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ABSTRACT

We have developeda physically-basedVR systemthat enables
usersto interactvely style dynamicvirtual hair by using multi-

resolutionsimulationtechniquesand graphicshardware rendering
acceleratiorfor simulatingandrenderinghair in realtime. With a
3D hapticinterface,userscandirectly manipulateandpositionhair

strandsaswell asemploy real-world styling applicationgcutting,
blow-drying, etc.) to createhairstylesmoreintuitively thanprevi-

oustechniques.

1 INTRODUCTION

Virtual environmentscreatedor interactve hairstylingcanbeused
to understan@ndspecifydetailedhair propertiedor severalappli-
cations,including cosmeticprototyping, educationand entertain-
ment, and cosmetologistraining. Accuratevirtual hairstylingre-
quiresboth high performanceimulationandrealisticrenderingto
enableinteractve manipulationand incorporationof ne details.
The appearancef hairstylesresultsfrom physical propertiesof
hair andhair mutualinteractions.Therefore hair dynamicsshould
be incorporatedto mimic the processof real-world hairstylecre-
ation. However, dueto the performanceequirementmary inter-
active hair modelingalgorithmstend to lack important, comple
featuresof hair, including hair interactionsdynamicclusteringof
hair strandsandintricateself-shadwing effects.

An intuitive virtual hairstyling tool needsto take into account
userinteractionwith dynamichair. Until recently the complec-
ity of animatingandrenderinghair hadbeentoo computationally
costlyto accuratelynodelhair's essentiafeaturesat desiredrates.
As aresult,mary hairstylingmethodsignore dynamicsimulation
and/oruserinteraction,which createsan unnaturalstyling process
in comparisorto whatwould be expectedn practice.

Main Results: In this paper we presenta physically-basedrir-
tualreality systenthatmimicsreal-world hairstylingprocesseand
requiresno knowledgeotherthancommonhair manipulationtech-
nigues. By using multi-resolutionsimulationtechniquesand pro-
grammablegraphicshardware, we developeda physically-based
virtual hair salonsystemthat animatesand rendershair at accel-
eratedrates,allowing usersto interactiely style virtual hair in a
naturalmanner With anintuitive 3D hapticinterface,userscandi-
rectly manipulateandpositionhair strandsaswell asemploy real-
world styling applications(e.g. cutting, wetting, applying styling
products)to createhairstylesasthey would in the physicalworld.
Themaincharacteristicef our systemarethe following:

Direct 3D hair manipulation with a haptic interface: We
usea commerciallyavailablehapticdevice to provide anintu-
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Figure 1: Hairstyle interactively created using our system.

itive 3D userinterface,allowing the usergto directly manipu-
latethehairin amannersimilar to real-world hairstyling.

Visually plausible rendering: By exploiting the capability
of programmablgraphicshardwareandmulti-resolutionrep-
resentationswe canrenderplausiblehair appearanceueto
self-shadwing, wetsurfacesgtc.in realtime oncurrentcom-
modity desktopPCs.

Multi-r esolution hairstyling: We achieve interactve hair
simulationby usinglevel-of-detailrepresentationsyhich ac-
celeratedynamicscomputatiorandenableadaptve hair clus-
teringandsubdvisiononthe y .

Physically-basedinteraction: By modelinghair's properties
and dynamic behaior in the presenceof water and styling
productswe introducethe ability to interactvely apply hair
spray wet, blow-dry, cut,andmanipulatehair asin the physi-
calworld, like no othersystemscanat present.

Figurel illustratesa hairstylecreatedby a naive userusingour
virtual hairstylingsystemin lessthan10 minutes.

Organization: Therestof this sketchis organizedasfollows. Re-
latedwork is brie y reviewedin Section2. Section3 presentghe
userinterfacefor the system.The dynamicsimulationandrender
ing of hair aredescribedn Section4. Detailsof userinteraction
and applicationfeaturesare discussedn Section5. Finally, we
concludewith someresultsandpossiblefuture researchirections
in Section6.

2 RELATED WORK

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



We usethethreeLOD representationsndadaptve groupingand
splitting processntroducedn [11, 10]. Therepresentatioandres-
olution of a volume of hair is controlledby a hair hierarchythat
is constructedyy the continualsubdvision of hair strips, clusters,
andstrandgroups.Throughouthe simulation,the hair hierarchyis
traversedonthe y to nd theappropriateepresentatioandreso-
lution for a givensectionof hair adaptvely.

In[11, 10], anappropriatd_OD representatiomaschoserbased
on the hair's importanceto the application. Sectionsof hair that
couldbeviewedwell weresimulatedandrenderedvith high detail.
Also, asa sectionof hair movesrapidly, a high LOD wasusedto
capturethe intricate detail, similarly performedby [1]. Thesecri-
teriaaidedin acceleratingimulationandrenderingwithout losing
muchvisual delity .

In this work, we couplethe hair hierarchywith a simulationlo-
calizationscheme(seeSection4.2) to achieve interactive hair an-
imation. Moreover, our LOD selectioncriteriadiffer from that of
[11, 10] to includeareasof userinteractionand an additionalem-
phasison the hair's motion.

3 USER INTERFACE

Our prototypesystemusesa SensAbleTechnologiesPHANToM
asa 3D userinputdevice. Thereal-timedisplayof the PHANToM
inputis renderedisinga commerciahaptictoolkit calledGHOST
Thepositionandorientationof thedevice areupdatecandrendered
ateachframe.

A 2D menuis projectedontothe 3D scenecontainingthe avatar
and hair model. Figure 2 illustratesa useroperatingthe system.
The usercaninteractwith both the 3D sceneand 2D menuusing
the PHANTOM stylusin aseamles$ashion.The userinteractvely
positionsthe stylusover the 2D menuiconsand pusheghe stylus
buttonto choosethe desiredapplication. The position,orientation,
andrangeof in uence of the applicationaredepictedin the scene.
As the usermoves the stylus, the applications areaof in uence
interactiely follows the positionandorientationof the users hand
in 3D. The camerds controlledthroughthe mouse.

Figure 2: User Interface: PHANT oM provides 3D userinput and 2D
menu buttons are labeled with icons to show applications.

4 |INTERACTIVE HAIR SIMULATION AND RENDERING

Hairstylingin the naturalworld is performedby focusingon spe-
ci ¢ sectionsof hair and executinga desiredtaskto a given area.
Thisfocuscorrelatesiaturallywith theuseof multi-resolutiontech-
niguesto simulatehair. Moreover, acceleratedhair renderings re-
quiredfor userinteraction.

4.1 Dynamicsand Collision Detection

EachLOD hairrepresentatiofstrips,clustersandstrands¥ollows
the samedynamicsmodel for motion. We usethe dual-skeleton

systemintroducedby [9] for controlling the hair's dynamics.The
dual-sleletonsystemis compellingin thatit cancapturethedetails
of typical dry hair aswell aswet hair and hair with hairspray or
someotherstyling productsapplied.

We have utilized the localizedcollision detectionmodel of [9]
that is basedon the dual-sleleton setupand the family of swept
spheevolumegSSVs).A sweptspherevolumeis createdy taking
a coreshape,suchasa point, aline, or a rectangle,and growing
outward by someoffset. The SSVsencapsulatéhe hair geometry
(of ary typeor resolutionLOD) andareusedashoundingvolumes
for collision detection.

Both hair-hair and hair-object collision detectionis performed
by checkingfor intersectiorbetweercorrespondingairsof SSVs;
thisis doneby calculatingthe distancebetweerthecoreshapesand
subtractinghe appropriateoffsets. Hair-objectcollisionsare han-
dled by moving the hair sectionoutsideof the body andthat hair
sectionis restrictedto only move tangentialto or away from the
object,basedon the object's normaldirection. Hair-hair collisions
areprocessedby pushingthe hair sectionsapartbasedon their re-
spectve orientationsasexplainedin methodsby [8, 10].

4.2 Simulation Localization

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

We usea spatialdecompositiorschemeo rapidly determinethe
high actiity areasof the hair; theseareasarethensimulatedwith
ner detail. We usea uniform grid consistingof axis-alignedcells
thatencompasthe areaaroundthe hairandhumanavatar Spatial
decompositiorscheme$ave beenutilized previously for hair-hair
interactionmethodswheresectionsof hair that arelocatedin the
samecell will be testedagainsteachotherfor overlap. We have
extendedhis procesgo all featuresof hair simulation,notjust col-
lision detection.

4.2.1 Insertioninto the Grid

Thepolygonsof theavatat or otherobjects areplacedinto thegrid
to determingootentialcollisionswith thehair. Objectpositionsonly
needto beupdatedvithin thegrid if theobjectis moving, otherwise
theinitial insertionis sufcient.

Every time a sectionof hair moves, or the skeletonfor simula-
tion is updatedjts line sweptspheregLSSs)or rectangulaswept
spheregRSSs)areinsertedinto the grid. An SSVis insertedinto
the grid by determiningwhich cells rst containthe coreshapeof
the SSV (line or rectangle)thenthe offset of the SSVsareusedto
determingheremaininginhabitedcells. Figure3(a) shawvs thegrid
cellsthatcontainhair geometry

Whentheuseremplg/sanapplication(e.g.sprayingwater grab-
bing the hair) the grid is usedto indicatewhich portionsof the hair
arepotentiallyaffectedby the users action. As the usermaovesthe
PHANTOM stylus, its positionand orientationare updated. Each



applicationhasanareaof in uence thatde neswherein spaceits
actionwill have aneffect. This areais de ned asatrianglefor the
cutting tool and a conefor the remainingtools. The coneof in-
uence is de ned by the application$ position,orientation length,
andcutoff angle.Thesepropertiesde ne the cones positionin the
grid. Insertingthe conebecomessimilar to insertingan LSS, but
the offsetbecomes variableof radiusalongthecoreline (anSSV
hasa constanbffsetalongits coreshape).Thetrianglefor cutting
is de ned by thespacebetweertheopenbladesof apair of scissors.

4.2.2 Retrieval from the Grid

Grid-cellsthatcontainbothimpenetrabldriangles(from the avatar
or anotherobjectin the sceneandhair geometryaremarkedto be
checledfor hair-objectcollision. Only thesecells containa poten-
tially colliding pair. Similarly, ary grid cell containingmorethan
onesectionof hairis markedto be checledfor hair-hair collisions.

Likewise, the grid maintainsa list of grid-cellswherethe user
interactionconeor triangle hasbeeninserted. Any of thesegrid
cellsthatcontainhairgeometryarereturnedandthe sectionsof hair
within the cell areindependentlychecled to seeif they fall within
theareaof in uence, seeFigure3.

4.3 Multi-Resolution Simulation with the Grid

Thegrid aidsusto localize our simulationon the areasof highest
importanceto the user Theseareasarede ned basedon their dis-

tancefrom the viewer, visibility, motion,andthe users interaction
with the hair. We adoptedhe methodfor choosinga level of detail

basedndistanceandvisibility createdreviouslyby[11], buthave

usedour grid-basedsystemto expandon the motioncriteriaandto

includetheusers interactionwith the hair.

Themotionof thehairis highly pertinentto theamountof detail
neededo simulatethe hair. Most applicationsperformedon hair
arelocalizedto a smallportion of the hair; the majority of the hair
thuslies dormant. The sectionsof hair that are dormantare mod-
eledwith a lower LOD representatiomnd resolution,determined
by comparisoragainstvelocity thresholdsbut we have gonea step
furtherby effectively “turning-off” simulationfor areasvherethere
is no actiity.

Eachgrid cell keepdrackof theactiity within thecell, tracking
the hair sectionsthat enterandexit the cell. Whenthe actionin a
given cell hasceasedandthe hair sectionsin the cell have a zero
velocity, thereis no needto computedynamicsimulationdueto
gravity, springforces,or collisions. The positionsof the hair sec-
tionsarethusfrozenuntil they arere-actvated. The cell is labeled
asdormantand doesnot becomeactive againuntil eitherthe user
interactswith thecell or until anew hair sectionentersthecell.

Rapiddeterminatiorof the active cells and hair sectionsallows
usto placethe computationafresourcegowardsdynamicsimula-
tion for the hairsof highestinterestto theuser

4.4 Real-Time Rendering

In orderto guaranteea corvincing andinteractive experiencefor
theuser ourrenderingalgorithmhasto runin realtime andproduce
realisticimagesatthe sametime.

We implementediwo separatespecularhighlights, due to the
multiple modesof scatteringinside and on the surfaceof the hair
bers obsered by Marschnesetal. [6]. We computebothspecular
termsby shifting the hair tangentin Kayija's original formulation
[3] towardsthe hair root andtowardsthe hair tip applyingseparate
falloff exponents.The shiftedtangentsareusedin the formulation
proposedn [2]. All operationsvereperformedin afragmentpro-
gramfor ef ciency.

Realistichair self-shadwing effectsarehardto implementef -
ciently dueto the large amountof dynamicgeometryandthe ne-
nessof the hair strands.Our self-shadwing algorithmis basedon
opacityshada mapscreatedby [4] andrecentGPU features[7];
it generated 6 opacityshade mapsin only onepasswith multiple
rendertargets,plus an extra passfor the actualrendering without
depthorderingrequired. As in [4], the opacitymapsare placedat
uniformly sampleddistancedrom the eye, orthogonalto the view
direction. Eachof the four rendertargetsholdsfour opacitymaps,
onein eachl6-bit oating pointcomponent.

5 USER INTERACTION AND APPLICATIONS

Givenour systenfor simulatingandrenderinghairdescribedn the
previous section,ausercannow directly interactwith hair through
the 3D userinterfaceand use operationscommonly performedin
hair salons. The operationsupportedn our systemaredescribed
in this section.

5.1 Hair Cutting

Cuttinghairis crucialfor changinga hair's style,seeFigure4. Our

cutting methodmodelscuts performedwith scissors. We model

all the featuresof the cut, including capturingthe hair that falls

away or thatis “cut-off”. The locationfor cuttingis de ned by a

triangleformedby the spacebetweenthe openbladesof scissors.
Hair skeletonghatintersecthistrianglearethencut. At thecutting

location,the skeletonS is split into two separateskeletons,S; and

S; § remainsattachedo the scalp,while S, falls down.

At theintersectiorof skeletonS andthecuttingtriangle two new
controlpointsarecreated Onecontrolpointbecomeshelastpoint
of skeletonS;, while the seconcbecomeghe rst pointof S,. The
geometnyof thefallenhairsremainsonsistentvith thegeometryof
thehairbelow thesever pointbeforethecutis performedcurliness,
wetnesshair distribution andotherpropertiesaremaintainedn the
fallenhair sgments.

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

5.2 Applying Water, Hairspray and Mousse

Wet hair is modeledusing the techniquedescribedn [9]. When
wateris appliedto the hair, the masspointsof the global-sleleton
becomeheavier with the massof thewater The overall motion of

the hair is limited dueto the extra weightandif the hair is curly,

theglobal-sleletonwill stretchunderthe extraweightandthecurls
will lengtherasexpected.Thevolumeof thehairin theareasvhere
wateris appliedis decreasedy constrictingthe radiusof the cur-

rent hair representatiorfstrandgrouping, cluster or strip); these
hair sgmentsarethenrenderedo shav thewet appearancasde-
scribedby [9].

Hairsprayis simulatedon the hair by increasingthe springcon-
stantf theglobal-sleletonwhereit is applied.Moreover, dynamic
bonds[9] are addedbetweensectionsof hair that arein contact
when the hairsprayis applied. Dynamic bondsare extra spring



forcesthatmodelthe adhesie quality of hairsprayto malke the hair
move asa groupthroughoutsubsequennotions.

We have choserto modelhair moussehataddsvolumeto hair.
We inject volumeinto the hair model by growing the radii of the
hair sectionsit affects. This procesamalkesthe hair fuller without
addingmorestrandor skeletons.

5.3 Grabhing and Moving Hair

Typically whenhairis claspedn therealworld, a groupof strands
areselectecht a local point alongthe strands.The userpresseshe
stylusbutton andthe control pointsthatfall within the coneof in-

uence aredecided Amongtheseselectectontrolpoints,only one
controlpoint perdual-skeletonis permittedto begrabbed If multi-

ple control pointsof a singledual-sleletonfall within the cone,the
pointthatcomesclosesto the cones centerwill bechosen.

In the grabbedstate,asthe usermovesthe stylus,the grabbed-
pointwill follow the motion of the stylus. A grabbed-pointannot
be pulled beyond its normalreachspan(decidedby its positionin
the dual-sleleton). Thelengthof the hair is alwaysmaintainedso
that the lengthsabore the grabbed-poinaind belaw it are of con-
sistentlengthswhile the point is moving. Whenthe userwishes
to releasehe grabbed-point(skhe or shereleaseshe button of the
stylusandtheformergrabbed-pointsvill fall dueto gravity.

5.4 Hairdry er

Hairdryersareoneof themostcommontoolsin ahairsalon.When
the stylus button is presseda strongconstantforce is appliedin
the directionof its orientation. Any control pointsthatfall within
the coneof in uence receve this strongforce. Moreover, if awet
control point (seeSection5.2) is in uenced by the hairdryer the
controlpointwill “dry”; theamountof waterwill decreaseverthe
lengthof exposuredependentn thestrengthof thehairdryerforce.

6 RESULTSAND DiscuUssiON

Our virtual hairstyling systemdemonstrateghe usefulnesof our
multi-resolutiontechniquedor interactve hair modelingandwas
implementedin C++. The initial hairstylesare loadedas a pre-
process.

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

We have beenable to allow physically-basediserinteraction
with dynamichair while modelingseveral commonhair salonap-
plications. Figure 5 shavs a comparisorof real hair underthein-

uence of commonhairstylingapplicationswith virtual hair styled

by our systemunderthe sameconditions.Level-of-detailrepresen-
tationscoupledwith our simulationlocalizationscheméhave accel-
eratecthe animationof hair sothata usercanactuallyinteractwith
it.

Dynamicsimulation,includingimplicit integration,LOD selec-
tion, hair applicationg(wetting, cutting, etc.),and collision detec-
tion, to createthe hair model shavn in Figure 1 ran at an aver
ageof 0.092sec/frame.This gure comprisedbetween37 to 296
skeletonmodels,determinedn-the- y throughouthe simulation,
with anaverageof 20 control pointseach.At the nest resolution,
themodelcontained,128renderedtrandsthroughouthesimula-
tiontherendering_OD containedetweerbK andl,311Krendered
vertices.Lighting andshadev computation®nthe GPUwereper
formedin 0.058sec/frameon average.Thebenchmarksveremea-
suredon a desktopPC equippedwith anintelR  Xeon™ 2.8Ghz
processowith 2.0GB RAM andanNVIDIA R GeForce’™ 6800
graphicscard.

7 SUMMARY

We presentea prototypeVR systemnvolving anintuitive 3D user
interfaceandmethoddor animatingandrenderinghair thatallows
for a userto interactvely manipulatehair through several com-
mon hair salonapplications. This systemprovidesa level of user
interactionthat hasbeenpreviously too comple to achiere. We
areinterestedo explore the useof two-handechapticgloveswith
our systemto provide higher delity force feedbackto the user
while allowing for furtherinteractioncapabilityandthe creationof
evenmorecomple hairstyles.Userstudiesinvolving professional
stylistsand navices on usingthis VR salonsystemwould help to
determinehe effectivenesof this work.
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