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ABSTRACT

Surfacereconstructiorfrom unoimganizedsamplepointsis anim-
portantproblemin computegraphicscomputermideddesignmed-
ical imagingandsolid modeling. Recentlya few algorithmshave
beendevelopedthathave theoreticauarante®f computingatopo-
logically correctandgeometricallyclosesurfaceundercertaincon-
dition on samplingdensity Unfortunately this samplingcondition
is notalwaysmetin practicedueto noise,non-smoothnessr sim-
ply dueto inadequatesampling.This leadsto undesirecholesand
otherartifactsin theoutputsurface.CertainCAD applicationsuch
ascreatingaprototypefrom amodelboundaryrequireawatertight
surface,i.e., no hole shouldbe allowed in the surface. In this pa-
perwe describea simplealgorithmcalledTight Coconethatworks
on an initial meshgeneratedy a popularsurfacereconstruction
algorithmand lls up all holesto outputa watertight surface. In
doing so, it doesnotintroduceary extra pointsandproducesa tri-
angulatedsurfaceinterpolatingthe input samplepoints. In support
of our methodwe presentexperimentalresultswith a numberof
dif cult datasets.

Categoriesand Subject Descriptors

1.3.5[Computer Graphics]: ComputationalzeometryandObject
Modeling; 1.4 [Image Processingand Computer Vision]: Recon-
struction,Imagdrkepresentation
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1. INTRODUCTION

The problem of approximatinga surfacein three dimensions
from its point samplesappearsn mary applicationsof scienceand
engineeringVariousformulationsof theproblemarepossiblewith
differentrequirement®n the input and output. Herewe focuson
the problemof computinga piecavise linear surfacethat approxi-
matestheoriginal surfacefrom which only a setof discretesample
pointsaregivenasinput.

Becauseof its widespreadapplication, this problemhasbeen
studiedntenselyin recentyears.A veryearlypaperontheproblem
was by Boissonna{6] who proposed sculptingof the Delaunay
triangulationfor reconstruction A morere ned sculptingstratey
was designedby Edelsbrunneand Miicke [14] in their -shape
algorithm. Bajaj, Bernardiniand Xu [4] used -shapedor recon-
structingscalar elds andthreedimensionalCAD models.The -
shapegequirea uniform samplingandan appropriatechoiceof
accordingto the samplingdensity Hoppeet. al [18] reconstructed
the surface by usingthe zerolevel setof a distancefunction de-
ned by theinput point samples CurlessandLevoy [11] extended
this distancefunction approachto multiple rangescans. The re-
constructiorguality wasfurtherimprovedby Turk andLevoy [19].
This approachproducesice resultsthoughthe reconstructedur
facemay not interpolatethe input datapointsandit requiresthe
normalinformation at the samplepointsin the input. Bernardini
et al. [5] designedthe ball-pivoting algorithmthat also requires
the normalsin the input. Gopi, KrishnanandSilva [17] proposed
to projectthe samplepoints with their neighborson a planeand
thenlift the local two dimensionalDelaunaytriangulationsto re-
constructhe surface.

The rst algorithmthathasbeenproposedvith theoreticaguar
anteesn reconstructioris dueto Amenta,Bern and Kamvysselis
[1]. This algorithm called CRuUsT exploits the structuresof the
Voronoi diagramof the input point setto reconstructhe surface.
Amenta,Choi, Dey andLeekha[2] introducedthe COCONE algo-
rithm which improved CRUST both in theoryand practice. Bois-
sonnatand Cazals[7] designedanotheralgorithm basedon nat-
ural neighborsfollowing the developmentof CRUST. Funke and
Ramosimproved the theoreticalcompleity of the CocoNE algo-
rithm [15]. RecentlyCohen-SteineandDa have designedanother
Delaunaybasedsurfacereconstructioralgorithm [10]. All these
algorithmswork nicely on densedatasets,but they facedif culty
if thedatacontainsundersamplingln mostcasegshesealgorithms
produceholesor otherartifactsin thevicinity of theundersampling.
Mary applicationssuchas CAD needwatertight surfacesso that
the surfaceboundsa solid. Amenta,ChoiandKolluri [3] devised
PowEeR CRUST to meetthis goal. However, this algorithmintro-
ducesmary extra pointsin the outputandalso doesnot produce
atriangulatedsurface. Edelsbrunnefl3] proposeda Morsetheo-



retic approacho reconstrucsurfaceswhich alsoproduceswvater

tight surfaces However, thealgorithmmaynotrecover somesmall
featuresof the surfaceeven if it is denselysampled. Along the
sameline GiesenandJohn[16] designedanotheralgorithmbased
onthe ow comple. This algorithmmay notinterpolatethe sam-
ple pointsandintroducesxtra pointsin the output.

The purposeof this paperis to announcea simple algorithm
called TIGHT COCONE that outputswatertight surfaces. The al-
gorithm rst computes preliminarysurfaceusingCocoNE which
almostcompleteghereconstructiorexceptatthevicinity of theun-
dersamplingsA subsequemnnarkingandpeelingphasecompletes
thereconstructiorby lling all holes.This phasecomputegheout-
putsurfaceastheboundaryof aunionof DelaunaytetrahedraThis
guaranteethatthesurfacecannothave ary holes.TIGHT COCONE
relieson thelocality of undersamplingWhenthis propertyis vi-
olated,the outputsurface,thoughwatertight may be improperin-
cludingbeingnon-manifoldor empty In achieving watertightness
TIGHT COCONE doesnotintroduceary extra pointsand nds tri-
anglesfrom the Delaunaytriangulationto Il upthegapsproduced
by COCONE.

2. PRELIMIN ARY RECONSTRUCTION

Theinputto ouralgorithmis a pointsetin threedimensionsWe
assumehatthis pointsethasbeensampledrom acompacsurface
S 3 thathasno boundary We usea Voronoibasedapproacho
obtainaninitial approximatiorto S from its pointsample Amenta
andBern[1] shavedthatthe Voronoicellsarelong andthin along
the directionof the normalsat eachsamplepoint if the sampleis
sufciently dense. Basedon this importantobsenration they pi-
oneeredhe surfacereconstructioralgorithm called CRUST. In a
subsequentvork, Amenta, Choi, Dey and Leekhaproposedthe
CocCoONE algorithmthatimproved CRUST bothin theoryandprac-
tice. Furtherimprovementswere carriedout by Dey and Giesen
[12] whichincludea detectionof undersamplingn theinput data.
We implementedhis modi ed CocoNE algorithmwhich we use
to obtaina preliminarysurfaceout of the input sample.We review
this algorithmbrie y below; a completedescriptioncanbe found
in[12].

2.1 De nitions

Voronoidiagramandits dual Delaunaytriangulationconstitute
the main datastructurein our algorithm. Let P bea nite setof
pointsin . The Voronoicell of p 2 P is givenasV, = fx 2

:.8g2P fpg kx pk kx gkg: ThesetsV, arecorvex
polyhedra.Closedfacessharedy two andthreeVoronoicellsare
called Voronoi facetsand Voronoi edges respectiely. The points
sharedby four or more Voronoi cells are called Voronoi vertices
TheVoronoidiagramVe of P is thecollectionof all Voronoicells,
facesgedgesandvertices.It de nesacell decompositiorof

The Delaunaytriangulation Dp of a setof points P is dual
to the Voronoi diagramof P. The convex hull of four or more
pointsin P de nes a Delaunaycell if the intersectionof the cor
responding/oronoicellsis not emptyandthereexists no superset
of pointsin P with the sameproperty Analogously the convex
hullof 1  k 3 pointsdenesa(k 1)-dimensionalDelau-
nayfaceif theintersectionof their corresponding/oronoicellsis
notempty A 0-,1-, and2-dimensionaDelaunayfaceis alsocalled
a Delaunayverte, Delaunayedge, and Delaunaytriangle respec-
tively. The collectionof Delaunaycells andtheir facesde nes a
decompositiorof the corvex hull of all pointsin P. This decom-
positionis a triangulationwherethe Delaunaycells aretetrahedra
if the pointsarein generaposition.

In our caseP is the input point sampleof a surfaceS 3.

It turnsout thatthe Voronoi cells are elongatedalongthe normals
to thesurfaceS if P is sufciently densefor S. Thisfactis used
by Amenta,Bern and Kamvysselisto estimatethe normalsat the
samplepointswith poles[1].

Poles Thefarthestoronoivertex p* in V, is calledthepositive
poleof p. Thenegative poleof p is thefarthespointp 2 V, from
p suchthatthe two vectorsfrom p to p* andp make anangle
morethan. Wecallv, = p*  p, thepolevectorfor p. If V;, is
unboundedp® is takenatin nity , andthedirectionof v, is taken
asthe averageof all directionsgiven by unbounded/oronoiedges.

Thepolevectorv, estimates,, thenormalto S atp. Therefore,
theplanepassinghroughp with thenormalasv, approximateshe
tangeniplaneatp. A conserative estimateof this planeis givenby
thickeningit aroundp. This motivatesthe following de nition of
coconewhich turnsout to be usefulfor the surfacereconstruction
[2,12].

Cocone: ThesetCp, = fy 2 Vp, @ ((Y P);Vp) %g
is calledthe coconeof p where ((y p);Vvp) denoteshe acute
anglebetweenthe supportinglines of the vectorsy  p andv,.
In words, C,, is the complemenbf a doublecone(clippedwithin
V) centerecatp with an openingangle% arounctheaxisaligned
with v. SeeFigurel for anexampleof acocone.

Figure 1: A Voronoi cell V, is elongatedalong the normal np.
The polevector p*  p approximatesn,. The coconeC, is the
regionin V, betweenthe two conesat p (right).

2.2 cocone algorithm

TheCocoNE algorithmproceedsisfollows. Eachsamplechooses
a setof trianglesfrom the Delaunaytriangulationof the sampleP
whosedual Voronoi edgesareintersectedy the coconesde ned
atthesample All suchchosertrianglesover all samplesarecalled
thecandidateriangles If thesamplingdensityis sufciently high,
thesecandidatdriangleslie closeto theoriginal surfaceS. Further
they have normalsorientednearlyin the samedirectionasthose
atits threesamplevertices[2]. A subsequentnanifold extraction
stepextractsa manifold surfaceout of this setof candidatetrian-
gles. This manifold is homeomorphiand geometricallycloseto
S. All theseclaimsaretheoreticallyproved [2].

This algorithmworks nicely whentheinput pointsetP samples
S densely However, in practicethe input often undersamplethe
surface. This undersamplingnay be causedby non-smoothness,
inadequatesamplingor noise. It is our experiencethat the algo-
rithm computesnary undesirabldrianglesnearundersamplede-
gions.Theappearancef theundesirablérianglescanbeattributed
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Figure 2: Preliminary surfacewith CoOCONE may have holes. The triangles bordering the holesare shadeddarker.

tothefactthatthesamplesn theundersamplecegionsdo nothave
thenormalsreliably estimatedindasaresultthey choose garbage’
trianglesascandidates.

In asubsequentork Dey andGiesen12] proposedh methodto
detectthe undersampledegionsfrom the input point set. The al-
gorithmwhichis calledBOUNDARY detectshe samplepointsthat
lie in theundersampledegions. The Voronoicells of thesesample
pointsarenotlong andthin alongthe normalsto the surface. This
is detectedy two conditionscalledratio andnormalconditionsre-
spectvely. Theratio conditionteststhe “skinninessof the Voronoi
cellswhile thenormalconditiontestsif its elongatiommatcheswvith
thoseof its coconeneighbors We referto [12] for details.

The CocoNE algorithmis modi ed to take adwantageof the
detectionof samplepointsin the undersampledegions. It calls
BOUNDARY andthenletsonly thosesamplepointsto choosetheir
candidatetriangleswhich are not marked by BOUNDARY. This
modi cation removesmostof the unwantedtrianglesnearthe un-
dersampledegionscreatingholesin the surface. In Figure2 we
shaw reconstructionsvith this COCONE algorithm.

3. WATER-TIGHT RECONSTRUCTION

Themodi ed CocoNE algorithmdetectsundersampledegions

andleavesholesin the surfacenearthevicinity of undersampling.

Although this may be desirablefor reconstructingsurfaceswith
boundariesmary applicationssuchas CAD designsrequirethat
theoutputsurfacebewatertight, i.e. a surfacethatboundsa solid.
Formally, we de ne:

Watertight surface A 2-complex embeddedn
whoseunderlyingspaceis sameas the boundaryof
theclosureof a3-manifoldin 3.

3

We designa very simplebut elegantalgorithmTiGHT COCONE to
computewatertight surfacesfrom aninput pointsample.

The overall ideaof TIGHT COCONE is to label the Delaunay
tetrahedracomputedrom the input sampleasin or out according
to aninitial approximationof the surfaceandthen peelingoff all
outtetrahedraThisleavesthein tetrahedrathe boundaryof whose
unionis outputasthe watertight surface. The outputof COCONE
is takenastheinitial approximatedurfacepossiblywith holesand
otherartifacts.

By being the boundaryof the union of a setof tetrahedrathe
output surfacehasto be watertight. However, it is not only the
watertightness,but also the geometricproximity to the original
surfacethat are desiredfor the output. For this we make some
decisiongn thealgorithmbasedn thefollowing principle.

Principle of locality: Theundersamplings local.

ThismeanghatCocoNE computesnostof theintendedsurface
exceptwith holesthatarelocally repairable Of coursejf this prin-
cipleis notobeyed, the outputsurface thoughwatertight may not
becloseto theoriginal oneincludingbeingempty

3.1 Marking

TheCocoNE algorithmasdescribedn theprevioussectioncom-
putesa preliminarysurfacepossiblywith holesandotherartifacts
at the undersampledegions. The samplepointsin the restof the
surfacehave their neighborhoodsvell approximatedSpeci cally,
the setof surfacetrianglesincidentto thesepointsform atopolag-
ical disk We call the pointswhoseincidentsurfacetrianglesform
atopologicaldisk good Therestof thepointsarecalledpoor.



DEFINITION 1. The union of surfacetriangles incidentto a
goodpointp is calledits Umbrelladenotedas Uy .

The markingof tetrahedravalks throughthe Delaunaytriangu-
lationin adepth rst mannetusingthevertex andtriangleadjacen-
cies.It maintainsa stackof pairs(p; ) wherep is agoodpointand

is atetrahedronncidentto p markedout. Supposehepair(p; )
is currently poppedout from the stack. The umbrellaU, locally
separatethetetrahedrancidentto p into two clusterspneon each
side;seeFigure4. Theclusterthatcontains is markedoutsince
is alreadymarked out. The otherclustergetsthe markingin. This
is doneby initiating alocal walk from thattraversesall tetrahe-
drathroughtriangle adjaceng without ever crossinga trianglein
U, andmarkingeachtetrahedrorasout Therestof thetetrahedra
that are not encounteredn this walk getthein marking. During
this localwalk in the out cluster whena vertex g of U, is reached
throughatetrahedron © thepair(qg; 9 is putinto the stackif qis
goodandis notexploredyet, seeFigure4.

Now we facethe questionof initiating the stack. For this we
assumehatDp is augmentedvith “in nite' tetrahedrahatarein-
cidentto atriangleon the corvex hull of P andapointatin nity .
The stackis initiated with a goodpoint on the corvex hull paired
with anincidentin nite tetrahedronA pseudo-codéor the mark-
ing stepis givenin Figure3.

MARK(Dp)
1 pushanin nite tetrahedromwith its incident
corvex hull triangleto stackS;
Let , denotethesetof tetrahedran Dp ;

2 whileSé do

3 let(p; ) := popS

4 c=1 g

5 loop

6 if9 2Cand °2 ,nC

and \ Cisatriangle62U,

7 c=cCc[f %;

8 if 2625 andavertex qof Cisgood
whereq 2 Up

9 push(q; 9 toS;

10 elseexit;

11 forever

12 markeach 2 C out

13 markeach 2 ,nCin;

14 endwhile

Figure 3: Pseudo-coddor marking.

For mostof the datain practicethe surface computedby Co-
CONE is well connectedi.e. all trianglesincidentto good points
canbe reachedrom ary othergoodpoint via a seriesof triangle
adjacenciesAssumingthis connectity of thepreliminarysurface
computedby COCONE, the abore proceduremarksall tetrahedra
that areincidentto at leastone good samplepoint. However, the
tetrahedraall of whoseverticesarepoor pointsarenot marked by
this step.We call thempoor tetrahede.

The poortetrahedravhoseverticeslie in a singleundersampled
region tendto be smalldueto the principle of locality. We choose
to markthemin andthepeelingprocesdateris notallowedto peel
themaway. Thisallowsthesurfaceto getrepairedn theundersam-
pledregion. SeeFigure5 for anillustration.

Otherpoortetrahedrahatconnectverticesfrom differentunder
sampledregionstendto bebig. If suchabig poortetrahedrories
outsidethe intendedsurface,we needto take it out. So, it should

Figure 4: The umbrella of p has three triangles par;prs
and pgs. This umbrella separates the the tetrahe-
dra incident to p into two clusters, the upper clus-
ter fabsp;asqp;abpqbgp;brspg and the lower cluster
f corp; csrp; cospg. Supposethe walk entered p with the pair
(p; bprs). The right pictur e shows that the unexplored point q
has an umbrella. Therefore, the pair (q; bprqg) is entered into
the stack sinceq is a goodand unexplored point.

Figure 5: The four verticesmarked with dark circlesborder a
hole. The poor tetrahedron with this four verticesis markedin.
The sharp tip p of the long tetrahedron is a good point which
marks it out. When this tetrahedron is peeled,the triangle op-
positeto p lls the hole partially . The other triangle of the hole
alsogetsinto the output by a similar peeling

be marked out On the otherhandif this big poortetrahedrories
insidethe intendedsurface,we needto markit asin. Otherwisea
large void/tunnelin the surfaceis createdby taking out this tetra-
hedron.We eliminatethis dilemmausingthe principle of locality.
Call atrianglein atetrahedrorsmallif its circumradiuss theleast
amongall trianglesin the tetrahedronIf a poortetrahedrorhasa
trianglewith verticesfrom thesameundersampledegion, thenthat
triangleis small. The poortetrahedrdying insidetheintendedsur
facehave to be reachedy the peelingprocesghat peelsaway all
out marked tetrahedra.This meansthat the inner poor tetrahedra
have to be reachedthroughthe small triangle. We take this ob-
senationinto accountduring peelingwhile dealingwith the poor
tetrahedraanddeferdesignatinghemduringthe markingstep.

3.2 Peeling

After the markingstep,awalk is initiated to peeloff tetrahedra
thataremarked out andsomeothers.The boundaryof the unionof
the remainingtetrahedrdorm the watertight surface. Thisis also
the surfaceof theunionof the peeledetrahedraseeFigure6.

The walk maintainsa stackof surface trianglesthat form the
boundaryof theunion of thetetrahedrgeeledsofar. It is initiated
with all corvex hull triangles. At ary genericstep,a triangle,say



Figure 6: The boundary of the union of peeledtetrahedra aspeeling processrogresses.

t, is poppedout from the stack. One of the tetrahedrancidentto
t is alreadypeeled.If the otherincidenttetrahedronsay , is also
alreadypeeledthetrianglet seprateswo out tetrahedraandis not
put in the output. Otherwise therearetwo possibilities. If  is
not poor and marked in, we put t in the outputlist. In the other
caseeither is markedoutor is poor When is marked out
thewalk shouldmoveinto throught, whichis doneby replacing
t with the otherthreetrianglesof into the stack. If is a poor
tetrahedronthewalk is alsoallowedto moveinto throught only
if t is notthesmalltrianglein . Thisis doneto protectpeelingof
theinnerpoortetrahedraswe discussedefore.Noticethatif is
apoortetrahedromutsidetheintendedsurface,it will beeventually
reachedy thepeelingprocesattrianglesotherthanthesmallone.
But, if is apoortetrahedrorinside,it canonly be reachedrom
outsidethroughits smalltriangledueto the principle of locality.
The walk terminateswith the surfacetrianglesin the outputlist
when there are no more trianglesto processfrom the stack. A
pseudo-codef the peelingprocesss givenin Figure7.

PEeL(Dp)
1 pushall corvex hull trianglesin Dp to stackS;
2 markall in nite tetrahedrgeeledT = ;
3 whileSé do
4 t :=popS;
5 if 9 2 Dp incidenttot andnotmarked peeled
6 if ( is notpoor)and(markedin)
7 T=T[t;
8 else
9 if ( ismarkedout) or ( ispoorandt is
notthesmallestrianglein )
10 mark peeled
11 pushall trianglesof otherthant to S;
12 endif
13 endif
14 endif
15 endwhile
16 outputT

Figure 7: Pseudo-coddor peeling

4. EXPERIMENTAL RESULTS
4.1 Examples

In Figure8 we shav theresultsof ourimplementatiorof TIGHT
CocoNE onsomedif cult datasets.In MANNEQUIN thereareun-
dersamplingsn eyes, lips and earswhich produceholes. TIGHT
CocoNE closesall theseholes. In particular in the earthereis a
relatively large hole sincepointscannotbe sampledor occlusion.

Thisholeis nicely lled. ThePiG datahassesereundersamplingn

thehoofs,earsandnose.They aremostlydueto thefactthatthese
thin and highly curved regions should have more samplepoints
to capturethe featuresproperly TIGHT CocoNE lIs all holes
and producesa watertight surfacefor this dif cult dataset. The
machinepart CONNECTOR hasundersamplingnainly dueto non-
smoothnessSharpedgesandcornerscauseundersamplingvhich

cannotbeavoidedby ary nite sampling.All anomaliesausedy

this non-smoottregionsarerepairedto producea watertight sur

face. The undersamplingn the highly curved regionssuchasthe
neckin DINOSAUR s alsogracefullyhandledby TIGHT COCONE.

Thecodefor TIGHT CoCONE hasbeenreleasedor academiaise.
It canbe downloadedfrom [9].

In Figure9 we shaw how TIGHT CocoNE handlesnoise. Re-
call that TIGHT CocoNE works on the principle of local under
sampling. Noisecancauseto violate this principle andasa result
TIGHT CocoNE mayfail to outputasurface.ln the FOoT example
of Figure9, TIGHT COCONE reconstructshe surfacewhenthere
is undersamplingout no noise. We add noiseby perturbingthe
pointsrandomlywithin a smallball aroundeachpoint. The princi-
ple of locality startsgettingviolatedasthe amountof perturbation
increasedFigure9 illustrateshow TIGHT COCONE toleratessome
amountof noiseandfails whenthenoiseis increasedurther

4.2 Timings

Thetime andspacecompleities of TIGHT COCONE aredomi-
natedby thoseof the threedimensionaMoronoi diagramcompu-
tation. Thus, for aninput sampleof n points,the algorithmruns
in O(n?) time and spacein the worst case. However, in prac-
tice we do not obsere this quadraticbehaior. In Figure 10 we
shaw the breakupof the timings of TIGHT COCONE for a num-
ber of datasetson a PC with 733 Mhz Pentiumlll CPU and512
MB memory The codewas compiledwith g++ compilerand at
the O1 level of optimization. CGAL 2.3 is usedfor all computa-
tions[8]. Thetiming is brokeninto thethreemajorstepsof TIGHT
COCONE, the Delaunaytriangulation,the COCONE surfacegener
ationandthe nal postprocessintgp make the surfacewatertight.
It is clearfrom thetablethatthe Delaunaytriangulationis the most
time consumingstep.All computationsredonewith Itered oat-
ing point arithmeticfor numericalrobustnesslif oneuses oating
pointarithmetic,usuallyagainof afactorof two in computingtime
is obsered, but the correctnessf the outputmaybe compromised
dueto numericalerrors.

5. DISCUSSIONS

We designeda simple and elegantalgorithmto producewater
tight surfacesout of point samples.The algorithmguaranteehat
the outputsurfaceis watertight. It doesnot introduceary extra
pointsto do so. The outputis alwaysa subcomplg of the Delau-
naytriangulation.Thus,onecanusetheDelaunaytetrahedranside



Watertight MANNEQUIN Holesin undersampleéar Watertight ear

Watertight PIG Holesin high curvatureregions Holesare lled
Watertight CONNECTOR Anomaliesnearsharpedgesandcorners Anomaliesarerepaired
Watertight DINOSAUR Holesin high cunatureregions Holesarerepaired

Figure 8: Resultsof TIGHT CocoNE. Secondcolumn shows the holesin the preliminary surfacewhile the third column shows how
they are lled. Trianglesbordering the holesare shadeddarker.
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Figure9: Performanceof TIGHT COCONE with increasingnoise. Surfaceis reconstructedwhenpoints are perturbed slightly (middle).

No surfaceis constructedwhenthe perturbation is increasedfurther.

# points | Delaunay| Cocone| Mark/peel

object (sec.) (sec.) (sec.)
CACTUS 3337 6.5 2.7 1.3
PG 3511 2.8 2.7 1.4
MECH 4102 3.6 3.2 1.7
EARCAN 8459 16.5 7.1 3.2
CAT 10000 8.5 8.2 4.0
KNOT 10000 10.0 11.1 5.2
MANNEQ 12772 9.3 10.0 4.8
DINOSAUR 14050 12.6 12.1 5.9
FANDISK 16475 16.1 12.4 6.3
CLuB 16864 23.1 13.4 6.3
CONNECT 26793 415 18.5 9.6
FEMALE 30432 38.5 27.6 13.2
OILPUMP 30936 28.6 23.9 11.8
HEART 37912 39.9 30.3 14.5
HORSE 48485 90.2 42.0 19.4
BREVI 56152 54.3 41.8 20.2
HAND 74315 123 64.2 29.8

Figure 10: Time data.

thewatertight surfaceto produceathreedimensionatriangulation
of themodel. Our experimentsshav the effectivenessandtheef -
cieng of thealgorithmon mary exampledatasets.

As we have indicated,TIGHT COCONE relieson the locality of
undersamplingThus,whenthis conditionis not satis ed, TIGHT
CocoNE facestroublein computinga surface.Noisy samplesare
examplesof suchdatasetsasFigure9 illustrates.Althoughit han-
dlessomeamountof noisegracefully it maynotoutputary surface
if thenoiseis beyondits tolerancdimit.

The TIGHT COCONE as presentedn this papercannotrecon-
structinternalvoids asit peelstetrahedrastartingfrom the corvex
hull boundary Oneneedsto modify the markingandpeelingrou-
tinesto handleinternalvoids. After onephaseof marking,thetetra-
hedraconstitutingthe internalvoids remainunmarled. Therefore,
new markingphasesanbeinitiatedfrom anunmarledtetrahedron
in orderto mark all tetrahedran the voids asout Subsequently

in the peelingstep,new peelingphasesanbeinitiated aslong as
thereareouttetrahedranotvisitedyet.

In someapplicationghe outputsurfaceneeddo producecertain
intendedboundariesThe COCONE algorithm/softvareis designed
for thatpurpos€?9]. Althoughit detectgheintendedboundariesit
alsoproducesoleswhereundersamplingnappensinintentionally
Is it possibleto recognizethe intendedboundariesvhile lling up
otherholes?The problemis ill-posed,but is therea properformu-
lation of the problemwhich may leadto analgorithmwith certain
reasonablessumption®n input? We planto pursuethis line of
research.
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