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ABSTRACT

Particlesystems,asoriginally presentedby Witkin andHeckbert[32], offer anelegantsolutionto sampleimplicit
surfacesof arbitrarygenus,while providing anextremelyregulardistribution of samplesover thesurface.In this
paper, we presentan ef�cient techniquethat usesparticlesystemsto rapidly generatea triangularmeshover an
implicit surface,whereeachtriangle is almostequilateral. The major advantageof sucha triangulationis that
it minimizesthe deformationsbetweenthe meshandthe underlyingimplicit surface. We exploit this property
by usingfew triangulartexturesamplesmappedin a non-periodicfashionaspresentedby Neyret andCani [16].
Theresultis a pattern-basedtexturing methodthatmapshomogeneousnon-periodictexturesto arbitraryimplicit
surfaces,with almostnodeformation.
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1 Moti vation
Starting from the seminalwork by Blinn [2] at the
beginningof theeighties,implicit surfaceshave been
recognizedasan elegant andpowerful representation
for 3D modeling. Although the several hundredsof
paperthat have beenpublishedon the subjectduring
thelast25years,astandard3D modelingsoftwareen-
vironmentthatusesimplicit surfaceasa generalgeo-
metricparadigmis still notcommonpracticein indus-
try [18, 24]. So even thoughmuchwork hasshown
that implicit surfacescombinedifferentmathematical
propertiesthatmakethemveryappealing,they arenot
widely usedfor real-scaleapplicationsin thecomputer
graphicsindustry. Therearemainly two reasonsthat
mayexplain sucha rathercon�dential use. First, im-
plicit surfacesare not well adaptedto the rendering
pipelineusedin currentgraphicshardware. Indeed,a
ratherexpensive tessellationstepis requiredto con-
vert thesurfaceinto a polygonalmeshthatcanbeef-
�ciently processedby thehardware. Second,conven-
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Figure 1: Pattern-basedtexturing of two different
models.

tional texture mappingbasedon 2D texture patterns,
which is by far the most ubiquitoussolution to vi-
sually enhancegeometricmodels,is really awkward
to apply to implicit surfacesasthereis no underlying
parametrization.
Of course,3D texturing techniques,suchassolid tex-
tures[19, 34, 21] or octreetextures[1, 12] canalways
be appliedto implicit surfacesasthey do not require
any 2D parametrization.3D texturesrepresenta pow-
erful solutionto generatevisualappearanceof objects
carved out from heterogeneousmaterialsuchasmar-
ble or wood, for instance. Unfortunately, the visual
complexity of most real life objects is much better
simulatedby 2D pattern-basedtexturemappingrather
than3D texturing. Themainreasonis thatthenormal



vectorof 3D texturesdoesnot align with the normal
of theunderlyingsurface.
Several authorshave previously addressedthe prob-
lem of tuning conventional2D pattern-basedtexture
mappingtechniquesfor implicit surfaces. Most of
theseapproacheswill bebrie�y recalledin Section2.
The techniquepresentedin this paperbelongsto this
streamof work. More precisely, thebasicideaof this
paperis to usethe intrinsic featuresof uniform parti-
cle systemsto drive a homogeneousnon-periodictex-
turemappingon implicit surfaceswith almostno de-
formation. Theprocessis to rapidly generatea setof
particles,apply a limited numberof relaxationsteps
to achieve uniform sampling,andtriangulatethis set
by taking into accountthe speci�c characteristicsof
the sampling. The resulting mesh,where eachtri-
angle is almost equilateral,is then usedto support
theparametrizationof apattern-basedtexturemapping
scheme,similar to the one presentedby Neyret and
Cani[16].
The remainderof the paperis organizedas follows.
Section2 recallssomerelatedpreviouswork on sam-
pling andtexturing of implicit surfaces.Section3 in-
troducesour algorithmto rapidly generateanalmost-
uniform setof particlesover anarbitraryimplicit sur-
face. Section4 focuseson the triangulationof this
particle set, while Section5 shows how to use this
triangulationto get a local parametrizationof a tex-
turemeshthatis thenappliedto thesurface.Section6
presentsseveralexperimentalresultsobtainedwith our
texturingprocess,and�nally , Section7 concludesand
presentssomedirectionsthatwe arecurrentlyinvesti-
gating.

2 Previouswork
2.1 Particle systems

The�rst time thatparticleswereusedto sampleasur-
facewas in a completemodelingtool basedon ori-
entedparticlesystemsdevelopedby SzeliskiandTon-
nesen[26], but in their work therewasno underlying
implicit surface.Figueiredoetal. introduced[5] asys-
tem to sampleimplicit surfacesusingparticles. The
authorsuseda similar relaxationprocessthat [26] in
orderto achieve a uniform distribution of the sample
pointswhicharethenusedto computeapolygonalap-
proximationof the implicit surface. Turk [30] useda
reaction-diffusionmethodin orderto re-tilepolygonal
surfacesaccordingto thecurvature,to getmorepoints
in regionsof highcurvature.
Witkin andHeckbert[32] developeda powerful mod-
elingapplicationby de�ning anadaptiverepulsionand
a split/deathcondition so that particlescould either
split or be removed from the surface. The technique
generatesaniceisotropicsamplingof theimplicit sur-

face.Unfortunately, theconvergenceof thealgorithm
is ratherslow, even for moderatelycomplex surface,
despitethe improvement later proposedby Hart et
al. [8] for automaticandnumericaldifferentiationof
theunderlyingsurface.
Most improvementsof particlesystemsaddressedthe
problemof adaptive samplingof implicit surfacesac-
cordingto curvature.CrossnoandAngel [3] extended
thework of Witkin andHeckbertby estimatinga dif-
ferent repulsionradiusfor eachparticleaccordingto
its curvature. Similarly, Roschet al. [23] usedcur-
vatureinformationto sampleunboundedsurfacesand
singularities.Meyer et al. [15] introduceda new class
of energy functionsfor distributing eitheruniform or
non-uniformparticleson implicit surfaces. Levet et
al. [14] presentedananisotropicsamplingof implicit
surfacesthat locally takes into accountthe direction
andvalueof principalcurvatures.
Other works have presentedideasfor samplingim-
plicit surfacesfor animation[6]. Someparticlesys-
temshave alsobeenusedto polygonizeimplicit sur-
faces[5] or as a comparative quality techniquefor
polygonizingimplicit surfaces[11]. SuandHart [25]
presentedan object-orientedparticle framework de-
signedto rapidly createnew particlesystemsandap-
plications.
Recently, someresearcheshave focusedongenerating
�rst theparticlesand,then,performingtherelaxation
processin order to get a uniform distribution of the
particles. So, Galin et al [7] have developeda tech-
niquewhich takes into accountthe characteristicsof
the BlobTree[33] in order to realizea very fastuni-
form samplingof implicit surfaces. Even if a little
slower, the methodpresentedby Levet et al. [13] al-
lows to generatea fastsamplingof animplicit surface
in order to perform a limited numberof relaxations.
This methodworks for any type of implicit surface
andmanageto generateuniformandnon-uniformpar-
ticles.

2.2 Texturemapping on implicit surfaces

Severalauthorshavepreviouslyaddressedtheproblem
of tuningconventional2D pattern-basedtexturemap-
ping techniquesfor implicit surfaces.Note that most
of theapproachesarebasedonparticlesystems.
Turk [29] proposedto useparticlesystemsto generate
naturalpatterndirectly on a genericsurfaceby using
a reaction-diffusion process.This approachbecomes
very expensive for high frequency detailsthat require
ahugenumberof particles.
Pedersen[20] describeda texturing methodfor im-
plicit surfacesby de�ning a set of patchesover the
surface. Eachpatchactsas a local parametrization
andcanbetexturedandinteractivelymanipulated.The
drawbackof this approachis to requirelaboriousand
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Figure2: Triangulationof a uniform particleset.(a)Neighboringparticlesof P areorderedaroundit. (b) After
theneighborsgatheringsometrianglesintersecteachothers.(c) Thesimpli�cation stepdiscardsall thesetriangles
in order to createa goodpolygonization. The threeproblematiccon�gurationsaregiven in (d-f-h) while their
solutionsaregivenin (e-g-i).

sometimestricky hand-tuningby theuserto avoid de-
formationof 2D texturepatterns.
Zonenscheinetal. [35] proposedasimpletexturemap-
ping techniquefor implicit surfacesthat usesa sim-
pleparametricsupportsurface(e.g.,sphere,cylinder).
Themappingfrom the implicit surfaceto thesupport
surfaceis doneby a particlesystem.More precisely,
particlesareinitializedontheimplicit surfaceandthen
movedtowardsthesupportsurfacethroughaninterpo-
lationof thegradient�elds of thetwo surfaces.While
the original techniquewas rather limited, it has re-
ceived several further extensions:to offer bettercon-
trol of local mappings[36], to accountfor composite
implicit shapes[37] andfor compositeskeleton-based
supportsurfaces[27, 28]. Despitethis generalization,
thetechniqueis still not very robust in thecaseof im-
plicit surfaceswith complex topology or high-order
genus.

3 Triangulation of the particle set
CrossnoandAngel [4] have developedan algorithm
that triangulatesnon-uniformparticleset. Becauseit
is not possibleto predict the neighborsnumberof a
particle, they have to deal with a lot of specialcon-
�gurations thatmakestheir techniqueverycomplex to
implement. Becausewe want to triangulateuniform
particlesystems,ouralgorithmis simpler.
Thestartingpoint of our techniqueis a setof uniform
particles(which canbeobtainedby usingtheparticle
systemsdescribedin [32, 15, 13]). Theseuniformpar-

ticle systemshave someinterestingcharacteristics.In
the ideal scheme,eachparticlehassix neighborsand
thedistancebetweeneachpair of themis 2r (r being
the global repulsionradiusfor all the particles). The
problemis that this idealschemecannot beachieved
easily. Indeed, as shown in [14], the detectionof
theconvergenceof particlesystemsis a dif�cult task.
Thus,whenthesamplingof theimplicit surfaceby the
particlesis stopped,eachparticlepair is not exactlyat
a distanceof 2r . Instead,the systemhasminimized
theparticlesetenergy in orderthat theaverageparti-
cle's numberof neighborsis six andthat thedistance
of eachparticlepair is around2r .
A naive solutionwould beto gather, for eachparticle,
all theparticleslocatedatadistanceof 2r andtriangu-
latethem.Theproblemis that,assaidabove,because
of the last relaxation,the distancebetweenneighbor-
ing particlescan be a little more than2r . With this
naive solution, we can thus miss someneighboring
particlesleadingto uneven triangles. Besides,these
con�gurationsaredif�cult to identify. Our solutionis
to gathermore particlesthan really neededbecause,
in this case,the identi�cation of theproblematiccon-
�gurations is easier. Thus,in our implementation,the
following two-passprocessis used: we �rst triangu-
latetheparticleswith asimpleneighboringsearch,and
second,we simplify themeshby discardingtheinter-
sectingtriangles.
In the�rst step,we gathermoreneighboringparticles
thanneededby usinga3r insteadof 2r neighborhood,
asit avoidssomepathologicalcon�gurationduringthe
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Figure3: Triangulationof two models.

simpli�cation step.Thegatheredparticleshavethento
beorderedaroundP (seeFigure2(a)). All theneigh-
boringparticlesof P areprojectedonits tangentplane
whichallowsusto doall theremainingcomputationin
2D. We selecta neighborof P asthe referenceparti-
cleP r (in theFigure2(a),theparticleP 0 is de�ned as
the referenceparticleP r ). For all the otherones,we
computethedot productbetweenthereferencevector
�!
V r = p r � p andthevectors

�!
V i = p i � p;

P n
i =1 .

Finally, the orderingis doneon the 2D crossproduct

between
�!
V r and

�!
V i . A simpletrianglefancannow be

created.
This resultsin a meshwith someintersectingtrian-
gles(seeFigure2(b)). Threedifferentcriteriaareused
to identify thesetriangles.First, for thecon�guration
shown in Figure2(d): p3 is not a neighborof p0 but
thereis a trianglethat links them. This con�guration
arisesbecausewegathera3r neighborhoodinsteadof
a2r one.Wecanhavenow trianglesbetweenparticles
thatarenot neighbors.In orderto identify suchtrian-
gles,wehavejustto gatherall trianglesthathavep0 as
a vertex, andkeepthosethathave p3 aswell. Thanks
to the characteristicsof the particle systems,we are
surethat the threeother trianglesexist ((p0; p3; p2),
(p0; p1; p2), (p3; p2; p1)), andthatwe recover them.
Oncewe have the four triangles,we just have to dis-
cardthe (p0; p1; p3) and(p0; p3; p2) asP0 andP3

arenotneighbors(seeFigure2(e)).
After having applied this �rst criteria, some inter-
secting triangles still remains. To identify them,
we have to look at the neighborhoodof a particle.
This con�guration ariseswhenthereis a trianglebe-
tweenthreesuccessive neighboringparticles(seeFig-
ure2(f)). Contraryto thecon�gurationshown in Fig-
ure2(d),P 0 andP3 areneighbors.We still gatherthe
four triangles,but this time we discard(p0; p1; p2)
and (p1; p2; p3). Moreover, we have to cancelthe
neighborhoodrelationbetweenP 1 andP2 sincethey
arenotneighborsanymore(seeFigure2(g)).
The last con�guration is slightly different: this time,
theproblemoccursbecausetheparticlesetmissesone
particle. For instance,in the con�guration shown in
Figure2(h), the idealschemeis achievedby addinga

(a) Original triangle. (b) Resultingtessellation.

Figure4: Level 3 tessellationof a triangle.

particleat the star's gravity center. Thus,we discard
all trianglesthatbelongto thestar, adda new particle
P5 locatedat its gravity centerand generateall the
correspondingtriangles(seeFigure2(i)).
After theapplicationof thesethreecriteria,all the in-
tersectingtriangles(seeFigure 2(b)) have beendis-
cardedleadingtoapolygonizationwith near-equilateral
triangles. Figure 3 shows the resultsof our polygo-
nizationalgorithmon two models.Table1 shows the
ef�ciency of our algorithm with various numberof
particles.

4 Tessellationof the triangulation
With thealgorithmdetailedabove,wecanrapidlygen-
eratea triangulationfrom a uniform particleset. So,
theinitial requirementis to ef�ciently getsuchasetof
uniform particles.Unfortunately, becauseof their ex-
pensive relaxationprocess,particlesystemsproposed
in theliteraturecannoteasilymanageto sampleasur-
facewith thousandsof particlesin orderto getthekind
of triangulationshown in Figure3.
As an alternative, we proposea two-stepprocess,in
whichtheimplicit surfaceis �rst sampledwith asmall
setof particles(this numberis later increasedby sub-
division). Theonly needis thatthegeneraltopologyof
thesurfaceis not missedevenif its geometricapprox-
imationis not suf�cient becauseof thelow numberof
particles. Thanksto the energy minimization of the
particlesystem,theparticleswill beplacedin orderto
catchasmuchdetailsof thesurfaceaspossible.One
nicecharacteristicof usingthetriangulationof thepar-
ticle setgivenby thealgorithmof Section3 is thatwe
still have the underlyingimplicit surface. Thus, we
canfurther tessellateeachtriangleof thepolygoniza-

# particles Triangulationtime # triangles
682 0.010 1,360

2,813 0.045 5,622
17,178 0.263 34,292
36,464 0.685 72,915
73,379 1.175 146,671

Table1: Timestaken by the triangulationof uniform
particlesets.All timesarein seconds.



(a)High-detailed (b) Direct visualization (c) Low-detailed (d) Direct visualization (e)Visualizationof the
texturemesh of thetexturemesh texturemesh of thetexturemesh parametrizedimplicit surface

Figure5: Thescalingof the texturepatternsis directly relatedto the texturemeshresolution. (a) Densetexture
mesh(b) Texture patternsappliedon densetexture mesh(high frequenciesof the patternsare lost) (c) Coarse
texturemesh(d) Texturepatternsappliedon coarsetexturemesh(e) Coarsetexturemeshmappingon theimplicit
surface(high frequenciesof thepatternsarepreserved).

tion of the particlesin orderto get a goodgeometric
approximationof themodel.
Basedon [9, 10], wesubdivideeachtriangleasshown
in Figure4. But, contraryto them,we do not repro-
ject thenewly insertedverticeson theimplicit surface
by applyingonestepof theNewton-Raphsoniteration.
Indeed,we decidedto reprojectthemby usinganim-
provementof the geodesicreprojectionof [13]. The
ideais to reprojecta newly insertedvertex p i on the
geodesicof the circle C i centeredon p (an original
vertex of thetriangle)which hasa radiusof jp � p i j.
But, contraryto [13], weuseadichotomicprocess.In-
deed,becausetheevaluationof theimplicit surfaceen-
ablesusto know if thevertex is insideor outsideit, we
canapply the iterative processshown in Figure6(a).
At thebeginning, thevertex p i is outsidethesurface.
During the�rst reprojectionstep,a � =4 rotationis ap-
plied on p i and the implicit equationis evaluatedat
this new position. If the vertex is still outsidewe do
not changethedirectionof rotation.But, if thevertex
is now inside,thisdirectionof rotationis inverted(see
Figure6(a))andits angleis dividedby two. This pro-
cessis repeateduntil thenew vertex liesonthesurface
(seeFigure6(b)) accordingto a user-providedthresh-
old on theimplicit equation.

(a) (b)

Figure 6: Geodesicreprojectionof a vertex: a di-
chotomicprocessis used.(a) Successive iterationsof
the reprojectionareapplied. (b) Final positionof the
vertex.

(a) (b)

Figure7: Exampleof the tessellationof a model. (a)
The implicit surface was sampledwith a very low
numberof particles(74) leadingto a polygonization
with big triangles. (b) After applyinga level 15 tes-
sellation(the�nal modelhas30,600triangles),all the
detailsof thesurfacearevisible.

5 An application: the texturation
of implicit surfaces

Neyret and Cani [16] have designeda pattern-based
texturing of triangularmeshes.Its principle is to cre-
ate,over an existing arbitrarymesh,a triangular tex-
ture meshcomposedof a small numberof almost-
equilateraltriangles. The original meshis usedasa
local parametrizationof eachtriangle of the texture
mesh. Patternsarethenmappedon the texture mesh
andtheparametrizationin anon-periodicwaywith no
visible repetitionof thepatterns.
Thanksto thecharacteristicsof ourpolygonizationand
tessellation,this techniquecanbe directly adaptedto
the texturationof implicit surfaces.Indeed,thepoly-
gonizationof the particle set (seeSection3) can be
usedasthe texture meshsinceeachtriangleis quasi-
equilateral. Nevertheless,caremustbe taken on the
sizeof the triangles(andthusthenumberof particles
which samplethe implicit surface). Indeed,patterns
aremappedon the texture mesh. So, a large number
of particlesgeneratedagoodgeometricapproximation
of thesurface,but dramaticallyreducesthesizeof tex-
turepatternswhich becomeshardlyrecognizable(see
Figure5(a)-(b)).Ontheotherhand,asmallnumberof
particles,generatesrecognizablepatterns,but doesnot
provideagoodgeometricapproximationof thesurface
(seeFigure5(c)-(d)).



Triangulation,tessellationandtexturationof differentmodels
Model # particles TriangulationTime # triangles Tessellation Total # of triangles TotalTime

in sec. Level Time
Sphere 76 0.002 148 15 0.344 33,300 0.346
Igea 117 0.002 230 10 1.545 23,000 1.547
Rabbit 257 0.004 509 5 0.708 12,725 0.712
Bunny 1,216 0.017 2,425 5 3.358 60,625 3.375

Table2: Timesfor thetexturing of differentimplicit surfaceswith changingcon�gurations(all giventimesarein
seconds).We give the generationnumberof uniform particleswhich is thestartingpoint of our algorithm. The
numberof trianglesof theresultingtexturemeshis shown asthetimeneededto triangulateandsimplify thismesh.
Finally, wegive thetimeandthelevel of tessellationleadingto theparametrizationof theseimplicit surfaces.

Thesolutionis to usethetessellationof theSection4
asthe parametrizationof the texture mesh[16]. The
patternsarethenmappedfrom thetexturemeshto the
trianglesresultingof the tessellation.Thus, the geo-
metric densityof the texture meshcan be improved
asmuchasdesired. The resultof usingthe tessella-
tion this way canbeseenin Figure5(e)which shows
similar sizedpatternsas Figure 5(d), with the same
geometricaccuracy as Figure 5(b). This indirection
betweenthetexturepatternresolutionandthegeomet-
ric densityof the texture mesh,offers a very �e xible
schemeto easilyadjusttheapparentsizeof thepattern
on theimplicit surface.

6 Resultsand discussion
All examplemodelsshown in this paperwerebuilt by
usinga PCwith an Intel PentiumIV 3GHzprocessor
and1GBof mainmemory.
The spheremodel shown in this paperwas de�ned
analytically, while the bunny, the Santaand the Igea
modelswere reconstructedusingRadialBasisFunc-
tions (RBF) [31]. Thesethree modelswere recon-
structedwith a limited setof 200to 500initial points,
becausewe usedtheoriginal implementationof RBF
with global supportfunctions. But the techniquecan
be easily adaptedto more elaboratedimplicit recon-
structiontechniques,suchas[17, 22] that reconstruct
implicit surfacesfrom severalmillions of points.Note
that our approachscaleswell since it only depends
on theef�ciency of theevaluationof thefunctionthat

(a) Texturemesh. (b) Textured parametrization
of theimplicit surface.

Figure8: A closerview of thebunny ears.

Figure9: Texturing of theSantamodel: the four pat-
terns used(right) and the mappingresult (left) are
shown.

de�nes the implicit surface. This evaluationcan be
tunedusing someef�cient spatialsubdivision struc-
tures.Notealsothatwe removedsomepointsthatbe-
long to thebunny ears,in orderto increasethegenus
of the resultingsurface,and thusbetterillustrate the
genericityof our texturing technique(seeFigure8).
Oncethe texture patternhasbeenselected,our tech-
niqueallows theuserto �nely tunetwo importantpa-
rameters. First, changingthe radiusof the particles
providesa full controlof thenumberof desiredparti-
clesand,thus,of theapparentsizeof theresultingtex-
turepatternsover theimplicit surface.Second,chang-
ing thetessellationlevel providesa full controlof the
geometricaccuracy usedby the renderingstepof the
texturedsurface.
In Table2, we show sometimings takenby our tech-
niqueto textureimplicit surfaceswith variouslevel of
samplingand tessellation.With our method,simple
modelscan be textured in less than a secondwith-
out loosingdetailof theunderlyingsurfacesincethey
canbetexturedwell with only a poordetailedtexture
mesh(Figure 5(e) shows the texturing of the model
presentedin Table2). With morecomplex modelsas
the bunny, the texture meshmustbe a little morede-
tailed in orderto not misstopologyof themodel. So
moreparticlesareneededandthe overall time of the
texturing is larger.
Figure10 is a goodexampleof our technique. Fig-



(a)Texturemesh (b) Direct visualization(c) Parametrizationof (d) Texturingof
of this texturemesh theimplicit surface thisparametrization

Figure10: Texturationof the Igeamodel. The texturemeshis very low-detailed.Notehow theparametrization
addsdetailson themodelgeometrywith thesametexturesupport.

(a)Texturemesh (b) Direct visualization(c) Parametrizationof (d) Texturingof (e)Closerview of
of this texturemesh theimplicit surface thisparametrization thebunny ears

Figure11: Texturationof thebunny: thetexturemeshandtheparametrizedimplicit surfaceareshown. Notehow
ourmethodmanageto texturethebunny earsevenif thegenusof themodelhasbeenincreased.

ure10(a)shows thesupporttexturemeshfor the ren-
dering of the implicit surface. It is composedof 74
triangles. At this time we can hardly recognizethe
Igeamodel. We give the parametrizationof the im-
plicit surfaceon which the texturing will be applied
in Figure10(c) (it' s a level ten tessellation).In Fig-
ure 10(b) andFigure10(d) the sametexture meshis
used.But,while it is directlyrenderedin Figure10(b),
it is theparametrizationof the implicit surfacethat is
visualizedin Figure10(d) which enableus to recog-
nizetheIgeamodel.

7 Conclusionand futur eworks
In this paper, we have presenteda new very ef�cient
algorithmto triangulatea uniform particleset. Based
on the intrinsic characteristicsof theseuniform parti-
cle systems,our algorithmcantriangulatemorethan
30,000particlesin lessthana second.A secondcon-
tributionof thiswork is anon-the-�y meshre�nement
technique,drivenby theunderlyingimplicit equation,
that allows to further tessellateeachtriangle of the
polygonization. Finally, this triangulationcombined
with the tessellationcanbe directly usedin order to
map homogeneousnon-periodictexturesto arbitrary

implicit surfacesthanksto a 2D pattern-basedtextur-
ing method.
Basedonthis initial technique,wearecurrentlyinves-
tigating several extensions:for instance,the applica-
tion of the methodto generateout-of-corerendering
of hugetexturedimplicit surfacesreconstructedfrom
scannedobjects,aswell asa local editionof theparti-
cle systemin thecaseof animatedskeleton-basedim-
plicit surfaces.
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