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Abstract

We presenta fastproximity queryalgorithmfor hap-
tic display of complex deformablemodelsusinga lay-
ered representation. Assumingthat eat solid model
canberepresentedsarigid core coveredby a layer of
deformablematerial, the deformation eld of the sur
face can be expressedas a functionin the parametric
domainof therigid core. Our 2-stage collision query
algorithm startsby performingan approximateobject-
spacecollision detectiorbetweenow-resolutionpolyg-
onal proxies.Wethenre ne thequeryresultby comput-
ing a directional penetation depth eld usinga local
height- eld representatiorof the deformablelayers to
detecttheinterferencebetweerthe high-resolutionsur-
face geometry We havedevelopeda proof-of-concept
demonstation using commoditygraphics processos
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,hasbeendemonstratedio improve task
performancein applicationssuch as moleculardock-
ing, nanomanipulationmedicaltraining, andmechani-
cal assemblyin virtual prototyping. Haptic display of
comple interactionbetweentwo deformablemodels
is consideredespeciallychallenging,due to the com-
putational complity involved in computing contact
responseand performingproximity queries,including
collision detectionseparatioristanceandpenetration
depth,betweenwo deformablemodelsat force update
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 andcollidein theplay-
ground.

deformablemodels. We assumethat real-world de-
formablesolidscanbe modeledasarigid corecovered
by alayerof deformablematerial[2] andthatthe defor

mation eld of the surfacecanbe expressedasa func-

tion in the parametricdomainof therigid core. Exam-
plesinclude animatedcharactersfurniture, toys, tires,
etc. We reformulatethe problemof collision detection
on a 2D parametricatlasto reducethe extremely high

geometriccompleity due to contactsbetweenhigh-

resolutiondeformablesurfaces.

We exploit our layeredrepresentatiolin a scalable
andoutput-sensitie two-stagecollision detectionalgo-
rithm. This novel formulationof the problemis espe-
cially well suitedfor realizationon commoditysingle-
instruction multiple-data(SIMD) or parallel architec-
tures,suchasmulti-corearchitecturegraphicsproces-
sorunits (GPUs),Cell processorsandphysicsprocess-
ing units (PPUs).We shav a proof-of-conceptiemon-
strationusingGPUs(SeeFig. 1).



P N
< J
Figure 2: Mappingfrom3D deformationrdomainto 2D

computationaldomainfor simulation (left) and colli-
siondetection(right).

2 Overview

We reformulatethe problemof collision querieson
a 2-dimensionalatlas. This mappingis illustratedin
Figure2, with the 2D computationatlomainsndicated
by T andD. Using a two-stagecollision detectional-
gorithmfor parameterizethyereddeformablemodels,
our proximity queriesarescalableandoutput-sensitie,
i.e.theperformancef thequeriesdoesnotdirectly de-
pendonthe compleity of thesurfacemeshes.

Our acceleratedproximity query algorithm starts
by performingobject-spaceollision detectiorbetween
low-resolutionpolygonal proxies. We identify poten-
tially intersectingsurfacepatchesanda penetratiordi-
rectionfor eachcontactregion. Wethenre ne thequery
resultby consideringa localizedheight- eld represen-
tation of the deformablegeometryparameterizeen a
2D domain.Thissecondstagecomputeshepenetration
depth eld onthehigh-frequeng surface.We have de-
signedanimage-spacalgorithmanddevelopeda par
allel implementationon GPUsthat achievesfastcom-
putationat haptic updaterates. Haptic display canbe
computedusinga penalty-basedpproacho renderthe
netforcesandtorquesbackto theuser

3 Proximity Querieson GPUs

We assumethat, within regions of contact,the sur
facescanbedescribedasheight elds. Thedirectional
penetratiordepthcanthenbede ned astheheight eld
differencebetweertheintersectingpatchesin thelocal
directionof penetration.As a preprocesswe parame-
terize the low-resolutionsurfacesusedin object-space
collision detection,andcreatetexture atlaseghat store
the positionsof thefull-resolutiondeformablesurfaces.

At runtime,werendettheintersectindow-resolution
surfacepatchesnto the contactdomainD usingan or-
thographigprojectionalongthelocal penetratiordirec-
tion. At eachfragment,we canobtainthe original sur
face position from by looking up the positionin the
dynamicdeformationeld T storedin texture memory
We thenperforma secondpassover theintersectinge-
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 the bottom
pumpkinanddeforms.

informationfrom the contactdomainD to the deforma-
tion domainT for contactresponseand force compu-
tation, using a texture coordinatetransformationtech-
niguealsousedin perspectie shadev mapping.

4 Results

We have testedour novel proximity queryalgorithm
on deformablemodelsof high compleity (consisting
of hundred®f thousandef surfaceelementsivith rich
surface deformation,as shavn in Fig. 1. The low-
resolutionproxiesare simplied down to a few hun-
dredof triangles,which is roughly the sizethatcanbe
handledby existing collision detectiontechniqued1].
In the caseof the headmodel, which has44; 000 de-
formable vertices, we were able to obtain pervertex
penetratiordepthinformationwithin 2 ms. Thesetim-
ings include the transferof the contactinformationto
the deformationdomain,whereit is directly available
for dynamicscomputation.

Usingour scalableandoutput-sensitie collision de-
tectionalgorithm,we computeobjectpenetratiordepth
thatcapturegheoriginal high-frequeng geometryand
we thendisplay dynamiceffects dueto surface defor
mationthatwould otherwisebe missed suchasthede-
formationon the bottomof the pumpkinsin Fig. 3 and
thedynamicrolling behaior of thegearsdueto thede-
formationof its teeth.
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