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ABSTRACT

We have developeda physically-basedVR systemthat enables
usersto interactively style dynamic virtual hair by using multi-
resolutionsimulationtechniquesandgraphicshardwarerendering
accelerationfor simulatingandrenderinghair in real time. With a
3D hapticinterface,userscandirectlymanipulateandpositionhair
strands,aswell asemploy real-world styling applications(cutting,
blow-drying, etc.) to createhairstylesmoreintuitively thanprevi-
oustechniques.

1 I NTRODUCTI ON

Virtual environmentscreatedfor interactive hairstylingcanbeused
to understandandspecifydetailedhair propertiesfor severalappli-
cations,including cosmeticprototyping,educationandentertain-
ment,andcosmetologisttraining. Accuratevirtual hairstylingre-
quiresbothhigh performancesimulationandrealisticrenderingto
enableinteractive manipulationand incorporationof �ne details.
The appearanceof hairstylesresultsfrom physicalpropertiesof
hair andhair mutualinteractions.Therefore,hair dynamicsshould
be incorporatedto mimic the processof real-world hairstylecre-
ation. However, dueto the performancerequirement,many inter-
active hair modelingalgorithmstend to lack important,complex
featuresof hair, including hair interactions,dynamicclusteringof
hair strands,andintricateself-shadowing effects.

An intuitive virtual hairstyling tool needsto take into account
user interactionwith dynamichair. Until recently, the complex-
ity of animatingandrenderinghair hadbeentoo computationally
costly to accuratelymodelhair's essentialfeaturesat desiredrates.
As a result,many hairstylingmethodsignoredynamicsimulation
and/oruserinteraction,which createsanunnaturalstyling process
in comparisonto whatwould beexpectedin practice.

Main Results: In this paper, we presenta physically-basedvir-
tual realitysystemthatmimicsreal-world hairstylingprocessesand
requiresno knowledgeotherthancommonhairmanipulationtech-
niques. By usingmulti-resolutionsimulationtechniquesandpro-
grammablegraphicshardware, we developeda physically-based
virtual hair salonsystemthat animatesand rendershair at accel-
eratedrates,allowing usersto interactively style virtual hair in a
naturalmanner. With anintuitive 3D hapticinterface,userscandi-
rectlymanipulateandpositionhair strands,aswell asemploy real-
world styling applications(e.g. cutting, wetting, applyingstyling
products)to createhairstylesasthey would in the physicalworld.
Themaincharacteristicsof oursystemarethefollowing:

� Dir ect 3D hair manipulation with a haptic interface: We
useacommerciallyavailablehapticdevice to provideanintu-
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Figure 1: Hairstyle interactively created using our system.

itive3D userinterface,allowing theusersto directlymanipu-
latethehair in a mannersimilar to real-world hairstyling.

� Visually plausible rendering: By exploiting the capability
of programmablegraphicshardwareandmulti-resolutionrep-
resentations,we canrenderplausiblehair appearancedueto
self-shadowing, wetsurfaces,etc.in realtimeoncurrentcom-
moditydesktopPCs.

� Multi-r esolution hairstyling: We achieve interactive hair
simulationby usinglevel-of-detailrepresentations,which ac-
celeratedynamicscomputationandenableadaptive hair clus-
teringandsubdivision on the�y .

� Physically-basedinteraction: By modelinghair's properties
and dynamicbehavior in the presenceof water and styling
products,we introducetheability to interactively applyhair-
spray, wet,blow-dry, cut,andmanipulatehairasin thephysi-
calworld, like no othersystemscanatpresent.

Figure1 illustratesa hairstylecreatedby a naive userusingour
virtual hairstylingsystemin lessthan10minutes.

Organization: Therestof thissketchis organizedasfollows. Re-
latedwork is brie�y reviewed in Section2. Section3 presentsthe
userinterfacefor thesystem.Thedynamicsimulationandrender-
ing of hair aredescribedin Section4. Detailsof userinteraction
and applicationfeaturesare discussedin Section5. Finally, we
concludewith someresultsandpossiblefutureresearchdirections
in Section6.

2 REL ATED WORK

Hair modelinginvolveshair shapemodeling,dynamichair simula-
tion, andhair rendering.An overview of work in theseareascan
befound in [5]. Our summaryof relatedmaterialis limited to the
multi-resolutionsimulationand renderingmethodsthis work ex-
tends.



WeusethethreeLOD representationsandadaptivegroupingand
splittingprocessintroducedin [11, 10]. Therepresentationandres-
olution of a volumeof hair is controlledby a hair hierarchythat
is constructedby the continualsubdivision of hair strips,clusters,
andstrandgroups.Throughoutthesimulation,thehairhierarchyis
traversedon the�y to �nd theappropriaterepresentationandreso-
lution for a givensectionof hair adaptively.

In [11,10], anappropriateLOD representationwaschosenbased
on the hair's importanceto the application. Sectionsof hair that
couldbeviewedwell weresimulatedandrenderedwith highdetail.
Also, asa sectionof hair movesrapidly, a high LOD wasusedto
capturethe intricatedetail,similarly performedby [1]. Thesecri-
teriaaidedin acceleratingsimulationandrenderingwithout losing
muchvisual�delity .

In this work, we couplethehair hierarchywith a simulationlo-
calizationscheme(seeSection4.2) to achieve interactive hair an-
imation. Moreover, our LOD selectioncriteria differ from that of
[11, 10] to includeareasof userinteractionandanadditionalem-
phasison thehair's motion.

3 USER I NTERFACE

Our prototypesystemusesa SensAbleTechnologies'PHANToM
asa 3D userinput device. Thereal-timedisplayof thePHANToM
input is renderedusinga commercialhaptictoolkit calledGHOST.
Thepositionandorientationof thedeviceareupdatedandrendered
at eachframe.

A 2D menuis projectedontothe3D scenecontainingtheavatar
andhair model. Figure2 illustratesa useroperatingthe system.
The usercaninteractwith both the 3D sceneand2D menuusing
thePHANToM stylusin a seamlessfashion.Theuserinteractively
positionsthestylusover the2D menuiconsandpushesthestylus
buttonto choosethedesiredapplication.Theposition,orientation,
andrangeof in�uence of theapplicationaredepictedin thescene.
As the usermoves the stylus, the application's areaof in�uence
interactively follows thepositionandorientationof theuser's hand
in 3D. Thecamerais controlledthroughthemouse.

Figure 2: User Interface: PHANToM provides 3D user input and 2D
menu buttons are labeled with icons to show applications.

4 I NTERACTI VE HAI R SI M UL ATI ON AND RENDERI NG

Hairstyling in the naturalworld is performedby focusingon spe-
ci�c sectionsof hair andexecutinga desiredtaskto a given area.
Thisfocuscorrelatesnaturallywith theuseof multi-resolutiontech-
niquesto simulatehair. Moreover, acceleratedhair renderingis re-
quiredfor userinteraction.

4.1 Dynamicsand Collision Detection

EachLOD hair representation(strips,clusters,andstrands)follows
the samedynamicsmodel for motion. We usethe dual-skeleton

systemintroducedby [9] for controlling thehair's dynamics.The
dual-skeletonsystemis compellingin thatit cancapturethedetails
of typical dry hair aswell aswet hair andhair with hairspray, or
someotherstylingproductsapplied.

We have utilized the localizedcollision detectionmodelof [9]
that is basedon the dual-skeletonsetupand the family of swept
spherevolumes(SSVs).A sweptspherevolumeiscreatedby taking
a coreshape,suchasa point, a line, or a rectangle,andgrowing
outwardby someoffset. TheSSVsencapsulatethehair geometry
(of any typeor resolutionLOD) andareusedasboundingvolumes
for collision detection.

Both hair-hair and hair-object collision detectionis performed
by checkingfor intersectionbetweencorrespondingpairsof SSVs;
this is doneby calculatingthedistancebetweenthecoreshapesand
subtractingtheappropriateoffsets. Hair-objectcollisionsarehan-
dled by moving the hair sectionoutsideof the body andthat hair
sectionis restrictedto only move tangentialto or away from the
object,basedon theobject's normaldirection.Hair-hair collisions
areprocessedby pushingthehair sectionsapartbasedon their re-
spective orientationsasexplainedin methodsby [8, 10].

4.2 Simulation Localization

Figure 3: (a) Shows all of the grid cells that contain hair geometry
(b) Highlights the cells that will be e�ected by the current application
(applying water).

Weusea spatialdecompositionschemeto rapidlydeterminethe
high activity areasof thehair; theseareasarethensimulatedwith
�ner detail. We usea uniform grid consistingof axis-alignedcells
thatencompasstheareaaroundthehair andhumanavatar. Spatial
decompositionschemeshave beenutilized previously for hair-hair
interactionmethodswheresectionsof hair that are locatedin the
samecell will be testedagainsteachother for overlap. We have
extendedthisprocessto all featuresof hairsimulation,not justcol-
lision detection.

4.2.1 Insertioninto theGrid

Thepolygonsof theavatar, or otherobjects,areplacedinto thegrid
todeterminepotentialcollisionswith thehair. Objectpositionsonly
needto beupdatedwithin thegrid if theobjectis moving,otherwise
theinitial insertionis suf�cient.

Every time a sectionof hair moves,or the skeletonfor simula-
tion is updated,its line sweptspheres(LSSs)or rectangularswept
spheres(RSSs)areinsertedinto thegrid. An SSVis insertedinto
thegrid by determiningwhich cells �rst containthecoreshapeof
theSSV(line or rectangle),thentheoffsetof theSSVsareusedto
determinetheremaininginhabitedcells.Figure3(a)shows thegrid
cellsthatcontainhair geometry.

Whentheuseremploysanapplication(e.g.sprayingwater, grab-
bing thehair) thegrid is usedto indicatewhich portionsof thehair
arepotentiallyaffectedby theuser's action.As theusermovesthe
PHANToM stylus, its positionandorientationareupdated.Each



applicationhasanareaof in�uence thatde�nes wherein spaceits
actionwill have aneffect. This areais de�ned asa trianglefor the
cutting tool anda conefor the remainingtools. The coneof in-
�uence is de�ned by theapplication's position,orientation,length,
andcutoff angle.Thesepropertiesde�ne thecone's positionin the
grid. Insertingthe conebecomessimilar to insertingan LSS,but
theoffsetbecomesa variableof radiusalongthecoreline (anSSV
hasa constantoffsetalongits coreshape).Thetrianglefor cutting
is de�nedby thespacebetweentheopenbladesof apairof scissors.

4.2.2 Retrieval from theGrid

Grid-cellsthatcontainbothimpenetrabletriangles(from theavatar
or anotherobjectin thescene)andhair geometryaremarkedto be
checkedfor hair-objectcollision. Only thesecellscontaina poten-
tially colliding pair. Similarly, any grid cell containingmorethan
onesectionof hair is markedto becheckedfor hair-haircollisions.

Likewise, the grid maintainsa list of grid-cellswherethe user
interactionconeor trianglehasbeeninserted. Any of thesegrid
cellsthatcontainhairgeometryarereturnedandthesectionsof hair
within thecell areindependentlychecked to seeif they fall within
theareaof in�uence,seeFigure3.

4.3 Multi-Resolution Simulation with the Grid

Thegrid aidsus to localizeour simulationon theareasof highest
importanceto theuser. Theseareasarede�ned basedon their dis-
tancefrom theviewer, visibility, motion,andtheuser's interaction
with thehair. We adoptedthemethodfor choosinga level of detail
basedondistanceandvisibility createdpreviouslyby [11], but have
usedour grid-basedsystemto expandon themotioncriteriaandto
includetheuser's interactionwith thehair.

Themotionof thehair is highly pertinentto theamountof detail
neededto simulatethe hair. Most applicationsperformedon hair
arelocalizedto a smallportionof thehair; themajority of thehair
thuslies dormant.Thesectionsof hair thataredormantaremod-
eledwith a lower LOD representationandresolution,determined
by comparisonagainstvelocity thresholds,but we havegoneastep
furtherby effectively “turning-off ” simulationfor areaswherethere
is noactivity.

Eachgrid cell keepstrackof theactivity within thecell, tracking
thehair sectionsthatenterandexit thecell. Whentheactionin a
given cell hasceasedandthe hair sectionsin the cell have a zero
velocity, thereis no needto computedynamicsimulationdue to
gravity, springforces,or collisions. The positionsof thehair sec-
tionsarethusfrozenuntil they arere-activated.Thecell is labeled
asdormantanddoesnot becomeactive againuntil eitherthe user
interactswith thecell or until anew hair sectionentersthecell.

Rapiddeterminationof theactive cellsandhair sectionsallows
us to placethe computationalresourcestowardsdynamicsimula-
tion for thehairsof highestinterestto theuser.

4.4 Real-Time Rendering

In order to guaranteea convincing and interactive experiencefor
theuser, ourrenderingalgorithmhasto runin realtimeandproduce
realisticimagesat thesametime.

We implementedtwo separatespecularhighlights, due to the
multiple modesof scatteringinsideandon the surfaceof the hair
�bers observedby Marschneret al. [6]. We computebothspecular
termsby shifting thehair tangentin Kayija's original formulation
[3] towardsthehair root andtowardsthehair tip applyingseparate
falloff exponents.Theshiftedtangentsareusedin the formulation
proposedin [2]. All operationswereperformedin a fragmentpro-
gramfor ef�ciency.

Realistichair self-shadowing effectsarehardto implementef�-
ciently dueto thelargeamountof dynamicgeometryandthe�ne-
nessof thehair strands.Our self-shadowing algorithmis basedon
opacityshadow mapscreatedby [4] andrecentGPUfeatures [7];
it generates16opacityshadow mapsin only onepasswith multiple
rendertargets,plusan extra passfor theactualrendering,without
depthorderingrequired.As in [4], theopacitymapsareplacedat
uniformly sampleddistancesfrom theeye, orthogonalto theview
direction. Eachof thefour rendertargetsholdsfour opacitymaps,
onein each16-bit �oating point component.

5 USER I NTERACTI ON AND APPL I CATI ONS

Givenoursystemfor simulatingandrenderinghairdescribedin the
previoussection,a usercannow directly interactwith hair through
the 3D userinterfaceanduseoperationscommonlyperformedin
hair salons.Theoperationssupportedin our systemaredescribed
in this section.

5.1 Hair Cutting

Cuttinghair is crucialfor changingahair's style,seeFigure4. Our
cutting methodmodelscuts performedwith scissors. We model
all the featuresof the cut, including capturingthe hair that falls
away or that is “cut-off ”. The locationfor cutting is de�ned by a
triangleformedby the spacebetweenthe openbladesof scissors.
Hair skeletonsthatintersectthistrianglearethencut. At thecutting
location,theskeletonS is split into two separateskeletons,S1 and
S2; S1 remainsattachedto thescalp,while S2 falls down.

At theintersectionof skeletonSandthecuttingtriangle,two new
controlpointsarecreated.Onecontrolpointbecomesthelastpoint
of skeletonS1, while thesecondbecomesthe�rst point of S2. The
geometryof thefallenhairsremainsconsistentwith thegeometryof
thehairbelow theseverpointbeforethecut is performed;curliness,
wetness,hairdistributionandotherpropertiesaremaintainedin the
fallenhair segments.

Figure 4: Example of haircutting, far right shows �nal style.

5.2 Applying Water, Hairspray and Mousse

Wet hair is modeledusing the techniquedescribedin [9]. When
wateris appliedto thehair, themasspointsof theglobal-skeleton
becomeheavier with themassof thewater. Theoverall motionof
the hair is limited dueto the extra weight andif the hair is curly,
theglobal-skeletonwill stretchundertheextraweightandthecurls
will lengthenasexpected.Thevolumeof thehairin theareaswhere
wateris appliedis decreasedby constrictingthe radiusof thecur-
rent hair representation(strandgrouping,cluster, or strip); these
hair segmentsarethenrenderedto show thewet appearanceasde-
scribedby [9].

Hairsprayis simulatedon thehair by increasingthespringcon-
stantsof theglobal-skeletonwhereit isapplied.Moreover, dynamic
bonds[9] are addedbetweensectionsof hair that are in contact
when the hairsprayis applied. Dynamic bondsare extra spring



forcesthatmodeltheadhesive qualityof hairsprayto make thehair
move asa groupthroughoutsubsequentmotions.

We have chosento modelhair moussethataddsvolumeto hair.
We inject volumeinto the hair modelby growing the radii of the
hair sectionsit affects. This processmakesthehair fuller without
addingmorestrandsor skeletons.

5.3 Grabbing and Moving Hair

Typically whenhair is claspedin therealworld, a groupof strands
areselectedat a local point alongthestrands.Theuserpressesthe
stylusbuttonandthecontrolpointsthat fall within theconeof in-
�uence aredecided.Amongtheseselectedcontrolpoints,only one
controlpointperdual-skeletonis permittedto begrabbed. If multi-
plecontrolpointsof a singledual-skeletonfall within thecone,the
point thatcomesclosestto thecone's centerwill bechosen.

In the grabbedstate,asthe usermovesthestylus,the grabbed-
point will follow themotionof thestylus. A grabbed-pointcannot
bepulledbeyond its normalreachspan(decidedby its positionin
thedual-skeleton). The lengthof thehair is alwaysmaintainedso
that the lengthsabove the grabbed-pointandbelow it areof con-
sistentlengthswhile the point is moving. When the userwishes
to releasethegrabbed-point(s),heor shereleasesthebuttonof the
stylusandtheformergrabbed-pointswill fall dueto gravity.

5.4 Hairdry er

Hairdryersareoneof themostcommontoolsin ahairsalon.When
the stylusbutton is pressed,a strongconstantforce is appliedin
thedirectionof its orientation.Any controlpointsthat fall within
theconeof in�uence receive this strongforce. Moreover, if a wet
control point (seeSection5.2) is in�uenced by the hairdryer, the
controlpointwill “dry”; theamountof waterwill decreaseover the
lengthof exposuredependentonthestrengthof thehairdryerforce.

6 RESULTS AND DI SCUSSI ON

Our virtual hairstylingsystemdemonstratesthe usefulnessof our
multi-resolutiontechniquesfor interactive hair modelingandwas
implementedin C++. The initial hairstylesare loadedas a pre-
process.

Figure 5: Comparison between real (top) and virtual useof common
hair salon activities (left) applying water (right) blow-drying hair.

We have beenable to allow physically-baseduser interaction
with dynamichair while modelingseveral commonhair salonap-
plications. Figure5 shows a comparisonof realhair underthe in-
�uence of commonhairstylingapplicationswith virtual hair styled

by oursystemunderthesameconditions.Level-of-detailrepresen-
tationscoupledwith oursimulationlocalizationschemehaveaccel-
eratedtheanimationof hairsothatausercanactuallyinteractwith
it.

Dynamicsimulation,includingimplicit integration,LOD selec-
tion, hair applications(wetting, cutting, etc.),andcollision detec-
tion, to createthe hair model shown in Figure 1 ran at an aver-
ageof 0.092sec/frame.This �gure comprisedbetween37 to 296
skeletonmodels,determinedon-the-�y throughoutthesimulation,
with anaverageof 20 controlpointseach.At the�nest resolution,
themodelcontained8,128renderedstrands;throughoutthesimula-
tion therenderingLOD containedbetween6K and1,311Krendered
vertices.Lighting andshadow computationson theGPUwereper-
formedin 0.058sec/frameonaverage.Thebenchmarksweremea-
suredon a desktopPCequippedwith anIntel R
 XeonTM 2.8Ghz
processorwith 2.0GB RAM andanNVIDIA R
 GeForceTM 6800
graphicscard.

7 SUM M ARY

WepresentedaprototypeVR systeminvolving anintuitive3D user
interfaceandmethodsfor animatingandrenderinghair thatallows
for a user to interactively manipulatehair through several com-
mon hair salonapplications.This systemprovidesa level of user
interactionthat hasbeenpreviously too complex to achieve. We
areinterestedto explore theuseof two-handedhapticgloveswith
our systemto provide higher �delity force feedbackto the user,
while allowing for furtherinteractioncapabilityandthecreationof
evenmorecomplex hairstyles.Userstudiesinvolving professional
stylistsandnoviceson usingthis VR salonsystemwould help to
determinetheeffectivenessof this work.
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