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In computelgraphicssilhouetteextractionandrenderincghasacen-
tral role in a growing numberof applications. This paperexam-
ines veobjectspacssilhouetteextractionalgorithmsfor polygonal
models.Thealgorithmsarecomparedn termsof codecomplity,
necessargystemresourcesandrun time performancen avariety
of polygonalmodels. The goal of this paperis to becomean in-
formative sourcefor programmersnakinga choicebetweeroneof
these ve algorithms.

Note: The computercodegeneratedor this projectis available
onlineat: http://cs.utah.edu/"hartner

Silhouettedravings are a simple form of line art usedin car
toons, technicalillustrations, architecturaldesignand medical at-
lases[Hertzmannand Zorin 2000]. The silhouettecurves of a
polygonal model are useful in realistic rendering,in interactve
techniguesandin non-photorealisticendering(NPR).

In realisticrenderingsilhouettesanbe usedfor modelsimpli -
caitonandfor shadw calculation. Sanderet al. demonstrate¢hat
complex modelscanberenderedatinteractie ratesby clippingthe
polygonsof acoarsegeometricapproximatiorof amodelalongthe
silhouetteof the original model[Sanderet al. 2000]. Hertzmann
and Zorin have shavn that silhouettescan be usedas an ef cient
meansto calculateshadav volumes[Hertzmannand Zorin 2000].
Hainesdemonstrateanalgorithmusingsilhouettedor rapidly ren-
deringsoftshadws on a plane[Haines2001].

In interactive renderingsilhouettesreusedfor hapticrendering.
Johnsonand Cohenshaw that haptic renderingcan be facilitated
usingsilhouetteinformation[JohnsorandCohen2001]. Someau-
thors, [Jenseret al. 2002; Chunget al. 1998] have describedhe
useof silhouettesn CAD/CAM applications. Systemshave also
beenbuilt which usesilhouettego aidin modelingandmotioncap-
turetasks[Fuaetal. 1999;Leeetal. 2000;Bottino andLaurentini
2001].

In NPR, complex modelsandscenesreoften renderedasline
drawings using silhouettecurves. Lake et al. presentinterac-
tive methodsto emulatecartoonsand pencil sketching[Lake et al.
2000]. Goochetal. built a systemto interactively displaytechni-
cal drawings [Goochet al. 1999]. Rheingansand Ebertand Lum
andMa have built a NPR volumevisualizationsystemsawhich use
silhouettego emphasizéey datain volumerenderinggRheingans
andEbert2001;Lum andMa 2002].

Thessilhouettesetof a polygonalmodelcaneitherbe computed
in objectspaceor in screerspace Objectspacealgorithmsinvolve
computationsn threedimensionsand producea list of silhouette
edgesfor a given viewpoint. Screenspacealgorithmsusuallyin-
volve imageprocessingechniquesandareusefulif renderingsil-
houetteds the only goal. This paperexamines ve software-based
objectspacealgorithmsin termsof runtimespeedcodecomplity,
pre-processiming andcompleity, scalability andmemoryusage.
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Figure 1: A polygonalspaceshuttle renderedboth without, and
with silhouettdines.

1. BruteForce- Iteratethrougheachedgein a polygonalmodel
andtestwhethereachedgeis a silhouetteedge.

2. Edge Buffer — Using the “Edge Buffer” data structureof
Buchananand Sousa[Buchananand Sousa2000] to iterate
over facetsnsteadof edges.

3. Probabilistic— An edgetracingmethodwherea nite num-
ber of “seed” edgesare chosenof reachviewpoint basedon
ameasuref thellikelihoodthatthe “seed” edgesaresilhou-
ettes[Markosianetal. 1997].

4. GaussMap Arc Hierarchy— Theanglesof arcsbetweerfront
andbackfacingpolygonsarestoredin atreestructur§Gooch
etal. 1999;BenichouandElber1999].

5. Normal ConeHierarchy— Polygonnormalsare groupedinto
conesandtheseconesare storedin a tree structure[Sander
etal. 2000; Johnsorand Cohen2001; Hertzmannand Zorin
2000;Popetal. 2001].

At a point on a surface,s u v, given E uv asthe eye vector
andN u v asthe surfacenormal,a silhouettepoint is de ned as
the point on the surfacewhereE uv N u v =0, or thatthean-
gle betweenE uv andN u v is 90 dggrees. This relationship
is demonstratedh Figure2. This de nition includesinternal sil-
houettesaswell asthe objects outline, or halo. It is importantto
notethat the silhouettesetof an objectis view dependentthatis
theedgesf amodelthataresilhouettexhangebasedon the point
from which the objectis viewed.

Additionalimportantfeaturelinesdo exist for threedimensional
models. Theselines include; texture boundariescreasesand ob-
jectboundariesTheseadditionalfeaturelines have the convenient
property of being view independentand can thereforebe com-
pletelyspeci ed prior to runtime.In this work we evaluateruntime
silhouetteextractionalgorithms.



Figure2: 2-D silhouetteexamplefor asmoothsurface.

Thesilhouettesetfor apolygonalmodelis de nedto beall edgesn
themodelwhicharesharedy bothafront-facingandaback-fcing
polygon,asillustratedin Figure3.

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

if N E 0thenthepolygonis front-facing
if N E 0thenthepolygonis back-ficing

if N E 0 thenthepolygonis perpendiculato theview di-
rection

In orderto make a fair comparisonof the variousalgorithimsat
runtimewe built atestsuiteusingmultiple tesselation®f anmod-
ied spheremodelasshavn in Figure9. This modelwaschosen
becauseit hasahigh silhouettecomplity, it containsinterior sil-
houettedor every veiw angle,and containinsregionswith similar
normalswhich arenot spacialycloseto eachother theseproperties
malke this modela worst casefor all of the evaluatedalgorithims.
Thesepropertiesmake this modela worst casefor all of the eval-
uatedalgorithims. The obsenred runtime speedwe reportis the
averagenumberof framespersecondor 1080frameswhich repre-
senttraversingthe modelalongcircular pathsaroundthe X, Y, and
Z axies.

We implemented ve object spacesilhouettealgorithmsusing
C++ and the StandardTemplateLibrary (STL). Each silhouette
methodconsistsof a pre-processoutine which is executedonly
once per model, and a runtime routine which is executedevery
time a frameis rendered. For the measureof theoreticalruntime
compleity we treat silhouetteextraction and renderingas seper
ateprocesseandreportonly on extraction. The obsered runtime
speedwe reportis calculatedoy dividing 1080framesby the num-
ber so secondseededo renderthoseframes. The 1080 frames
representraversingthe modelalongcircular pathsaroundthe X,
Y, and Z axiesrespectiely. The runtime testswere performed
onan AMD Athlon 1.4Ghzmachinewith 512MB of RAM anda
GeForce3(not TI) grachicscard running Linux 2.4.18. For each
methodwe present:

1. TheoreticalCompleity — We reportthe theoreticalruntime
compleity of the algorithmsbasedon analysisof ourimple-
mentation.

2. Obsered RuntimeSpeed- We reportthe framesper second
ona69,473polygonmodelof the“StanfordBunry”.

3. CodeCompl&ity —Wereporttwo measuresf codecomple-
ity, theamountof time neededor anadwvancedundegraduate
studentto write anddehug the code,andthe numberof lines
of codein boththepre-procesandtheruntimeroutine.

4. Pre-ProcesSpeed- Theamountof timethepre-processuns.

5. Memory Usage— We reportmemoryusageof the algorithm
ona69,473polygonmodelof the“StanfordBunry”.

Method

The brute force methodof silhouetteextraction involves testing
eachedgein the polygonalmeshsequentiallyto verify whetheror
notit is asilhouette.

Pre-Process

We createa datastructurewhich holds the information aboutan
edgeandcontainspointersto the normalvectorsof both polygons
associateavith thatedge.We thencreateanedgelist usinga static
arrayof theseedgedatastructures.

Runtime

At runtime, for every frame, we traversethe edgelist, testing
whethereachedgedwo adjacenpolygonsarefront-facingor back-
facingwith respecto thecurrenteye point. If onepolygonis front-
facingandthe otherback-fcing,the edgeis thenrendered.

Resultsand Observations
The brute-forcesilhouettemethods runtimecompleity scaledin-
early with the numberof edges. Becauseof the simplicity of the

bruteforce method,it is easyto implementusinga singleiterative
loop, thuseliminatingary functioncall overhead.

Theoretical Compleity — Linear compleity basedon the
numberof edges.

ObseredRuntimeSpeed- 11 FPS.

CodeCompleity — Onehundredinesof code,writtenin six
hours

Pre-Proces$peed- The pre-processunsin lessthanone
second.

MemoryUsage- 35 megabytesof memoryused.
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Figure3: 2-D silhouetteexamplefor a polygonalsurface.

Method

The secondsilhouettealgorithmwe testis the “edgebuffer” intro-
ducedby BuchanarandSousgBuchanarandSous&000]. Instead
of iteratingover eachedgeandtestingboth adjacentpolygonnor
malsfor front/backfacing, the Edge Buffer methoditeratesover
thepolygons.Dueto thefactthatthenumberof polygonsis always
lowerthanthenumberof edgesthe edgebuffer 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 eachedgeareinitialized to 0. In additionwe createpolygon

list which is composedf a staticarrayof polygondatastructures.

Eachpolygonentry containsa pointerto eachedgesharedoy that
polygon.

Runtime

For eachpolygonin the polygonlist, we testto seewhetherthe
polygonis front-facing. If the polygonis front facing, we XOR
a 1 with the front facing ag for eachedgesharedby that poly-
gon. Likewise, if the polygonis backfacing,we XOR a1 with the
backfacing ag for eachedgesharecby thatpolygon. Uponcom-
pletion,eachedgethatsharesxactly onefront-facingpolygonand
oneback-ficingpolygonwill have both ags set.Finally, weiterate
throughthe edgelist anddraw the edgesthat have both their ags
set.We alsoresetbothof the ags for all theedgeso 0.

Resultsand Observations

In practiceour implementatiorof the edgebuffer algorithmactu-
ally runsslightly slower thanbruteforce. Althoughthe edgebuffer
methodis lesscomple thanbruteforce in termsof oating point
operationsthe edgebuffer hasa higheroverheadcostbecausg¢he
XOR operationsare being performedin additionthe dot products
computedo testwhetherpolygonsarefront or backfacing.

As outlinedin theedgebuffer papelfBuchanarandSous000],
it is necessaryo do a large numberof edgetablelookupsat run-
time. We createdthe polygonlist during the pre-processtageto
eliminateall tablelookupsduring runtime. Without this optimiza-
tion, the edgebuffer runsmuchslower thanbruteforce. The edge
buffer's runtime routine is implementedusing a single loop, thus
eliminatingfunctioncall overhead.

Theoretical Compleity — Linear compl«ity basedon the
numberof polygons.

Obsered RuntimeSpeed-9 FPS.

N1

/?

V is not a silhouette

N2

/7

V is not a silhouette

Figure4: a) The smalldihedralanglecorrespondso a small view

areawhereedgeV is not a silhouette.b) Thelarge dihedralangle
correspondso a large view areawhereedgeV is nota silhouette.
Thusanedgewith asmallerdihedralanglehasa higherprobability
of beingasilhouetteedge.

CodeCompl&ity — Threehundredlines of code,written in
eighthours

Pre-Proces$peed- The pre-processunsin lessthanone
second.

MemoryUsage- 18 megabytesof memoryused.

Method

Markosianet al. [Markosianetal. 1997]presenta probabilisticsil-

houette nding algorithm. A small numberof edgesare chosen
basedon the probability thatthey aresilhouetteedgesthentested
to seeif they aresilhouetteedges.Edgeswith higherdihedralan-

gleshave a higherprobability of beingsilhouettesasshavn in Fig-

ure 4.3. When a silhouetteedgeis found, its adjacentedgesare
testedto seeif ary of theseedgesds alsoasilhouetteedge.

Pre-Process

We computethe dihedralangleof eachedgein a model, sortthe

edgesby their dihedralangle,and placethe sortededgesinto an

edgelist datastructure We all this list thedihedralanglelist. This
sortis preformedbecauséheprobibility thataedgeis asilhouettds

theta pi wheretheais thedihedralanglebetweertheedgeswo

adjacenfpolygons[?]. At runtimewhenwe chooserandomedges
to testassilhouettesve weightthe randomsearchto look atedges
with a high probibility of beingsilhouettesThedatastructureused
for individual edgesis modi ed from the bruteforce datastructure
with theadditionof pointersto all adjacenedges.



Runtime

A collectionof edgess choserandtestedto seeif they aresilhou-
etteedges. We rst testthe silhouetteedgesfrom the previously
renderedrame. Next, a numberof randomlychosenedgesfrom
the dihedralanglelist aretestedto determineif they aresilhouette
edgesEachedgethatis foundto beasilhouetteedgefor thecurrent
viewpointis then“traced”.

If the edgeis a silhouette we tracethroughthe edgeadjacenyg
pointersin thedihedralanglelist to checkif ary adjacenedgesare
silhouetteedges.Adjacentedgesarerecursvely testeduntil there
areno adjacensilhouetteedgesn orderto avoid testingsilhouette
edgesthat have alreadybeenfound a referenceo eachsilhouette
edgeis hashednto atable. Every time a new silhouetteedgeis
foundit is checledfor inclusionin this hashtable.

Resultsand Observations

We obsered a maginal speeduppver the bruteforce algorithmat
the costof missingsomesilhouetteedges.During runtime,missed
edgescausethe modelto shimmer For goodvisual performance
thenumberof randomedgeschoserat eachtime stepmustbe pro-
portionalto thetotal numberof edges.For this reasorthe runtime
compleity seemgo be proportionalto the total numberof edges.
We alsonoticedthattherandomnatureof thealgorithmcausedt to
scalepoorlyto largemodelsdueto problemswith cachecoherence.

Theoretical Compleity — Linear compl«ity basedon the
numberof silhouetteedges.

ObseredRuntimeSpeed- 23 FPS.

Code Compleity — Four hundredlines of code, written in
sixteenhours

Pre-Proces$peed- The pre-processunsin lessthanone
second.

MemoryUsage- 48 megabytesf memoryused.

Method

A modi ed Gaussnapcanbeusedto calculatethesilhouetteedges
of a polygonal model [Gooch et al. 1999; Benichouand Elber
1999]. The modelis placedat the origin of a boundingsphere
(Gaussmap) and eachedgeof the model mapsto an arc on the
sphere.Silhouetteedgesare extractedfrom the Gaussmapby in-
tersectingthe Gaussmap with a plane. The intersectingplaneis
de ned by the point at the origin of the boundingsphereandthe
viewing vector The arcson the Gaussmapwhich areintersected
by the planecorrespondo silhouetteedgesin the original model.
Sincethe Gaussmaponly takesinto consideratiorthe viewing di-
rection,andnot the viewing distancejt will notwork for perspec-
tive. A 2D Gausanapexampleis shavn in Figure5.

Pre-Process

We begin by mappingthe modeledgesontothe Gaussmap. Each
edgein the model hastwo ajacentfacets,F1 and F2 which have

normalsN1 andN2. Model edgesaremappedo the Gausssurface
by placingN1 andN2 attheorigin of the GausdVap andsweeping
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Figure5: 2D GaussMap Example.During a pre-processthe edge
V, mapsto anarconthe GaussMap. At runtime,aline perpendic-
ularto the eye pointandwhich passeshroughtheorigin is usedto
intersectthe GaussMap. If the line intersectghe arc de ned for
V;, thenV; is a silhouettepoint. In this exampleV, is a silhouette
asseenfrom theeye point E,.

N1 acrosghe Gausssurfaceto N2. For a GausssphereN1 andN2
sweepoutanarcon thesurfaceof thesphere.

To think of this mathematicallytake a vectorV perpendiculato
bothN1 andN2, anda point P atthe origin of the GaussMap. The
vectorV andpoint P de ne a surfaceS which intersectghe Gauss
Map. A subsetof the plane/surceintersectionwhich spansthe
edgedihedralanglede nesthearc.

In ourimplementationwerepresenthe Gaussnapasabounding
cube. With the Gaussmaprepresente@dsa cube,the Gaussmap
arcsbecomestraightlines on oneor moreof the cubefaces.Each
faceof ourcubeis dividedinto a20 by 20 grid of buckets,andeach
edgemapsto several of thesebuckets,seeFigure6. After all edges
have beermappedeachbucket containsalist of zeroor moreedges.

Runtime

To extractthe setof silhouetteedgedfor a givenviewing direction
aplaneis usedto intersecthe Gausamap. Theintersectingplaneis
de ned by a point P atthe origin of the Gaussmapanda vectorV
whichis theviewing direction. Sinceour Gausamapis represented
asagrid of buckets, the intersectingplanecorrespondso a list of
bucketsintersectedn the Gaussnap. Eachbucket containsa pos-
sibly emptylist of edgeswhich aresilhouetteedgesfor the current
viewing direction.

Resultsand Observations

This algorithmis simple to implementwhenthe Gausssphereis

approximatedy a cube. However, the datastructuresusedin this
algorithim can becomelarge dependingon the bucket resolution,
andthis techniqueworksonly for orthogonalprojection.However,

the GaussMap methodis idealwhensufcient quantitiesof mem-
ory areavailable.

TheoreticalCompl«ity — Constantcompleity basedon the
numberof binsin the Gaussmap.
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Figure6: 2D Exampleof our GaussMap implementation.Create
a containingcube. For eachtrianglein mesh(a) intersectpolygon
normalwith cube(b) drav apointon cuberepresentingolygon(c)

connectadjacenpolygons,or points,with aline.

ObsenredSpeed- 315FPS.

Code Compl«ity — One thousandines of code,written in
sixty hours

Pre-Proces$peed- The pre-processunsin lessthanone
second.

MemoryUsage- 166 megabytesof memoryused.

Note: This methodwill only work for orthographicprojec-
tion.

Method

Thereareseveralsilhouetteextractionmethodsasedn hierarchal
culling. Hertzmanret al.usedual surfaceintersectiongHertzmann
and Zorin 2000]. Popet 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 thesealgorithmsrequiresdescending hierarchaldata
structureat runtime. We chooseto implementthe normal cone
methodof Sanderet. al dueto the factthattheir methodrequires
only asingledotto be computedat eachlevel of decent.The other
two methodsare more complex runtime calculations resultingin
slowerrun-times.Themethodsf Hertzmanretal. [Popetal. 2001]
andPopetal. [Pop et al. 2001] requiremore comple calculation
becauseheir methodsinterpolatebetweenedgesto nd the exact
zerocrossingof thesilhouettes.

Sanderet al. [Sanderet al. 2000] createa hierarchyof normal
conesduring a pre-processwhich canbe usedat runtimeto cull
largenumberof edgeswhich arenot silhouettesAny coneswhich
intersectthe currenteye vectorare discardedas not being silhou-
ette edges. Conesthat do not intersectthe eye vector have to be

Figure7: A dolphinmodelin which aconeis associateavith some
of thepolygonedges(a)view from which markedpolygonsarenot
silhouettegb) view from which marked polygonsmustbetested

analyzed.(SeeFigure2.) The conesareorganizedin a hierarchi-
cal searchiree. If the polygonsin a nodecanbe determinedo be
all front-facingor all back-faicing,the nodecanbediscardedasnot
containingsilhouettes.

Pre-Process

We createa conehierarchycontainingall edges Sanderslgorithm
usesweighting functions basedon linear programmingto deter
mine which conescanbe combinedwhenforming the searchtree.
Thesaweightingfunctionsarecomputationallyexpensve andcause
the pre-processlgorithmto take anywherefrom 30 minutesto 24
hoursto load a polygonalmodel. Insteadof usingweightingfunc-
tions,weimplementeda sortanddivide routinebasedonthe obser
vation that coneswhoseedgeshave similar dihedralangles,have
similar normals,and are spatially closetogethercombineto form
goodcones. An exampleof a conehierarchyis shavn in Figure8.

First,we divide theedgesnto groupshasedntheir dihedralan-
gles. Next, we divide the unit sphereinto eight regionsand build
normalconesfor eachof theseregions. Eachdihedralanglegroup
is now sortedby normalto form the next level of the hierarchy We
next sorteachof thenormalconeswith respecto spatialproximity
to build the next level. We recursvely continuethe conenormal
andspatialproximity sortprocessuntil eachconecontainsasingle
edge.A moredetailedreportingof this processalongwith analy-
sisof pre-processiming andruntimeevaluationis currentlyunder
submissiorfHartneretal. 2002].

Runtime

During runtime, we traversethe conehierarchyandtest conesto
nd if they includethe currenteye vector This testcanbe done
with two dot products:

Theeye vectoris insidethe coneif

eyePint coneOigin dot scaledCneNormal 0
and eyePint  coneOigin dot scakdConeNormal 2
eyeRint coneOigin 2 where scaledConeNormal

coneNormal cos coneAngk

If aconecontaingheeye point,we candiscardit andall its sub-
cones. Otherwisewe traversedown the cone hierarchyuntil we
areleft with only edges.Eachedgethatis not culled at this point
mustbe checled individually to determinewhetheror notit is a
silhouetteedge.



Figure8: Exampleof a conehierarchybuilt from conesthathave
similardihedralangleshave similarconenormals andarespatially
closeto eachother

Resultsand Observations

We obsere logarithmicruntimespeedor silhouettesxtraction.Be-

causewe constructour conehierarchyusingatop-davn approach,
alternatinggroupingnormalsby angleand by distanceedgesbe-

comeclosertogetherboth in termsof edgenormalandspatiallo-

cality ateachlevel of the hierarchy

TheoreticalCompleity — Logarithmiccompleity basedon
thenumberof edges.

Obsenred Speed- 58 FPS.

Code Complity — Threethousandlines of code (with li-
braries) writtenin two hundredhours.

Pre-ProcesSpeed- Thepre-processunsin lessthantensec-
onds.

MemoryUsage- 36 megabytesf memoryused.

We found that for small models,under 10,000 polygonsfor our
hardware,bruteforcesilhouettesxtractionis easyto implementand
runsnearly asfastmuchmore complex methods. For more com-
plex modelsit maybeworth thetime implementingmorecomple
methodslf orthographids all thatis neededthenGausdMapsare
easiesto implementandalsovery fast. For large modelswith per
spectve, methoddbasedff of heirarchicakulling maybeworthit,
but aregenerallydif cult to program.

We found that silouetteextraction methodsare more sensitve
to sizethanto compleity in the polygonalmodels. In all of the
testswe performedmodelsizedominatedhe runtimespeedf the
algorithims. Whentestedthe algorithimson the compl«ity based
testsuiteof KettnerandWelzl [K ettnerandWelzl 1997]we found
no signi cant differencein the runtimeof the algorithimson mod-
els of differing compleity but with similar polygon counts. 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

Table 1: An overveiwof the polygoncount,the numberof edges,
and the average numberof silhouetteedges in the "astroid test
suite” models.The"silhouetteedge” numbemwascalculatedby av-
erageing the numberof silhouettesfrom 100 randoespectivelythe
model.

Figure9: Wetesttheruntimespeedf thesilhouettemethodsusing
varioustesselation®f anirregular spheremodel. This modelwas
choserbecauseit hasa high silhouettecomplity, it containsin-

terior silhouettedor every veiw angle,andcontaininsregionswith

similar normalswhich are not spacialycloseto eachother these
propertiesnake this modela worstcasefor all of the evaluatedal-

gorithims.

may be dueto the fact that all of the modelsin the Kettnerand
Welzl test suite have lessthan 15,000polygons. The compleity
basedmodeltestsuiteis availableonline at: www.cs.unc.eduket-
tner/proj/obj3d/inde.html

Thealgorithmsreviewedin this paperrepresenthe currentbest
in the eld. However, anideal silhouetteextractionalgorithmhas
yetto befound. Somedesirablecharacteristicgor anideal silhou-
ettealgorithmaregivenbelaw.

Theability to handlenon-closednodelsandmultiple objects.

The ability to performvisability culling on the extractedsil-
houetteset.

Theability to performocclusionclipping on the extractedsil-
houetteset.

Theability to simpliy coincidentsilhouetteedgesj.e. edges
which overlapor occludeeachotherwhenprojectedo screen
space.

A constantime algorithmwhich handlesperspectie projec-
tion andscaleawell to large models.



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: Thistable showsthe the frameate of 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

Table 3: An overveiwof the frameate of the algorithimsfor only
silhouetteextraction. e showthesenumbes becausesilhouette
algorithimscanbeusedn hapticapplicaitons for example without
theneedto renderthe silhouetteedges.

Polys BruteF. EdgeB. Probabilistic G.Map N.Cone
1000 5.8 54 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: Anoverveiwof the memoryrequiernmentsin megabytes,
of thealgorithimsfor silhouetteextractionandrendering
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