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1 Intro duction

We demonstrata techniquefor performingcollision detectionbe-
tweendynamicallysimulatedparticleprimitivesandgroupsof im-
plicitly de ned objects. We describehow this collision detection
canbe performedusinga programmableertex engine.

We usethe particle collision detectionin the context of visual
simulation,which requiresno CPU intervention. We alsoprovide
a methodfor reportingcollision informationbackto the CPU for
furtherprocessingusinga constructcalledtheimpactmap

2 Particle Simulation

We simulateparticles[Reees 1983] whosebehaiour is described
by closed-formequationf motion. A particle’s de ning parame-
tersarespeci ed onceandnever change.This allows usto create
simulationsin which the propertiesof particlesare computedon
graphicshardware using vertex programs/shaders[Lindholet al.
2001]. For purelygraphicalapplicationsthe computers CPUneed
never participate exceptto passdatato the graphicsacceleratoat
eachframeof theanimation.

Themotionof particlesis completelydeterminedy initial con-
ditions, with the exceptionof impactswith (andpossibleresponse
to) interfering bodies. Instantaneougparticle positionis given by
a parametricequationp = g(t), wheret is global simulationtime.
Particlesmayimpactwith colliders, surfacesde ned implicitly by
someequation,f(p) = 0, wherep is a pointonthesurface.

The intersectionof a particle’s motion with the surfaceis then
describedby h(t) = f(g(t)) = 0, which implicitly givesthe colli-
siontime, t. Eachcollider may also have associateatonstraints,
c(p) > 0. Theseare usefulin detectingcollisions with bounded
planarsectionspr objectswith holes,for example.

We cancurrentlytestfor collisionsbetweerplanarsectionsand
particlesobeying second-ordedynamics.We canalsotestfor col-
lisionsbetweenrst-order particlesandquadricsurfaces.

Figurel: Exampleof collision

3 Collision Feedback

The impactmapis a two-dimensionarepresentationf the loca-
tions on collidersat which particleshave impacted. At eachsim-
ulation step,a GPU vertex programcomputesvhetheror noteach
particle hasimpacteda collider at sometime betweenthe previ-
ousandcurrentframesof the animation.If a collisionis detected,
thenatwo-dimensionatepresentationf the exactimpactlocation
is calculated A pointprimitiveis dravn into theimpactmapatthat
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location. The colour channelsof the impact map can be usedto
storeinformationaboutcollisions,suchasimpactenegy.

Figure2: Collision with respons@ndtheassociateimpactmap

Applicationssuchasaudiosimulationrequirecollision informa-
tion atratesmuchhigherthanthoseachiezablewith graphicshard-
ware. Theclosed-forrmatureof thesimulationallows usto achieve
superresolutionresults.Exactcollision time is reportedin theim-
pactmap,whichis renderealightly aheadf thevisualsimulation.

For staticor precomputableollision information, we cansave
CPUcyclesby storingthe datain texturememory Collision datais
reportedn theimpactmapvia a dependentexture look-up.

4 Results

We have implementedanaudio-visuakimulationof hail falling on
anoutdoorsceneHail is simulatedasparticleswith motionde ned
by second-ordedynamics We performcollisiondetectiorbetween
eachhail particleanda variety of objects,asshavn in Figure3.

Figure3: Hailstoneparticlescolliding with outdoorobjects

We usecollision feedbackfor two purposes.For visual simu-
lation, a "decal” texture is renderedvherever a hailstoneimpacts
with a collider objectin the scene.We alsodrive anaudiosimula-
tion thatusesmodalsynthesigo generatesound[\andenDoel etal.
2001]whenhail strikescolliders. Futuredirectionsinclude using
thedependentexturelook-upto reportsoundsynthesigparameters
via theimpactmap.
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