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In computergraphics,silhouetteextractionandrenderinghasacen-
tral role in a growing numberof applications. This paperexam-
ines� veobjectspacesilhouetteextractionalgorithmsfor polygonal
models.Thealgorithmsarecomparedin termsof codecomplexity,
necessarysystemresources,andrun time performanceon a variety
of polygonalmodels. The goal of this paperis to becomean in-
formativesourcefor programmersmakingachoicebetweenoneof
these� ve algorithms.

Note: Thecomputercodegeneratedfor this projectis available
onlineat: http://cs.utah.edu/˜hartner
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Silhouettedrawings are a simple form of line art used in car-
toons,technicalillustrations,architecturaldesignandmedicalat-
lases[Hertzmannand Zorin 2000]. The silhouettecurves of a
polygonal model are useful in realistic rendering,in interactive
techniques,andin non-photorealisticrendering(NPR).

In realisticrenderingsilhouettescanbeusedfor modelsimpli�-
caitonandfor shadow calculation.Sanderet al. demonstratethat
complex modelscanberenderedat interactive ratesby clippingthe
polygonsof acoarsegeometricapproximationof amodelalongthe
silhouetteof the original model [Sanderet al. 2000]. Hertzmann
andZorin have shown that silhouettescanbe usedasan ef�cient
meansto calculateshadow volumes[HertzmannandZorin 2000].
Hainesdemonstratesanalgorithmusingsilhouettesfor rapidly ren-
deringsoft shadows on a plane[Haines2001].

In interactiverenderingsilhouettesareusedfor hapticrendering.
JohnsonandCohenshow that haptic renderingcan be facilitated
usingsilhouetteinformation[JohnsonandCohen2001]. Someau-
thors, [Jensenet al. 2002; Chunget al. 1998] have describedthe
useof silhouettesin CAD/CAM applications.Systemshave also
beenbuilt whichusesilhouettesto aid in modelingandmotioncap-
turetasks[Fuaet al. 1999;Leeet al. 2000;Bottino andLaurentini
2001].

In NPR,complex modelsandscenesareoften renderedasline
drawings using silhouettecurves. Lake et al. presentinterac-
tive methodsto emulatecartoonsandpencilsketching[Lake et al.
2000]. Goochet al. built a systemto interactively displaytechni-
cal drawings [Goochet al. 1999]. RheingansandEbertandLum
andMa have built a NPRvolumevisualizationsystemswhich use
silhouettesto emphasizekey datain volumerenderings[Rheingans
andEbert2001;Lum andMa 2002].

Thesilhouettesetof a polygonalmodelcaneitherbecomputed
in objectspaceor in screenspace.Objectspacealgorithmsinvolve
computationsin threedimensionsandproducea list of silhouette
edgesfor a given viewpoint. Screenspacealgorithmsusually in-
volve imageprocessingtechniquesandareusefulif renderingsil-
houettesis theonly goal. This paperexamines� ve software-based
objectspacealgorithmsin termsof runtimespeed,codecomplexity,
pre-processtiming andcomplexity, scalability, andmemoryusage.

Figure 1: A polygonalspaceshuttle renderedboth without, and
with silhouettelines.

1. BruteForce– Iteratethrougheachedgein a polygonalmodel
andtestwhethereachedgeis a silhouetteedge.

2. Edge Buffer – Using the “Edge Buffer” data structureof
BuchananandSousa[Buchananand Sousa2000] to iterate
over facetsinsteadof edges.

3. Probabilistic– An edgetracingmethodwherea �nite num-
ber of “seed” edgesarechosenof reachviewpoint basedon
a measureof the likelihoodthat the“seed”edgesaresilhou-
ettes[Markosianetal. 1997].

4. GaussMapArc Hierarchy– Theanglesof arcsbetweenfront
andbackfacingpolygonsarestoredin atreestructure[Gooch
etal. 1999;BenichouandElber1999].

5. NormalConeHierarchy– Polygonnormalsaregroupedinto
conesandtheseconesarestoredin a treestructure[Sander
et al. 2000;JohnsonandCohen2001;HertzmannandZorin
2000;Popetal. 2001].
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At a point on a surface,s S u T vU , given E S u T vU as the eye vector
andN S u T vU asthe surfacenormal,a silhouettepoint is de�ned as
thepoint on thesurfacewhereE S u T vUWV N S u T vU = 0, or that thean-
gle betweenE S u T vU and N S u T vU is 90 degrees. This relationship
is demonstratedin Figure2. This de�nition includesinternalsil-
houettesaswell asthe object's outline,or halo. It is importantto
notethat the silhouettesetof an object is view dependent,that is
theedgesof a modelthataresilhouetteschangebasedon thepoint
from which theobjectis viewed.

Additional importantfeaturelinesdoexist for threedimensional
models. Theselines include; texture boundaries,creases,andob-
ject boundaries.Theseadditionalfeaturelineshave theconvenient
propertyof being view independent,and can thereforebe com-
pletelyspeci�edprior to runtime.In thiswork we evaluateruntime
silhouetteextractionalgorithms.



Figure2: 2-D silhouetteexamplefor a smoothsurface.
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Thesilhouettesetfor apolygonalmodelis de�nedto beall edgesin
themodelwhicharesharedby bothafront-facingandaback-facing
polygon,asillustratedin Figure3.

For uniformity throughoutthis work we assumethat polygon
normalspoint outward from surfaces.This assumptionyields the
following:

if N V E b 0 thenthepolygonis front-facing

if N V E c 0 thenthepolygonis back-facing

if N V E d 0 thenthepolygonis perpendicularto theview di-
rection
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In order to make a fair comparisonof the variousalgorithimsat
runtimewe built a testsuiteusingmultiple tesselationsof anmod-
i�ed spheremodelasshown in Figure9. This modelwaschosen
because;it hasa high silhouettecomplexity, it containsinterior sil-
houettesfor every veiw angle,andcontaininsregionswith similar
normalswhicharenotspacialycloseto eachother, theseproperties
make this modela worst casefor all of the evaluatedalgorithims.
Thesepropertiesmake this modela worst casefor all of the eval-
uatedalgorithims. The observed runtime speedwe report is the
averagenumberof framespersecondfor 1080frameswhichrepre-
senttraversingthemodelalongcircularpathsaroundtheX, Y, and
Z axies.

We implemented� ve object spacesilhouettealgorithmsusing
C++ and the StandardTemplateLibrary (STL). Each silhouette
methodconsistsof a pre-processroutine which is executedonly
onceper model, and a runtime routine which is executedevery
time a frameis rendered.For the measureof theoreticalruntime
complexity we treat silhouetteextraction and renderingasseper-
ateprocessesandreportonly on extraction. Theobserved runtime
speedwe reportis calculatedby dividing 1080framesby thenum-
ber so secondsneededto renderthoseframes. The 1080 frames
representtraversingthe modelalongcircular pathsaroundthe X,
Y, and Z axies respectively. The runtime testswere performed
on an AMD Athlon 1.4Ghzmachinewith 512MB of RAM anda
GeForce3(not TI) grachicscard runningLinux 2.4.18. For each
methodwe present:

1. TheoreticalComplexity – We report the theoreticalruntime
complexity of thealgorithmsbasedon analysisof our imple-
mentation.

2. ObservedRuntimeSpeed– We reportthe framespersecond
ona 69,473polygonmodelof the“StanfordBunny”.

3. CodeComplexity – Wereporttwo measuresof codecomplex-
ity, theamountof timeneededfor anadvancedundergraduate
studentto write anddebug thecode,andthenumberof lines
of codein boththepre-processandtheruntimeroutine.

4. Pre-ProcessSpeed– Theamountof timethepre-processruns.

5. Memory Usage– We reportmemoryusageof the algorithm
ona 69,473polygonmodelof the“StanfordBunny”.
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Method

The brute force methodof silhouetteextraction involves testing
eachedgein thepolygonalmeshsequentiallyto verify whetheror
not it is asilhouette.

Pre-Process

We createa datastructurewhich holds the informationaboutan
edgeandcontainspointersto thenormalvectorsof bothpolygons
associatedwith thatedge.We thencreateanedgelist usinga static
arrayof theseedgedatastructures.

Runtime

At runtime, for every frame, we traverse the edge list, testing
whethereachedgestwo adjacentpolygonsarefront-facingor back-
facingwith respectto thecurrenteyepoint. If onepolygonis front-
facingandtheotherback-facing,theedgeis thenrendered.

Resultsand Observations

Thebrute-forcesilhouettemethod's runtimecomplexity scaleslin-
early with the numberof edges.Becauseof the simplicity of the
bruteforcemethod,it is easyto implementusinga singleiterative
loop, thuseliminatingany functioncall overhead.

TheoreticalComplexity – Linear complexity basedon the
numberof edges.

ObservedRuntimeSpeed– 11FPS.

CodeComplexity – Onehundredlinesof code,written in six
hours

Pre-ProcessSpeed– The pre-processruns in less than one
second.

MemoryUsage– 35 megabytesof memoryused.
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Figure3: 2-D silhouetteexamplefor apolygonalsurface.

Method

Thesecondsilhouettealgorithmwe testis the“edgebuffer” intro-
ducedbyBuchananandSousa[BuchananandSousa2000]. Instead
of iteratingover eachedgeandtestingbothadjacentpolygonnor-
mals for front/backfacing, the EdgeBuffer methoditeratesover
thepolygons.Dueto thefactthatthenumberof polygonsis always
lower thanthenumberof edges,theedgebuffer methodshouldrun
fasterthanbruteforce.

Pre-Process

We createan edgelist similar to datastructureusedin the brute
force method,with the additionof a front facing �ag anda back
facing�ag for eachedge. The front facingandbackfacing�ags
for eachedgeare initialized to 0. In additionwe createpolygon
list which is composedof a staticarrayof polygondatastructures.
Eachpolygonentrycontainsa pointerto eachedgesharedby that
polygon.

Runtime

For eachpolygon in the polygon list, we test to seewhetherthe
polygon is front-facing. If the polygon is front facing, we XOR
a 1 with the front facing �ag for eachedgesharedby that poly-
gon. Likewise,if thepolygonis backfacing,we XOR a 1 with the
backfacing�ag for eachedgesharedby thatpolygon.Uponcom-
pletion,eachedgethatsharesexactlyonefront-facingpolygonand
oneback-facingpolygonwill haveboth�ags set.Finally, weiterate
throughtheedgelist anddraw theedgesthathave both their �ags
set.Wealsoresetbothof the�ags for all theedgesto 0.

Resultsand Observations

In practiceour implementationof the edgebuffer algorithmactu-
ally runsslightly slower thanbruteforce.Althoughtheedgebuffer
methodis lesscomplex thanbruteforce in termsof �oating point
operations,theedgebuffer hasa higheroverheadcostbecausethe
XOR operationsarebeingperformedin additionthe dot products
computedto testwhetherpolygonsarefront or backfacing.

As outlinedin theedgebuffer paper[BuchananandSousa2000],
it is necessaryto do a large numberof edgetablelookupsat run-
time. We createdthe polygonlist during the pre-processstageto
eliminateall tablelookupsduringruntime. Without this optimiza-
tion, theedgebuffer runsmuchslower thanbruteforce. Theedge
buffer's runtimeroutine is implementedusinga single loop, thus
eliminatingfunctioncall overhead.

TheoreticalComplexity – Linear complexity basedon the
numberof polygons.

ObservedRuntimeSpeed– 9 FPS.

Figure4: a) Thesmalldihedralanglecorrespondsto a small view
areawhereedgeV is not a silhouette.b) The largedihedralangle
correspondsto a largeview areawhereedgeV is not a silhouette.
Thusanedgewith asmallerdihedralanglehasahigherprobability
of beinga silhouetteedge.

CodeComplexity – Threehundredlines of code,written in
eighthours

Pre-ProcessSpeed– The pre-processruns in less than one
second.

MemoryUsage– 18 megabytesof memoryused.
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Method

Markosianet al. [Markosianet al. 1997]presenta probabilisticsil-
houette�nding algorithm. A small numberof edgesare chosen
basedon theprobability that they aresilhouetteedges,thentested
to seeif they aresilhouetteedges.Edgeswith higherdihedralan-
gleshave a higherprobabilityof beingsilhouettesasshown in Fig-
ure 4.3. When a silhouetteedgeis found, its adjacentedgesare
testedto seeif any of theseedgesis alsoa silhouetteedge.

Pre-Process

We computethe dihedralangleof eachedgein a model,sort the
edgesby their dihedralangle,andplacethe sortededgesinto an
edgelist datastructure.We all this list thedihedralanglelist. This
sortis preformedbecausetheprobibility thataedgeisasilhouetteis

S thetâ pi U wheretheta is thedihedralanglebetweentheedgestwo
adjacentpolygons[?]. At runtimewhenwe chooserandomedges
to testassilhouetteswe weighttherandomsearchto look at edges
with ahighprobibility of beingsilhouettes.Thedatastructureused
for individual edgesis modi�ed from thebruteforcedatastructure
with theadditionof pointersto all adjacentedges.



Runtime

A collectionof edgesis chosenandtestedto seeif they aresilhou-
etteedges. We �rst test the silhouetteedgesfrom the previously
renderedframe. Next, a numberof randomlychosenedgesfrom
thedihedralanglelist aretestedto determineif they aresilhouette
edges.Eachedgethatis foundto beasilhouetteedgefor thecurrent
viewpoint is then“traced”.

If theedgeis a silhouette,we tracethroughtheedgeadjacency
pointersin thedihedralanglelist to checkif any adjacentedgesare
silhouetteedges.Adjacentedgesarerecursively testeduntil there
arenoadjacentsilhouetteedges.In orderto avoid testingsilhouette
edgesthat have alreadybeenfound a referenceto eachsilhouette
edgeis hashedinto a table. Every time a new silhouetteedgeis
foundit is checkedfor inclusionin thishashtable.

Resultsand Observations

We observeda marginal speedupover thebruteforcealgorithmat
thecostof missingsomesilhouetteedges.During runtime,missed
edgescausethe model to shimmer. For goodvisual performance
thenumberof randomedgeschosenat eachtime stepmustbepro-
portionalto thetotal numberof edges.For this reasontheruntime
complexity seemsto beproportionalto the total numberof edges.
Wealsonoticedthattherandomnatureof thealgorithmcausedit to
scalepoorly to largemodelsdueto problemswith cachecoherence.

TheoreticalComplexity – Linear complexity basedon the
numberof silhouetteedges.

ObservedRuntimeSpeed– 23 FPS.

CodeComplexity – Four hundredlines of code,written in
sixteenhours

Pre-ProcessSpeed– The pre-processruns in lessthan one
second.

MemoryUsage– 48 megabytesof memoryused.
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Method

A modi�ed Gaussmapcanbeusedto calculatethesilhouetteedges
of a polygonal model [Gooch et al. 1999; Benichouand Elber
1999]. The model is placedat the origin of a boundingsphere
(Gaussmap) and eachedgeof the model mapsto an arc on the
sphere.Silhouetteedgesareextractedfrom theGaussmapby in-
tersectingthe Gaussmapwith a plane. The intersectingplaneis
de�ned by the point at the origin of the boundingsphereandthe
viewing vector. The arcson the Gaussmapwhich areintersected
by the planecorrespondto silhouetteedgesin the original model.
SincetheGaussmaponly takesinto considerationtheviewing di-
rection,andnot theviewing distance,it will not work for perspec-
tive. A 2D Gaussmapexampleis shown in Figure5.

Pre-Process

We begin by mappingthemodeledgesonto theGaussmap. Each
edgein the model hastwo ajacentfacets,F1 andF2 which have
normalsN1 andN2. Model edgesaremappedto theGausssurface
by placingN1 andN2 at theorigin of theGaussMapandsweeping

Figure5: 2D GaussMap Example.During a pre-process,theedge
V1 mapsto anarcon theGaussMap. At runtime,a line perpendic-
ular to theeye point andwhich passesthroughtheorigin is usedto
intersectthe GaussMap. If the line intersectsthe arc de�ned for
V1, thenV1 is a silhouettepoint. In this exampleV1 is a silhouette
asseenfrom theeyepointE2.

N1 acrosstheGausssurfaceto N2. For a Gausssphere,N1 andN2
sweepoutanarcon thesurfaceof thesphere.

To think of thismathematically, take avectorV perpendicularto
bothN1 andN2, anda point Pat theorigin of theGaussMap. The
vectorV andpoint P de�ne a surfaceS which intersectstheGauss
Map. A subsetof the plane/surfaceintersectionwhich spansthe
edgedihedralanglede�nesthearc.

In ourimplementationwerepresenttheGaussmapasabounding
cube. With the Gaussmaprepresentedasa cube,the Gaussmap
arcsbecomestraightlineson oneor moreof thecubefaces.Each
faceof ourcubeis dividedinto a20by 20grid of buckets,andeach
edgemapsto severalof thesebuckets,seeFigure6. After all edges
havebeenmappedeachbucketcontainsalist of zeroor moreedges.

Runtime

To extract thesetof silhouetteedgesfor a givenviewing direction
aplaneis usedto intersecttheGaussmap.Theintersectingplaneis
de�ned by a point P at theorigin of theGaussmapanda vectorV
which is theviewing direction.SinceourGaussmapis represented
asa grid of buckets,the intersectingplanecorrespondsto a list of
bucketsintersectedin theGaussmap.Eachbucket containsa pos-
sibly emptylist of edgeswhich aresilhouetteedgesfor thecurrent
viewing direction.

Resultsand Observations

This algorithm is simple to implementwhenthe Gausssphereis
approximatedby a cube.However, thedatastructuresusedin this
algorithim canbecomelarge dependingon the bucket resolution,
andthis techniqueworksonly for orthogonalprojection.However,
theGaussMap methodis idealwhensuf�cient quantitiesof mem-
ory areavailable.

TheoreticalComplexity – Constantcomplexity basedon the
numberof binsin theGaussmap.



Figure6: 2D Exampleof our GaussMap implementation.Create
a containingcube.For eachtrianglein mesh(a) intersectpolygon
normalwith cube(b) draw apointoncuberepresentingpolygon(c)
connectadjacentpolygons,or points,with a line.

ObservedSpeed– 315FPS.

CodeComplexity – One thousandlines of code,written in
sixty hours

Pre-ProcessSpeed– The pre-processruns in lessthan one
second.

MemoryUsage– 166megabytesof memoryused.

Note: This methodwill only work for orthographicprojec-
tion.
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Method

Thereareseveralsilhouetteextractionmethodsbasedonhierarchal
culling. Hertzmannet al.usedualsurfaceintersections[Hertzmann
and Zorin 2000]. Pop et al. usea wedgehierarchy[Pop et al.
2001]. Sanderet al. introducethe ideaof usingtwo open-ended
normal conesto computewhetheror not an edgeis a silhouette
edge[Sanderetal. 2000].

Eachof thesealgorithmsrequiresdescendinga hierarchaldata
structureat runtime. We chooseto implementthe normal cone
methodof Sanderet. al dueto the fact that their methodrequires
only a singledot to becomputedat eachlevel of decent.Theother
two methodsaremorecomplex runtimecalculations,resultingin
slowerrun-times.Themethodsof Hertzmannetal. [Popetal.2001]
andPopet al. [Popet al. 2001] requiremorecomplex calculation
becausetheir methodsinterpolatebetweenedgesto �nd the exact
zerocrossingof thesilhouettes.

Sanderet al. [Sanderet al. 2000] createa hierarchyof normal
conesduring a pre-process,which canbe usedat runtimeto cull
largenumbersof edgeswhicharenotsilhouettes.Any coneswhich
intersectthe currenteye vectorarediscardedasnot beingsilhou-
etteedges. Conesthat do not intersectthe eye vectorhave to be

Figure7: A dolphinmodelin whichaconeis associatedwith some
of thepolygonedges.(a)view from whichmarkedpolygonsarenot
silhouettes(b) view from whichmarkedpolygonsmustbetested

analyzed.(SeeFigure2.) Theconesareorganizedin a hierarchi-
cal searchtree. If thepolygonsin a nodecanbedeterminedto be
all front-facingor all back-facing,thenodecanbediscardedasnot
containingsilhouettes.

Pre-Process

Wecreateaconehierarchycontainingall edges.Sandersalgorithm
usesweighting functionsbasedon linear programmingto deter-
minewhich conescanbecombinedwhenforming thesearchtree.
Theseweightingfunctionsarecomputationallyexpensiveandcause
thepre-processalgorithmto take anywherefrom 30 minutesto 24
hoursto loada polygonalmodel. Insteadof usingweightingfunc-
tions,weimplementedasortanddivideroutinebasedontheobser-
vation that coneswhoseedgeshave similar dihedralangles,have
similar normals,andarespatiallyclosetogethercombineto form
goodcones.An exampleof a conehierarchyis shown in Figure8.

First,wedivide theedgesinto groupsbasedontheirdihedralan-
gles. Next, we divide the unit sphereinto eight regionsandbuild
normalconesfor eachof theseregions.Eachdihedralanglegroup
is now sortedby normalto form thenext level of thehierarchy. We
next sorteachof thenormalconeswith respectto spatialproximity
to build the next level. We recursively continuethe conenormal
andspatialproximity sortprocessuntil eachconecontainsa single
edge.A moredetailedreportingof this process,alongwith analy-
sisof pre-processtiming andruntimeevaluationis currentlyunder
submission[Hartneret al. 2002].

Runtime

During runtime,we traversethe conehierarchyand testconesto
�nd if they includethe currenteye vector. This testcanbe done
with two dotproducts:

Theeyevectoris insidetheconeif
S eyePoint ” coneOrigin U dot S scaledConeNormalU•cZd 0

and S–S eyePoint ” coneOrigin U dot S scaledConeNormalU–U

2
c—d

˜„˜

eyePoint ” coneOrigin
˜„˜ 2 where scaledConeNormal d

coneNormal̂ cosS coneAngleU

If aconecontainstheeyepoint,wecandiscardit andall its sub-
cones. Otherwisewe traversedown the conehierarchyuntil we
areleft with only edges.Eachedgethat is not culled at this point
mustbe checked individually to determinewhetheror not it is a
silhouetteedge.



Figure8: Exampleof a conehierarchybuilt from conesthathave
similardihedralangles,havesimilarconenormals,andarespatially
closeto eachother.

Resultsand Observations

Weobservelogarithmicruntimespeedfor silhouetteextraction.Be-
causewe constructour conehierarchyusinga top-down approach,
alternatinggroupingnormalsby angleandby distance,edgesbe-
comeclosertogetherboth in termsof edgenormalandspatiallo-
cality ateachlevel of thehierarchy.

TheoreticalComplexity – Logarithmiccomplexity basedon
thenumberof edges.

ObservedSpeed– 58 FPS.

CodeComplexity – Threethousandlines of code (with li-
braries),written in two hundredhours.

Pre-ProcessSpeed– Thepre-processrunsin lessthantensec-
onds.

MemoryUsage– 36 megabytesof memoryused.
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We found that for small models,under10,000polygonsfor our
hardware,bruteforcesilhouetteextractionis easyto implementand
runsnearlyasfastmuchmorecomplex methods.For morecom-
plex modelsit maybeworth thetime implementingmorecomplex
methods.If orthographicis all thatis needed,thenGaussMapsare
easiestto implementandalsovery fast.For largemodelswith per-
spective,methodsbasedoff of heirarchicalculling maybeworth it,
but aregenerallydif�cult to program.

We found that silouetteextraction methodsare more sensitive
to size than to complexity in the polygonalmodels. In all of the
testswe performedmodelsizedominatedtheruntimespeedof the
algorithims.Whentestedthealgorithimson thecomplexity based
testsuiteof KettnerandWelzl [KettnerandWelzl 1997]we found
no signi�cant differencein theruntimeof thealgorithimson mod-
els of differing complexity but with similar polygoncounts. This

Polygons Edges SilhouetteEdges
1000 1425 290
2500 3627 530
5000 7260 860
10000 14742 1300
20000 129700 2000
40000 59436 2850
60000 89388 3300
80000 119340 4200
100000 148941 4600

Table1: An overveiwof the polygoncount, the numberof edges,
and the average numberof silhouetteedges in the ”astroid test
suite” models.The”silhouetteedge” numberwascalculatedbyav-
erageing the numberof silhouettesfrom100 randorespectivelythe
model.

Figure9: Wetesttheruntimespeedof thesilhouettemethodsusing
varioustesselationsof an irregularspheremodel. This modelwas
chosenbecause;it hasa high silhouettecomplexity, it containsin-
terior silhouettesfor every veiw angle,andcontaininsregionswith
similar normalswhich arenot spacialycloseto eachother, these
propertiesmake this modela worstcasefor all of theevaluatedal-
gorithims.

may be due to the fact that all of the modelsin the Kettnerand
Welzl testsuitehave lessthan15,000polygons. The complexity
basedmodeltestsuiteis availableonlineat: www.cs.unc.edu/ket-
tner/proj/obj3d/index.html

Thealgorithmsreviewedin this paperrepresentthecurrentbest
in the �eld. However, an ideal silhouetteextractionalgorithmhas
yet to befound. Somedesirablecharacteristicsfor anidealsilhou-
ettealgorithmaregivenbelow.

Theability to handlenon-closedmodelsandmultipleobjects.

Theability to performvisability culling on the extractedsil-
houetteset.

Theability to performocclusionclippingon theextractedsil-
houetteset.

Theability to simpli�y coincidentsilhouetteedges,i.e. edges
whichoverlapor occludeeachotherwhenprojectedto screen
space.

A constanttime algorithmwhich handlesperspective projec-
tion andscaleswell to largemodels.



Polys BruteF. EdgeB. Probabilistic G. Map N. Cone
1000 326 320 336 340 348
2500 325 315 332 335 345
5000 194 129 185 330 335
10k 92 64 103 330 210
20k 45 32 57 330 129
40k 19 16 34 330 82
60k 13 11 24 315 62
80k 10 8 10 310 51
100k 7 6 7 310 42

Table2: This tableshowsthe the framerateof the algorithimsfor
silhouetteextractionandrendering.

Polys BruteF. EdgeB. Probabilistic G. Map N. Cone
1000 3400 1790 1250 60000 4600
2500 500 376 430 25000 880
5000 220 135 195 19000 422
10k 94 67 106 13800 240
20k 45 33 59 8900 142
40k 19 17 36 6300 88
60k 13 11 25 3900 66
80k 10 8 10 3700 54
100k 7 6 7 2900 44

Table3: An overveiwof the framerate of the algorithimsfor only
silhouetteextraction. We showthesenumbers becausesilhouette
algorithimscanbeusedin hapticapplicaitons,for example, without
theneedto renderthesilhouetteedges.

Polys BruteF. EdgeB. Probabilistic G. Map N. Cone
1000 5.8 5.4 6.1 15 5.8
2500 6.4 5.7 7 29 6.4
5000 7.6 6.2 8. 48 7.4
10k 9.7 7.2 11 62 9.6
20k 14 9.1 18 103 14
40k 23 13 30 133 24
60k 32 17 42 160 32
80k 40 20 55 190 40
100k 49 24 68 219 49

Table4: An overveiwof thememoryrequiernments,in megabytes,
of thealgorithimsfor silhouetteextractionandrendering.
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