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Abstract

Remeshingrtifactsare a fundamentaproblemwhenconverting a givengeometryinto a triangle meshWe pro-

posea new remeshindgechniquethatis sensitiveto featues.Fir st, theresolutionof the meshis iterativelyadapted
by a global restructuringprocesswhich optimizesthe connectivity Thena particle systemapproac evenlydis-

tributesthe verticesacrossthe original geometry To exactlyfind the featueswe extendthe relaxationprocedue

by an effectivemedanismto attract the verticesto featue edges. Theattracting force is imposedoy meansof a

hierarchical curvatue fieldanddoesnot require anythresholdingparametes to classifythefeatues.

1. Introduction

Surfacerepresentationgasedn polygonalmeshesave be-
comea standardn mary geometricmodelingapplications.
The reasondor the succesof thesemeshrepresentations
arethe flexibility and generalitywith respectto shapeand
topology as well asthe availability of efficient algorithms
processingn meshes.

For a given geometricshape thereis obviously a multi-
tudeof possiblemeshrepresentationevenif we prescribea
certainapproximatiortolerance Dependingon the applica-
tion for which the meshis supposedo be used differentre-
quirementsave to be satisfied Suchrequirementgsanbeas
diverseas,e.qg..theregularity of theconnectiity, thetriangle
aspectatio, or thenormaljump betweeradjacentriangles.

Hence to preparea givenmeshfor a specificapplication,
we needremeshingalgorithmswhich take a triangle mesh
andresamplet suchthatthe new tessellationstill approx-
imatesthe samegeometricshapebut additionally satisfies
somequality requirements.

Typical examplesarethe remeshingalgorithmsproposed
in 31110 wherean arbitrary input meshis cornvertedinto
a meshwith semi-rgular subdvision connectvity. In this
casetheremeshings necessaryo apply certainmultireso-
lution decompositioroperatorgo the geometry
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Mesh decimationschemes 4.8.1.13 in generalalso be-
long to this classof algorithmssincethey changethe mesh
connectity while reducingthe overall compleity. Remav-
ing verticesfrom the meshcanbe considerecasmeresub-
samplingbut a true re-samplings performedif new vertex
positionsare generatedduring the decimation.Geometric
andtopologicalquality criteriacanbeusedto controltheal-
gorithm,i.e.,to decidein agreedyfashionwhich decimation
stepto apply next.

Surface fairing techniques!®2 14 can be understoodas
specialmeshoptimizationschemesvhich presere themesh
connectiity but changethe vertex positionsin orderto re-
move noiseor to equalizethe vertex distribution.

In 177 remeshingtechniquesare proposedwhich are
basednaparticlesystemapproachFor agivenmeshanew
tessellationis generatedby randomly distributing sample
pointson the continuouspiecavise linear surface.A global
relaxationproceduréalanceshedistribution of thesamples
by shifting themonthe surface.

Amplifying the attractionforces of the particle system
accordingto the local curvature of the underlyingsurface
yields a non-constansamplingdensitywith increasedes-
olution in thosepartsof the surfacethat containfine detail.
This is a significantadvantagecomparedo thoseremesh-
ing techniqueghat generatesemi-rgular meshesHerethe
adaptiorof thesamplingdensityto thelocalgeometriaeso-
lution canonly be achieved by selectiverefinemente.g.,by
locally changinghedyadiclevel of resolution.
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A generaldravback of mostgeometryresamplingtech-
niquesis the alias problem If the geometryhassharpfea-
tures,i.e.,creasesvheretheoriginalgeometrydoesnothave
acontinuougangentlane,we canoftenobsene surfacere-
constructiorartifacts(cf. Fig. 1). Although somemeshdec-
imation techniquesare quite reliablein preservingfeature
edgeswe generallyhave the problemof finding the exact
locationof thefeaturesvhenplacingthe surfacesampleson
themesh.

Thereareseveralreasongor thesedifficulties. First,ona
meshwhich is a discreteapproximatiorto a continuoussur
facein thefirst place,is turnsoutto beratherdifficult to es-
timate cunaturesin a reliableandrobustfashion.Although
recently mary powerful curvaturediscretizationdave been
proposed!2 152, theseoperatorsstill suffer from random
noiseaffectingthevertex positions Hencesimplethreshold-
ing techniquedo detectsharpfeaturesalmostnever work.

Anothersourcefor problemaearsharpfeatureds thefact
that placing somesampleson the featuredoesnot guaran-
tee a correctreconstructionTo achiese this, we addition-
ally have to align meshedgego thefeature.This, hovever,
implies that for correctfeaturereconstructionwe have to
changethe meshconnectiity in general.Hencethe taskof
resamplincagivenmeshrequiresgeometricandtopological
optimization.

In this paperwe proposea new techniquethat performs
a featuresensitve resamplingof a given triangle mesh.A
global relaxationand restructuringprocedureis usedin a
first stepto obtain an equal distribution of meshvertices
acrosghe original geometry To exactly samplethe features
we thenextendthe particlesystemapproachy an effective
mechanisnio snaptheverticesto featureedges.

In the next sectionwe first recapitulatethe notion of
dynamicconnectivitymeshesas a techniquefor integrated
connectvity and geometryoptimization. Thenwe explain
the classof parameterization-basefairing opelators which
performarelaxationstepin the domainof the original sur
faces parameterizatiorin Section4 we presenbur method
for snappinghe samplepointsto nearbysharpfeaturesWe
finally combinethesebasictechniquego implementan au-
tomaticfeaturesensitve resamplingorocedurgSection5).

2. Dynamic connectivity M eshes

Theinitial stepin ouralgorithmis to settheresolutionof the
trianglemesh.Startingfrom theinitial meshM, we apply
simpletopologicaloperatorghatinsertor remove vertices.
By iteratively adjustinghemeshcompleity to adesiredar-

get resolution,we obtain our initial versionof the remesh
M. Meshdecimationis a standardechniquehatcoversthe
coarseningartof our algorithm.To increasgheresolution
we canreferto awide variety of subdvision schemesSince
we are only concernedwith the meshconnectiity in this

section,we can skip the geometricaspectsof thesetech-
nigueshbut focus on the topological part. In particularwe
wantto obtaina goodquality meshaccordingto the follow-
ing criteria:

e No edgeshouldbeshorterthang .
e No edgeshouldbelongerthanemax.
e A verteX’ valenceshouldbesix.

In orderto achieve this, we apply analgorithmsimilar to
dynamicconnectivitymeshes.

First, we apply a half-edg collapse— which removes
two trianglesby collapsingone edgeinto a single vertex
— to edgesthat exceed a length of €. In the second
stepedgedongerthanemax arebisectedoy midpointinser
tion, which in turn splits the adjacenttriangle(s)into two
smaller ones. To regularize the connectiity, we perform
edge-flipping. This becomesnecessarysince both edge-
collapseand edge-splitaffect the vertex balance,and ac-
cordingto Euler’s formula we want most verticesto have
valencesix. For every two neighboringtrianglesA (A, B,C)
andA(A,B, D) we flip the commonedgebetweenrA andB,
if the total valenceexcessy ¢ agc p(valencep) — 6)° is
reduced.

Now the desiredresolutioncanbe setby increasinggmin
(thus ensuringa certainedgelength) and by scalingdown
€max, Which resultsin a meshwith higherresolution.Notice
thatemax > 2emin hasto be satisfiedn orderto avoid gener
atingtwo invalid edgeduringthe split operation Certainly
simply adjustingthe connectity without caringaboutthe
vertex positionscancausegeometricallydegeneratedonfig-
urations.Hence subjectof the next sectionis the shifting of
thevertices,which eventuallyleadsto well structuredmesh
andevenly distributedvertices.

3. Parameterization-based fairing operators

Having the connectvity of M optimizedwith respecto the

above quality requirementsye can now focus on the re-

maining degreesof freedomin a polygonalmesh,the ver

tex positions.The verticesareto be distributedaccordingto

somequality criterialike, e. g. aspectatio anduniform size
of the faces.The physicalmodelbehindour algorithmis to

replaceheedgesonnectingheverticesof M by springsof

equallength.Certainlywe have to imposeadditionalbound-
ary conditionsthat ensurethat the spring meshleavesthe

verticesontheinput suriace M insteadof collapsinginto a

singlepointwhenlettinggo. Thereforewerestricttherelax-

ing forcein suchaway thatthe verticesareallowedto shift

within Mg only. This working model canbe implemented
by iteratively applyingarelaxingoperatorR to themesh.

A straightforward approachs to decomposehe proce-
dureinto two steps A relaxingoperatoiJ thatdoesnottake
the boundaryconditionsinto accountbut merely optimizes
thevertex distribution anda projectionoperatoP thatshifts
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Figure 1: Without taking care aboutfeatuee lines, aliasing

artifacts cannotbe avoidedeventhougha regular sample
grid is used Edge-flippingandaligningthesamplegrid with

the featues slightly improvesthe situation but still, sharp
edgesare lost.

avertex v backonto Mq. However, in particularin surface
regionswith high local cunature, P often fails or leadsto
counterproductve results.ReplacingP by anoperatorthat
shiftsv to the closestpoint on My slightly improvesthe sit-
uationbut surfaceartifactslike e. g. folding still occur

This problem can be solved by locally parameterizing
subrgionsof Mg and M in thevicinity of avertex v. Do-
ing that, P canbeleft out suchthatR andU areequialent.
Applying U to this planarconfiguratiorfollowedby aneval-
uationof the parameterizatiofinally yieldsthe updated3D
positionof v. Sincefinding a parameterizatiolis computa-
tionally involved and sincethis would have to be donefor
every vertex in M andfor every iterationstep,we propose
the computationof a global parameterizatiorin a prepro-
cessingstep.

Moreover, this global map provides additional benefits.
Having differently detailedapproximations\M and M’ to
Mo linked by the parameterizatiorgives direct accessto
multiresolutionsemantics.

The shrinkwrappingapproacho remeshind? is onein-
stantiatiorof aschemehatusesaglobalparameterizationf
M combinedwith arelaxingoperatorto equallydistribute
theverticesof M on M. It usesa sphericalparameteriza-
tion andthusworks for genus—zermbjectsonly. Addition-
ally, the surface metric of Mg hasinfluenceon the relax-
ing operatorU, sincea sphericalparameterizatiosannotbe
closeto isometricfor arbitraryinput shapes.

Forthisreasonwe usetheMAPS parameterizatidi. The
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MAPS algorithmiteratively createsa coarseversionof Mg
thatsenesasparametedomainD andusesharmonicmaps
to getsimilar metricson D and M. In orderto locally flat-
ten out domaintrianglesinto the plane,we adoptthe amgu-
mentsof theoriginal paperandusehinge—andexponential—
mapsrespectiely. Sincethe numberof trianglesin D is or-
dersof magnituddowerthanin My, this canalsobedonein
apreprocessingtepwith low additionalstoragecosts.Hav-
ing this at hand,we canplug in the uniform 2D Umbrella
operatof 16 asrelaxing force U. The verticesget mapped
backto M anddueto theharmoniomappingwe getequally
distributedandwell shapedriangles.

4. Aliasreduction by feature snapping

Thepreviousstepdistributestheverticesequally andthetri-
anglemeshis considerecperfectlyshapedn the parameter
domainandhenceon M. But astherelaxedverticesstill do
notsamplefeatureregionsaccuratelthereconstructedhesh
still suffersfrom aliasing(cf. Fig. 1). In this sectionwe pro-
posea techniquethatreducesaliasingby snappingvertices
to featuresof the original surface. The next section5 will
thenintegratethesetechniquesn the overall algorithm.

The basicideais to start a relaxationstepwith differ-
entforcesthat male the verticesmove towardsfeaturere-
gionsof M. We do not explicitly classifytheseregionsby
thresholdingcurvature or more sophisticatedechniquesas
usede.g.in the contet of surface sgmentationin reverse
engineering(cf. e.g.18). This avoids the useof ary appli-
cationspecificparametersis a consequencee preferthe
metaphoof verticesthatmove into directionof highercur
vatureto that of a force thatis inducedby the featureand
pullsvertices.Sothequestioris, whatmakesverticesmove?

We definea scalarcunaturefield on the original surface
Mo who'’s gradientprovides the (candidate)directionsto-
wardswhichtheverticescanmove. With theMAPS parame-
terizationthereis acorrespondendeetweerthetwo meshes,
andpointson Mg canbe mappedo pointson M andvice
versaHaving this oneto onecorrespondenceljrectionsde-
fined on Mg canbe transferredto directionsor motion of
verticeson M. At first, we will focus on the definition of
the curvaturefield andtreatthe detailsaboutvertex shifting
afterthat.

Mathematically cunvatureis definedfor smooth,differ-
entiablesurfacesonly. Regardinga piecavise lineartriangle
meshas an approximationto a continuoussurfaceleadsto
cunvaturediscretizationsasproposece.g.in 12152, For our
purposea rathersimple curvaturemeasuras suficient, we
do notneedpropertiesasconvergenceto asmoothanalogon
in the limit case.We requirethat flat regions have smaller
cunaturethanfeatureedgesthatin turn have lower curva-
turethan“corners”. This settingallows verticesfrom flat re-
gionsto snaponto edgesfirst, and edgeverticesto snapto
cornerghen.
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We calculatethe curvatureof avertex v asfollows: regard
all edgesin v's 1-ring. For every edgewe calculatethe an-
gle betweenthe normalsof the two attachedriangles.The
sumof all theseangless thecurvaturevalueof this vertex. It
is straightforvard thatthis measureés reasonablaccording
to our requirementsThis canbeiillustratedfor a cube:the
eightcornerverticeshave cur\aturegrr, onedgeghecuna-
tureis 1, andall otherverticesin the flat regionshave zero
cunvature.Note that this measuras independenof the tes-
sellationof thesurface,asvertex valencestc.,arenottaken
into account.Using linear interpolationinside triangleswe
canassigna cunaturevalueto every pointonthesurface.

Using this simple measurahereis one circumstanceve
have to payattentionto. Supposewo verticeswith high cur-
vatureareconnectedy anedge Althoughthis edgemaybe
in aflat region, i.e. the normaldeviation of its attachedri-
anglesis zero, it is supposedo have high cunaturedueto
linearinterpolationbetweerthetwo high cunaturevertices.
This situationcanbe avoided by preprocessinghe original
meshMy: bisectingevery edge(cf. Sec.2) is a straight-
forward solutionto this problem.In practicewe restrictthe
splitting to regions with noticeablecurvature.This is done
for efficiengy only. Theinducedcurvaturethresholddoesnot
affect the restof the algorithm,in particularit is not used
for classificationbut just truncatesthe very low cunature.
Besidesthis is no problemin principle, but just an artifact
causedy linear interpolationof the simple cunaturemea-
sure.

Fromthescalarcunaturefield we canconstructagradient
field thatindicateshedirectionin thatavertex shouldmove
in orderto snapto somefeature.However, the naive ap-
proachof calculatingthe cunaturegradientfor every trian-
gle greatlysuffersfrom high frequeng noiseeffectingmore
or lessrandomvertex shifting. Imaginee.g.a planarregion:
even minimal geometricdisturbancewill producea mean-
inglessdirectionfield. Our aim is to move verticestowards
sharpfeatureedgesf Mg while minimizing disturbancéy
noise.

In orderto fit our needswe make useof a noisereduc-
tion schemehat smootheghe cunatureandhencethe gra-
dient field. The initial scalarvaluesare low passfiltered
by weightedaveraging.This is iteratedseveral timesresult-
ing in a hierarchyof curvaturefields on differentfrequeng
bands.So the gradientof the lowestfrequeng field points
reliably towardssharpfeatureedgesover a wide region, but
smallerfeaturesmay be missed.In contrastthe higherfre-
queng fieldsrespecsmallerfeaturesandnoiseandarethus
lessreliable.

Theideais to first move verticesalong the direction of
thelowestfrequeng gradient.Thenhigherfrequeng bands
of the scalarcurvaturefield arefadedin by takingthe maxi-
mum of two valuesof differentlevelsin the hierarchy This
definesew gradientonsuccessie levelsrespectingmaller
featureswhile the “support” of a featuredepend®n its sig-

nificance.Thefiltered cunaturefield providessharpnesi

the vicinity of featuresand smoothnes®lsavhereasillus-

tratedby Fig. 2. We found thatin practiceit is sufiicient
to usethe gradientsof this scalarfield for moving vertices
ratherthanto successiely shift verticesaccordingto gradi-
entson differentsmoothingevels.

Al - -
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Figure 2: Curvatue filtering. This example showsa 1D
setupofverticeswith their curvatue valuesat levelsO (input
values),2 and 3 of the smoothinghierarchy (y-axis).We use
thecurvatue field thatis definedby the maximalcurvatues
over all levels(thick light line). Thearrowsshowthe direc-
tion of the resultinggradientfield in the differentintervals.
Notice how the smoothinghas enlarged theseintervals al-
lowing more distantverticesto snapontothesharpfeatures.

Ideally, avertex is movedalongthefiltereddirectionfield.
If alocal maximumin curvatureis detectednits route,the
vertex snapsto this position. In orderto avoid a constant
flow, the vertex will remainat its original positionif there
is nolocal maximum.As cunaturemaximacanappeanonly
on the edgesof the original mesh My it is sufiicient to test
for maximaon (intersectionwith) theseedgeonly.

Usingthis snappingechniqueve canreconstrucfeatures
of the original surfaceby plain geometricoptimization.Of
course the quality of the resultingremeshis unacceptable
without introducing additional constraintsthat prevent de-
generatiorsuchas orientationflipping of triangles.This is
avoidedby restrictinga verte<’ movementto the“kernel” of
its 1-ring. The kernelis the convex subregion of the 1-ring
thatis boundedoy the straightlines definedby outeredges.
Fig. 3 shavsanexample.

Whenshifting the vertex insideits kernelalongthe gradi-
entfield capsmay arise(Fig. 3, centerleft) . Thesearetri-
angleswith almostzeroareaandoneinneranglecloseto Tt
We mustavoid suchconfigurationsasneithera snappeder-
tex will move ary further nor the topological optimization
(cf. Sec.2) canremore them.For this reasonwe discretize
directions:Maximaaresearchean theedgeemeging from
avertex v; of thecurrentremeshM thatencloseshe small-
estanglewith the gradientat v; (Fig. 3, centerright). Only
edgeswith anenclosinganglelessthenJ areallowed. This
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Figure 3: Startingfromthe currentposition(left), the verte is shiftedwith respecto the gradientfield indicatedby the bladk
arrow. Moving in the direction of the gradientcan causecapsin the vicinity of featues (centerleft). This can be avoidedby
shifting along the edge that encloseghe smallestangle with the gradient(centerright). A potentialshortedge getsremaed
during the restructuringprocess(cf. Sec.2). Notethat the shift hasto be restrictedto the kernel of the 1-ring (grey area) to

avoidflipping of triangles(right).

is alwaystruefor atleastoneedgeinsidea consistentnesh.
Restrictingthe direction this way ensureghat verticesare
still moved along the gradient,merely the corvergenceto
featureds sloveddown.

Hence,the direction along that a vertex v; € M is at-
tractedtowardsthe featurealways pointsto someneighbor
vj. We now evaluatecunatureon My attheintersectionsf
theedgebetween(vj, vj) with all edgesof M (cf. Fig.5).If
a local curvaturemaximumis detectedhe vertex is moved
to this position,elseit remainsuntouchedIn orderto avoid
constantflow, vertex movementis restricted:v; may not
move furtherthanhalf of thelengthof theedge(vi,vj). The
rationalefor this dampingis thatthe neighborvj mayreach
the samepositioneasier In the extremecasev; lies onthe
featurealreadyandcollapsingof verticesis prevented.Ver-
ticesthat do not snapto a featureare relaxed (cf. Sec.3)
insteadof maving alongthe gradient.This ensureghatver-
ticesremainequallydistributed.

Verticesthathave beenshiftedontoanedgeof Mg dueto
a curvaturemaximumarerestrictedto move only on edges
in M in thefollowing stagef the algorithm.This allows
usto usethe samesnappingechniquan a onedimensional
subspacef the parametedomainin orderto resamplecor-
nersof theoriginal surlace M. Again,avertex vi € M tries
to move towardshigh curvature,but thistime alongedgesn
My . Its movementis still restrictedto the kernelof the 1-
ring. If alocal maximumis foundatavertex v e Mg acor-
neris assumedandy; is movedto thatposition.v; remains
untoucheckitherin caseof thereis no maximumor if there
is anothervertex vj € M alreadysamplingv. All vertices
thathave not snappedo cornersarefinally relaxed on their
featureedgesn M.

After featuresnappingo edgeqin 2D) andto cornerg(in
1D) the verticesof the remeshM are equally distributed,
andthey samplefeatureedgesand cornersof the original
surface.Now we malke sure,thatedgesconnectingvertices
in M arealignedto sharpfeaturesn M. Dueto the previ-
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Figure 4: The gradientfield (black arrows) shifts vertices
towards a featue (horizontal line). Vertex vq is locked by
its neighboralreadyresidingon the edee (left). Flipping the
edge that crossesthe featue line aligns M with Mg. On
the right, vertex vi moves onto the horizontal line, doing
sogenegting a degeneatedtriangle. Relaxingv, fixesthis
problem.

ouslydescribedliscretizatiorof directionsfor vertex move-
ment,avertex mightbelockedwhichleadsto anedgecross-
ing a featureof My. Fig. 4 (left) illustratesthe situation.
Thesecasegarely happendueto the relaxationandcanbe
solvedby flipping theaffectededge Sincethe procedurean
beappliediteratively, thealgorithmworksin the samefash-
ion for severaledgesattachedo onevertex.

In afinal stepwetake careof triangleswith pooraspecta-
tios. Suchaconfiguratiorcanoccur if thevertex getsshifted
towards the border of the kernelin a non-cowex 1-ring.
Fig. 4 (right) shawvs sucha configuration.However, these
caseganeasilybe solved by applyingtherelaxationopera-
tor to thevertex with thelargestenclosingangle.

5. Overall algorithm

In theprevioussectionswve discussedhe singlecomponents
of our framavork and elaboratedon the differentaspects.
Now we areableto outlinethe overall algorithm:
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Figure 5: Featue snappingof a singlevertex v;. Left: Theregular, light meshdenoteghe original meshMg with a featue
ede (thick). Thedark meshshowsa 1-ring of M with the sampledccurvatue gradientG (arrow). All verticesare in freestate
Theseach directionis determinedy the edge enclosingthe smallestanglewith G. Curvatue valuescy are sampledat the
intersectionswith My, displayedoy theboxeshatare scaledby ck. Right: Thecentervertex snapso thelocal maximunof the

cx andchangesits stateto snapped—to—edge

Algorithm (Feature Sensitive Remeshing)

(a) Restructurghemesh.

(b) Apply parameterizatiobasedelaxation.

(c) Runfeaturesnappingalgorithmin 2D (to edges).
(d) Runfeaturesnappingalgorithmin 1D (to corners).
(e) Optimizetheresultingmeshby edgeflipping.

We assignevery vertex v; of the remeshM a statethat
will be evaluatedand modified by the algorithm. A vertex
caneitherhave statusfree snapped—to—edge snapped—to—
corner(Fig. 6). Initially, all verticesarefree

In step(a) aninitial remeshis built usingdynamiccon-
nectvity meshesasdescribedn Sec.2. Theresultingmesh
hasthe desiredcompleity in the numberof verticesandis
optimal with respectto the connectwity criteria. This step
resetsall vertex statego free

The optimizationonly effectsthe connectiity of the tri-
anglemeshbut notits geometryln thenext step(b) we start
the geometricoptimization(cf. Sec.3): the positionsof all
freeverticesareshiftedin the parametedomainby thefair-
ing operator This resultsin a meshwith equalizedvertex
distribution.

Still, the surfaceis anunacceptableeconstructiorof the
original geometrydueto aliasingin featureregions. Naive
local refinementcannotsolve this problem.So we have to
ensurethat verticesof the remeshM lie on the featuresof
M.

Step(c) snapsverticesof M to featureedgesof Mg (cf.
Sec4). A carefullyfilteredcurvaturefield on Mg providesa
gradientdirectionthatguidesverticestowardsfeaturesNote
that no featureregions or edgesare classifiedon My, so
no applicationspecificparametersare needed As a vertex
Vi € M may only move towards a featureedgealong an
edge(vj, vj) only intersection®f Mg with thisedgearenew

candidatepositionsfor v;. Cunatureis evaluatedon Mg and
usedassnappingcriterion.

If alocal curvaturemaximumis encounteredbetweenv;
andv; thena featureedgeis assumedAs a consequence;
is snappedo theintersectiorpoint of this maximum,andits
statechangeso snapped-to—edgEig. 5 illustratesthis situ-
ation. If thereis no suchmaximumy; staysat its position
thus avoiding constantflow and degeneratededges.Also,
v; is not allowed to snaponto a snapped—-to—edgeertex to
avoid edgecollapses.

Verticesthat remainin statefree may nowv be scheduled
for anotherrelaxationstep. Steps(b) and (c) are iterated
until no more snapped—to—edgerticesaregeneratedT his
ensureghatthereareenoughcandidate$or snappingNow
verticesof theresultingremeshM sampleedgeof theorig-
inal surface,but still cornersaresubjectto aliasing.

It turnsout thatthe cornerproblemcanbe solved justin
the sameway asthe edgeproblem.We needto snapver-
ticesto cornersof theoriginal surface,e.g.to verticeswhere
featureedgesmeet.In contrastto step(c) the searchspace
is restrictedfrom the entire2D parametedomainto the 1D
featureedgesWe have alreadydetectedheseedgesasthey
connectsnapped-to—edgertices.

So step(d) canbe formulatedasfollows: For every ver
tex v; € M with statesnapped—to—eddhke curnvaturevalues
at the two endpointsof the correspondingdgein Mg are
usedfor selectingoneof the two possiblesearchdirections.
If therearemorethantwo candidatedirectionsthevertex re-
mainsuntouchedsit is assumedo lie onacorneralready

Again, we arelooking for a local maximumbetweeny;
andits neighborvj with the samestate.lf a curnaturemax-
imumis detecteds; is snapso the associatedertex in Mg
andits statechangedo snapped—to—corndf the maximum
happendo bein vj, thevj is left unchangedThe vertices
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(a) restructure

‘ (c) feature snapping 24}

‘ (d) feature snapping 1#)

I I
I
I I

(b) relaxation| _

Figure 6: Vertex statesin overall algorithm.

remainingin statesnapped-to—edgeescheduledor relax-

ation on their featureedge.Cornersnappingand 1D relax-

ation are iterateduntil thereare no more verticessnapto

cornersNow M reconstructedgesandcornersof theorig-

inal surface Mg in thatverticesare placedon featureedges
resp.corners.

Thelaststep(e) in the algorithmfixesedgeghatarestill
not alignedand crossa feature.This is achieved by edge
flipping. Certainlythisis in contrastto the requirementf
balancedhumberas adjacentvertices,but can be tolerated
for the sale of animproved approximatiorto M.

6. Results

We illustrate different stagesof our algorithm on the fan-
diskmodel(13KA). Thistechnicaldatasetcontaindlat and
smoothregionsaswell assharpedgeqstraightandcurved),
andhencesideally suitedasatestdatasetfor ouralgorithm.
Fig. 7 (top left) shavs the original surface.In a preprocess-
ing stepwe first computecunvature valuesas depictedin
Sec4.

Theinitial triangle meshis then parameterizedisingthe
MAPS algorithm.Notethatwe do nottagary featureedges
e.g.by thresholdingcurvatureor dihedralangles.For now,
we do not adaptthe numberof verticesof the remesh(cf.
Sec.2), but startthealgorithmwith theinitial connectity.

Fig. 7 (topright) shavs theremestafterapplicationof the
parameterization-basédiring operatorWhile thisbalances
the vertex distribution, the featuresof the original surface
arenot reproducedarymore. This is fixed by snappingver-
ticesto featuredollowed by edgeflipping (cf. Sec.4). Fig. 7
(bottom left) shaws the triangulationof the final remesh.
Snappederticeshave beenmarkedred.Fig. 7 (bottomright)
displaysthe flat shadedsurface. Thefeaturesof the original
fandiskhave beenconstructeaicely.

Fig. 8 shavs a coarseanda fine approximatiorto theini-
tial meshin an enlagedview. We setthe tarmgetresolutions
to 2.8KA and40KA respectiely.
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7. Conclusions

We presentedan automatictechniquefor featuresensitve

remeshingof triangulatedsurfaces.This is doneby extend-

ing a particlesystemapproachwith an effective mechanism
to avoid resamplingartifacts.Our algorithm doesnot rely

on a thresholdto detectsharpedgesin the input meshbut

operateswithout ary modelspecificparametersThe target

resolutioncanbe changeddynamically During the remesh-
ing procedure a global parameterizations generatedhat

links all resultingremeshesHencewe obtaina multireso-
lution structurewheredetail information can be transfered
betweendifferent resolutions.This givesrise to mary ap-

plicationsand future investigationssuchas multiresolution
deformationsAlso texture coordinatecanbe remappedo

presere surfaceattributes.
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