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1 Intr oduction

We presenta novel methodfor visualizing collisions effects be-
tweenpenetratingor non-penetratingobjects.Theinteractionof 3D
objectshasbeentraditionallydividedinto two stages:thedetection
of a collision,andtheresponseor effectsafterthecollision. In this
work, we concernourselveswith the latter. The renderingof col-
lision effectsis usefulfor virtual sculpting,virtual reality, surgery
simulationandgames.The interactionbetweentwo colliding ob-
jectshasbeenusedfor virtual sculpting,whereoneobject(virtual
“tool”), generatesindentationsin the otherobject(virtual “clay”).
This hasbeenimplementedin real-timewith theaid of a distance
�eld representationof the virtual tool. Oneof the assumptionsof
virtual sculpting,reminiscentof realsculptingmaterials(e.g.,clay),
is thatobjectsarenon-penetrating.In this paper, we generalizethe
notion of collision effectsby allowing penetrating“tools”, where
theobjectis cut asthetool penetratestheobject. Thecollision ef-
fect is suchthat the object is still deformed,but a breakappears
wherethe tool is. In this work, we usean implicit representation
of the deformedobject (virtual “clay”), as opposedto traditional
mesh-basedapproaches.The ability to deformobjectsimplicitly
wasexploited by our previous work [Correaet al. 2006a;Correa
etal. 2006b],but they wereconcernedwith simpleprimitivedefor-
mationssuchastwistsor peels.

2 Overview

For purposesof illustration,we considertheinteractionof two ob-
jects: onerigid object,called“tool” (orange),which doesnot un-
dergo deformation,and a deformableobject, called “clay” (blue
and green),which may be transformed.When the tool and clay
objectscollide, a collision effect is appliedto the clay object, so
thata desiredrenderingis obtained.We considertwo cases:non-
penetrating,wheretheclay objectmaintainsits topology, andpen-
etratingcollisioneffects.Let usde�ne two implicit representations
f c andf t , for theclay andtool objects,respectively. A clay object
is renderedas the isosurfacef c(T (x )) = 0, whereT is a trans-
formation,andx is a point in 3D space.Collision effectsarethen
modeledasa transformationT . For a non-penetratingcollision ef-
fect, the transformationis de�ned asT(x ) = w(f t (x ))d(x ) + t ,
wherew(d) is aweightingfunctionthatspeci�esthestrengthof the
deformation,similar to [Gain andMarais2005]. d(x ) is themaxi-
mumdisplacement,sothatobjectsdonot inter-penetrate,andt is a
globaltranslation.Examplesareshown in Figure1(a)whereahand
modelcollideswith anddeformsa sphere,andFigure1(c) where
theIgeamodelcollidesandsqueezesthebunny dataset.Wecansee
the“sculpted”modelin Figure1(c,right)from a differentperspec-
tive. For penetratingobjects,thecollision effect includesnot only
thedisplacement,but alsotherenderingof theinteriorof theobject.
A similar transformationis de�ned: T (x ) = w(f t (x )) r f t (x ) + t .
Insteadof displacingin a particulardirection,thecutting tool dis-
placestheclay objectin thedirectionorthogonalto thesurfaceof
the tool (i.e., r f t ). In addition,we specifythe interior of the ob-
ject. For this, we exploit the fact thatwe arerenderingan implicit
surface.Ratherthanmodifyingtheclayobject's topology, wemod-
ify theimplicit functionto considerthespaceoccupiedby thetool
object. In otherwords,we de�ne the implicit function as the re-
sult of the differencebetweenthe clay objectandthe tool object:
min (f c(T (x )) ; � f t (x )) = 0. Becausetheclayobjectis deformed
while beingcut, thereis no lossof materialin the subtractionop-
eration.An exampleis shown in Figure1(b) wherea sphereis cut
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Figure1: ExampleCollisionEffects.
with a V shape.Texturing in thespherehelpsto visualizethecor-
rectdisplacementdueto collision (we do not concernaboutaccu-
ratetexturing, but only asa guide). In Figure1(d) a bunny dataset
is cut with a bladeobject. The small insetshows the two objects
while in thelargeimagewedisabletherenderingof thetool object
to reveal thecollision effect. The interior of theobjectappearsas
light orange. In our currentimplementation,we exploit the GPU
to renderthesurfacesimplicitly, via raycasting[CorreaandSilver
2007].

Wehavepresentedanovel mechanismfor visualizingtheeffectsof
colliding objects. Unlike modelingapproaches,wherea new ob-
ject is constructedbasedon collision response,we embedcollision
effectsaspartof therenderingprocess,whichallowsinteractiveex-
ploration. We considertwo cases:non-penetratingobjects,where
the collision responseresultsin virtual sculpting,andpenetrating
objects,wherethecollision responseresultsin cuts.This approach
canbeusedin virtual reality, surgicalsimulationandthegeneration
of specialeffects.
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