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1 Introduction

We presenta novel methodfor visualizing collisions effects be-
tweenpenetratingr non-penetratingbjects.Theinteractionof 3D
objectshasbeentraditionallydividedinto two stagesthedetection
of acollision, andtheresponser effectsafterthecollision. In this
work, we concernourseheswith the latter The renderingof col-
lision effectsis usefulfor virtual sculpting,virtual reality, suigery
simulationand games. The interactionbetweentwo colliding ob-
jectshasbeenusedfor virtual sculpting,whereoneobject(virtual
“tool”), generatesndentationdn the otherobject(virtual “clay”).
This hasbeenimplementedn real-timewith the aid of a distance
eld representationf the virtual tool. Oneof the assumption®f
virtual sculpting,reminiscentf realsculptingmaterialqe.g.,clay),
is thatobjectsarenon-penetratingln this paper we generalizehe
notion of collision effects by allowing penetrating‘tools”, where
the objectis cut asthetool penetrateshe object. The collision ef-
fect is suchthat the objectis still deformed,but a breakappears
wherethetool is. In this work, we useanimplicit representation
of the deformedobject (virtual “clay”), asopposedo traditional
mesh-basedpproaches.The ability to deform objectsimplicitly
was exploited by our previous work [Correaet al. 2006a;Correa
etal. 2006b],but they wereconcernedvith simpleprimitive defor
mationssuchastwistsor peels.

2 Overview

For purposef illustration,we considerthe interactionof two ob-
jects: onerigid object,called“tool” (orange)which doesnot un-
dego 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-
penetratingwherethe clay objectmaintainsits topology andpen-
etratingcollision effects.Let usde ne two implicit representations
f. andf, for theclay andtool objects,respectiely. A clay object
is renderedasthe isosuricef ¢(T(x)) = 0, whereT is a trans-
formation,andx is a pointin 3D space.Collision effectsarethen
modeledasatransformationl . For anon-penetratingollision ef-
fect, the transformatioris de ned asT (x) = w(f¢(x))d(x) + t,
wherew(d) is aweightingfunctionthatspeci esthestrengthof the
deformation similar to [Gain andMarais2005]. d(x) is the maxi-
mumdisplacementsothatobjectsdo notinter-penetrateandt is a
globaltranslation Examplesareshavn in Figurel(a)whereahand
modelcollideswith and deformsa sphere and Figure 1(c) where
thelgeamodelcollidesandsqueezethebunry datasetWe cansee
the “sculpted”modelin Figure1(c,right)from a differentperspec-
tive. For penetratingpbjects,the collision effectincludesnot only
thedisplacementyut alsotherenderingof theinterior of theobject.
A similartransformations de ned: T(x) = w(f¢(X))r , (x) + t.
Insteadof displacingin a particulardirection, the cutting tool dis-
placesthe clay objectin the directionorthogonatto the surfaceof
thetool (i.e.,r ,). In addition,we specifythe interior of the ob-
ject. For this, we exploit the factthatwe arerenderinganimplicit
surface.Ratherthanmodifying theclay object's topology we mod-
ify theimplicit functionto considerthe spaceoccupiedby thetool
object. In otherwords, we de ne the implicit function asthe re-
sult of the differencebetweenthe clay objectandthe tool object:
min (fc(T(x)); fi(x)) = 0. Becauseheclayobjectis deformed
while beingcut, thereis no lossof materialin the subtractionop-
eration. An exampleis shavn in Figure1(b) wherea spherds cut
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Figure 1: ExampleCollision Effects.

with aV shape.Texturing in the spherehelpsto visualizethe cor
rectdisplacementiueto collision (we do not concernaboutaccu-
ratetexturing, but only asa guide). In Figure1(d) a bunry dataset
is cut with a bladeobject. The small insetshaws the two objects
while in thelargeimagewe disablethe renderingof thetool object
to reveal the collision effect. Theinterior of the objectappearsas
light orange. In our currentimplementationwe exploit the GPU
to renderthe surfacesimplicitly, via raycastingCorreaand Silver
2007].

We have presente@ novel mechanisnfor visualizingthe effectsof
colliding objects. Unlike modelingapproacheswherea new ob-
jectis constructedasedn collision responseywe embedcollision
effectsaspartof therenderingorocesswhich allowsinteractive ex-
ploration. We considertwo cases:non-penetratin@bjects,where
the collision responseaesultsin virtual sculpting,and penetrating
objectswherethe collision responseesultsin cuts. This approach
canbeusedin virtual reality, surgical simulationandthegeneration
of specialeffects.
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