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Abstract

e presentanimage-spacaednique which candetecintersectionandself-intesectionamongmultiplemoving
anddeformingobjects.No prepmocessings neededandthe shapeof the objectsare unconstainedandcanbean
arbitrarily polygonsoup.Compaed to other intersectiondetectionalgorithmsrunning on graphics hardware
the algorithm only male modestuseof bandwidthbetweerthe CPU and GPU becauseno buffer readbaks are

necessary

Cateories and SubjectDescriptors(accordingto ACM CCS) 1.3.3 [ComputerGraphics]: Collision Detection,

Image-SpacezraphicsHardware,Self-intersections

1. Intr oduction

Ef cient collision detection is a fundamental prob-
lem in physical-basedsimulation, computer animation,
suigery simulators and virtual prototyping and can of-
ten be the bottleneck in the mentioned areas. For
rigid bodies mary efcient approachesbasedon pre-
computedbounding-wlumehierarchiehave beenproposed
[Hub93 GLM96, KHM 98].

But asdeformableobjectsarebecomingnormalandnec-
essarythesehierarchialdatastructuresan not be precom-
puted,but mustbe updatedrequently Someeffort hasbeen
given to optimize this update[LAMO1], but it is still ex-
pensve to updatethe hierarchialdatastructureg dynamic
ervironments.An even harder problem is posedif self-
intersectionsn a deformingobjectmustbe detectedUseof
bounding-wlume hierarchiesmust be abandonedbecause
traversal of the hierarchieswill be slow dueto the mary
overlapsof boundingvolumes.For cloth simulationaccept-
ablesolutionshasbeenproposed VMTO0, VT95].

Therise of graphicshardware can provide a solutionto
the self-intersectiomproblem.In the last few years,power
ful graphicshardwarehasbecomea standarcpartof acom-
modity PC. Thecheapcomputingresource$oundin graph-
ics hardwarehasspurredaninterestin intersectiordetection
basednimage-spaceechniques.
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In this paper an image-spaceechniquefor intersection
detectionof arbitrarily shaped,deforming object is pre-
sented.The objectscandeformin ary way and both open
andclosedobjectscanbetreated.The approachis basecon
Cullide, presentedn [GRLMO03], but in contrastwe adress,
andsolve, the problemof self-intersections.

Comparedo previous approachespur approachs quite
simpleandcaneasilybeimplementecn commoditygraph-
ics hardware. As processingpower of graphicshardware
grows fasterthanprocessingower of generapurposehard-
ware, our approachshouldbe able to scalefasterthan al-
gorithmsimplementedon standardCPU's. Thereis no re-
strictiononthegeometryused exceptthatit shouldbetrian-
gulated.Neitherpreprocessingor hierarchialstructureare
necessaryor the correctnes®f the algorithm. However, a
hierarcly basedn meshconnectity canimprove thealgo-
rithm signi cantly.

Therestof the paperis organizedasfollows: We give an
descriptionof previouswork doneon algorithmsfor detect-
ing self-intersectionandintersectionsisinggraphicshard-
warein section2. We give anovervien of the original Cul-
lide algorithmin section3. We presentour modi cation to
Cullide in section4. In section5 we discusgproblemswith
image-spacerecisionandcomparerecisionof Cullide and
the modi ed version. In section 6, various testsare per
formed,to ratethe performanceof the modi ed algorithm.
In section7 we summarizeour work andgive directionsfor
futurework.
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2. Previous Work

In this sectionwe will give a brief review of prior work on
image-spacéechniquedor intersectiordetection.

An approacho image-spacetersectiordetections pre-
sentedn [BWS99. Thedepthlayersof two corvex objects
are renderedinto the depth buffer. Any overlapsbetween
the objectsis found using the stencil buffer. The method
canonly handlecornvex objectsand do not considerself-
intersections.The main problemis that the stencil buffer
mustbereadbackinto mainmemoryandprocessed.

In [HKL 99], graphicshardwareis usedto computegen-
eralized2D and 3D Voronoi diagramswhich canbe used
for proximity queries.For eachsamplepoint, closestsite
and distanceto that site is computed,using polygon scan-
corversionanddepthbuffer comparisonsDistancemeshes
for points,lines, curves and curved surfacesin 2D and 3D
canbecomputed.

A specializedapproacho intersectiordetectionfor cloth
onwalking peopleis presentedh [VSCO0J]. Depthmap,nor

malsandvelocity for theavataris computedn image-space.

Intersectiondetectionfor a particle can be doneby trans-
forming to imagespaceandcomparingwith the depthmap.
Thealgorithmreliesheavily on buffer readback.

In [HTGO04 an image-spaceechniqueis usedto com-
pute a layereddepthimage,which canbe queriedfor col-
lisions and self-intersectionsThe algorithm requiresthat
the geometryis a twofold. The algorithmis implemented
in two versions,on CPU and in graphicshardware. For
small con gurationsthe CPU-implementatioris mostef -
cient.For big con gurationswith upto 500kfacegshe GPU-
implementatiorrunningon graphicshardwareis mostef -
cient.Again, thealgorithmrelieson buffer readback.

In [GRLMO03], occlusionqueriesare usedto prunea set
of potentially overlapping triangles. No preprocessings
neededandarbitrarypolygonsoupscanbe handled An ad-
vantageis that buffer readbacksare not needed,mplying
minimal useof bandwidth.

3. Cullide

In this sectionwe will give an overview of Cullide as pre-
sentedn [GRLMO3]. An objectis de nedto beacollection
of oneor moretriangles.In thefollowing we assumenen-

In the following, we assumehat all objectsare divided
into someform of hierarcly. We will ignore the form of
thehierarcly becausé only in uencesperformancendnot
correctness.

3.1. Overview

Givena collectionof objects,the purposeof a collision de-
tection algorithm, is commonlyto determineeither of the
following

A setof pairsof intersectingriangles.
A setof pairsof closestfeatures.

Most collision detectionalgorithmsdetermineeitherone
or bothof theabove.

Cullide is differentin this aspectasit doesnot directly
determineary of the two resultsmentionedabove. Instead,
thealgorithmtakesasinput a setO, of n objects.The algo-
rithm reducesghis set,andreturnsanew set,calledthe PCS,
potentiallycolliding set whichis asubsebf theoriginal set.

For clarity, we considerCullide consistingof two parts.
The rst part manageghe graphicshardware and controls
what shouldbe sentto it. It alsocontrolsthe usageof ob-
jecthierarchiesThe secondbartis a simpleoperationfe-
ducePCS, which canbeimplementedisinggraphicshard-
ware. The operationtake as input a setof objectsO, and
prunesomeof thenon-intersecting@bjectsaway. The opera-
tion doesnot guaranteghatall non-intersectingbjectswill
beremoved,butit doesguarante¢hatnointersectingbjects
will be prunedfrom the set.

ThereducePCS operatiorcanbeconsidered primitive
operation- Therearefew variationson to how it canbeim-
plementedThe performanceof the algorithm dependspri-
marily onthe rst partof thealgorithm- we cannotimprove
reducePCS , becausét dependsolelyonthe performance
of thegraphicshardware.

3.2. Part 1: Usageof the object hierarchies

The usageof the hierarchiescan be relatively simple. We

startby running reducePCS at the objectlevel, pruning
non-intersectingbjects.We then replaceall the non-leaf
objectsin the PCS,with their childrenandrepeathe opera-
tion. Thealgorithmis nished oncethe PCSis emptyor all

theobjectsin the PCSareleaf nodes.Thefollowing pseudo
codedescribeghealgorithm:

cullide( Objects )
PCS = Objects
do

PCS = reducePCS( PCS)
for each node in PCS

if lis_leaf( node )
PCS.remove( node )
PCS.insert( node.children )
while  has_non_leaf_nodes( PCS)
return  PCS

Figure 1: A basicversionof Cullide.

3.3. Part 2: The reducePCS operation

The reducePCS operationis implementedon graphics
hardwareusingocclusionqueries seef GRLMO03] for elabo-
rationof the details.
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Thevisibility informationgainedfrom occlusionqueries
is usedto pruneobjectsfrom the PCS.If all fragmentgass
the depthtest,whenrenderingan object, the objectis said
to befully visible, with respecto the setof objectsalready
renderedo thedepthbuffer. Thuswe getthe rst lemma:

Lemma 3.1 If all fragmentsgeneratedywhenrenderingan
object, passthe depthtest,the objectis fully visible. When
an objectis fully visible, the objectdoesnot intersectwith
ary of theobjectsalreadyrenderedo the depthbuffer.

The proof is trivial. If thereis an intersectionwith ary
of the objectsalreadyrenderedthe intersectionwill cause
someof the pixelsto fail the depthtest.

An objectcanbe prunedfrom the PCSif it is determined
thatthe objectis fully visible, with respectto all otherob-
jectsin the set. A naive approachto using the algorithm
would requirerenderingeachobjectn times, thusyielding
atime compleity proportionalto O(n?). Thesolutionto the
problemliesin thefollowing lemma

Lemma 3.2 Givena set,O, of objectso1;0,:::0n. The ob-
jectoy ; k2 [1;n] is fully visible with respecto O n o, iff
it is fully visible with respectto OE = 01:::0 1 andfully
visible with respecto OX’= oy, 1:::0n.

Again, the proof is trivial. If oy is fully visible to both O(k’
andOE? it mustbefully visible to the union of thetwo sets,
Onoy.

Using lemma3.2, we seethat the two subproblemsex-
hibits an optimal substructureThat is, whentestingobject
ok, againstthe setOP, we notethat 02 = OY ;[ fox 10.
Thuswe canreusetherenderediata.Lik ewisefor OP°

To take advantageof this, we rst testall objectsagainst
theirrespectie OY, andthentestall objectsagainsttheir O°
The effect of this, is thatthe runningtime of the algorithm
is reducedo O(n). Pseudaodefor thereducePCS algo-
rithmis givenin gure 2.

4. Self-intersections

A drawback of Cullide, is that the algorithmis unableto

detectself-intersectionsThis is dueto the constructionof

thereducePCS operationwhereobjectoy only aretested
for intersectioraganinsttheothern 1 objects.Sowhenwe

remove an objectfrom the PCS,we know thatit doesnot
intersectwith otherobjects,but we do notknow if ary self-

intersectiorexistsin theremovedobject.In thefollowing we

will explain how to modify Cullide suchthatthe algorithm
becomegapableof detectingself-intersections.

Algorithm

A simpleidea,wouldbeto testtheobjectagainstitself, while
testingagainsteitherO or O Thisis notimmediatelypos-
sible, sincethe depthtestfunction is lessthan. If we ren-
der an objectto the depthbuffer, andthenrenderit again,

¢ TheEurographic#ssociationandBlackwell Publishing2004.

reducePCS( Objects )

ClearDepthBuffer()
for each object in Objects
DepthTest( GREATER_EQUAI)
DepthMask( FALSE )
BeginOcclusionQuery()
object.render()
object.fullyvisible
EndOcclusionQuery() =0
DepthTest( LESS)
DepthMask( TRUE)
object.render()

reverse(  Objects )
ClearDepthBuffer()
for each object in Objects
DepthTest( GREATER_EQUAI)
DepthMask( FALSE )
BeginOcclusionQuery()
object.render()
object.fullyvisible
EndOcclusionQuery() =0
&& object.fullyvisible
DepthTest( LESS)
DepthMask( TRUE)
object.render()
remove_fully_visible(
return  Objects

Objects )

Figure 2. Pseudocode for reducePCSAs EndOcclu-
sionQuery()  returnsthe numberof fragmentspassing
theinverteddepthtest,a objectis fully visible with respect
to the objectsrendeedinto the depthbuffer if this queryre-
turnsO.

doing an occlusionquery it will fail no matterwhat, since
noneof thefragmentswill generatéessemdepthvalues.This
happensecausave submitthe sameobjecttwice - during
thesecondpasstherasterizewill generatexactlythesame
fragments.

This caneasilybe remediedpy changingthe functionto
lessthanor equal.This ensureghat someof the fragments
will pasghedepthtest.Wethushave anopportunityto prune
away subpartof the object.Facesclosestto the viewer will
be pruneable Facesobscuredfully or partially, by other
facescan not be prunedbeforethe facesin front of them
arepruned.

In orderto seehow we detectself-intersectionsye must
considerthe objectsvisibility asa whole. We describethis
visibility with referenceo the objectitself asself-visibility.
Thefollowing de nition formalizesit:

De nition 4.1 An objectis fully self-visible, if all frag-
mentsgeneratedby renderingthe objectto a depthbuffer in
which the objecthasalreadybeenrenderedpassthe modi-
ed depthtest.
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The crucial obsenation, is similar to what appearedn the
original Cullide algorithm- Fully visibility meansno inter
sectionsWe restateit regardingself-intersectionand self-
visibility:

Lemma 4.2 An objectwhich is fully self-visible never has
ary self-intersections.

The proof of this lemmais obvious. If anobjectis fully
self-visibleall fragmentgenerated¢anbeseerif welookin
the direction of projection.A necessarygonditionfor self-
intersections thata fragmentgeneratednustbe hiddenbe-
hind anotherfragment.Thereforewe concludethatno self-
intersectiorcanexist. Noticethatthelemmaabove is vague
- fully self-visibility implies no self-intersectionsbut ob-
jectsthatare not fully self-visible are not necessarilyself-
intersecting.

We needto expandour rule to sub-objectsptherwisewe
will beunableto prunemary objects.Thefollowing lemma
describeself-visibility recursvely, asafunctionof theself-
visibility of the sub-objectsThis allows recursve testing,
andpruningobjectsby the useof their hierarchies.

Lemma 4.3 An objectis fully self-visible,if all its sub-
objectsarefully self-visibleandfully visible with reference
to all othersub-objects.

Again, the proof is trivial. If an sub-objectdoesnot in-
tersectwith arny othersub-objectandneitherintersectsvith
itself, it cannot be partof ary self-intersectionlf this ap-
pliesfor all sub-objectsthe objectcannot containary self-
intersections.

Turningbackto theoriginal versionof reducePCS (Fig.
1), we canseethat it doesalreadytestall sub-objectsfor
visibility againsteachother- We mustthereforemodify it to
testagpinstitself.

By changingthe depthfunctionandaddinga testagainst
the objectitself, while testing against O(k’, we get a mod-
i ed versionof reducePCS , which doesnot prune self-
intersectingbjects Thisis theonly changenecessaryo en-
ableCullide to handleself-intersectionsThe modi ed ver
sionis shavnin gure 3.

Drawbacks

Thereare dravbacksto the method.The rst comesfrom
thechangeof depthfunction. Theoriginal Cullide algorithm
wasableto detectcontacts Our methodcannot do this, but
is limited to detectingpenetrationsThis limits our method
to detectingpenetrationsWe do not believe that it will be
a problem.The primary reasonis, thatthereareno way of
distinguishingbetweencontactsand penetrationslf an al-
gorithm is to use our method (or the original Cullide), it
would have to utilize somealgorithmto distinguishbetween
facespenetratingandfacesn contactFurther whendetect-
ing contacts algorithmsprovide somemeansto seta min-
imum detectiondistance a collision envelope,suchthatall

reducePCS( Objects )

ClearDepthBuffer()

for each object in Objects
DepthMask( TRUE)
DepthTest( LESS)
object.render()
DepthMask( FALSE )
DepthTest( GREATER)

BeginOcclusionQuery()
object.render()

object.visible =
EndOcclusionQuery() ==

reverse(  Objects )

ClearDepthBuffer()

for each object in Objects
DepthMask( FALSE )
DepthTest( GREATER)
BeginOcclusionQuery()
object.render()

object.visible =
EndOcclusionQuery() =0
&& object.visible

DepthMask( TRUE)
DepthTest( LESS )
object.render()

remove_fully_visible(
return  Objects

Objects )

Figure 3: Our modi ed version of reducePCS whee ob-
jects containing self-intesectionare not pruned from the
PCS.

primitives closerthanthis minimum distancearetreatedas
contacts.This is not possiblewith Cullide either but it is
implicitly set, by the precisionof the depthbuffer andthe
resolutionof thescreen.

Another dravback appearsvhen consideringclosedob-
jects.It shouldbeobvious,thatall closedobjectswill notbe
fully visible with respecto themseles- Someobjectparts
areboundto obscureotherparts.Thusthey areguaranteed
to stayin thePCS.Thisdoesnotaffectthecorrectnessf the
algorithm, sincethe algorithmdescendso the lower levels
of thehierarcly of theobject,andprunesonthelowerlevels
of theobjects.

Finally, we mustconsidetthe casewhereanodeof thehi-
erarcly containsa setof triangles which obscureeachother
no matterwherethey are viewed from. Closedobjectsare
oneinstanceof sucha problem,anotheris shavn in gure
4. Thiswill preventthe algorithmfrom pruningthe object.
As canbe seenin gure 4, it is a ratherobscureexample-
sub-meshesomposedf few trianglesrarely exhibit these
forms.

¢ TheEurographicfssociationandBlackwell Publishing2004.
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Figure 4: lllustration of a bad meshcombination.

The Figure showsa samplecombinationof triangles, that
will alwaysfail to be pruned,whenplacedin a leaf. It fails
to do so,becauseno matterfromwhele we observethe sub-
object,wewill unableto seeall fragmentgyeneatedby ren-
deringthe object.Notethat theillustration is a two dimen-
sionalversionof theactualthreedimensionaproblem.

5. Precisionissues

In orderto correctlyutilize the algorithm,it is necessaryo
understandhe implicationsof usingthe graphicshardware.
In this sectionwe will shortly explain whathasaneffect on
theprecisionof thealgorithm.Thediscussiorwill generally
apply to the original Cullide and our version,and we will
mentionwhenthey differ.

The algorithm canbe consideredas a hardware acceler
ateddiscreteapproachto a brute force solution. Thus the
precisionissueswith the algorithmoccurswhentransform-
ing our exactly formulatedprobleminto a discreteone.This
happensvhenusingtherasterizeof thegraphicshardvare.

The rst problemis regardingthe roundingof the values
usedn thedepthbuffer. HereourapproacHdiffersfrom Cul-
lide. In Cullide, the strict lessthantestensureghatif two
polygonsmapto the samedepth,they will generateanin-
tersection.Since our methodchangeghe depthtest func-
tion, it requiresobjectsto penetrateby a certainamount,

beforethe depthtestwill ensuredetectionof intersections.

Givenanorthographigrojectionwith clipping planesgiven
by near far, far > near, anda depthbuffer with n bits of
precisionthey needto penetratéy atleast

far near
2I"I
to guaranteeletection.

In gure 5(a), threedifferentcaseof overlapin depth
valuesareillustrated.Theverticallinesindicatewherethe
roundedvaluechangesThereis no overlapin A, and
penetratioron bothB andC. Cullide detectsanintersection
in all threecasesQur algorithmonly detectsanintersection
in caseC.

Thesecondoroblemss regardingto therasterizerThe
generakule thatrasterizergollows,isto Il only pixels
having centerccompletelyinsidethetrianglebeing
renderedThis hasthe effect, thattrianglescanoverlapin

¢ TheEurographic#ssociationandBlackwell Publishing2004.

screen-spaceyithoutactually lling thesamepixels. The
boundfor this oY,erIapis, givenascreerwith a pixel of size
width height,  width? + height?2.

Figure5(b), shavs 12 pixelsof the screerthatwe render
threecasedo, hereillustratingthe problemswith the
resolutionof the screenThe dotsmarkthe centerof the
pixels.In all threecasesthetrianglesintersectln caseA,
neitherCullide or our methodwill detectanintersectionin
caseB, Cullidewill detectanintersectioriff thetriangles
depthvaluesat P1areroundedo the samevalue.Our
methodwill notdetectanintersectiorin caseB. In caseC
Cullide will alwaysdetectanintersectionpur methodwill
detectoneif thedistancebetweerthe depthof the

fragmentsat P1andP2areat least 13 "ear

Z

P

C QD s -
* COD
COD &

S~—
far-near P2
2 n

(a) depthvaluerounding (b) rasterization

Figure 5: Differencein precisionbetweenCullide and our
method

Givenatriangle,we obsere, thatthe closerthe normalof
thetriangleis to beingperpendiculato thedirectionof
projection,thesmallerwill theprojectedrianglebe.In fact,
atrianglewith normalperpendiculato thedirectionof the
projectionshouldnotgenerateary pixelsatall. This does
unfortunatelycauseerroneougpruningof triangles.

6. Results

We have implementedur systemon a 2.8 GHz Pentium4
with a GeForceFX5900Ultra graphicscard.We have tested
ourimplementationusingmodi ed meshesrom [Bral, in
thefollowing environments:

A deformedStanfordBunry with a singleintersection
area.We have testedwith trianglescountfrom 5000
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Figure 6: This gure showsour deformedStanfod bunny
Theintersectingtrianglesare shownwith green.

trianglesto 270000triangles We areableto prunethese
modelsin 20to 600ms. Themodelis shavnin gure 6.
A gure shaving thebunry in the pruningprocessanbe
foundin gure 12

Two cows combinedo oneobjectsuchthatmary
self-intersectionsxists. We have testedwith triangle
countfrom 3000to 270000triangles We areableto
prunethis modelin approximately35 msto 1000ms.
Themodelis shavnin gure 7.

A comparisorof pruningtimesis presentedn gure 8.
Thisis doneataresolutionof 500x500.It canbe seerthat
it is signi cantly fasterto prunethebunry comparedo the
cow. Thisis causedy thelargeamountof
self-intersection the cow, which make thealgorithm
descendleeplyinto thehierarcly.

In gure 9 and10we have comparedcruningtime with
trianglesrenderedor eachpassof a singlecollision query
onthecow andbunry. A passincludesseveralcallsto
reducePCS with differentdirectionof projectionsin

gure 11 we compareherelative performancesf thetwo
collision querieson the cow respectiely the bunry. For the
cow approximately30% of the usedtime, is spentpruning
2-3%of theprunedtriangles. The sametendenyg is
exhibitedwith the bunry.

6.1. PerformanceAnalysis

Fromthetestresultswe canconcludethatthe performance
of thealgorithmdepend®on trianglecount,numberof

Figure 7: This gure showsour intersectingcows.Thein-
tersectingtrianglesare shownwith green.

Comparison of pruning time and triangle count.
1000 T T T

900

800

700

600

500

Time / ms

400

300

200

100~ + Cow
*  Bunny

I
0 0.5 1 15 2 25

Triangle Count X 10

Figure 8: A comparisorof pruningtime for bunnyand cow
with varyingtriangle count.Thepeakfor thecowis dueto an
extra numberof passesequiredto prunethe PCScompaed
to otherinstanceof this model.
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Comparison of rendering time with triangle count for the Bunny

X 1
10 T T T T T 4

Time Used / ms
o

Figure 9: Thetime usedand trianglesrendeed is plotted,

for eath pass,for the bunnywith 5000triangles. Theused
time and numberof trianglesrendeed doesnot necessarily
dependinearly on ead other becausehe numberof occlu-

sionqueriesdiffer in the passes.

Comparison of rendering time with triangle count for the Cow
100 T T T T T T T 2

Time Used / ms
@
S

Pass

Figure 10: Thetime usedandtrianglesrendeedis plotted,
for eadh pass for the cowwith 3000triangles.
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Triangles Rendered
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Comparison of relative pruning performance
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ol LI — Bunny

80
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50

401

Percentage of time used

301

10+ —

I
0 10 20 30 40 50

60 70 80 90
Percentage of triangles pruned

Figure 11: A comparisonof the relative pruning perfor
mancefor a occlusionqueryon the cowand bunny On the
x-axisthe accumulatecpercentaye of trianglesprunedcan
beread,while the percentage of the accumulatedisedtime
can bereadfromthe y-axis. The starting point of the lines
denotethe percentaye of trianglesprunedin r stpass.

occlusionqueries andnumberof intersectionsAnother
importantobsenration,we madeduringdevelopmentof the
modi ed Cullide is theimportanceof the hierarcly. Initially
we usedarandomlybuilt hierarcly, which performed
poorly. Insteadwe useda hierarcly built on mesh
connecWity, whichimproved performancesigni cantly.
All of thetestsarebasedn hierarchiesuilt thisway.

7. Conclusionand further work

We have presentedCullide, andshavn how to augmentt,
to handleself-intersections.

Themodi ed Cullide seemgeasonablyasyto implement,
but thisis notthe casef performances of importanceTo
maximizeperformancef themodi ed Cullide clever
stratgiesfor renderingandconstructiorof hierarchiesnust
bemade.

Performanceise mary thingscouldbe done.Systematic
methoddor nding thebestdirectionof projectioncouldbe
basedn assumptionsf temporalcoherencer object
orientation A heuristicfor nding thetime, atwhich
pruningshouldbeturnedto the CPU canimprove the
algorithm.

Regardingthe precisionissuessomework is necessaryo
male the algorithmstable andto ensurehatno
intersectingrianglescanbe pruned.Testinghow closea
trianglesnormalis to beingperpendiculato thedirectionof
projection,could be usedto estimatingwhich trianglesthat

100
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aretoo smallto bepruned.Thisis de nitely possible put
we believeit will behardto implementon currentgraphics
hardware,withoutimposingsomerestrictionsto thelayout
of thetriangles Futuregraphicshardwareis very likely to
provide capabilities allowing the procesgo befully
automated.
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Figure 12: ThissequencshowshowthereducePCS opemtion workson the bunnywith 5000faces.The r st picture shows
theoriginal modelandin ead succedingpicture the PCSis shownafter the PCSin the previouspicture hasbeenpruned.
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