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Abstract

We presenaninteractivesystenfor thegenertion of high quality triangle mesheshatallowsusto handlehybrid
geometry(point clouds,polygons,...) asinput data. In order to be able to robustly processhuge data sets,we
exploit graphicshardware featueslike the rastermanaer and the z-tuffer for speci ¢ sub-tasksn the overall
procedue. By this we signi cantly acceleate the stitching of meshpatcdesand obtain an algorithm for sub-
samplingthe data pointsin linear time Thetarget resolutionand the triangle alignmentin sub-egions of the
resultingmeshcan be contmolled by adjustingthe screenresolutionand viewing transformationAn intuitive user
interfaceprovidesa e xible tool for applicationdependenoptimizationof themesh.

1. Intr oduction

3D scannersare becomingthe standardsourcefor geomet-
ric input datain mary applicationareaslike reverseengi-
neering,rapid prototyping,conceptualdesign,and simula-
tion. As aconsequenceheproblemof generatindigh qual-
ity polygonalmeshegrom scatteredlatapointsis receving
moreand more attention4 5. As measurediatafrom phys-
ical prototypesand computeddatafrom virtual prototypes
hasto be melgedin all stagef the typical designprocess,
sophisticatedneshgeneratiortechniqueshouldbe ableto
work on hybrid input datawhich consistsof a mixture of
pointclouds,polygons andmaybeevenNURBS-patches.

Theoverall proces®f corvertinganunstructuregoupof
input geometryinto a consistenfpolygonalmodelrequires
the solutionof severalsub-problemsEirst of all, theamount
of datawe are typically facingis huge.Point cloudswith
millions or eventensof millions of samplesare no excep-
tion if the surfaceof a non-trivial geometricobjectis to be
representedlhis makessomesortof pre-processingianda-
tory in orderto reducetheinput compleity for subsequent
stepswhile observinga prescribedapproximatiortolerance.

Secondthe globaltopologyof the object’s surfacehasto
bedeterminedi.e., theneighborhoodelationbetweeradja-
centpartsof the surfacehasto bederived. This typically re-
quiressomekind of globalsortingstepwhosecomputational
compleity stronglydepend®ntheunderlyingde nition of
spatialor geodesigroximity.

In a nal stepthe actualsurfacerepresentatiomasto be
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extractedIn ourcasethegoalis to generatatrianglemesh
satisfyingsomequality requirementsik e a globalboundon
the triangle's aspectratio. Another very important quality
criterionfor meshess theadaptiornof themeshresolutionto
the distribution of geometricdetail information.In fact, the
nal meshextractionis anotheisamplingorocessvhichmay
leadto alias-errorsf the samplingdensitydoesnot adaptto
the highestgeometridrequencies.

Theextremalcasearesharpcornerdn thegeometryHere,
the geometricfrequeny spectrumextendsto in nity and
hencean extremly high samplingdensityis required.How-
ever, even with very small trianglesapproximatinga sharp
feature,the visual geometricsimilarity in termsof normal
vectors(andhenceshading)annotbeimproved(cf. Fig. 1).
The only way to avoid suchartifactsis to align the triangle
edgesn themeshto thefeaturelinesof the original object.

2. Overview

In this paperwe arepresentinga new approacho solve the
meshgeneratiorproblem.The major motivation for devel-
opingtheunderlyingtechniquess thequestfor arobustsys-
temthatis ableto processhighly complex and completely
unstructurechybrid input datathroughan intuitive userin-
terface . We achieve this by exploiting the standardunction-
ality of ary PC's graphicssub-systemAlthoughthe graph-
ics hardware only provides a restrictedclassof operations
on 3D data,thecomputingperformancédor theseoperations
is usuallymuchhigherthanthatof the CPU.It turnsoutthat
several crucial stepsin the meshgenerationprocedurecan
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Figure 1: At sharpfeatuee lines, any samplingalgorithm tendsto geneate alias artifacts (left) which cannotbe completely
remaedby re ning the samplingdensity(center).However, aligning the samplegrid to thefeatue improvesthevisual quality.

be mappedto that restrictedclassof operationsand hence
canbesolvedefciently.

The conceptbehindthe userinterfaceis to simulatea vir-
tual 3D scanningdevice which is muchmore e xible than
areal 3D scannerWe allow the userto rotatethe givenge-
ometryon the screenn orderto adjustthe optimal viewing
direction.Whentakingapro le snapshotavirtual 3D scan)
from thatdirection,we canmaskoutanarbitrarysub-region
to cutaway undesiregartsof thecurrentlyvisible geometry
After performingsomepost-processinge.g. meshsmooth-
ing, hole- xing, ...) we memge the new patchwith the al-
readyexisting ones.After a few iterationsof this procedure
we endup with a globally consistenmodelof the givenob-
ject(cf. Fig. 2).

Taking a 3D snapshobf the objecton the screenmeans
readingout the z-buffer contentsand un-projectingit back
into 3-spaceBy this we obtaina 3D samplepoint of the
given geometryfor every pixel of the screenHere,we ex-
ploit the fact that real 3D scannerausually yield a rather
densecloud of datapoints which appearsas a continuous
surface when renderedon the screen.The few remaining
holesthatmightappeanoccasionallycanberemovedby sim-
ple lter operationsn imagespacelargerholesin the sur
facewhich aredueto missingdatacanbe handledby mask-
ing out the correspondingegions on the screenSincethe
graphicshardwareof astandardomputemperformsthemap-
ping of 3D datapointsontothe screemrmuchfasterthanthe
CPU, we are ableto handledatasetswith several million
samplesnteractvely.

In the contet of the introductoryremarks the rendering
of samplepointsinto the z-buffer solvesall threestepsof the
meshgeneratiorat once.Sub-samplings achiezed by ren-
deringseveral pointsinto the samepixel. Actually, the sub-
samplingresolutioncan be controlled by the resolutionof
theframebuffer. In addition,if sharpfeaturelinesarepresent
in the underlyinggeometry we canalign themto the hori-
zontalor the vertical axisin orderto reducealias artifacts.
Thetopologyof the reconstructedurfacetrivially emepges

from the obvious neighborhoodelationbetweerpixels and

theresultingsurfaceis extractedby simply interpolatingthe

grid points by a regular triangle mesh.The actual portion

of the z-buffer thatcontritutesto the resultingsurfacepatch
is determinedby someadditionalcriteria suchas (relative)

quality of individual trianglesanduserde ned imagespace
masks.

Theremainingtaskis to stitchtheacquiredmeshpatches
togetherto build a globally consistentmodel. This requires
to associatehe boundaryverticesof onepatchto the trian-
glesof the other Again we canacceleratehe computation
signi cantly by 'out-sourcing' the necessanpperationsto
thegraphicshardvare.

The major advantagef our approacharethe high e x-
ibility with respectto viewing directionsand orientations
andthe elegantway to sub-samplehe given datawithout
building a spacepartition datastructure.The virtual scan-
ning metaphorllows the userto adjustthe meshresolution
almostarbitrarily (with the pointclouddensitybeingtheup-
perbound)andthe possibility to align the samplinggrid to
geometrideaturesstronglyimprovesthe usability of there-
sultingmeshes.

3. Relatedwork

In the literature, differentapproacheso solve the problem
of interpolatinga point cloud by a trianglemeshhave been
proposedTherearetwo major'schools'oneof which uses
3D Voronoipartitioningasthebasictechniqueandthe other
oneis basedn derving a 3D distanceeld.

Themotivationfor Voronoibasedpproachesto nd the
correcttopologyof the sampledsurfaceevenif the samples
arescatteredrery sparselyThe proposedschemesypically
comewith someboundon the minimum samplingdensity
dependingn thelocal surfacecurvature.

The classicaltechniquein this eld are alpha-shapeg
which represent subsetof the 3D Delaunaytriangulation
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Figure2: In aninteractivemeshgeneation sessiontheuserscanspartsof theobject(the pointcloud, left) fromdifferentviews
and meigesthe piecesto constructa completemeshmodel.By usingthe z-tuffer for the virtual 3D scanning we canhandle
quitelarge datasets(here 1.4Mpoints).Eac scanprodivesa fairly regular re-samplegbatch representinga part of theobject's
surface Leftto right: one two, andthreescanscombinedThepoint cloudonthefar left appearasa continousblodck sincethe

sampledensityis higherthanthe pixel size

of the samplepoints. The geometricintuition behindalpha-
shapeds to rst computea global Delaunaytriangulation
andthendeletetetrahedrandtrianglesby usinga spherical
tool with radiusalpha.Variationsof alpha-shapewherethe
value alphaadaptsto the local samplingdensityhave been
investigatedn the sequekP.

OtherVoronoibasedechniquesisethe shapeof individ-
ualVoronoicellsto determinghesurfacenormaldirectionat
every surfacepoint? 2. Thisinformationtogethemwith other
criteriato ratetheir plausibility is thenusedto deletetrian-
glesfrom the Delaunaytriangulation.A commonfeatureto
thesetechniquess thatthey aretheoreticallysoundby guar
anteeingcorrectreconstructionif the boundson the sam-
pling densityare met. However, the requirementsn terms
of computationtime and memoryare quite high suchthat
massve datasetswith millions of datapointscannotbe pro-
cessedwith reasonablesffort. Also, thesetechniquegend
to be very sensitve to noisewhich is critical whenthe data
pointsaremeasuredrom areal object.

Thedistanceeld approacheasuallystartby estimatinga
normaldirectionfor every samplepoint(e.g.by leastsquares
tting a planeto somepointsin the vicinity) °. The corre-
spondingtangentplanethenis a goodlocal approximation
totheoriginal surfaceandthedistancdrom thatplaneyields
agoodlocal estimatdor thetruedistanceA globaldistance
eld canbe derived from the local estimateshy weighted

superposition.
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To determinethe surfacetopologyonehasto nd acon-
sistentorientationof the normalvectors,i.e. normalvectors
of neighboringsamplepoints should point approximately
into the samedirection.Thetopologyemepesfrom the fact
thataconsistenbrientationenableshede nition of asigned
distancefunction with negative valuesbelow ('inside’) and
positive valuesaborve (‘outside’) the surface(the object)s.

The surfaceextractionis eventuallydoneby samplingthe
signeddistancefunction on a regular spatialgrid andcom-
puting the iso-surbce for the distancevalue zero by the
Marching Cubesalgorithm. The stepwidth in that spatial
grid determineghe target resolutionof the resultingmesh.
Sincethe compleity of thegrid increasedike O h 3 with
decreasingtepwidth h, thehighestresolutionis boundedy
theavailablememory As it is well known thatthe Marching
Cubesalgorithmcangeneratériangleswith badaspectatio,
apost-processingf theresultingmeshis usuallynecessary

Comparedo the Voronoi basedapproacheshe compu-
tationandevaluationof the distanceeld canbe performed
quite efciently for rathercomplex datasets.However, the
meshresolutioncannotbeadaptedo thelocal cunatureand
small detail featurestendto be destrged dueto unwanted
interferenceébetweemearbylocal distancesstimators.

While the existing techniquesareoff-line algorithms,our
approachincorporatesuser interactionduring the surface
generationResolutionand orientationof the trianglescan
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be adaptednanuallyto varying detail levels andquality re-
quirementsn differentregionsof theobject(cf. Fig. 3). The
CPU andstoragerequirementsaremuchlower thanfor the
otherapproachesinceno additionaldatastructurehasto be
generatedlik e the Voronoipartitioningor the spatialgrid of
distancesamples).

4. Meshgeneration

In this sectionwe describein detail how the varioussteps
in the meshingprocedurearesolved. The goalis alwaysto

identify operationsthat can be performedby the graphics
hardwareto exploit its superiorcomputingperformance.

During an interactve meshingsessiorthe useraddsone
patchaftertheotherto the previously generatednodel.One
iterationconsistf placing,scaling(  resolution)andori-
enting(  alignment)the objecton the screengdetermining
thevalid region of interestextractingthe patchandautomat-
ically stitchingit to thealreadyexisting mesh.

4.1. Virtual range scanning

Whenrenderinggeometrywith enabledz-buffer option we
always have direct accesdo the depthof the elementthat
is currently visible at a speci ¢ pixel location. While the
graphicssystemusesthis informationto determinemutual
occlusion,our virtual scannereadshe dataandun-projects
it backinto 3-spaceTheresultis a rangeimagecontaining
a 3D samplepoint for every pixel.

Accordingto theOpenGLcorventiona 3D pointis trans-
formed by the Modelviev and the Projection matrix and
eventuallymappeddntothescreerby the Viewport transfor
mation. The inversionof thesetransformationss straight-
forward. The only dif culty arisesfrom the roundingstep
which is implicitly introducedby assigningreal coordi-
natevaluesto integer indexed pixel locations.This causes
a global offsetfor the un-projectecgeometry We minimize
this effect by un-projectingthe pixel centersnsteadof their
lower left corners.Sowith the Viewport transformatiorbe-
ing

i 7 00 % «
. h h
j 0 3 0 3 y
z 0 0 % % z
1 00 0 1 1
we usethemodi ed inverse
2 1
y 0o f o {1 j
z 0 0 2 1 z
1 0 00 1 1

which correspondso un-projectingi 3 j 3 z instead

of i j z when nding thesamplepointfor pixel i j .

With this simplerangescanningemulation we avoid ary
complicatedhandling of geometricor topological special
casesall we haveto dois to pasthegeometryto thegraph-
ics systemand let the renderingpipeline do the work. An
immediateadvantageof this methodis that we are not re-
strictedto pointclouds.Sincewe areusingtheOpenGLAPI,
trianglesandmoregenerapolygonscanbetreatedhesame
way. This is importantwhenit comesto meiging geometry
datafrom differentsources.

Figure 3: Theinteractiveappoad providesan intuitive in-
terfaceto locally adaptthe meshresolutionto speci c re-
quirementsfor the resultingmodelby simply zoomingthe
point cloud. Here the ear and the eye have beenz-tuffer
scannedvith a higherdensity

A typical applicationscenariois the conceptualdesign
phasewherevariationsof an objectare often manufctured
asphysicalprototypesUsually we still have a CAD-model
of theoriginal geometrywhich we wantto synchronizewith
the physicalmodel,i.e., we want to addthe modi ed part
to the original model. With the z-buffer techniquewe only
have to re-scanthe modi ed portion of the physicalmodel
andrenderit togetherwith the old CAD geometryinto the
sameframebuffer.

Before the actualz-buffer rangescanningis carriedout,
theuserhasseveral degreesof freedomto adjustthe (pixel)
samplinggrid. By zoomingin on the object, the resolution
canbechangedcf. Fig. 3). If thescreerresolutionexceeds
thesamplingdensitysuchthatthenumberof holesincreases,
samplescanbe drawn aslarge points(glPointSize() )
covering several pixelsat once.For therangegeometryrep-
resentedy the z-buffer contentshis correspond$o nearest
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neighborinterpolationif antialiasingis switchedoff. Alter-
natively, we cantry to eliminateholesin therangematrixin
apostprocessingtep(cf. Sect.4.2).

Anotherdegreeof freedomis the orientationof the sam-
pling grid. By rotatingthe objecton the screenwe canalign
featurelinesof thegivengeometryto the horizontalor to the
verticalaxisandthusavoid aliaserrorsthatotherwisecause
oscillatingnormalvectorsin thevicinity of sharpcornerdcf.
Fig. 1).

4.2. Post-processing

Thereare several typesof artifactsin the rangeimagesob-
tained by un-projectingthe z-buffer contents.Besidesthe
noisein the original point cloud data(causedy the phys-
ical rangescanner)ve canobsere additionaljitter whichis
dueto discretizatiorerrorsin the z-buffer. We minimizethis
effect by automaticallyplacingthe front andbackplanesof
theviewing frustumascloseaspossibleto the actualgeom-
etry.

Additional enhancementof the range geometry is
achieed by applying low-pass Iter operationsto the z
buffer mask. This can be donevery efciently dueto the
regular matrix structure.In our implementatiorwe useda
locally supportednedian Iter which preseresedgesEdge
preserationis importantsinceedgesn the z-buffer indicate
objectboundariesvhichmustnotbeaffectedby the Itering
(cf. Fig. 4).

Figure 4: Noisein theinput point datais visible as pimples
in the z-tuffer mesh(left). Median- Itering remaesmostof
the noise(right) while preservingfeatues— especiallythe
meshboundaries.

Besidesnoiseartifacts,the rangematrix can have holes
if somepixels are not hit by ary valid (front facing) ge-
ometryduringtherendering If the point cloudis not dense
enough(relativeto thecurrentscreerresolution)jsomepixels
may containno z-valueat all, or they may containz-values
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whichcorrespondo thebacksideof theobject.In bothcases
the holeshave to be detectecandthe missing(or wrong) z-
valueshaveto bereplacedy average®f neighboringvalid)
z-valuesThiscanbedoneby anarbitraryz-buffer Iter oper
ationaslong asit doesnot modify thevalid z-buffer entries.

Detectingempty pixelsis trivial sincethe z-buffer is ini-
tialized with the back planes z-value. For the detectionof
z-valueswhich correspondo the back side of the object,
we usethe following heuristics We collectall z-valuesand
quick-sortthemin increasingorder Thenwe look for the
maximumdifferencebetweertwo successie elementsn the
sortedsequencdf sampledgrom thebacksidearepresentn
the z-buffer thenthis maximumdifferencevery likely sepa-
ratesfront andbackpoints.Hence deletingall z-buffer en-
tries with larger z-value removesthe wrong sampleslf no
sampledrom the back side are presentthe maximumdif-
ferencewill indicate somez-value nearthe contourof the
visible surfaceandthus deletingsomez-buffer entrieswill
only affect somevery badlysampledriangles.

Anotherpossibility to remove backsidesampless to let
theuserplacea clipping planewithin the point cloud. How-
ever, we preferthe heuristicssinceit doesnot requireary
userinput andit turnedout to be ratherreliable. The clip-
ping planefunctionality canneverthelesse provided asan
additionalfeature.

Finally, by looking at the differences z betweenadja-
centpixelswe candetectbadly shapectellswhich areseen
almosttangentiallyfrom the viewing direction.In someap-
plicationswe mightwantto markthoseregionsof therange
matrix asinvalid. However, we obseredthatin generait is
moreintuitiveto keepthewholerangeimageasaclosedsur
faceandcutouttherelevantpiecesn thefollowing masking
phase.

4.3. Masking

When composingcomplicatedmodelsfrom several range
scanst is oftennotdesirabldo useeverythingthathasbeen
visible during the last exposure The maskingphaseselects
therelevantpartof the sampledbointsanddiscardsherest.
Therearetwo differentmechanismsor themasking.Oneis

the userde ned region of interestandthe otheris an auto-
maticmethodwhich compareshe quality of samples

The region of interestis a portion of the screende ned
by the user By blockingall the pixels outsidethis areawith
thestencilbuffer optionwe cancheckwhatpartof therange
imageto keep.Thisinteractiontool is particularlyimportant
if wewantto includeaboundedatchwith higherresolution
into an existing mesh.We simply mark the corresponding
areaonthescreerandre-scarazoomedversionof thesame
pointcloud (cf. Fig. 3).

Sincewe are not deletingary bad trianglesin the pre-
processinghaseve have to guaranteén themaskingphase
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that bad samplesarereplacedby betteronesin subsequent
scanningsteps,i.e., a region of the surfacethat was close

to the contouror even occludedin the rst scanningsteps

should be replacedif newver scansprovide more reliable

shapenformation.

By conventionwe alwaysreplacetheold geometryby the
new one unlessthe samplingquality of the old trianglesis
rankedsuperiorto thequality of thenewn geometryTo check
this, every new vertex from within the region of interestis
mappedto the existing geometry If thereis a correspon-
dence(i.e., the new vertex hits anold triangle)we compare
the quality of the new vertex with the quality of the old tri-
angleandkeepthebetterone.If thereis no correspondence
(i.e.,thenew vertex doesnothit theold mesh)henew vertex
actuallyextendsthe old geometryandis keptin ary case.

The mosttime consumingstepin the automaticmasking
is the searchfor trianglesof the old meshwhich lie closest
to aspeci c vertex of the new mesh.Theuseof ef cient hi-
erarchicalspacepartition datastructuress not appropriate
in this casesincerelatively few inquiriesare madein each
maskingstepandin the next maskingstepthe old spacepar
tition will be obsolete Insteadwe use,again,the graphics
hardwareto accelerat¢he search.

Every triangle of the old meshis uniquelyindexed by its
ID. If we encodethis ID asan RGB-colorby usingthered
channefor themost- thegreenchannefor themid-, andthe
blue-channefor theleast-signi cantbyte,we canrenderup
to 224 distinguishabldrianglesinto the frame buffer. If we
now projectandtransformthe verticesof the new meshinto
the sameframebuffer, we candeterminethe corresponding
old triangleby simply readingout the RGB pixel color. Oc-
casionally especiallynearthe contourof the scanneabiject,
the trianglewhich is foundin the correspondingixel hap-
pensnot to be the closestone.However in thesecasesthe
foundtriangleis still agoodstartingpointfor alocal search.

Westill have to de ne thesamplingquality of atriangleor
vertex. Intuitively thereliability of a samplepointincreases
as the distancebetweenneighoringsamplesdecreasesin
factfor a x edresolutionthe distancebetweensamplese-
comessmallerasthe viewing directionapproacheshe sur
facenormal.For a x ed viewing directionthe distancebe-
tweensampleshecomesmallerif the resolutionis re ned.
Hencewe de ne thesamplingquality of atriangleto bethe
lengthof its longestsideandthe quality of avertex to bethe
lengthof thelongestadjacenedge.

Only thosepixels from the z-buffer which lie within the
region of interestand which passthe samplingquality test
(active pixel9, may eventually be addedto the alreadyex-
isting meshin the stitchingphaseHowever, to avoid degen-
eratetrianglesandgapsafter the stitching,we concludethe
maskingphaseby applying morphologicerosionand dila-
tion operatorgo the setof active pixels®.

The erosionoperatorinactivatespixels thathave inactive

neighborsThis is donein orderto remove isolatedpixels.
The rst dilation thenreactvateseachpixel thatstill hasan
active neighbor A secondlilation furtherextendsthe active
region. Our experimentsshawv thatapplyingthe dilation op-
eratortwo timesis sufcient in mostcases.

The effect of the dilation is twofold. First, if boundary
verticesof the nev meshareranked worsethanthe bound-
arytrianglesof theold mesh their deletionmay causeagap
asthe meshesarelocally no longeroverlapping.The dila-
tion preventsthis effect. Secondthe quality-rankingmask
maygeneratanen patchwith a quitejaggy boundarypoly-
gonandscatteredholesin theinteriorwhich causesinpleas-
antseamsafter the stitching. The dilation operatortendsto
smoothout the boundarypolygonandclosesmall holes(cf.
Fig. 5). Notice that the dilation is not allowed to grow be-
yondtheregion of interest.

Figure 5: Thenew surfacepatc after maskingwith respect
tothesamplequality only (left) hasseveral holesanda jaggy
boundaryApplyingerosionanddilation lls in theholesand
smootheshe boundary(right).

4.4, Stitching

The nal stepin theinteractie loopis to join the newly ac-
quired geometrywith the alreadyexisting mesh.Sincethe
newv patchhasbeenpre-processedhe task can be solved

by aslight modi cation of the meshzipperingalgorithm14.

We insertthe boundaryverticesof the new patchinto the
correspondindnearest)rianglesof the old mesh.We then
insertthe boundaryedgesof the new meshby splitting all

edgeswhich crossthe geodesidine from oneboundaryer

tex to the next. Finally we remove that portion of the old

meshthatis now replacedby the new patch.In orderto im-

prove the meshquality we canpost-optimizethe seamarea
by collapsingsmalledgedcf. Fig. 6) 1°.

Theonly computationallyexpensve stepin thisprocedure
isto nd thetriangleswherethe new verticeshave to bein-
serted.This information,however, is alreadyavailablefrom
themaskingphasewherethecorrespondencdsetweemen
verticesandold triangleshave beenestablishedn orderto
comparethelocal samplingquality of bothmeshes.
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Figure 6: Thestitching algorithm r st insertsthe new verticesinto the old meshthensplitsor ips edgesof the old meshto
interpolatethe new meshs boundaryedgesand nally remaresthe redundantpart of the old mesh . Collapsingshortedgesin
theresultingmeshremasesbadly shapedriangles(fromleft to right).

5. Results

We implementedhe techniquedescribedn the lastsection
aspartof aninteractive tool for the generatiorof high qual-
ity meshmodelsfrom hybrid input data. The userinterface
merelyconsistof aviewing window wheretheinputgeom-
etry can be examined.Oncethe desiredviewing direction
for avirtual rangescanin found,the z-buffer is readandthe
un-projectionis performed.

In asecondvindaw, theresultingmeshis shavn andcan
beexaminedaswell (cf. Fig. 7). For theviewing transforma-
tion of both windows a synchronizatioris enforcedat ary
time which simpli es the decisionwhereto placethe next
scan.A simpleimagespacedraving tool ("greenlasso”)is
provided by which the userde nestheregion of interestfor
the next scan.A similar tool ("red lasso”)is availablein a
differentmodeto manuallydeleteunwantedregionsof older
scansFigure8 shaws thetypical sequencef stepsthatare
takento interactvely generatehe mesh.

6. Conclusionsand futur e work

We presentedh new techniquefor the triangulationof point
clouds.The methodsub-sampleshe given databy render
ing the datapointsinto an OpenGL frame buffer and un-
projectingthecontentof the z-buffer backinto 3-spaceThe
regulargrid structureof therangematrix leadsto fairly regu-
lar meshesAdditional post-processingemovesoutliersand
noiseartifacts.A maskingstepextractsthat portion of the
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Figure 7: Minimalistic user interface for the interactive
meshgeneation tool. In the left window the original point
cloud is rendeed (and appeas as a solid blodk). The z-
buffer contentis extracted triangulatedanddisplayedonthe
right. By rotatingtheright object,theusercaneasilychoose
the viewing directionand the region of interestfor the next
scan.

datawhich lies within a userde ned region of interestand
hasa bettersamplingquality thanthe alreadyexisting scans
of thesamegeometry

We areplanningfuturework in two directions First,since
ourtool is ableto procesarbitrary(OpenGLcompatible)n-
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Figure 8: To genente a meshmodelfromthe club data set(16586points)we z-kuffer scanit from differentviews. Each new
scanis addedto the existing model(with the samplingquality maskenabled) Whenclosingthe remaininggapsand holesin

the last stepswe usethe greenlassoto de ne theregion of interestwhele new geometryshouldbe included.Theinteractive
genegtion of this meshmodeltook lessthan a minute Sincethe club data setwith 16586 point is rather spaise we used

enlamged pixelsduring renderingto avoid gaps.

put geometrywe wantto apply it to the repairingof CAD

models.Oftena CAD modelgoesthroughmary corversion
stepscausingbadly shapedrianglesor eventopologicalin-

consistenciegOurtool canprovide ameandgo easilyresam-
plethegivensurfacegeometrysuchthatbettershapedrian-

glesemepe. This could beinterestingfor the preparatiorof

meshmodelsfor numericalsimulation.

Secondwe wantto apply somemeshdecimationscheme
to the (masled) meshpatchesheforethey are meigedwith
thealreadyexistinggeometryOf coursethedecimatiorhas
to keepsufcient detailin curvedareadut it canreducethe
meshcompleity in at regions.This would leadto polygo-
nal modelswith themeshresolutionchanginggraduallyand
notonly from patchto patch.Thedecimationrschemecanbe
implementedery ef ciently dueto theregulargrid structure
of the z-buffer matrix (e.g.with adaptve quad-trees).
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Figure 10: By introducingadditonal clipping planes,sur-
faceswith holesopensurfacesandsurfaceswith large con-
cavitiescanbe reconstructedasedon the sameinteractive
procedue.



Kobbelt,Botsis / Point Cloud Triangulation

Figure 11: Examplemeshegeneratedby our new point cloudtriangulationalgorithm.
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