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Abstract

Wepresenta fastproximityqueryalgorithmfor hap-
tic displayof complex deformablemodelsusinga lay-
ered representation. Assumingthat each solid model
canberepresentedasa rigid corecoveredbya layerof
deformablematerial, the deformation�eld of the sur-
facecan be expressedas a function in the parametric
domainof the rigid core. Our 2-stage collision query
algorithmstartsby performingan approximateobject-
spacecollisiondetectionbetweenlow-resolutionpolyg-
onalproxies.Wethenre�ne thequeryresultbycomput-
ing a directionalpenetration depth�eld usinga local
height-�eld representationof the deformablelayers to
detecttheinterferencebetweenthehigh-resolutionsur-
facegeometry. We havedevelopeda proof-of-concept
demonstration using commoditygraphics processors
andbeenableto performfastproximityqueriesbetween
two highly complex deformablemodelsin lessthan 2
msecs.

1 Intr oduction

Haptic renderingof forcesandtorquesbetweenin-
teractingobjects,also known as 6 degree-of-freedom
(DoF) haptics,hasbeendemonstratedto improve task
performancein applicationssuchas moleculardock-
ing, nanomanipulation,medicaltraining,andmechani-
cal assemblyin virtual prototyping. Haptic displayof
complex interactionbetweentwo deformablemodels
is consideredespeciallychallenging,due to the com-
putationalcomplexity involved in computingcontact
responseandperformingproximity queries,including
collisiondetection,separationdistance,andpenetration
depth,betweentwo deformablemodelsat forceupdate
rates.

In this short paper, we will focus on the prob-
lem of proximity queriesbetweentwo highly complex

Figure 1: Soft Object Interaction in a Dynamic
Scene.Deformableobjectsroll andcollide in theplay-
ground.

deformablemodels. We assumethat real-world de-
formablesolidscanbemodeledasa rigid corecovered
by alayerof deformablematerial[2] andthatthedefor-
mation�eld of thesurfacecanbeexpressedasa func-
tion in theparametricdomainof therigid core. Exam-
plesincludeanimatedcharacters,furniture, toys, tires,
etc. We reformulatetheproblemof collision detection
on a 2D parametricatlasto reducethe extremelyhigh
geometriccomplexity due to contactsbetweenhigh-
resolutiondeformablesurfaces.

We exploit our layeredrepresentationin a scalable
andoutput-sensitive two-stagecollision detectionalgo-
rithm. This novel formulationof the problemis espe-
cially well suitedfor realizationon commoditysingle-
instructionmultiple-data(SIMD) or parallel architec-
tures,suchasmulti-corearchitecture,graphicsproces-
sorunits(GPUs),Cell processors,andphysicsprocess-
ing units (PPUs).We show a proof-of-conceptdemon-
strationusingGPUs(SeeFig. 1).



Figure2: Mappingfrom3D deformationdomainto 2D
computationaldomain for simulation(left) and colli-
siondetection(right).

2 Overview

We reformulatethe problemof collision querieson
a 2-dimensionalatlas. This mappingis illustrated in
Figure2, with the2D computationaldomainsindicated
by T andD. Using a two-stagecollision detectional-
gorithmfor parameterizedlayereddeformablemodels,
ourproximity queriesarescalableandoutput-sensitive,
i.e. theperformanceof thequeriesdoesnotdirectlyde-
pendon thecomplexity of thesurfacemeshes.

Our acceleratedproximity query algorithm starts
by performingobject-spacecollisiondetectionbetween
low-resolutionpolygonalproxies. We identify poten-
tially intersectingsurfacepatchesanda penetrationdi-
rectionfor eachcontactregion. Wethenre�ne thequery
resultby consideringa localizedheight-�eld represen-
tation of the deformablegeometryparameterizedon a
2D domain.Thissecondstagecomputesthepenetration
depth�eld on thehigh-frequency surface.We have de-
signedan image-spacealgorithmanddevelopeda par-
allel implementationon GPUsthat achievesfastcom-
putationat hapticupdaterates. Haptic displaycanbe
computedusinga penalty-basedapproachto renderthe
netforcesandtorquesbackto theuser.

3 Proximity Querieson GPUs

We assumethat, within regionsof contact,the sur-
facescanbedescribedasheight�elds. Thedirectional
penetrationdepthcanthenbede�ned astheheight�eld
differencebetweentheintersectingpatches,in thelocal
directionof penetration.As a preprocess,we parame-
terizethe low-resolutionsurfacesusedin object-space
collision detection,andcreatetextureatlasesthatstore
thepositionsof thefull-resolutiondeformablesurfaces.

At runtime,werendertheintersectinglow-resolution
surfacepatchesinto thecontactdomainD usinganor-
thographicprojectionalongthelocal penetrationdirec-
tion. At eachfragment,we canobtaintheoriginal sur-
faceposition from by looking up the position in the
dynamicdeformation�eld T storedin texturememory.
Wethenperformasecondpassover theintersectingre-
gion, wherewe subtractthe local height�elds of both
deformablesurfaces.Finally, we transferthe collision

Figure 3: Rich Deformation of High-Resolution Ge-
ometry. In the bottom-leftcorner, observeviews from
belowof thetop pumpkinasit collideswith thebottom
pumpkinanddeforms.

informationfrom thecontactdomainD to thedeforma-
tion domainT for contactresponseand force compu-
tation, usinga texture coordinatetransformationtech-
niquealsousedin perspective shadow mapping.

4 Results

We have testedour novel proximity queryalgorithm
on deformablemodelsof high complexity (consisting
of hundredsof thousandsof surfaceelements)with rich
surface deformation,as shown in Fig. 1. The low-
resolutionproxiesare simpli�ed down to a few hun-
dredof triangles,which is roughly thesizethatcanbe
handledby existing collision detectiontechniques[1].
In the caseof the headmodel,which has44; 000 de-
formable vertices,we were able to obtain per-vertex
penetrationdepthinformationwithin 2 ms. Thesetim-
ings include the transferof the contactinformation to
the deformationdomain,whereit is directly available
for dynamicscomputation.

Usingourscalableandoutput-sensitivecollisionde-
tectionalgorithm,wecomputeobjectpenetrationdepth
thatcapturestheoriginalhigh-frequency geometry, and
we thendisplaydynamiceffectsdueto surfacedefor-
mationthatwould otherwisebemissed,suchasthede-
formationon thebottomof thepumpkinsin Fig. 3 and
thedynamicrolling behavior of thegearsdueto thede-
formationof its teeth.
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