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Abstract

Texturing usinga setof two dimensionaimagemapsis an estab-
lishedandwidespreadpractice.However, it hasmary limitations.

Parameterizinga modelin texture spacecanbe very difficult, par

ticularly with representationsuchasimplicit surfacessubdvision

surfaces andvery denseor detailedpolygonalmeshesThis paper
proposesheuseof anew kind of texturebasedn anoctree which

needso parameterizatiootherthanthe surfaceitself, andyet has
similar storageequirementso 2D maps.In addition,it offersadap-
tive detail, regular samplingover the surface, andcontinuity across
surfaceboundariesThe paperaddressetexture creation painting,
storageprocessingandrenderingwith octreetextures.

CR Categoriesand Subject Descriptors: 1.3.m[ComputerGraph-
ics]: Texturing; Additional Key Words: VolumeTexture

1 Introduction

Traditionally, texturingamodelwith imagedatarequiressettingup

a 2D parameterizatiorof a model. This parameterizations typi-

cally setup manuallyby anartist. This stepcanbe automatedvith

techniguesuchasthe work presentedy Maillot [14] andrecent
work by Piponi[19]. Theseapproachestill requirethatdicontinu-
ouscutsbeintroducedn the mapping.

In addition,evenaftera parameterizatiois constructedsometex-
turedistortion,or “stretching” may be causecy the parameteriza-
tion. Techniquesuchas[21] canhelp minimize this stretchingon
polygonalmeshesAnotherproblemariseswhenthereis the need
to have a small areaof a large model,suchasa decal,have much
higherdetailthantherest.In somecasesthis canresultin partsof
the modelneedingto be split to accommodat¢heselocal areaof
high texture detail.

Furthermorethese2D approachemay notapplyto geometriaep-
resentationsvhich aredifficult to assignaparameterizatioto, such
asimplicit surfaceq3] or Adaptive DistanceFields [8].

This papemwasmotivatedby theseissuesandpresents solutionin
anew form of textureaswell asdetailsof integratingthesetextures
into a productionenvironment.
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2 Related Work

2.1 PreviousWork

Texture mappingwasfirst introducedby Catmull[4]. This concept
wasextendedin 1985with the introductionof the conceptof solid
textures,presentedndependentlyy Perlin[17] andPeachg [16].
They realizedthat using a surfaces positionin 3D spaceas tex-
ture coordinatesallowed comple surfacesto be texture mapped.
This work wasmainly concernedvith proceduratexturesextend-
ing throughouta volume enclosingthe surfacesbeing rendered.
Peachys work [16] alsosuggestedhe ideaof digitized solid tex-
turesby scanningslicesof amodel.He pointsout thatfor a regular
voxel grid of sampleshigh resolutiontextureswould requirehuge
amountf memory This form of solid textureis avolumetexture.
Akeley [1] describeda hardware implementationThey have also
becomepartof the OpenGL[22] graphicsstandardHowever, their
mainusehasbeenvolumerendering[7].

One pieceof relatedwork in volume renderingwas presentedn
1991 by Laur et al. [12]. In this approacha pyramid of average
colorsis formedfrom a traditionalvolumetexture,andthenanoc-
treeis constructedhat approximateshe original datato a given
accurag. This resultsin a similar datastructureto work presented
in this paper but it is usedasa volumerenderingoptimization.

Octreebasedmageshave alsobeenconsideredn the relatedsub-
jectof 3D ImageProcessingandwork by Tamminenin 1984[24],
introduceghis connection.

We have recentlybecomeaware of work by DeBry et al [6], who
have independentlydevelopeda similar approachto texture map-
pingusingoctrees.

2.2 Other Approaches

Turk developeda method[25] for using a regular distribution of
samplesspreadacrossa surfaceto represent Reaction-Difusion
texture. He suggestedchoosingrandomsamplesover a surface,
which werethenrelaxed to geta more even distribution. Texture
look-up wasaccomplishedy a weightedsum of nearbysamples.
This contrastsvith themorestructuredexture presentedh this pa-
per, in which thesamplepositionsareimplicit in its locationin the
octree.Recentwork by Pfisteret al. [18], extendsthis conceptto
representhe surfaceitself at the samplepoints and replacesthe
randomsamplepoints by a more uniform set, sampledon a grid
pattern(a layereddepthcuberepresentatiofil 3]), which makesit
morecloselyrelatedto thework in this paper but focuseson using
the structureasarepresentatioof the geometryfor fastrendering.

Recentwork by Frisken[8] presentedhe conceptof Adaptive Dis-
tanceFieldsfor modelingsurfacesln thiswork, anoctreeof scalar
valuesis usedto representhedistanceof eachsamplepointfrom a
surface.This structureis similarin somewaysto the octreetexture
presentedn this paper but the structureandinterpolationscheme
arequitedifferent.

Anotherapproacho texture mappingpolygonsis usedextensvely



in researclon meshsimplification[5], [15], [23], [20]. In this ap-
proacha texturetile is createdfor eachfaceof a simplified mesh.
Thesetiles needto bepaddedvith boundaryinformationfrom their
neighborgo ensurecontinuity Thetiles arethenpacledinto regu-
lar textures.

The drawvbacksin this form of texture mappingare that the sam-
pling is onceagainvery unes/en, and the discontinuousstructure
of resulting texture maps prevents them from being turned into
mipmaps.In additionthesetexturescannotbe completelycontinu-
ous,asthetechniqueof paddingthe boundarie®nly approximates
therealneighboringvalues.

Gortler et al. [9] presentedh methodfor reconstructingan image
from onedimensionaline samplesThis methodconsistedf con-
structinga lower resolutionimage,andthenup-samplingandcom-
bining with higherresolutionsamplego fill in detail. This process
hassomesimilaritiesto thereconstructiorphasepresentedhere.

3 OctreeTexture Structure and Usage

3.1 Conceptual Overview

Solid texture mappinghasbeenaroundfor sometime, andrelies
on the rest position of a model as the texture coordinatesThese
coordinatecanbe createdautomaticallyin contrasto thelengthy
manualprocessof assigningtwo dimensionalcoordinateso sur
faceswhich are rarely easyto parameterizeWhile solid textures
areusuallyproceduralthey canalsocomefrom a traditionalvol-
umetexture.

This paperproposeshe useof octreetextures,a variationon the
volume texture ideain which only the subsetof the volume that
actuallyintersectghe surfaceof amodelis stored.Thetexturesare
sparsebecaus®nly octreecellswhichintersectanobjects surface
are stored.The octreestructureprovides an efficient way to store
andlook up thesetextures.

Traditional volumetexturesare a regular 3D lattice of color sam-
ples. Their memoryusagegrows with the cubeof the resolution.
This hasmadethemimpracticalfor generaluseand confinedtheir
useto primarily medicalandscientificimaging[10].

However, solid textureshave other nice properties.For example,
atary particularresolutiontheir samplesare uniformly distributed
acrossspacein the region the surfaceoccupiesIn addition,these
coordinates@recontinuousacrosgheboundariedbetweerdifferent
geometnytypes,andindependentf theactualtextureassignments.

In thevisual effectsindustry we aremainly concernedvith colors
on thesesurfaces,which represenbnly a two dimensionalsubset
of thevolume.Thesetexturesconcentratell their detail at the sur
faceitself, andat the limit, behae like two dimensionalkextures.
In otherwords,at thelimit, their sizegrows with the squareof the
resolution.This meangthatthey arecapableof achieving the high
resolutiongequiredn thevisualeffectsindustrywithoutbecoming
unmanageabliarge.

3.2 Storage

Thesetexturesmay be potentiallyvery large, sothe representation
mustbe compact.We choseto represent nodeby a setof flags
indicatingwhich of the nodes childrenarepresentandwhich are
leaves.Then,we storeanarrayof pointersto child nodes,andan-
otherarraycontainingthe valuesof the child nodesthatareleaves
(Figure 1).

Sincemostnodesof thetreewill typically beleaf nodesandsince
nearthe surface an averageof half of a nodes childrenwill be
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Figurel A compactrepresentationf thetextureoctree Child node
pointersandleaf dataare storedin two contiguousarraysto mini-
mize pointeroverhead.

leavesandcontaina color samplethis greatlycutsdown on storage
requiredby pointersto child nodes.

3.3 Texture Coordinates

In most casesthe texture coordinateswill simply be the surface
position.But in somecasesit is corvienentto useanothemparam-
eterization For example,whenusingsubdvision surfaces the co-
ordinateson the control hull may be usedratherthan coordinates
onthelimit surface.In this way, a polygonalapproximatiorof the
limit surfacewill be textured consistentlyat ary level of subdvi-
sion. Thisintroducesa smallamountof texture stretching.

For a deforminganimatedmodel, the coordinatesof the models
restposemay beusedastexture coordinateso attachthetextureto
theanimatingmodel.

3.4 Interpolation

To look up a sampleand maintaina continousfield of color, tri-
linearor tri-cubicinterpolationis used.

With an octreetexture, the resolutionvariesacrossthe texture, so
we have the additionalproblemof how to interpolatebetweenre-
gions at different levels of detail. Our approachis basedon the
ideasdevelopedfor generatingsmoothtexturesfrom quadtreém-

agesresentedhy Kobbeltetal [11]. Theirapproachusesasubdvi-

sionstrategy which couldberepeatediappliedto lower resolution
areasuntil the whole imagewas at the samehigh resolutionand
couldthenbeinterpolatedn theusualway.

To look up the texture at a samplepoint, a small neighborhoods
followeddown from the octreeroot to the leaves.Ourimplementa-
tion usesa3x3x3neighborhoodor tri-linearinterpolation A 5x5x5
neighborhoodouldbe usedfor tri-cubicinterpolation.

Figure2 A fixedneighborhoodroundasamplepointis subdvided
tothenext higherresolutionandfilled or interpolatedromtheoctree
values.

Figure 2 demonstratelow this processvorks. On the left is the
neighborhoodat depthn, and on the right the neighborhoodout-
linedin black)atdepth(n+1). Theblackdotrepresentshatsample



point, and at eachstageit lies at the centerof the neighborhood.
Thehigherresolutionneighborhoodright) is constructedrom the
lower resolutionone (left) by subdviding the cells closestto the
samplepoint. Thenthe sub-cellsadjacentto the samplepoint are
gatherediogether As noneof the cells in the nev neighborhood
canbetouchingthe boundaryof the old one,the old neighborhood
containsall theinformationnecessaryo createthe new one.

Thefollowing stepsgive therule for subdviding a cell:

1. If thecell containsemptyspacethenall childrenareempty

2. Otherwise|f thecell containsa non-leafnode,thenthe chil-
drenarethenodes children.

3. Otherwisejf thecell containsaleafor asubdvidedleaf, then
form the children from a weightedsum of the neighboring
cell's colors. Extrapolatefor node neighborswhich do not
have acolor.

+

@@

Figure 3 Textureinterpolationbetweerthe differentresolutionsof
asamplepoint’s surroundingcellsis achiezed by following a 3x3x3
neighborhoodrom the octreeroot.

Theneighborhoods initially setto beempty exceptfor thecentral
cell,whichpointsto theentireoctree As we progresslonn thetree,
theregion of the octreerepresentetly the neighborhooatorverges
towardsthesamplepointasshovn in Figure 3. Thisprocesss con-
tinueduntil nocell in theneighborhoodontainsanoctreenode,i.e.
we stopwhenevery cell containsa leaf, a subdvidedleaf, or empty
space.The neighboringcolors are thentri-linearly interpolatecto
givetheresult.

This processresultsin a continuousinterpolationof the sample
pointsacrosgegionswith varying level of detail. However, this al-
gorithmis a point samplingof thetexture,andit maybe necessary
to averagea numberof thesesamplesto obtain a filtered texture
look-up.

35 TextureFiltering

Whenatexturedobjectis dravn at adistance somekind of minifi-
cationfilter is desiredto preventaliasing.Theidealfilter is to take
theaverageof mary visibletexelscontainedn theareathatis being
sampled.

With traditional 2D textures,it is commonto usemipmaps[27] or

summedhreatablesto effectively do someof thisfiltering aheadf

time asapreprocessingtep.Mipmapsalsohelpreducetheamount
of thetexturethatneed<o beaccessewhenthesurfaceis farfrom

thecameraandsmallin theview, becausenly thelowerresolution
versionof thetextureneedbeaccessed.

Traditionally this averageis simply madeover a rectanglein a 2D
texture's parametespaceMakingtheaveragdn thetexture'sspace
mayincludeareaof thetexturethatarenotvisible from adistance,
andmay even includeregionsthatare not assignedo ary part of
themodel.
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Figure 4 On a modelwith two surfacesof differentcolor nearby
but facingdifferentdirections—suclasa thin sheetwith contrasting
colorson eachside—simplyaveragingthetexture valuescanfail and
causecolorsto bleedor mix.

35.1 ProblemsWith Extending 2D Mipmapping

Theoctreetexturehasa structuresimilarto amipmapandit is natu-
ral to considerfollowing the sameprocedureto build a3D mipmap.
This ideawasexploredfor volumerenderingin [12], but thosere-

sultsare not directly applicableto surfacerendering.Replacinga
neighborhoodf voxelsin a texture by a single larger voxel is in

somecasesa poor approximationto the ideal averagementioned
above, becausehis averagemay containcolorsfrom neighboring
surfaceswhich are not visible at the higherresolutionlevel (Fig-

ure 4). Becausef this, colorscanbleedfrom nearby For example,
if the backand front of a thin model are different colors, the re-

sulting averagecolor represents color thatshouldnever be seen.
Color mayalsobleedbetweerunconnectedyut neighboringclose
surfaces.

3.5.2 Normal Flags

In mostcasestheseproblemscan be solved manuallyby assign-
ing the conflicting partsof the modelto separateoctreetextures.
However, in orderto handlea broaderangeof situationsautomat-
ically, the octreenodescanbe extendedby addingnormalflagsfor

rendering.

Our goalis to presere the behaior that we getinterpolatingthe

highestlevels of the texture. We maintiana setof six normalflags
with eachnode,onefor eachdirection of eachaxis. A flag is set
for ary directionof a nodewhich containsa surfacewith a normal
closerto the flag’s directionthanto ary other If ary axishasboth

directionflagssetthentheminificationis considerecholongervalid

(Figure 5), andalook-upis forcedto continueto ahigherresolution
node.As an optimization,this rule may be ignoredif the samples
belov the node are within someuserspecifiedthresholdof each
other andcanthusbeaveragedvithout producingary visible color

bleeding.

3.6 FileFormat Considerationsfor Rendering

In orderto allow quick accesgo a lower resolutionversionof the
texture, the treemustbe storedin breadthfirst ordering,not depth
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Figure5 Forrenderinggevery octreenodecontainsanormalflag for
eachdirectionof eachaxis.If thenormalflagsfor bothdirectionsof
ary axisareset,mipmaplook-upis forcedto continueto thenodes
children.

first. Unfortunatelythis requiresoneor two pointersto bestoredfor
eachnode,pointingto thechild leaf andchild nodepositionsin the
file.

Fortunately for ary sectionof nodeson the samelevel of the hi-
erarchythe pointerswill beconsecutie, andcanberecreatedrom
thenodes flagsgivenastartingpositionfor thechildrenandleaves.
This meansthatthey canbe storedin a file in a compressedorm
with few pointers,and expandedbackup to the two pointerform
whenreading.In our implementationthe octreewasalsotiled to
allow only a subsebf theactualtextureto be heldin memory

4 Painting

An octreetexture may be generategrocedurally but in this case,
onecanjustusethe proceduramodeldirectly to texturethe object.
In mostcasesan artistwill be asled to paintthe detailsonto the
models,or apply scannedhotographgo the model. We mustbe
ableto applythistechniqueto anoctreetexture.

4.1 Oveview

Thesimplestform of 3D paintprogramsnvolve paintingon a pro-
jection of a model, and then projecting the paint back onto the
model.In thetwo dimensionakase the surlacegeometryis subdi-
videdto theresolutionof the 2D texturesandeachof theresulting
micropolygongrojectedbackontothe paintedimageto getacolor
for the correspondingexel [2]. This conceptextendsnaturally to
threedimensiondor octreetextures.In this casewe needto raster
ize therestgeometryinto the octree againkeepingtherealsurface
position as a texture coordinatefor the look up from the painted
image.

If the octreeis keptat a fixed depth,paintingis greatlysimplified,
asthehierarchyof thenew paintandtheexisting paintwill beiden-
tical. However, for an adaptve octree,the hierarchycandiffer. In
practiceijt is corvenientto first createa“new paint” octreeandthen
meige thatwith the existing octree,ratherthantry to combinethe
paintandrearrangehe octreein onestep.

This two stepprocesslsoensureshatblendingthe new paintinto
the existing texture occursonly oncefor eachvoxel whenthe new
painthasanalphachannel.

Thestepsnvolvedin mappingpaintbackontoanoctreetextureare
asfollows:

1. Rasterizesurfacesinto the paint octree,using the surfaces
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restcoordinatessits locationandits projectedpositionasits
texture coordinateto look-upa color from the paintedimage.

2. Wherethe existing octreeresolutionis higherthanthe new
paint's andthe paint’s alphais betweerzeroandone,increase
the paintoctrees resolutionto matchthetexture.

3. Form a boundarylayer of emptyvoxels aroundthe paint, at
the sameresolutionasthe neighboringpaint. The intensities
of theboundarydon't matter only its effect onthe next step.

4. Increasdaheresolutionin themainoctreearywherewherethe
paintoctrees resolutionis higher

5. Mergethepaintoctreeinto themainoctree jgnoringthetem-
poraryboundarylayervoxels.

6. Deletethepaintoctree.

7. Cull ary voxelsin the main octreethatarenot intersectedy
ary surface.

4.2 Merging Existing Paint

The approactpresentedy [2] for multiresolutionpaintingcanbe
appliedto 3D. If anartistpaintsa transparentvashover someex-
isting detail, their intentionis clearly to modify the color of the
region. If we simply memgedin the wash(which is probablyat a
lowerresolution) thedetailwouldbelostin theprocessln orderto
presere it, the resolutionof the washmustbe increasedo match
theexisting detail.

Anothersituationoccurswhenanartistpaintssomefine detailover
an areawhich was previously coveredby somesmoothlyinterpo-
latedlow resolutionpaint.In this casetheresolutionof theexisting
low resolutionpaintmustbeincreasedo matchthe new detail.

In orderto increasehe resolutionof an octreetexture, we needto
take into accountthe interpolationschemebeingused.If we sim-
ply split eachleaf into childrenwith the samevalue, the bound-
ariesof the original voxel will becomevisible as discontinuities
in the resultingtexture. This is analogougo performingthe cor
respondingoperationon a 2D texture, wherethe new pixel values
would be formed by interpolatingthe lower resolutionvalues.In
addition, the effect of an edit on neighboringvoxels mustalsobe
taken into account.ldeally, whenthe resolutionof a voxel is in-
creasedthe neighboringregions should remain unchangedThis
canbeachiezed by keepingthe old low resolutionleaf around,and
usingit duringthelower resolutionstepsof thereconstructiorpro-
cess.Theseresolutionincreasesre calculatedandappliedlocally,
andnotto thetextureasawhole.

4.3 Considerationsfor Painting
4.3.1 Color Bleeding

If the modelcontainsintersectingsurfaces they mustbe separated
out into their own octreetextures,or a specialversionof the rest
model needsto be constructedin which those parts have been
moved apart.If thesestepsare not taken, the intersectingregions
will shareacommonpaintcolor. Thisis mainly a problemif these
regions are animating,and theseintersectionregions becomeex-
posed.

4.3.2 FileFormat for Painting

Thesparsectreecanbestoredvery efficiently in aconsistentlepth
first order This methodis outlinedin work by M. Samef24], and
theauthorsshav thatevenfurthercompressioris possible.



Max Depth 9 (512)

Max Depth 10 (1024)

Figure 6 Comparisiorof octreetexturesat several resolutiongo a
setof 2D texture maps.

Whenrenderingthetextureshouldbeconvertedto afile formatlike
theonesuggesteih Section 3.6to performlook-upsefficiently.

5 Results

Our initial work involved converting a model that was already
paintedwith a setof traditional textures. The textureswere con-
vertedinto octreetexture without ary lossof visual quality or arti-

facts.The octreetexture took lessdisk spacethanthe large setof

2D imagest wasgeneratedrom.

For comparisona part of a traditionally textured version of the
droid modelin Figure 8 is comparedto an octreetextured ver-
sion of the samemodel. This part of the modelwas paintedwith
five maps:two of size256x1024 pne1024x512andone128x1024.
Theassignmentwveretypical of theway mapsareassigned.

Max Depth | Uncompresse&ize
8(256) 190,189
9(512) 740,613

10(1024) 2,901,789

2D Version 3,534,944

The mapswerethen corvertedto octreetexture at differentfixed
maximumdepthsin this casetheoctreetexturewerenotadaptve,
soareasof similar color weresamplecat the samerateasdetailed
areas.

Whenthe octreetextureis at the sameresolutionasthe largestdi-
mensionof the texture maps,the resultingfile canbe smallerthan
the 2D texture maps.The octreetexture storessamplesonly where
geometnyis presentwhereaghetraditionallymappedsersionmust
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oversamplesomeareasin orderto get otherareassampledat the
desiredresolution.

Of coursecarefulassignmenof texturecoordinatespr methodso
relaxthethetexturecoordinatesuchaspresentedby [14] canoffset
this small difference Additionally, imagecompressioriechniques
aremuchmore well-studiedfor 2D images.Whatis importantto
noteis that octreetextureshave similar storagecharacteristicgo
setsof 2D texturesasthetextureresolutionincreases.

To integratethe new texturesinto our productionpipeline,we first
testedt onasmallprop(Figure 7).

Currently octreetexturesareusedon characterandpropsthatneed

to be setup quickly, or aredifficult to assigntexture coordinates
to. Modelsthatusea mix of surfacerepresentationalsoaremore

straightforvard to texture using octreetextures. The droid model

shavn in Figure 8 is an exampleof a modelwhich was painted

usingoctreetexturesfor thesereasons.

Octreetextureshave alsoallowedusto experimentwith othertypes
of surfacerepresentationssuchas Adaptive DistanceFields and
Subdvision Surfaceswithout worrying abouthow or evenif they
canbeparameterizefbr 2D texture maps.

6 Known Problemsand Future Work

6.1 Paintingin 2D

The mostimmediatedravbackto usingoctreetexturesis thatone
losesthe ability to painton the modelin texture spacethatis, to
paintdirectly on the maps.An approactsimilar to thatwhich Wei
andLevoy [26] usedo generatalocal parameterizatiofor texture
synthesicouldbe usedto locally unwraparegion of thetextureto
be paintedon.

6.2 Very Closeor Intersecting Surfaces

Octreetexturesdo not handlesurfacesin the restmodel that are
intersectingor very close,suchas skin and clothing. The normal
flags mentionedin section 3.5.2 help to prevent the minification
artifactsthatthis cancauseput caremustbe takenwhensettingup
amodelto eitherassigndifferentoctreetexturesto intersectingor
very closesurfacesor to createa specialversionof the restmodel
wherethesesurfacesaremoved awvay from eachother

Figure 7 Theoctreetextureswerefirst testedon a minor prop (the
charactes necklace}o ensurehatthey would work within our pro-
ductionpipeline.(Fig. Joshud_eBeauandScottBonnenént)



Figure 8 Several versionsof this droid modelwere paintedusing
octreetextures.(Fig. BridgetGoodman)

6.3 Interactive Viewing

Currently no hardwaresupports3D texturesasarything otherthan
a regular 3D grid. Until this, or somesimilar compressedorm of
texture canbe supportedn hardware,the texture mustbe approxi-
matedby a setof automaticallygenerate®D texturesif it is to be
viewedinteractvely.

Also, bettertechniquego automaticallygeneratesuchsetsof tex-
turesfrom an octreetexture efficiently, andat high quality, would
helpmaleit easieito manipulateoctreetextureswith existingtools.

6.4 Adaptive Resolution Limits

With theability to adddetailatany scale anoctreetexturecangrow
to bemuchlargerthanis neededo represent particularsetof tex-
ture. Our solutionis to simply allow the artistto adjustthe maxi-
mumresolutionthey wishto paintwith atary giventime.However,
imageprocessingechniquesould be usedto adaptvely discover
the optimal resolutionof ary new paint without manualinterven-
tion.

7 Summary and Conclusion

We have describeda new approactto storingtexturesfor geomet-
ric modelshy using a sparseoctreeto storetexture information,
typically color. The approachs usefulindependenof the surface
representatiormnd doesnot needary parameterizatiomther than
thesurfacecoordinateshemseles.

Furthermorewe presensomeapproachew usingthesetexturesin
aproductionervironmentandextendtraditional2D samplingtech-
niguesto renderthesetextureswith fewer visual artifacts.We also
provide a techniqueto createthe texturesby paintingonto projec-
tionsof geometry

Our experienceusingthesetypesof texturesin a productionervi-

ronmentshavs themto be fastandrobust, and similar or smaller
in disk spaceto a setof traditional 2D texturesat the sameresolu-
tion. In addition,therecanbe a tremendousavings in artisttime
becauseaexture coordinatesdo not needto be assignednanually
for eachmodel.
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