsin a completelyseamless
way

Assigningtexturecoordinates$o asubdvision surfaceconsistof
two parts- assigningvaluesto controlverticeson the zerothrefine-
mentof themeshandatechniquefor interpolatingthesevaluesover
thesurface.Thereforewe needto considerinterpolationschemes.

Stam[22] describesa set of basisfunctionsthat parametrise
patcheson the subdvision surface correspondingo eachquadri-
lateralin the zerothrefinement.This parametrisationlefinesa pair
of coordinateson the surfaceto [0, 1] x [0, 1]. Usingthesevalues
we may bilinearly interpolatescalarvaluesassignedt the vertices
of thequadrilaterato definescalarfieldsover eachpatchandhence
over the entire surface. Denotethe set of functionson the sub-
division surfaceobtainedin this way by L(M ). Unfortunately
thesefieldsareonly guaranteedo be C* differentiable! onthein-
terior of eachpatch.They have discontinuitiesn thefirst derivative
alongthe edgesand so texture coordinateschosenfrom L(M )
canresultin texture mapsthatlook unattractie. (Actually, these
discontinuitiesarenot necessarilya problemfor singleimageshut
they have atendeng to look badwhenanimated.)

Accordingto [7] anothettechniquefor assigningexture coordi-
natesto pointson a subdvision surfaceis to considerscalarvalues
assignedht verticesto be coordinatesn an extra dimension. For

1C% meanscontinuous.C™ meanghenth derivative exists andis con-
tinuous.

Figurel: Thedomainof controlof

exampleavertex at( , , ) with texturecoordinateg , ) is con-
sideredto beapoint( , , , , ). Wethenapplythe subdvision
processn thedimensionallyextendedspace 5 dimensionaln this
example. Eachpoint in the subdvision surface( , , , ,
definesa pointin 3D ( , , ) with texture coordinatey , ).
UnderreasonableonditionsthesedfiieldsareC' overtheentiresub-
division surface. Denotethe setof functionsproducedhis way by

(M*). Ourgoalis to producetexture coordinatefunctionsthat
liein  (M®). It is usefulto introducethe ideaof the domain of
control of apoint on M*°. Thisis the setof control pointsthat
determinghevalueat of ascalarfieldin (A£°°). In Figurel we
illustratethe domainof control of an examplepoint - the vertices
inside and on the boundaryof the red region form the domainof
control.

3 Texture Mapping Creatures

We now turn to the problemof assignhingsurfacedetail to a sub-
division surface. Much of what we discussappliesequally well
to polygonalmodels,however, the interpolationschemethat we
usefor subdvision surfacetexturing causesomeextra complica-
tions that are not presentin polygonalmodels. Typical methods
included projection, solid textures[20] or two-parttexturing [3].
Thesemethodscanbedifficult to usewith comple surfacessowe
choseto use?2 dimensionaltexture mappingusingtexture coordi-
natefields definedover the surface. We now look at the problem
of choosinghow to assigntexture coordinatedo control vertices.
Evenon aregion thathasno topologicalobstructionto beingcon-
tinuouslytexture mappedhereis no natural choiceof suchtexture
coordinates.This makesthe problemof choosingtexture coordi-
natesfor subdvision surfacessimilar to that for implicit surfaces
or for surfacesderived from point coulds[13], [14],[15],[8]. One
usefulcharacteristiof ary techniquefor assigningexture coordi-
natesto a surfaceis to ensurethatdistancesetweerpointson the
surfacearerepresentedccuratelyin the distancebetweerthe cor
respondingpointsin thetexture space (For surfaceswith non-zero
implicit curvaturetherewill alwaysbe somedistortionof distances
[21].) Thismakesit mucheasieffor artiststo work with a2 dimen-
sionaltexture becausdhe imagethey paintcloselyreflectshow it
will lookin 3D. It alsoensuresiniformity in thelook of thesurface
andefficiengy in the storageof texture information. Oneapproach
to achieving this is to definea function that representshe extent
to which distancesare distortedby the texture mappingfunction.
Onecanthenfind the mappingthat minimisesthis parametriadis-
tortion. Ma [17] describesan algorithmthat minimisesa discrete



Figure2: A peltingframe. The surroundingcircle is the frameand
the dashedines representhe springsinstantiatecaroundthe edge
of themodelandalongthe edgesf the model.

approximatiorto a distortionmeasureon agrid. Thereareanum-
ber of differentcandidatesor a measureof distortionsuchasthe
Green-Lagrange deformation tensor [18], [2]. An elementaryap-
proachis to considerthe lengthsof the edgesof the polygonmesh
in texture spaceandmale the functionalthe sumof the squareof
thedeviationsof thelengthsof theedges.
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where L is thelengthof edge and is the distancebetween
the two pointsin texture space (Dividing by L providesa certain
amountof invariancewith respecto the detailsof the tesselation.
Splittinganedgeinto two piecesy addinganew vertex in themid-
dle will make no differenceto the minimumvalueof .) We can
thenusestandardblack box” minimisationtechnique$o minimise
this function.

Unfortunatelythisis notnecessarilpdequateThisis acomple
searchproblemwith mary local minima - especiallyfor comple
surfaces. Sometimesbuckling’ [18] canoccurduring minimisa-
tion. In addition,minimado not necessarilypresere approximate
symmetriesn the original modelthatartistsinvolvedin a produc-
tion desire. Sometimeghereare otherfactorsthat artistsfeel are
more importantthan minimising distortionincluding aestheticas-
pectsof theresultingtexture mappings.n short,mary of theexist-
ing techniqueprovide mappingghatarelocally goodbut globally
over thewhole modeltheresultis not suitablefor productionwork
- especiallywith complex models.We now considera way to deal
with all of theseissues.

Thereareanumberof differenttypesof termsthatcanbeadded
to Equationl in orderto eliminateproblems,for example,terms
to preventfacesflipping’ [18] or angularvariation. We usea dif-
ferentapproach. Equationl is formally identicalto the total en-
ergy of a collection of springsthat obey Hooke'’s law exceptthat
the dynamicsis describedonly in 2D. Temporarilywe will work
with texture coordinateghatlie in a 3D space. The resultingen-
ergy cannow be minimisedby deriving equationsof motionfrom
Equationl, addingdampingterms,andrunninga dynamicssolver
until asteadystateis achieved[1]. Supposeve have amodelthatis
topologicallyequivalentto adisk. We canaddspringsto thebound-
ary of this disk with the opposingendsof thesespringsattachedo
a surroundingfixed frame. (SeeFigure 2 for an exampleusinga
hemispherenodel.)

Whatthis doesis ensurethat the edgesof region to be textured

Figure3: An examplecut

are‘spreadout’ andit pulls the entiresystemout of local minima.
Thefactthatwe have extendedhesystento 3 dimensionss signif-

icant. If theorientationof afacein the 2D texture spacds opposite
to whatit shouldbe at the global minimum thenit will often be
caughtin a local minimum becausen orderto ‘flip’ it over one
or two verticeswill have to actually passthroughotheredgesin

the polygonin orderto reachthe global minimum andhencepass
througha higher enegy state. In 3D no suchflipping is neces-
sary becauseeachfacecan smoothlyrotateto its correctorienta-
tion. With suitablechoiceof springlengthandstiffnessthe system
quickly achieesa statewhereit is almostflat andnow texture co-

ordinateamaybeappliedby planarprojection.

Thereis, of course anotheway of looking atthis: we arecarry-
ing out a simulationof a procedurdraditionally usedto stretchout
animalhidesfor tanning. As aresultthe usercanintuitively inter
actwith the minimisationprocedureandif startingwith a creature
modelcanarrangdo endup with atexturethatis in theform apelt.
We call this techniquepelting.

Thedynamicsmodelwe have just describeds very elementary
In principleit couldbe mademuchmoresophisticated in particu-
lar we could addextra springsarrangedso asto minimiseshearing
of the texture. However we have found that in practicethat the
strengthof the pelting processs thatit quickly finds a global tex-
ture mappingthat is an excellent starting point for a subsequent
localrefinementFor thisreasorthe precisedetailsof thedynamics
usedarerelatively unimportant.

4 The Pelting Procedure in Detalil

Foramodeltopologicallyequivalentto asphereve needonly male
onecutin orderto have a modelthatis topologicallyequialentto
adisk. Beforethe cutting proceduras describedhereis animpor
tantpointto make: thesecutsarefor the sale of generatingexture
coordinatesonly. After our procedures describedwe will shav
how texture coordinatecanbetransferrecdbackto the original un-
cut modelin away thatprovidessmoothcolourmapping.

A cutis a collection of edgesthat form a connectedree. In
our pelting tool the userindicatesthis set of edgesand the soft-
ware operateon the modelby duplicatingthe edgesandvertices
asin figure Figure3. Althoughwe have illustratedpoint 2, say as
duplicatedinto distinctpoints2aand2b, thesetwo pointsactually
have the samelocationin 3D space. The cutting processchanges
the connectiity of the faces,edgesandverticesonly. The edges
aroundthe cut form a topologicalcircle andwe walk aroundthis
circle connectingeachvertex (via a connectingspring)to a corre-



spondingpoint in the frame. We ensurethat the stiffnessof each
springandthe spacingbetweerthe connectingpointson theframe
is proportionalto the spacingoetweerthe otherendsof the springs
in theoriginalmodel. A springis theninstantiatecalongeachedge
in theoriginal modelwith stiffnessproportionatlto the edgelength.
A massis placedat eachvertex andthe outerframeis held fixed.

(We choseto usean equalmassat eachvertex. Onecould choose
the massof eachvertex in sucha way that the massdensity per
unit areaof the modelis approximatelyconstanbut in practicewe

found this unnecessary The usercanthenadjustvariousparam-
eterssuchas spring stiffnessand frame configurationand run the

simulationin orderto find a pelt thatis optimal. For alternatve

topologieswe canusemorethanone framebut the principlesare
the same. The usercan male alterationsto the geometryof the

frame beforeor even during the minimisation. Our first testwas
with amodelfor arat-like creature (SeeFigure4 (a,c).)

Oncethe modelis stretchedout flat the usercan male manual
adjustmentsf requiredandthentexture coordinatesanbeapplied
usingplanarprojection. In addition, further modificationsmay be
carriedout usingalgorithmsmore suitedto local refinement.(See
Figure4 (b).) Theseassignedexturecoordinatesnaynow betrans-
ferredbackto the original model. Note that asthe verticesin the
original cut wereduplicatedthereis no uniqueway to transfertex-
ture coordinatedackto the original modelat thesepoints. We as-
sign texture coordinatesat thesepoints completelyarbitrarily (we
seelater why this is acceptable). At this stagewhat we have is
theoriginal modelwith texture coordinategssignedo all vertices.
Unfortunately in the region of the cut we will have an unsightly
seambecaus€l) we have assignedarbitrarytexture coordinateso
someverticesand(2) we will beinterpolatingbetweertexture co-
ordinateghatcorrespondo oppositesidesof theflattenedmodel.

5 Blending Textures

Fortunately thereis a way to dealwith this problem. We cansplit
up the surfaceinto a numberof pieces,eachof which is a topo-
logical disk, andthengenerateaexture coordinatedor eachpiece.
(Againwe stresghatalthoughwe aretalking aboutsplitting up the
modelour ultimategoalis to leave theoriginal modelintact.) If we
splitupthemodelinto non-overlappingpieceswe facetheproblem
thatthe domainof control of pointsnearthe boundarymayin fact
lie in a neighbouringregion. So we chooseto work with a setof
overlappingpieces.

Thereis a standardechniqueusedin topologyfor dealingwith
functionson arbitrarytopologicalsurfaceshataredefinedon over-
lapping pieces. Supposeve have a manifold M andthatwe can
expressit asa unionof opensubsetg

M

( is someindexing set.) We choosethe sets  sothatthey are
all topologically disks. Supposewe canfind texture coordinates
and oneach sothatary function on canbewritten
as ( , )(Each iscalledachart andthewhole collectionis
calledanatlas[18], [19].)
Supposeve have a setof continuousfunctions M such
thateach iszerooutsideof and

() 1

2An opensetis onewherefor every pointthereisareal suchthatit has
aball of radius aroundit thatis completelycontainedn theset.As we are
dealingwith compact manifoldswe areguaranteethatwe canwrite  as
aunionof afinite numberof sets.[19]

(Traditionallysuchasetof s calleda partition of unity [19] but
wewill callthe blend functions.) Givenary continuousunction
on M thefunctions  havetheproperty

andeach is zerooutsideof . This givesaway to write ary

functionon M asasumof functionsof and . Corverselygiven

acollectionof continuousfunctions we canconstruct
thefunction

andit is guaranteedb be continuousover the entiremanifold. This
givesa way to build a continuousfunction on the whole manifold
out of the individual pieces. More generallyby choosingblend
functionsthat are themseles C™ we canbuild functionsthat are
C™ outof individual pieces.

Ourproblemnow is to build blendfunctionsout of thefunctions
containedin the setsL(M*) and (M) becausehesearethe
functionswe areableto specifyusingcontrol points.

Althoughit makessenseo usesmoothfunctionsfor texture co-
ordinates- whenblendingtwo differentbut similar functionsit is
acceptabléo usefunctionsin L(M°). This is becauseaswe will
seelater, we will be blendingtexturesthatareapproximatelyequal
ontheoverlapmakingthediscontinuityin the derivative of thetex-
turesmall.

We will now considerin detailhow to constructlendfunctions
for the pelting procedureabore.

In our schemave will usetwo regions: ¢ and 1. o will cor
respondo the peltthatwe have describedabore and 1 is aregion
thatwe will call thepatch. We will have two setsof texture coordi-
nates:( o, o) and( 1, 1). ( o, o) arethecoordinateslerived by
the pelting processabore and( 1, 1) arediscussedelow. In this
casewehaveonlytwo blendfunctions o( )and 1( ) 1 o( ).

We discussfirst how we constructcontrol pointsfor the blend
function ¢ becausehis schemedetermineshow we choosethe
patch ;.

In ary overlapbetweerthepeltandthe patchregionswe require
apolygonoverwhich bothof thetexturemapsinterpolatecorrectly
becausehis gives a region over which we may smoothly switch
from onetexture mapto another ConsiderFigure5. This repre-
sentsa region spanningboth sidesof a cut (which is represented
by ). Asdiscussedibore we assignarbitraryvaluesfor the pelt
texturecoordinateso and andtexturecoordinatesierivedfrom
the planarprojectionof the peltat , , , » , and (and
similarly on the oppositesite of the cut). The domainof control of
the pointson the interior of polygon includes and sowe
know thatthepelttexturecoordinatesnterpolatecherewill havean
arbitrarycomponenandsowill notrepresenthe planarprojection.
Thepolygonclosesto thecutthatis a goodrepresentatiors
Soin orderto make the patchas small as possiblewe malke the
patchextendoutasfaras and sothaton the patchtexture
coordinatesarealsogood. We now definethe blendfunctionto be
the functionin L(M*°) thathascontrolvaluelat , , , and
andzeroon , , , , , . Over the blend function canbe
usedto smoothlyinterpolatebetweerthe two texturesandoutside
this region eitheroneor the othertexture mappingwill beused.In
this way we definea smoothtransitionbetweentwo texture maps
by definingoneextra scalarfield andmoreimportantly: not chang-
ing the geometryof the modelin ary way. In practicewe design
ourtexturessothatthetwo differenttexture mapsmapinto textures
sothaton they approximatesachother

Whenthetopologyof thefacess morecomple thanin this dia-
gramamorecomple definitionis required.Call the setof vertices
andedgesin the cut Cy. DefineC,, for 0 to be the loop of



Figure5: Regionsof the blendfunction

edgesandverticesthat goescompletelyaroundC,, 1, containing
the smallestarea,that doesnot shareary verticeswith it. We are
now in a positionto definethe patch- it is the region enclosedoy
C . Verticeswithin andincludingC aregivenblendfunctonvalue
0 andthoseoutsideandincluding C aregivenvaluel. It canbe
seenthatthe region betweenC' andC containsno pointswhose
domainof controlintersectswith thecut. If we choosemodelswith
all verticesat leasttrivalent (at leastthree edgesmeetingat each
vertex) andwith every polygona quadrilateralafter one Catmull-
Clark subdvision all facesarequadrilateralthenthereareguaran-
teedto benoisolatedverticesbetweenC' andC . This meanghat
every vertex betweenandincludingC andC canbe unambigu-
ously assignedblendvalue 0 or 1 by the above method. On the
otherhandif otherpolygonsare presentwe caninterpolateblend
valuesto verticesbetweenC' andC by ary reasonablscheme
e.g.by takingthe averageof thevaluesat nearesnheighbours.

We can assigntexture coordinatedo the patchby detachingit
from the full modelandapplyingthe pelting procedureto it. We
thentransferthetexturecoordinatesssignedo thepatchbackonto
the full model. This mappingis extendedto the entire modelto
produce( 1, 1) - assigningexturecoordinatesrbitrarily to points
notin thepatch.At thisstagewve now havetwo globalsetsof texture
coordinatesanda global blendingfunctionthatseamlesslylends
betweentexture mapsrenderedusing thesecoordinatesn sucha
way thattheregionswith arbitrarytexturecoordinategreinvisible.

Theprocedurdor paintingthe modelstypically wentasfollows:
oncetexture coordinateshave beenassignedo the modelthrough
thepeltintis roughlypainteddirectly in a 3d paintpackageThere-
sultinglow resolutiontexture mapwasthentransferredo a2d paint
packagavhereadditionaldetailwasapplied.Usingthetexture co-
ordinategderivedfrom the peltingprocesave areableto renderthe
patchregion of the modelafterit hasbeenflattenedby pelting. As
aresultof the schemedescribedabove the edgesof the patchwill
betexturedcorrectly Thefinal taskof theartistis thento paintthe
smallregion of the patchin theimmediatevicinity of thecut.

Implementingthe texture blendingis easilyachiezed with mod-
ernshaderg10] or with multipasstexturing.

Although we have concentratedn the implementationdetails
for subdvision surfacesa simplified schemecan be implemented
for usewith polygonmodelsusing linear interpolationof texture
coordinates.

In Figure5 we marktheregion texturedsolely by the patchtex-
turein red,thatusingsolelythe pelttexturein greenandtheregion
in whichblendingoccursin yellow. In Figure6 we shav how these
regionsextendover alarge portionof our examplemodel.

Figure6: The regionsof the blend function over the examplerat
model

6 Results

We implementedthe systemto set up the dynamicsusing MEL

scriptingandC++ plug-inswithin Alias-Wavefront's Maya andthe
dynamicssolver usedwasthestandardnein Maya. OnanR10000
SGI 02 it took undera minuteto find a goodtexture mappingfor

the 11000polygonrat modelandwe wereableto find goodtexture
mappingdor modelssuchasthealiencreatureexamplewith nodif-

ficulty. We usedFlesh from Digits 'n’ Art softwareto carryoutlo-

calrefinemenbnthefinal texturemappingsandtheinitial 3dmodel
painting. (SeeFigure7.) We wereableto implementthe rendering
using Pixar’s Renderman which supportsCatmull-Clarksurfaces,
multiple scalarattributesat control vertices,andboth the L( A *°)

and (M®°) interpolationschemesThe resultingmappingswere
foundto bevery suitablefor work with 2D paintpackagesuchas
Adobe Photoshop or with scansof real paint and brush. For the
aliencreatureexamplewe addedyeometriadetailto the 6500poly-

gonmodelby usinga displacementmappaintedusingthe sameset
of texture coordinates.

7 Conclusions and Future Research

We have found a way to texture map the entire surface of subdi-
vision surfaceswithout modifying the model. We have useda dy-

namicssolwer to find optimaltexture mappingsand have usedtwo

techniquego find a goodglobalsolution: solvingin 3D insteadof

2D andusingspringsanda frameto imposeboundaryconditions.
We have alsointroduceda scheméfor blendingsmoothlybetween
differenttexture mappingson a subdvision surface.

We would like to reimplementhe dynamicsmore directly and
efficiently (possibly replacingit with a more specialisedstatics
solver that could work in realtime) so thatwe canallow usersto
manipulatetexture mapsdirectly and easily as if they were rub-
bersheet416]. We would alsolik e to implementthe entireblend-
ing processn an automaticway so thatthe usersimply paintsin
3D on a single modelandthe software automaticallyupdateshe
(possibly multiple) texture map contrituting to each point [11].
Although the techniquehasonly beenappliedin the caseof two
regionsit generaliseso multiple regions by using multiple blend
functions. We would like to find goodwaysto enablethe userto
definesuchregionswith varioustypesof cutsallowing extremely
comple topologiesto be dealtwith efficiently.

Onedifficulty is with findingwaysto make thecuttingandblend-
ing schemaompatiblewith level of detail (LOD) techniquesLOD
methodssubstitutelow resolution proxies for models when&er



Figure4: (a) Theinitial setupfor therat pelting (b) Thefinal texture mappingafterlocal refinemen{c) 3 stagegluringthe peltingsimulation



high resolutiondetailsare not required. Unfortunately the patch
is itself a high resolutiondetail and so model simplificationtends
to remove it entirely. For very low resolutionsubstitutesvherethe
seamis too smallto be noticeablewe have usedpelting combined
with the earliermentionedbverwrappingapproachn production.
We have hadgreatsuccessisingpeltingwithin a productionen-
vironment.Animatorsandmodelershave foundit easyto generate
texturemappingsand2D and3D paintershave foundthemappings
extremely well adaptedto their needs. We believe the future of
characteanimationlies with subdvision surfacesand pelting has
playedamajorrolein allowing usto move alongthis path.
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Figure7: (a) Pelttexturefor rat (b) Seamtexture (c) Renderedat usingonly pelttexture (notethe seam)d) Renderedat usingbothtextures
(e) Thefinal rat (f) Pelttexturefor alien(g) Renderedhlien(6500polygons)



