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Abstract

Realisticanimationof long humanhair is dif cult dueto thenumberof hair strandsandto the compleity of their

interactions.Existingmethodsemainlimited to smooth,uniform, and relatively simplehair motion.\e present
a powerful adaptiveappmoad to modelingdynamicclustering behaviorthat characterizescomplex long-hair

motion.TheAdaptiveWisp Tree(AWT)is a novel contol structue thatapproximateghelarge-scalecoheentmo-

tion of hair clustes aswell as small-scaledrariation of individual hair strands. The AWT also aids computation
efciency by identifyingregionswhet visible hair motionsare likely to occur The AWT is coupledwith a mul-

tiresolutiongeometryusedto de ne theinitial hair model.Thiscombinedsystenproducesstableanimationsthat

exhibit thenatural effectsof clusteringandmutualhair interaction.Our resultsshowthatthemethods applicable
to a widevarietyof hair styles.

CatagyoriesandSubjectDescriptorgaccordingo ACM CCS) 1.3.7 [ComputerGraphics]:Animation

beensuccessfullysedn featurelms suchasStuartLittle 2,
Monsterdnc. 9, simulatingreasonablyong, human-lite hair
posesadditionalchallengesinceboth hair interactionwith
the charactes body and mutual hair interactionneedto be
modeled Without theseinteractionsthe resultinghair ani-
mationwould loserealism.

This paperdescribesn effective adaptie methodthatmod-
els the dynamicclusteringbehaior often obsered in long
hair motion (see Figure 1). To model such splitting and
meiging behaior, we emplg/ multiresolutionrepresenta-
tions for both modeling(geometriclevel of detail) andan-
imation(controllevel of detail),wherethelatteris extracted
from the former. The adaptve wisp tree (AWT), a control
structurebuilt uponthemultiresolutionmodel,approximates
thelarge-scalecoherenimotion of clustersaswell assmall-

Figure 1: comparisonsetweeneal hair andsimulationresuits.

1. Intr oduction

Despiterecentadvancesdn theanimationof virtual humans,
simulatingthe complex motion of long hair remainsanarea
of active researchln contrastto shorthair andfur thathas
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scalevariationsin hair motion. During animation the AWT
automaticallyadaptsitself basedon local wisp fusion and
separationlt alsohelpsto focuscomputationsvherevisible
hairmotionsarelik ely to occur Thetime-varyingAWT seg-
mentscontrol the motion of underlyingmultiresolutionhair
model,includingtheindividual hair strandsusedat theren-
dering stage.The resultinganimationsare ef ciently com-
putedandstable.
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1.1. Previous work

This sectionfocuseson animationmethodshatcanbe used
for animatinglong hair . Hair modelingandrenderingare
notaddressedA completestateof theart canbefoundelse-
where20 23 4 17,

Most methodsor animatinghair rely on a physically-based
dynamicsmodel.A brute-forcedynamicssimulationwould
consumeunacceptableomputationakesourcesdueto the
largenumberof hairstrandg  100,000)andthecompleity
of their interactions Early work on hair animationdoesnot
considerthe problemof mutualhair interactionand mostly
focuseson the motion of individual hair strand?* 1 26, For
ef cient processingf mutualhairinteractionsanauxiliary
mechanisms often emplged. Examplesincludethe cloth-
like patchesusedfor the productionof Final Fantasy*4 and
alayeredshellto addvolumearoundthe headmodel9, but
thesearelimited to modelingsmoothlateralinteractiongas
if hairswerelayersof patches)ratherthantherealisticcom-
plex motionsandinteractionswve seekto model.

Hadapand Magnenat-Thalmanproposea novel paradigm
for handlingmutual hair interactionby consideringhair as
a continuumandcouplinga uid dynamicsmodelwith an
elaboratemodel for stiff hair dynamics!2. The smoothed
particleapproachs usedto modelboth hair-hair and hair
air interactions.The methodgives high quality resultsfor
straight,smoothhair motionsandinteractions However, it
is computationallyexpensve sinceevery hair strandneeds
to be processedand resultsdo not illustrate the dynamic
clusteringeffects obsered in real hair motion. Our goal is
to mimic suchcomplex dynamicclusteringbehaior, which
we nd essentialvhendealingwith mosthair styles.

For ef cient computationof hair motion, neighboringhairs
areoftengroupedandapproximatedy compacterepresen-
tations.Among the two main approacheso hair grouping,
the rst approachusesguide hair or key hair to model a
sparsesetof hair strandsfrom which densehair is interpo-
latedattherenderingstage® 4. Thesemethodsareusefulfor
modelingandanimatingsmoothor shorthairstylesandani-
malfur 2 9, Thesecondapproachuseswispsto groupnearby
hairsinto representafie geometricprimitives (hair wisps),
inside which individual hair strandsare rendered This ap-
proachis emplgyed asa few large wisps(e.g.,in Shrek8),
or surfacewisps 18, or volumetric wisps 27 23, that are de-
formableor rigid.

In the efforts to expedite hair animationby reducingthe
numberof animatedprimitives, processingnutual hair in-
teractionremainsachallengeChangetal. 4 modelsthe hair
mediumasa continuum,approximatecdy polygonalstrips
connectingheguidehairs.Limiting theinteractiongo only
thosebetweerthe polygonsandguidehairsgreatlyreduces
the computationneededfor modeling mutual hair interac-

In the remainderof this paper the term "hair" will be usedfor human-likehair as
opposedo fur. We believe that suchhair posesunsolhed problemsdueto the compleity
of hairinteractions.

tion. Additionalguidehairsareadaptvely insertedo ensure
that guide hairs remainevenly distributed during hair mo-
tion. However, the underlyingcontinuumassumptiorimits
the methodto relatively simple and smoothmotion, since
generalhair motion doesnot maintainthe strand-neighbor
relationshipsaassumedby guidehair approaches.

The geometryand control providedin the wisp approaches
canmodelthe comple hair geometryandclusteringeffects
of long, thick hair. Planteetal. 22 modelshair interactionby
allowing individualwispto deform.While eachwisp models
thecoherenmotionof neighboringhair strandstheinterac-
tion betweenwisps are handledwith an anisotropiccolli-
sionmodel-i.e.,dampectollisionsoccurwhentwo wispsof
differentorientationscollide, while wispswith similar ori-
entationare allowed to interpenetratevith a high friction
coefcient. The methodproves usefulfor simulatingcom-
plex clusteringeffectsin hair motion,but remainsinef cient
(3 hoursfor a few second=f animation)dueto the com-
plex shapeof hairwispsandthe numberof penetrationtests.
More importantly this approachcanbe unstableat the rest
statedueto the high numberof mutualinteractionsetween
wisps.Our mechanisnfor processingnteractionss related
to this method,but our adaptve approachimpraves upon
bothef ciency andstability of theanimations.

The useof adaptve level of detail is a well knowvn way to
improve ef ciency duringsimulationsPreviousadaptve de-
formablemodelssuchas?® weredevotedto thesimulationof
continuousnedium.Changetal!sapproachs alsobasedn
a continuumassumptiorasinterpolationis usedto add ex-
tra guidestrands Our claim is thathair is not a continuous
medium Strongdiscontinuitiesn geometrycanbeobsered
during motion, especiallyat the tip of hairs.A multiresolu-
tion hair representationvas proposedo model suchchar
acteristicsof hair geometryl?, which proved effective for
modelingavariety of complex hairstyles.Yetthis work was
notexploitedfor hairanimation Veryrecently Wardetal. 25
proposedanovel approactfor modelinghair usingthreege-
ometriclevelsof detail: hair strips,hair clustersandindivid-
ualhairstrandsTransitionsbetweerthesedODs aredynam-
ically generatedluringmotion,accordingo criteriasuchas
camergposition.This methodyieldsanincreasedf ciency,
especiallyat the renderingstage.Although promising, the
resultsareshaovn only for gentleandsmoothmotionssuch
ashair oating in thewind. In contrastpurapproachocuses
on the animationlevel of details,i.e. dynamicallyadapting
thecontrolstructurefor morecomplex hair motion. Our cri-
teria for driving transitionshetweenanimationis different
from thework of Wardetal. in thatour methodis driven by
thelocalcompleity of hairmotioninsteadf theimportance
of the objecton the screenfor rendering?®. Therefore our
approachs independensof ary adaptatiorof suchrendering
LOD andcould be coupledwith Ward's methodto increase
therenderingef ciency aswell.
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1.2. Overview

Our goalis to simulatethe dynamicclusteringbehaior of
hair motion and the mutual hair interactions We strive for
both ef ciency andstability. The key ideais to dynamically
adaptthelocal resolutionof the controlstructureduring ani-
mation,therebyconcentratingomputationsvhereit is most
neededandreducingthe numberof interactingelementdo
maintainstability.

We employ a multiresolutionhair wisp representatiosimi-
lar to thatusedfor hair modelingby Kim andNeumannt’.
At eachtime step,interactionshetweeractive hair wispsare
detectechndprocessedsimilarly to Planteetal.’'s work 23,
Thecontributionsof our methodare:

Adaptive wisp tree,a novel adaptie control structurefor
hairanimationthatsimulatesdynamicsplitting andmeig-
ing of hair clusters;

Rulesfor detectingareaswherere nementand meiging
shouldoccur;

Improving ef ciency andstability of interactionprocess-
ing in wisp-basedpproaches.

Sections2 to 4 respectiely describethesecontributions.
Thelasttwo sectiongliscussmplementatiorandresultsbe-
fore concluding.

2. Adaptive wisptree

During real hair motion, clustersform andsplit dueto fric-

tions,staticchages,andthefeaturesof theinitial hairstyles.
Thenumberlocationandsizeof the obsered clustersvary

overtime. Theadaptve wisptree(AWT) is motivatedby the
factthatthe clusteringbehaiors areobsened moving from

hairtipsto roots,asif hairwasprogressiely cutby aslider

We attribute the phenomendo the excessie collision be-
tweenhairsnearthe scalpandto the factthat hair motions
areconstrainedat the root, while hair is free to move apart
at the end. Physicalsimulationof suchbehaior would re-
quireconsiderablamountof computatiorandposestability
issuesin numericalintegration. We ratheraim at a simple
datastructurethat visually mimics the clusteringbehaior,

leadingto atree-like controlstructurehatapproximatesair
clustersplitting andmemging. SeeFigure?2.

Figure 2: TheAWTis an acyclic orientedgraph of wisp segmentswhee nodesap-
proximatethe massof nearbyhairs andedgesepresenthe contmol links betweemodes.

Thegeometriccomplity andmotioncompleity arenot
alwayscorrelated for instancecurly hairmodeledasalarge
numberof spiral-lookingsmall wisps may move as coher
ently asasinglelarge hair clusterfor slightheadmovement,
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whereasseeminglysmoothhair wisps often suddenlysplit
into smallclustersunderdrasticheadmotion. To modelthis
behaior, we emplgy a multiresolutionhair model to pre-
sene the geometricdetail, coupledwith the AWT thatcon-
trols the dynamic evolution of hair motion. The multires-
olution geometricclustersare also usedto guide potential
splitting in a particularhairstyleduring subsequeninotion
processing.

Fig ure3: Relationshipbetweergeometrianultiresolutionmodelandthe AN T

2.1. Multir esolutionhair geometry

We representn hair modelwith a hierarchyof generalized
cylinders (GC), adaptingfrom 17. A hairstyleis progres-
sively constructedby creatingGCs andre ning theminto
smalleronesIn theremaindeof thepaperwe usetheterms
superGC, sub-GCwhenwe referto themodelinghierarchy
We resenre parentandchild notationsfor denotingrelation-
shipbetweercontrollinks in the AWT (Figure 3).
Thefollowing modi cationsaremadeto 17:

The numberof sggmentsin sub-GCsshouldbe multiples
of that of the superGC sothat correspondingrodescan
be easilyidenti ed.

GCs have only circular cross-sectionsComplex shapes
emepe during animationasthe resultof splitting proce-
dure.Theconditiongreatlysimpli es collisionprocessing
sinceasingleradiuspercross-sectiosufces, in contrast
to complex deformableboundaryusedby 23.

The framavork of 17 doesnot enforcethatthe boundary
of asuperGC enclosesll its sub-GCsThe boundaryof
asuperGCis modi ed to t theshapeof its sub-GCsjn
a post-processingtep.Given a setof sub-GCswe rst
computethe centerof-masscurve, and then modify the
GC contoursaroundthis curve - a mereradiuschangen
our case.
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2.2. Multir esolutionmechanicalstructure

Figure 4. Leftimageillustratesthe AVT Active nodesare drawn as sphees and
sgmentsare drawnascylinders.Rightimageshowsthe correspondinghair rendering

Themotionof eachGC s approximatecdy a discreteset
of nodes(Figure4). A nodecorrespondso the centerof the
cross-sectiorof the GC in the modelhierarchy the super
GC beingre ned at the end of the modelingstage,so that
the numberof cross-sections the sameat eachhierarchy
level. With eachnode,we storepointersto the correspond-
ing nodesin the superGC andsub-GC.We call suchnodes
supernodesand sub-nodesrespectiely. We alsostorethe
radiusof theassociate@C cross-sectioandthemasscom-
putedfrom the numberof hair strandghatit simulates.

A setof active nodespartitionseachGC so that eachsec-
tion of the nest level GC is governedby oneandonly one
of them.Thelevel of active nodesdeterminesvhetheraGC
sectionaroundthenodeis eitheranimatedasacoherentlus-
ter or asa setof re ned sub-GCsWe call segmentthelinks
thatconnecthesetof active nodesconstructingtreestruc-
ture,the AWT (seeFigureb).

The AWT evolves during animationthrough nodessepa-
ration (a nodesplits into sub-nodespr fusion (sub-nodes
memgeinto their supernode).To ensurehatthe structurere-
mainsasatree,megingis only allowedfrom rootto tip, and
splitting is allowedfrom tip to root .

Dynamic splitting and memging occur only in the control
model (AWT), not in the geometricmodel. Before anima-
tion, eachhair strandis attachedo oneof the nest GCsin
the modelhierarchyandthuscontrolledby the setof active
segmentsat ary time duringanimation.We thusensurethat
thevisualmotionof geometrionodelremainsconsistente-
spitethediscretechangesn the LOD of thecontrolmodel.

2.3. Animation

In practice,an AWT is built for eachtop-level GC in the
modelhierarchyhe entirehair beingpartitionedasa forest
of suchAWTs. At the beginning of the animation,often at
rest,eachAWT is initialized with only the coarsesnhodes
active. During animation,the tree evolves over time based
onthefusionandseparatiorprocesses.

Segmentsin the AWT arerepresentedby eitherrigid links
or viscoussprings dependingnthedesirecbehaior. Since
a curly wisp shouldelongateduring animation soft springs
arepreferredfor curly hair, whereasstraighthairsarereal-
istically modeledwith rigid links. Among all the available

We ignorerare caseswherethe tip of hair remainscoherentwhile other partsmove
apart.In theory this situationcanbe handledby turningthetreeinto a graphwith cycles,
atthe costof amorecomple data-structuréhanour currentimplementation.

simulationmethoddor this kind of mechanicamodels(see
for instancel? 9 23 4), we have currentlyadopteda fast,ap-
proximateiterative methodfor simulatingrigid links 21 as
well asanimplicit integrationmethodfor springlinks °. Us-
ing Pai's strandmodel22 maybe a goodalternatesolution.
Externalconditionssuchasheadmovementgcollisions,wind
force elds, gravity, etc.affectthemotionof the AWTSs, con-
strainedby thedynamicmodel.

3. Adapting the AWT

The AWT adaptsover time by dualprocesses splitting and
meging. Thesplitting procesdocally re nesthehairmotion
whena singlewisp segmentis not sufcient for the motion
anddeformation.The meging processsimpli es the AWT
whenthe motion becomescoherentagain. This adaptation
greatly simpli es the interactionprocessingas detailedin
sectiond.

3.1. Splitting (separation)

Our splitting criteriais basedn the obserationthatmotion
becomesnorecomple in regionswherehair acceleratesA
nodeof the AWT splitsif :

1. Itsaccelerationimesradiusis overathresholdvalue;and
2. Its child nodein the AWT hasalreadybeensplit.

The rst condition models the obsered behaior that a
larger (radius) or faster(accelerating)wisp is more likely
to split. Thesecondconditionenforcegherule thatsplitting
occursfrom tip to root. Figure5 shaws thesplitting process.
Whenanodesplitsinto a setof sub-nodes

The position of eachsub-nodes updatedwith an offset
vector computedinitially and when&er meging occurs
(see 3.3).

The velocity of sub-nodesare setto the velocity of the
split node.

Fig ur e 5: Thesplittingprocessd. Initially, only coarsenodesare activated 2. Anode
insidethe circle meetghe split criteria. 3. Its sub-nodesre activated4. After a few time
stepsthenodeinsidethecircle needgo split 5. ResultingAWT.

3.2. Merging (fusion)

Nodessharingthe sameparent meige if their supernodeis

capableof approximatingheir motion. The meging condi-

tionsare:

1. Thememgednodesarecontainedwithin theradiusof the
supefnode.

¢ TheEurographic#ssociation2003.
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2. Their relative velocitiesare undera given thresholdin
magnitudeto avoid discontinuityin velocity whenmeig-
ing occurs.

3. Thesplitting condition1 is not true (this testis addedto
preventmeigingnodedrom immediatelysplittingagain).

Note that our memging testis local - it is only performed
for thenodeswith thesameparentnode.Thisway, the AWT
eliminatesary needto performtestsbetweerarbitrarywisp
segments.The tree structureof animatedhair is presered
sincemeiging takesplacefrom therootto thetip of hair.
Whennodesmeigeinto a supernode:

The supernodeis positionedat the centerof massof the
meiging nodes.lts velocity is setto the meanvelocity,
weightedby masseof the meging nodes.Its radiusis
modi ed to tightly t all thememging nodes.

The offsetvectorfor eachmemgednodeis computedand
their positionsare frozenwith respectto the supernode
thereafter

3.3. Positionsof Non-Active Nodes

To updatetheembeddednultiresolutiongeometrythe posi-
tion of non-actve nodesshouldbe updatedduring motion.
Initially or whenmeming is performedfor eachnon-actve
node,anoffsetvectoris computedhatstoresghenodes rel-
ative positionwith respectto its supernode.At eachtime
step,thepositionof a (non-actve) sub-nodeas updatedwith
theoffsetvector rotatedby a matrix thattransformshetan-
gentvectorof the active segmentat the time of meging or
initially, to the new tangentvector

4. Hair interaction

Oneof thekey bene t of the AWT is thatit implicitly mod-
els mutual hair interactionsso that neighboringwispswith

similar motionsmeige, mimicking the staticfriction in real
hair. This avoids subsequentollision processingbetween
thesewisps,thusincreasingef ciency aswell asgainingsta-
bility from the reducednumberof primitives. In addition,
thesplitting behaior modelswispsdeformatiorwithoutthe
needof thecomplex deformablevisp geometryusedin pre-
vious work 23, For collision processingactive sgmentsin

the AWT are thus representedby cylinders, which greatly
simpli es collision detectiortests.

4.1. Collision detection

The charactes body is surroundedby a few bounding
spheresand a spacevoxel grid is usedto storethe active
wisp sggmentsat eachtime step.Eachtime an AWT sey-
mentpenetrates boundingvolume,or whentwo segments
intersecthe samevoxel, thewisp segmentgeometryis used
for collision detection This geometryis simply de ned asa
cylinder thatconnectghe associatedodesin the wisp tree
(aparentNp andachild nodeNc). Thecylinder radiusis set

¢ TheEurographicsAssociation2003.

to the child nodes radius sincethe parentnode may be-
long to a coarselevel of detail (seeFigure6). For instance,
acollision betweertwo wisp sggmentss detectedf thedis-
tanced d P; P, betweertheclosestpointsontheiraxes
is smallerthanthesumof theirradiir r; ro.
Notethatcollisionsdo not needto be detectedvhenneigh-
boring elementsalreadyhave the samevelocity. Testingfor
collisionsin this casewould even introduceartifacts, due
to our splitmege process.When a meming occurs(e.g.
when hair has cometo rest), the coarsersggmentgeome-
try only approximatedts sub-sgmentsgeometry Suddenly
usingthis coarseggeometnyfor collision detectiorwould pro-
ducenew, undesirednotiontowardsa slightly differentrest
state.To avoid this problem,collision testis only performed
betweerpairsof elementswith relative motiondifferences.

Flg ure 6: Hair mutualinteractionsare detectecefciently sincewisp segmentsare
simplecylinders.(a) Friction forcesare geneatedby the interaction of wispssegmentsof
similar orientation; (b) softresponséorcesare addedn othercases(c) collisionresponse
beingcomputedt closestpointsandthenappliedat massnodes.

4.2. Responsdo mutual hair interaction

Ourprocessingf interactionds inspiredfrom Planteetal's
anisotropiccollision responsenodel 23. The generatede-
sponseforcesallow wisp segmentsof similar orientationto

interpenetratebut high viscousfriction is producedin this
case Responséorcesalsopreventpenetratiorbetweercol-

liding wisp segmentsof differentorientation thusmodeling
thefactthata hair strandcannotcrosseachotherstrand(see
Figure6 (a) and(b)).

This anisotropicbehaior caneasilybe modeledby comput-
ing viscousfriction forcesV, andV, atthe closestpointsPy

andP, betweerthe sggmentaxes:

Vi kiP2 Pi; Vo Vg 1)

and by addingrepulsionforcesR; andR, whenthe angle
betweerthe two segmentsis over athreshold

P P
P P
TheresultingforceF VR atP (whereP is Py or Py)

is thensplittedinto two forcesFp and Fc respectiely, and
addedto the setof externalactionsappliedat the sgment

Ry ker d Ro Ry (2)

Taperectylinderscomputedrom theparentandchild nodesadii couldbeusednstead.
However, collision detectionwould be more intricate since closestpoints betweentwo
taperedcylindersdo not necessarilycorrespondo the closestpoints betweentheir axes.
We did notobsere ary noticeableartifactsdueto theuseof standarctylinders.
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nodeg(seeFigure6, (c)):if P uNp 1 u N,
Fo uF; it 1 uF ?3)

The friction coefcient ks usedin equation(1) should
vary dependingon the hierarchylevel of the wisp segment.
Friction forces should reducethe relative speedbetween
nodes but never changeits orientation,which may occurif
massds too smallwith respecto theappliedforce.To main-
tainks atareasonablealuewhile ensuringhesamefriction
behaior for all resolutionlevels,we use : ki am, where
m is the massof the child nodeNc. We alsocheckthatthe
integrationstepis smallenoughto preventthefriction from
reversingthedirectionof relatve motion(adt  1).

4.3. Hair interaction with obstacles

Hair is muchlighter thanthe otherobjectsin the scenejn-

cludingthe charactes body Hair positionandvelocity are
modi ed to modelresponséo collisionswith obstaclesas
in 23, An active wisp segmentthat intersectsan obstacleis

movedto remainin contactwith it, by moving thechild node
Nc. Thenodes velocity is setto obstacles velocity to model
staticfriction, whichwe nd morerealisticthanabouncing
behaior in the caseof hair.

5. Resultsand discussion

In the examplesshavn, the massof eachcoarsenodewas
setsothatthe massof thewhole hair reachedetweerb00y

and2kg (thatis, aroundlg per coarsenode),knowing that
splitting anmeiging mechanismshviouly ensureconsera-

tion of mass.

In our interactive interface,the splitting thresholdcanvary
from0 1to 0 5N mkg ! Thevaluesetwaschoseraccord-
ing to the desirableimportanceof splitting during motion;
for curly hair, we chosea high value (lesssplitting) so that
hair remainsgroupedin wisps,whereador smoothhair we
chosea low value (more splitting) so that hair canvisibily

expandduring motion. Only 2 levels of detail thusturned
outto be sufcient for animatingcurly hair; for the simula-
tion of smoothhair, we used3 levels of detailto geta good
compromiséetweerrealismandcomputationatosts More

levelsof detailcouldbe usedto increaseealism.

5.1. Qualitative results

Snapshottakenfrom animationexamplesareshavn in Fig-
ure7 (seecolor plate Section).A variety of hairstyleswere
animatedwith varying charactemotionssuchasjumping,
leaning, running, etc. Thanksto the memging process,our
modelstabilizesthe hair motionevenat high speed.

Theanimationsshavn in Figure7 wererenderedvith about
10,000individual hair strandsFor renderingwe usea mod-
i ed versionof opacityshadav maps!6 for hair-hair shadav
computation.Local hair re ectance is basedon Kajiya-
Kay hair re ectancemodel!3, implementedn nVidia's GC
shader In eachframe, hair strandsare dravn as OpenGL

polylines, sortedby the visibility orderingalgorithmin 17

for antialiasing Renderingakes abouta fraction of second
to several secondsdependingon the desiredfeaturedisted

above.

5.2. Performance

Hair model single-level AWT
(N, L) time (sec) meantime (sec)
Short(5149,2) 3.1 0.32
Shortcurly (4909,2) 2.7 0.27
Long (6065,3) 3.8 0.09
Long curly (9853,3) 7.9 0.29

The above table comparesour methodwith the perfor
manceof a single-level animation methodwhere all the
nest GC aresimulated With eachhair model,we shav the
numberof nodes(N) at the nest level andthe numberof
geometridevels of detail (L). The single-level methodwas
usedonly to measuréhowv muchefciency we getwith the
adaptve method.Thetime for the AWT is ameanvalue,re-
ecting split/ memgefrequeng duringanimation.Thetable
shaws time (in secondsjo computeeachanimationstepfor
4 different hair modelswith same(leaning) motion of the
charactebody Thesevalueswere measuredn a PC with
an 1.7 GHz PentiumCPU. We used4 integration stepsper
eachframe(dt 10mg. The maximumtime to computelO
seconds-longnimationwasabout5 minutes.

5.3. Discussion

In termsof time performancepur methodscalesfavorably;
it runsordersof magnitudefasterthanthework by Plante23
which similarly usedvolumetric wisps for animation but
without exploiting multiresolution.The time measurements
are comparableo thoseof Ward et al. 25, obtainedwith a
level of detailrepresentatiofor hair.

The AWT is bestsuitedfor fastanddrasticheadmotions,in
contrastto othermethodswhereonly slov andsmoothhear
motionswereillustrated Ourapproacltanyield strongclus-
teredappearancsincewe do notallow hairwispsto deform
after they are split. Suchappearancés essentiafor mary
kindsof hair (e.g.curly hair, thick hair, etc.),but maynotbe
alwaysdesirablge.g.for very smoothhair).

Our currentchoicesfor wisp splitting criteria could be fur-
therextended We arecurrentlyinvestigatinginto anuni ed
setof criteriathat would determinewhethera wisp should
split or not. Possibleextensionscould include the body ac-
tion onthehair (includingcollision andfriction), interaction
betweerair andwisps,andinteractioninsidehair. Lastly, the
recentwork by Wardetal's 25 ongeometrid_ODs couldbe
combinedwith ouranimationLOD algorithmsfor increased
efciency attherenderingstage.

6. Conclusionand Futur e Work

We presentedan effective adaptve methodfor hair anima-
tion. Our adaptve wisp treemimics the dynamicclustering
behaior of hairmotionoftenobseredin long, thick hair as
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well asin curly hair. Thereducechumberof wisp segments
andtheir simpleshapesesultin ef cient processingf com-
plex mutualhairinteraction,aswell asincreasedtability of
thesimulation.

Ourmodelis bestsuitedfor large-scaleo mid-scalebeha-
ior of long, thick hair, suchassplitting andmerging of clus-
ters.As hairwisp re nes, collision detectiontakesplacebe-
tween ner and ner cylinders, necessitatingmallertime
stepsto handlemutual hair interactionduring fast motion.
For such small-scaleinteractions,an alternatve approach
suchasHadapand Thalmanns smoothedparticle model12
couldbebettersuited.To guaranteeontinuity of hairrepre-
sentationjt could be alsointerestingto investigatea hybrid
approachthat combinesa very smoothhair representation
(e.g.usingthe adaptve guide hair method#) with dynamic
clusteringeffectsprovided by the adaptve wisp tree.
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Figure 7: Fromtop to bottom: short,smoothhair in running motion;long, thick hair in leaningmotion;long, curly hair in leaningmotion;
short,curly hair in leaningmotion
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