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Abstract

Surfacematchingis fundamentato shapecomputingand various
downstreamapplications. This paperdevelopsa powerful pants
decompositiorframenork for computingmapsbetweensurfaces
with arbitrary topologies. We rst conductpantsdecomposition
on both surfacesto segmentthem into consistentsetsof pants
patches(herea pantspatchis intuitively de ned as a genus-zero
surfacewith threeboundaries) Thenwe composeglobalmapping
betweentwo surfacesby using harmonicmapsof corresponding
patches.This framewnork hasseveralkey advantagesver existing
state-of-the-artechniques First, the surfacedecompositiornis au-
tomaticandgeneral. It canautomaticallyconstructmappingsfor
surfaceswith the samebut complicatedtopology and the result
is guaranteedo be one-to-onecontinuous. Secondthe mapping
framawork is very e xible and powerful. Not only topologyand
geometry but alsothe semanticsanbe easily integratedinto this
framework with little userinvolvement.Speci cally, it providesan
easyandintuitive human-computeinteractionmechanisnso that
mappingbetweersurfaceswith differenttopologies,or with addi-
tional point/cune constraintscanbe properlyobtainedwithin our
framework. Comparedvith traditionaluserguided,piecavise sur
facemappingtechniquespur nev methodis moreintuitive, less
laborintensive, andrequiresno users expertisein computingcom-
plicatedsurfacemapbetweerarbitraryshapesWe conductvarious
experimentsto demonstratéts modeling potential and effective-
ness.

CR Categories: 1.3.5 [Computing Methodologies]: Computer
Graphics—ComputationaGeometry and Object ModelingGeo-
metricalgorithms Janguagesndsystems;

Keywords: SurfaceMatching,ShapeAnalysisandSynthesis

1 Introduction

Computingbijective surface mappingsis one of the mostfunda-
mentalproblemsin modelingand simulation elds andtheir en-
gineeringapplications. Its primary goal is to build up a one-to-
oneregistrationfrom oneshapeo another This mappinghasbeen
widely usedasan enablingtool for numerousapplicationssuchas
shapeanalysis retrieval, shapemorphing,texture/attritute/motion
reuserecognition.etc.

Techniquesor surfacematchingcomputatiorcanbeclassi edinto
implicit methodsandexplicit methods.Implicit methodstypically
malke use of the volumetric concept. Such methodsusually pay
lessattentionto the underlyingtopology In addition,they do not

%e-mail: xinli@cs.suyshedu
Ye-mail: gu@cs.suyshedu
Ze-mail:gin@cs.swshedu

XianfengGuw
Story Brook University (SUNY)

HongQin *
Story Brook University (SUNY)

requiresurfacemodels'generatiorfrom mary real-world raw data
acquiredrom scannersHowever, theirdravbacksarealsoobvious
—they arecomputationallynoreexpensve, becauseolume-based
techniqueamust considerone more dimension. The lack of ef-
cieng signi cantly restrainstheir applicationscopesin practice.
In contrast,the majority of surface mappingtechniquess based
on the explicit approach(note that, our nev methodpresentedn
this paperfalls into this catgory). Suchan approachonly uses
surfaces information (e.g., meshs connectiity and vertices' po-
sitions) for the mappingcomputation. Comparedwith volume-
basedtechniquesijt is more ef cient and direct for most graph-
ics/modeling/visualizatioapplications.

It may be notedthat, althoughthis topic is importantandhasbeen
widely studied currentstate-of-the-arsurfacemappingtechniques
arefar from adequatendperfect. A moredesirableandpowerful
surfacemappingmethodis neededand shouldhave the following
properties.

The rst oneis generality. The mappingmethodologyshouldbe
general,i.e., it should be able to handlesurfaceswith arbitrary
topology with or without boundariesThe generalityalsoincludes
anotherimportantissue— being capableof accommodatingopol-
ogy changes. We can seethe importanceof topology changein
surfacemappingfrom its applications.Whenwe usesurfacemap-
ping for shapecomparisoranddifferenceanalysis,datato be reg-
isteredcould easilyhave differenttopologydueto shapevariations
andaccompaying noisege.g.,smallboundariegndtiny handles).
Moreover, whenwe usesurfacemappingto drive the animationof
a morphingsequencewe usuallytransformone objectto another
basedon their intrinsic semanticsregardlessof whetherthey have
thesametopologyor not (seeFig. 10(a)).

Many existing surface mapping techniquesprimarily focus on
genus-zersurfacesmostrecentworks startto aim at generalsur
faces,and much fewer techniqueshave beendevisedto e xibly
work for arbitrary topologicalchanges. In this work, we aim at
ageneraframeavork thatcanhandlearbitrarymeshinputs.

Thesecondoropertyis automation. Most currentsurfacemapping
techniquedeavily rely uponlargeamountof userintervention. Al-
thoughin mary applicationsthe requirement®f objectsemantics
forbid us from entirely ignoring userintentions,the primary rea-
sonfor the lack of fully automaticmethodsin this researcheld
arestill dueto technicaldif culties. Real-world shapesould be
comple in bothtopologyandgeometry To our bestknowledge,if
the givensurfacesaretopologicallynon-trivial (neithersphere-lile
nor disk-like), evenwith the sametopology no existing techniques
areableto computethe mappingin a fully automaticway. A key
dif culty stemsfrom that,althoughmostcurrentmappingmethods
dependon a preprocessingtageof meshsegmentation few sur
facesggmentationtechniquesave beendevisedfor automatically
providing consistensegmentatioron differentsurfaces.

When mappingis usedin applicationsdealingwith large amount
of data, suchas analysisand comparisonon shapesn database,
userinvolvementon every registrationtrial could not be practi-

cal. Thereforewe de nitely needa surfacemappingtechniquehat

worksfor generainputs,yetis asautomaticaspossible.

Thethird propertyis controllability . Althoughautomatiormakes
themappingprocessnuchlesslaborintensie, in realapplications



wherethe semanticslays a critical role, suchas morphing(re-
quiring featurepointsmatching) automaticnethodsasecdn pure
topologyandgeometryinevitably fail. We musthave anev mech-
anismthatcanprovide an easyway to let the usermanagehe be-
havior accordingto semantics-speci cequirements.Indeed,cur
rentsurfacemappingtechnique®ftentimesprovide limited control
to the user;but for surfaceswith complicatedopology they either
requirea large numberof marlers[Kraevoy and Shefer 2004] or
needusers greatefforts to designthe basemeshasa goodstarting
point [DeCarloand Gallier 1996], [Gregory et al. 1998]. In prin-
ciple, a good mappingframewnork shouldprovide an intuitive and
easy-to-usédumancomputerinteraction.

Fourth, it is alsoimportantto emphasizeigor ousness The global
continuityis typically requiredfor the underlyingmapping. How-

ever, betweergivensurfacestheremay exist mary continuousyet
topologicallydifferentmappingsij.e., mappingscould have differ-

enthomotoyy types(seeFig. 14). Two surface mappingsbelong
to the samehomotoyy type if andonly if they can continuously
deformto eachotherwithout degenerag. Amongsomary legiti-

matechoicesthereareno viablewaysto selectthe bestonesfrom

all candidatessincedifferenthomotopy mayrepresentlifferentse-
mantics.In suchacase peingableto let usereasilyandintuitively

determinearbitrarytopologicaltype of amappingnot only demon-
strategherigorousnessf themappingalgorithm,but alsohasprac-
tical importance.

In this paperwe designa new surfacemappingframenork in order
to unify the above four properties We conductour experimentson
several challengingexamplesto demonstrat¢éhe power andpoten-
tial of our method.Our contributions areasfollows.

1. Our framework ef ciently handlessurfaceswith arbitrarytopol-
ogy, with or without boundaries.It alsohandlessurfacemapping
with topologychanges.

2. Our frameawork hasgreatautomation. Our pantsdecomposi-
tion canautomaticallycomputeconsistensegmentatioron a setof
surfaceswith samebut complicatedopology This framevork can
proceedvithoutary userintervention,andthereforeprovide canon-
ical decompositiorfor automaticmatchingamonga large number
of acquiredor syntheticdatasets.

3. Whenuserinteractionis necessarfor ary semanticseasonsour
framework coherentlyalignsconstrainfpointsor curvesto enforce
constraintsandprovidesusersa simpleandintuitive mechanisnto
controlthe mappingbehaior.

4. In practice our framevork generateandenumerateary differ-
enthomotopy typesof mappings.It shavs not only the e xibility

but alsotherigorousnesandcompletenessf our mappingframe-
work from the mathematicapoint of view.

5. Our algorithmis simple and ef cient in practice. As we will
elaboratdater, the technicalcore of the decompositioralgorithm
primarily relieson the Dijkstra algorithm,and only the triangular
metricof givensurfacess employed.

The remainderof this paperis organizedas follows. We brie'y

review the prior work in Section2, thenintroducetheoreticback-
groundaswell asnecessaryermsandde nitions in Section3. The
fundamentaideaof ourframevorkisillustratedin Sectiord, which
is atwo-steppipeline,asdiscussedn Section5 andSection6, re-
spectvely. We demonstratexperimentalresultswith variousap-
plicationsin Section7 andconcludethe paperin Section8.

2 Related Work

Surface mappingis a fundamentalproblemin computergraph-
ics/modeling elds. A thoroughsuney is beyondthe scopeof this
work. In thefollowings, we only brief the mostrelatedwork.

Earlier work on computinginter-surfacemappingsis mostly mo-
tivated by the needof shapeblending. A naturaland intuitive
approachis to establishthe shapecorrespondencéhroughsome
canonicadomains.

For genus-zeraneshesthe sphere(for closedsurfaces)and the
plane (for open surfaces)are two widely-usedintermediatedo-

mains.[Kentetal. 1992]computedmapsbetweerstarshapedsur

facesby rst mappingthemonto spheresandthenmerging them
by clipping one sphereto the other Later, [Kanai et al. 1998]
usedharmonicmapto build correspondencéom surfacesto the
unit disk domain,sothat not only the starshapedsurfaces but all

genus-zersurfacescanbe mappedeasily However, it only allows

oneconstraintpoint speci ed by users.[Alexa 1999] proposedo

matchmultiple featurepointsbetweergenus0 surfaces.Thiswork

wrappedtwo surfacesonto a unit sphereby minimizing a distance
function, andfeaturepointson the surfaceare alignedandthe re-

sultantembeddings usedfor the surfacemapping. Its dravback
is that no bijectivity is guaranteedand hard constraintsmay not
be fully enforced. More recently [Asirvathamet al. 2005] used
constrainedphericalparameterizatioto mapgenus-zersurfaces
ontothe spheretheprogressie meshwasusedto getasimplebase
meshandto enforceconstraintsat certainpositionson the sphere.
This methodallows multiple hardconstrainfpointsbetweergenus-
0 surfaces.

For surfaceswith complicatedtopology common canonicaldo-

mains such as disks and spheresbhecomeunavailable. Directly

solving intra-surbcemappingusually fails. Most techniquesuse
anotherstratgy: rst segmentsurfaceswith complicatedtopol-

ogy into consistentsetsof sub-rgions; then composeor re ne

the global resultfrom the sub-rgion maps. [DeCarloand Gallier
1996]introduceda e xible surfacemappingframevork basedon

userspeci ed basemeshes.Whenthe basemeshesare carefully
designed mappingbetweensurfaceswith differenttopology can
be computed.However, deeperdomainknowledgein topological
sumgeryis requiredto manuallydesignconsistenbasemeshesand
whenthe surfaceare of high genus,the designcanbe quite com-
plicated. Only examplesup to genus2 areprovided in this work.

[Gregory et al. 1998]and[Zdckler et al. 2000] alsousedthe base
meshapproachWhentheconsistentbasemesh”have beenmanu-
ally designedharmonicor barycentrianapsareusedo matchthese
sub-rgionsaccordingly More surfacemappingwork for morph-
ing applicationscanbe foundin the suney [LazarusandVerroust
1998].

Recentwork hasbeentrying to seekmore automaticmethodsfor

consistenbasemeshgeneration[Leeetal. 1999]usedtheirMAPS

algorithmto hierarchicallymap ne meshesntoa commonbase
mesh. [Praunet al. 2001] introduceda graphtracing algorithm
to transferthe coarsebasemeshfrom onesurfaceto anotherwith

the sametopology [Kraevoy and Shefer 2004] usedanotherway
to tracebasemeshegonsistentlyon differentsurfaces. However,

generatingbasemeshedor high genussurfacesstill needsmary

featurepointsfrom users.For example,to proceedhe basemesh
tracingalgorithm,at leastfour markersarerequiredon eachtopo-
logical handle.[Schreineret al. 2004] rst tracedoriginal surfaces
into a correspondingsetof triangularpatcheswith featurepoints
aspathendpointsandcreatedoriginal surfaces'progressie mesh
representationghencreateda trivial mapontothe basemesh,and
iteratively re ned the mapbackto the original surfaces.



Basemeshconstruction(consistensegmentation)could consume
alargeamountof humanlabor Thereforearecentresearchdirec-
tion is the automaticgeneratiorof surlacemaps. This automation
becomesery challengingfor surfaceswith complicatedtopology
wherefar lesswork hasbeenexplored. Furthermorewhengiven
surfaceswith differenttopologiesarepresentijt is evenmoredif -
cult. ManualbasemeshdesignDeCarloandGallier 1996]requires
greatereffort andstrongerexpertisefrom the user This motivates
usto seekan automaticmethodfor consistenshapesegmentation
for surfaceswith complicatedopology

A topologicalissueshouldbe consideredor mappingbetweersur
faceswith nontrivial topology It is the so-callechomotoyy type of
mappingsin [Carneretal. 2005]and[Li etal. 2008],canonicaho-
mology bases[Gu and Yau 2003] andsystemsof loops[Erickson
andWhittlesey 2005]wereusedto studythis issueandbuild map-
pingsof differenthomotoyy types.[Dey etal. 2007]de ned terms
handleloopsandtunnelloops which provide an intuitive way to
studythe topologicalhandleson surfaces. The computationalgo-
rithm is alsopresentedhn [Dey etal. 2007]. In ourwork, if agiven
surfacehasnon-trivial topology our algorithmtakesthe surfaceas
well asits handlesandtunnelloopsasinputs.

Surface Pants decompositionhas beenwidely studied [Hatcher
etal. 2000]. Work hasbeendoneto investicgatetheoptimalsggmen-
tation of a given surfaceinto pants[Verdiere and Lazarus2007].
For surfacemappingpurposejnsteadof decomposingustonesur

face,we needto computeconsistentlecompositioron several sur

faces,or nd canonicaldecompositiorfor the sametypesof sur

faces.Lesswork hasbeenaccomplishedlongthis direction.

3 Theoretical Foundation

3.1 Denition of Pants Decomposition

Webrie y introducetherelatedbackgroundn topologyandgeom-
etry andmake necessarge nitions in this section.

A surfaceM is atopologicalHausdorf spacen which eachpoint
hasa neighborhoodhomeomorphico eithertheplaneor theclosed
half-plane.Pointswith closedhalf-planeneighborhoodirede ned
asboundaryof M .

A pathis a continuousmapp : [0;1] ! M. A loop (cycle) is
a closedpath, meaningthatthe endpointgp(0) andp(1) coincide.
The concatenatiorof two pathsp andq, with p(1) = q(0) is the
pathp + g de ned by

Yo
(pxa)(t) = p2t); t- 1=2;

q2tj 1); t, 1=2:

Whenwe saytwo pathsarehomotopi¢it meansonepathcancon-
tinuouslyevolve to the otheronethrougha family of pathson the
surface. Rigorouslyspeakinga homotopy betweenpathsp andq

is a continuousmaph : [0;1] £ [0;1] ! M st h(0;¢§ = p,

h(1;9 = g,h(¢0) = a, h(¢ 1) = b, wherea andb aretwo paths
joining p(0) with q(0) andp(1) with (1), respectiely. We denote
thehomotopy equivalenceclassof pathp as[p].

All homotopy classesinderthe product[p] + [q] = [p £ q] form a

groupcalledthe fundamentabroup denotedas¥a (M ). Suppose
f :M ! MPCisacontinuousnap,pisalooponM , thenf £pisa

looponM . f mapsthe homotojy class[p] to the homotojy class
[f £p], andf inducesahomomorphisnfa : ¥a(M) ! % (M 9).

Suppose 1;f2 : M | M % aretwo continuousmapsbetween
M andM °, we sayf; andf, arehomotopic,if andonly if they

inlducetzhe samehomomorphisnbetweenthe fundamentagroups
fa=fs.

A pair of pantsis a genus® surfacewith 3 boundaries.A pants
decompositiorof M is anorderedsetof simple, pairwisedisjoint
cyclesthatsplit M into pairsof pants. Every compactorientable
surface,exceptthe sphere disk, cylinder, andtorus, admitspants
decompositionlf M is of genusG andhasB boundariesa pants
decompositions madeof 3G + B | 3 cycles[Hatcheretal. 2000].
In this work, we presentan automaticdecompositioralgorithmto
cut surface apartiteratively along certainnon-trivial loops. The
3G + B | 3 cyclessggmentthe given surfaceM apartto 2G j

M; (for simplicity, we alsocall suchsurfacepatcha pantspatd in
the remainingpart of this paper)hasthreeboundarieswhich are
denotedasthewaist ?, andtwo legs };j 2. Two pantsM; and
M; areadjacenif they shareboundaries.

3.2 Handle and Tunnel Loops

Supposeaclosedembeddedur
faceM % R® separate®® into
a boundedspacel and an un-
boundedspaceO. Handleand
tunnel loops of M can be de-
ned asfollows (seealso[Dey
et al. 2007]). A loop b is a
handleif it spansa disk in the
boundedspace ; if onecutsM
alongh and lls the boundary
with that disk, one eliminatesa
handle. A loop a; is atunnelif
it spansa disk in the unboundedspaceO; andits removal elimi-
natesatunnel. The handleandtunnelloopscharacterizémportant
topologicalinformation of the surface,andwe usethemto deter
minethehomotopy typesof our mappingsAn intuitive illustration
is shavn in theabove gure. Redcurvesrepresenthehandleloops
while the greenonesaretunnelloops. More detailsabouthandle
andtunnelloopsaswell astheir automaticcomputationalgorithm
canbefoundin [Dey et al. 2007]. All handleloopsform a basis
of ¥4 (1), andall tunnelloopsform a basisof %1 (O). Theunionof
theirhomologyclassedorm abasisof ¥a (M). Ouralgorithmtakes
surfacestheir handleandtunnelloopsasinput.

4 Overview of Key ldeas

Thecoreof ourmappingframenork is consistenpantsdecomposi-
tion. GivenanarbitrarygenusG surfacewith B boundariespants
decompositiorprovidesa canonicakegmentationpartitioningthis

surfaceinto 2G + B j 2 pantspatchegseethefollowingsfor more
detail). Givenasetof arbitrarysurfacesof sametopology our pants
decompositiorschemecanautomaticallysegmentall of theminto

consistensetsof patcheawith “pants”topology

Decomposinga Surface. The rst stepof our surfacemappingis
pantsdecomposition. It segmentsthe given surfaceinto a setof
pants.This decompositiortanprocesscanonicallyin anautomatic
way, i.e.,oncetheindexedhandleandtunnelloops(ai; ;0 - i <
G) areprovidedin a preprocessingtagethenthedecompositioris
uniqueandwe will obtainanorderedsetof pants.

To give an intuitive overview, we start from a closed genusG

(G, 2)surfaceM. In Fig. 1, a genus4 torus exampleis used
to illustrate key stepsof our pipeline. First, we remove G han-
dle patchesapartfrom M (a), andgeta setof genus-onesurfaces
Mi; (0 - i < G) with oneboundaryand(if G , 3), atopological
sphereM °with G boundariesWe call M °thebasepatc andthese
boundariesvaists Secondwe decomposghe basepatchM ° and
all thehandlepatchesM; into pants((b) and(c)). For genus2 sur

facesho basepatchexists, 2 handlepatchedV o andM ; compose
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Figurel: PantsDecompositiorPipeline. (a) Find andremore “waists” of
handles(b) and(c) Decompos¢he basepatchandhandlepatches.

(© (d)

Figure2: PantsDecompositioron Surfaceswith SimpleTopology

(a) A genus? surfacehas2 handlepatches,no basepatch. (b) A closedgenusi

surface(A = 0) needsonepunch.(c) A topologicaldisk (A = 1) needswo punches.
(d) A topologicalspherg/A = 2) needshreepunches.

@ (b)

thesggmentation (Fig. 2(a))

Whensurfaceshave highgenuqG , 2) with boundariesywe leave
boundariemnthebasepatchM °, treatthemasusual‘waists”,and
applybasepatchdecompositiorsimilarly.

We canalsodecomposaurfaceM with easiertopology (G < 2)
with someextra “holes”. The basicideais, the Eulernumberof a
pair of pantsis j 1, soif M 's EulernumberA = 2 2Gj B is
negative (for example,G , 2 will guaranteéd < 0), M canbe
decomposediirectly. Otherwise,we punchholeson M until M

getsaminusEulernumber Onepunchdecreasethe Eulernumber
by 1, andsincethe Euler numberof a surfacecannot exceed+2,
we atmostneed3 punches.

More speci cally, if M is genusi andhasaboundaryAy = i 1,

it is directly processe@sa handlepatchM ;. If the surfaceM is

genusl andclosed(Fig. 2(b)), Aw = 0, onemarler is required
from theuser We puncha hole on the marlker, geta boundaryand
male Ay = i 1 sothatit canalsobe decomposedike M;. If

M is agenus® meshwith aboundary(Fig. 2(c)), like adisk, then
Aw = 1. Wealreadyhave one*waist”, andneedwo morepunches
as'legs”. If thesurfaceis a closedgenusd mesh(Fig. 2(a)), three
markersarerequiredto form a pair of pants.

Whenagenus-zeror genus-onasurfacehasmorethanonebound-
ary, similarly we computdts Eulernumberandcheckwhetherextra
punchesarenecessaryAs we will discussin the later part of this
paper thesemarkers can be usedas featurepointsin the surface
mappingbecauseheir exactcorrespondencis guaranteed.

Pants Mapping. Whensurfacesaredecomposethto a setof sub-
regions,eachwith “pants” topology the mappingcomputatiorbe-
comeseasier To make surethe maphasglobal continuity and bi-

jectivity, boundarymappingson neighboringsub-regions have to

be consistentMany mappingtechniquesvith x edboundarycon-
ditions, suchasharmonicmap|[Eck et al. 1995], meanvaluecoor

dinatemap([Floater2003]andsoon canall bethe choicefor pants
mapping.Freeboundarymappingtechniquesrenot preferredfor

sub-rgionsmappingherebecauséf we cannotcontrolthe bound-
arymappingoehaior, it will fail to satisfycontinuityandbijectivity

alongthesub-r@ions' boundaries.

In this work, we usethe harmonicmap, becauset is physically
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Figure 3: Mapping Two PantsPatches.Eachpair of pantsis decomposed
into two topologicalhexagonpatches.Harmonicmapsfrom thesepatchedo regular
hexagonsareusedto composehe pantsmapping.

naturaland canbe computedefciently. Like other x ed bound-
ary mappingtechniquesthe shapeof the target regionsshouldbe

corvex to guaranteghe map's existenceand validity. Sucha di-

rectcorvex domainfor shapewith pants-topologyoesnot exist;

therefore,we simply decomposéhe pantsinto two patcheswith

disk-like topology to make the mappingcomputationstable. As

illustratedin Fig. 3, eachpair of pantsis decomposednto two

topologicalhexagons,and eachof themis harmonicallymapped
to aregularhexagon.The pantsmappingis thencomposedhrough
thesehexagonaldomains.

5 Consistent Pants Decomposition

This sectionintroducesour algorithm and implementationof the

consistenpantsdecompositiomnsurfaces.Thepipelinesareintro-

ducedin Section5.1, Section5.2,andSection5.3, respectrely. To

allow topologychangesn mapping,suigery pointsareintroduced
in our decompositiorframevork (Section5.4). Userscancontrol

the mappingby settingfeaturepoints or curves, we describethe

relatedissuesin Section5.5 and Section5.6. Our decomposition
processs very robust,asaddresseth Section5.8.

5.1 Removing Handles

The rst stepof the pipelineis to remove handlepatchesfrom a
givensurfaceM . We iteratively tracea specialshortestcycle and
sliceM alongit to separate handlepatch(which becomes pair
of pantsM; later)from M . We denotesuchshortestcycle aswi,
indicatingit is the“waist” of M .

Supposehe handleloop andtunnelloop of the currenthandleare
denotedasa; andh, thenthecycle w; is homotopictoc; = al +
B +al *+h . Thecomputatiorof w; is nottrivial, weillustrateit
usingthefollowing example.

StepOne: Computec;.

Fig. 4 shavsasurfacepatchnearthehandleandillustratestheidea.
In this step,we computethecunec; = al £ +al * £h * which
is homotopicto wi. As (b) and(c) shaw, we slicea; andh apart
alongtheir intersectiorpoint, andgetthe resultantgreenboundary
in(d): ¢ = Pt phity pitity o pitty plt



Figure4: Computingc; of thehandlei. (a)w; is thewaist, but we need

to computec; rst. (b) Slice a; apar’[,getPi1 and Pii E (c) Slice b apart,Pi1
i B 1;1 1;i 1 i 1;1 i 11

andP/ 1 split to P PP andP! *' © separately (d) The nenly

generatedboundaryis c; .

Figure5: Computingthe “Waist”. (a)SliceM apartalongits handle/tunnel
loops, get boundariesc; . (b) Connectall otherboundarieg; (j 6 i) to alarge
boundary:?,andgetatopologicalcylinden (c) Sliceapart® (green)onnecting; and
cio; getatopological“trapezoid”; computew; (blue)asthe shortespathconnecting
boundarypoint pairs. (d) Continuethe processn otherhandles.

StepTwo: Shrink ¢ to the “W aist” w; .

As shavnin Fig. 5, in stepone,we slicedapartM ((a)) andgetall
its ¢ ((b)). Now, we iteratively shrinkeachc; to its shorteshomo-
topiccyclew;. It is computedhroughthefollowing algorithm1.:

Algorithm 1 Shrinkc tow;.

1. Connectall existing boundariesexcept ¢; together using
shortestpaths(dashedgreencurvesin Fig. 5(b)).

2. Slice thesepathsapart, we get one new large boundaryc?
(Fig. 5(c)). M becomes topolagical cylinder

3. Computethe shortestpath ° (greencurvein Fig. 5(c)) con-
nectingthe cylinder's two boundaries.

4. (Theshortesttyclew; atleastintersectsoncewith °) Slice®

apart,everypointp 2 ° splitsto apair (P; P). Find thepoint
pair (P; P)) havingthe minimallengthof shortestconnecting
path. Thisshortestpathis w; (bluecurvein Fig. 5(c)).

Whenwe getwp from ¢y, we remove the sub-rgion boundedby
co andwy from M, anddenoteit asM . We go on processinghe
above algorithmon otherci;i = 1:::Gj 1onthenev M, only
substitutingco by wo asshavnin (d).

This processendsafter G steps,and we get G handlepatches
Mo :::Mg, 1. Theirwaistsw; aretheshortestycleonM n| J"zol
M; , makingthe sggmentatiorgeometricallyoptimal underthis or-
der We alsogeta leftover patchM , whichis atopologicalsphere
with G holes,denotedasthebasepatchM °. We furtherdecompose
M ®andall theM; into pantsin thefollowing sections.

5.2 Decomposing the Base Patch

..
Q.
B
@)

Figure 6: Decomposinghe BasePatch. (a) Slice apartw, geta new
pair of pants.Boundarynumberdecrease$. (b) Setwg asanew boundarygo onto
computew?.

(b)

ThebasepatchM °is atopologicalspherewith G + B holes(G is
the genusB is the numberof original boundarieon surfaceM ).
As we mentionedreviously, whentherearelessthan3 boundaries
(for example,G < 3;B = 0), thereis no basepatch. In those
casesthis stepis skipped.Fig. 6 illustratesan exampleof our base
patchdecompositionthe algorithmis asfollows.

Algorithm 2 BasePatch Decomposition.

0. Putall boundariesw; of M %into a queueQ.

1. If Q has- 3 boundariesend;elsegoto Step2.

2. Computea shortestoopw® homotopidow; +w; . (Redcurves
in Fig. 6(a) and (b))

3. w® wi andw; bounda pair of pants,remove it from M °.
Remoew; andw; fromQ. Putw®to Q. GotoStepl.

During eachiteration, we decreasehe numberof boundarieson
MmO by 1 becauséwo boundariesv; andw; areremoved,onenew
boundaryw?® is created. Therefore this algorithmwill processor
G+ B 3iterationsandwegetG+ B 2 pantspatchefG+ B 3
from iterations,andbasepatchbecomeshelastone).

In step2, we needto tracea shortesioop w® homotopicto w; +
w; . Thecomputatiorfollows theideaof the previousalgorithmof
shrinkingwaists(Fig. 5(b) and(c)).

Algorithm 3 Computeshortestoop w® homotopicto w; +w; .

1. Connectw; andw; togetherby a shortesipathw; .

2. Connectall other loopsin Q together with shortestpaths
without intersectingw;; . Theseloops together form a new
big boundarywy

3. wjj andwﬁ’ bounda cylinder(sameasin Fig. 5(c)). Compute
theshortestyclew® usingthe samedeaof step3 andstep4.
in Algorithm1.



5.3 Decomposing Handles

Figure7: Decomposing HandlePatch. (a) Slicea; apart.(b) Sliceapart
of thegreencurve thatconnectswo outerboundariesThen nd theshortespath(red)
connectingcorrespondingoint pairson thegreencurve.

After we nd eachwaistw; in the pipeline's stepone,we remove
thehandlepatchesvi; from M , eachof whichis agenusi surface
with oneboundary We cansimply nd ashortestycle homotopic
to thehandleloop a; andsliceit apartto make M; apantspatch.

Theideais illustratedin Fig. 7. We rst slice aparta; to geta
cylinder with aninnerboundaryw; ; thenwe nd the shortesipath
° (greencune in (b)) connectingwo outerboundaries.Thenwe
slice apart®, and nd the shortest‘shortestpaths” connectingP
andP, P 2 °;P 2 % Now we make M; apantspatchby slicing
apartthis shortestycle (redcyclein (b)).

5.4 Topological Surgery and Evolution

@

Figure 8: ConsistentDecompositionfor Surface with Different
Topologies. (a) Userspeci es a pair of markersto correspondo a handle. (b)
Eachpair of markers generatea nev pantspatch, which is matchedwith a handle
patchfrom the secondsurface.

The pipelineintroducedin the above sectionsprovides a canoni-
cal (thereforeconsistentflecompositiorfor surfaceswith the same
topology Whenthe given surfacesare with differenttopologies,
our framework canalso e xibly handleit. The useronly needsto

provide somemarker points(denotedassurmery points.

As shavnin Fig. 8(a),whenwe wantto evolve aregionto ahandle.
For example,we wantto matchthe bottomareaof theleft torusto
the bottomhandleon 2-torus. We easilypick a pair of points,and
punchtwo holesthere. Their one-ringneighborsbecomebound-
ariesc; andc,. Thensimilarto the previous processntroducedn
Algorithm 3, we nd acycle c; homotopicto c; + ¢, thesethree
curvesboundapantspatch(asshovnin (b)), whichis matchedwith

the correspondinghandlepatchon the secondsurface. Many real
examplesusingsulgerypointsto handletopologychangen surface
mappingwill be presentedn the experimentakectionlater,

5.5 Matching Feature Points

Whenthesemanticsieedto be consideredluringsurfacemapping,
usersusuallysetup correspondindeaturepointsor curveson both
surfacesandrequirethemto be matchedexactly. To enforcethe
featurepointscorrespondencashard constraintspn eachfeature
point,we alsopunchahole,andmale its 1-ring neighbora bound-
ary. During the decompositionwe treattheseboundarieggener
atedfrom featurepointsasusualboundariesAs we will discussn
Section®6, sinceall the boundariesn the pantssetareconsistently
matchedhard constraints areguaranteedWe caneasilycut fea-
ture curvesinto boundariesandguaranteeheir hardconstraintsn
the sameway.

5.6 User-Guided Segmentation

Our pantsdecompositioriollows a topologicalconsisteng andall
thesggmentatiorpathsaredeterminedy geometryshortespaths)
of the surface. Taking semanticsnto accountis sometimesmpor-
tantin sgmentation We thereforealsoallow usergto easilysketch
somecurve sggmentsto guidedecomposition.

Decompositionshould be topologically correctto assurevalidity
and consisteng of segmentation. Therefore, our systemtakes
users sketchesassoft constraints, andtry to follow the guidance
while at the sametime guaranteehe newly tracedcyclesare ho-
motopicto original ones.This caneaseausers operationseliminate
the necessityof users expertise,andgreatlyimprove our systems
robustness.

Userscan sketch someguiding curves on the meshfor a speci c

handleor boundary Whenwe computethe waist of this handleor

boundary we usea specialmetric m to attractthe shortestcycle

towardsthe guiding curves. To designthe metric,we rst compute
eachvertex's distancefrom the guiding curves. A scalingfunction

is de ned accordingto sucha distance.The smallerthis distance
is, the smallerthe scaleis. Intuitively speakingregionscloseto

guidingcurvesshrinkwhile themetric of the distantareapreseres
or even expands. Under sucha metric, the shortestpathswill be

attractedowardsguiding curve sggments.

5.7 Decomposition Sequence

The correspondencef handlepatchesetweerntwo surfacess de-
terminedby indexing of handle/tunneloops. Our systemgenerates
adefaultindex sequencéor handleandtunnelloopsononesurface
for its canonicaldecompositionThe usercanreordertheindexing
to changehehandlecorrespondence&hennecessary

By default, when M and all its handle/tunneloops (homology
groupbasespregivenasinput. We simply projectthe objectonto
aplane(e.g. X j Y plane);for eachbasis(a pair of handleand
tunnel loops), we computetheir “center” on this plane; thenwe
enumeratehe index for eachbasisaccordingto its centers slope
onthisplane.As wewill shav later, anarbitraryindexing orderde-
terminesa homotoyy type of decompositiorfandmapping).Users
caneasilychangehis orderthroughtheinterfaceof our system.

The secondissueis the sequencave decomposehe basepatch.
Thedefault sequencés to decomposeavaistsfrom smallindicesto
large ones. Userscan also provide their decompositiorsequence
script, if desired. Undera speci ¢ basepatchdecompositiorse-
quenceall the pantsadjacenyg relationshipcanbe deducecdeasily
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Figure9: Adaptive Edge-Split. (a) Two waists(thick red curves)are close
to eachother No pathcancrossthroughthe upperleft region. (b) Edge-spliton base
patchbeforetracing.(c) Shortestyclespassthroughsuccessfully

For a surfacewith G topologicalhandles(including virtual han-
dlesintroducedby suigery points)and B boundarieswe canget
2Gj 2+ B pairsof pants,andtotally 6G | 6+ 2B adjaceng
relations.

5.8 Robust Shortest Path Tracing

We alwaysgeneratgantsby tracingshortestycles.To assurehat

the pantsdo not becomedegenerate we should prevent shortest
cyclesfrom intersectingboundaries. Therefore,herewe slightly

updatethe Dijkstra algorithmsothatit preventsthe shortestpaths
from reachingooundariegor from reachingspeci ed curves).

In the Dijkstra algorithm,whenavertex v is visited,we enqueust
andrelaxits neighbors([Cormenet al. 2001], page595). Now if
Vv is on boundariegor on somespeci ¢ curveswe wantto circum-
vent),we do notenqueuer nor updateits neighbors Usingthis up-
datedalgorithm, shortestcycles' intersectionwith boundarieswill

beprevented.

The original Dijkstra algorithmguaranteeso tracea shortespath
for an arbitrary vertex on a connectednesh. Our modi ed algo-
rithm only fails whentwo boundariesaretoo closeto eachother

An exampleisillustratedin Fig. 9. (a) shovsathree-holdoruswith

a boundary andits waistswy andw; (thick red curves)areclose
to eachother thereforethe upperleft region is errorprone: there
aresomeedgesspanninghesetwo boundaries So althoughtopo-
logically a pathshouldbe ableto go throughthis region between
two boundarieswithout ary intersectionsa real go-throughpath
will inevitably intersecboundariesinderthe currentmeshconnec-
tivity. We call this kind of spanningedgesdangerousedges We

perform the edgesplit on all dangerous edges before computing
shortestcycles/pathsasshavn in (b). This thenrobustly guaran-
teesthe succes®f our pathtracing(c).

Thereis anothertechnicalissuehere. Usually we are not only

satis ed with the correcttopology but alsowantthe cyclesto be

apartfrom boundariesothatthe pantswill notbetoo skinry. We

may also needto handlesimilar situationaroundsugery/feature
pointsand boundarieon the basepatch,so that degeneratepants
will notbecreated.Thereforewe alsoapplyamodi ed metric(as
discussedbore in Section5.6) to pushshortestpathsaway from

boundarie®r somespeci ¢ curves.

6 Matching Pants Patches

After we performconsistenpantsdecompositioron two surfaces
M andM ° respectiely, we gettwo consistenpantssetsM;; (i =
0:::n) andM{ (i = 0:::n). In this sectionwe mapeachcorre-
spondingpairsof pantspatchesf; (M;) ! M2

To assuregglobal continuity, mappingsacrosshe pants'boundaries
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shouldbe consistent. Rigorouslyspeaking,if a curve sggment®
is on two adjacentpantsM; andM;: ° Y2 @M;;° Y% @V, then
we shouldhave fi(°) = f;(°). Therefore,aswe discussedn
Section4, we slice a pair of pantsinto two patchesand compute
their boundary- xedharmonicmaps.

As shown in Fig. 3, slicing a pantspatchM; into two hexagons
needs3 curves connectingM ;'s boundaries. We simply usethe

shortestpathsto connecteachboundariegair. Thenthesethree
pathsslice M; into two patches.The 6 intersectionpointsamong
thesecurves and pants' boundariesare mappedto 6 cornersof

theregular hexagon. To assurehe mappingcontinuousacrosshe

boundarywhencornersof M; have beendeterminedits adjacent
pants'cornerson their sharedboundaryshouldbe consistentlyde-

termined.Thefollowing algorithmcomputesall cornerson a setof

pantsconsistently

Algorithm 4 Computingcornersfor asetofpantsMi;i = 0:::n.

1. For handlepatchesMo :::Mg; 1:
(1.1)Connecshortestyclesbetweeregs,wegetcornersPs,
P4 (theindex followsFig. 3).

(1.2)SetP, asthepointon | { farthestfromPs. Thefarthest
pointon; 2 fromPy is Ps.

(1.3) Tracethe shortestpathfrom Ps to j °; its endpointon
i 9is Po. Thefarthestpointon ¢ fromPy is P;.

2. Propagate existing cornels to adjacentpants: chek every
Mi's adjacentpantsM ; if corneis on M;'s shared bound-
arieshavenot beendetermined,x them.

3. For eadh newly propagatedM;, if M;'s cornerson j J° have
notbeendecided.UseStep(1:3) aboveto x them.

4. Stopif all corners havebeen xed, otherwiseGO Step2.

We rst go throughall handlepatchesbecauseheir cornersare
freely determined Thenwe propagtetheir cornersto the adjacent
pants.Eachstepof basepatchdecompositiortcombinegwo waists
to generat@ new pantspatch,sotheabove propagtionwill notget
stuck,andit endswithin severaliterationswith all cornersconsis-
tently x ed.

Now eachpantspatchM; canbe slicedinto two patchesM ° and
M, asFig. 3 shaws. We computetheir harmonicmapsto the
regularhexagonH, h; (M/) ! H;(j = 0;1) with the follow-
ing boundaryconditions: seteachpatchs 6 corners'UV coordi-
natesto the regular hexagons corners;for other boundarypoints
betweereachpair of corners,nterpolatetheir UV coordinatesis-
ing thearc-lengtiratio. Eachharmonicmapis computedaftersolv-
ing a sparsdinear system[Eck et al. 1995]. On the pantsM 0 the
sameharmonicmapsh?(M%) I H;(j = 0;1) arecomputed.
Thenwe canimmediatelygetthe nal composedatchmapping
f(M!) = hOj‘ Ly h; by barycentricpoint locations. Mappingon
boundariescrosmeighboringpatchesandpantsis consistentBe-
causeeachboundarypoint's imageis determinedby the corners
andcorrespondingrclengthratios,andboth neighboringregions
arrive atthe sameresult.

7 Experimental Results

We demonstrateur mappingframeavork using several examples.
Thegeneratedurfacemorphingsequencesanbefoundin ourac-
comparying video.

Automatic Mapping Genus9 Mechanical Parts. Consistent
pantsdecompositioris automaticallyperformedon threegenus9
mechanicaparts.As shavn in Fig. 13, althoughall modelsin this
examplehave very complicatedopologyandgeometryoncetheir



(a) Src/Trg Models

(d)50% Morph (no features) (e)

(b) SugeryPoints

(c) FeaturePoints

(f) 33% Morph (9) 67% Morph

Figure10: MappingHands:“Five” to “Okay”. (a) Sourceandtagetsurfaces.(b). Two suigery pointsarethe leastrequirementslueto the topologicaldifference.(c)
Usersde ne morefeaturepointsfor semanticpurpose (d) Without featurepointsin (c), 3 ngers arenotmatchedthe morphingis ugly. () There ned decompositiomesults(with

featurepoints).(f) and(g) shov the newly generatednorphing.

() (b)
(c) 25% (d) 50% (e) 75% (f) 100%
(9) 25% (h) 50% (i) 75% (i) 100%

Figure 14: Design Surface Mapping with Arbitrary Homotopy
Types. (a) The sourcesurfaceandits canonicaldecomposition.(b) Userchooses
differenthomotopy typesby changingthe index of handle/tunneloops. (c)-(f) First
homotoyy type: the“green” handlegoesup. (g)-(j) Seconchomotopy type: the“blue”
handlegoesup.

homotopy group basesareindexed, all the following decomposi-
tion is performedn acanonicalway withoutary userinvolvement.
This demonstratethe greatautomationof our frameavork, andit
shaws our consistentlecompositions a powerful tool for register
ing complicatedbjects.Two morphingsequencegeneratedising
our mappingareshown.

Deforming Hands: “Five” to “Okay”. In this example,we mapa
humarhand(Fig. 10(a)(left)) to anotheihand(right). Thisexample
shaws thathow semanticarewell handledin our framevork with
intuitive userintervention.

The sourcehandis an opengenuse surface,while thetargethand
is genusi with aboundary(red curvesareits handle/tunneloops).
To achieve thetopologicalevolution, atleastapair of suigerypoints
is requiredon the rst hand. Naturally, we cansetthemon tips of
the indexing nger andthe thumb (Red pointsin (b)). If we do
notprovide ary otherfeaturepoints,eachhandis decomposeahto
onepair of pants.Thedirectmappingbetweerthemcanbe easily
computedHowever, sucha mappingmaynotfollow shapeseman-
tics, which canbe visualizedusinga linearly-interpolatednorph-
ing sequencgeneratedrom this mapping,asshavn in (d): three
ngers shrinkwhile threenew ngers comeout from someplaces
elsavhere. This meanghose ngers arenot matchedo eachother
properly Our framewvork allows usersto seta few corresponding
marlersin orderto matchthesengers, asshavnin (c). Thisresults
in a ner decompositiorasshaovn in (e). Thenen mappingis com-
putedusingthis decompositiomesult,andguaranteethe matching
betweerregionsof correspondingngers; therefore it generates
morenaturalmorphingsequencesillustratedin (f) and(g).

Genus4 GreekModel to Genus3 David Model. In Fig. 11, we
mapa genus4 Greekmodelto a genus3 David model. The orig-
inal surfacesandtheir homotopy group basiscorrespondencare
shavn in (a) (eachcurwe's color indicatesits index). A pair of
sugery pointsis seton the taget model (b), correspondindo the
smallhandlein the lower right part of the Greeksculpture.In (c),



(a) Src/Trg Surfaces (b) SugeryPoints (c) FeaturePoints

(d) (e) (f) GuidingCurves

(9) (h) 25% (i) 50% (i) 75%

Figurell: Mappingthe GreekSculptureto David. (a) Two surfacesandtheirhomotopy groupbases(b) Two suigerypoints(matchedwith thelower right greenhandle
onthe Greek). (c) Basepatchef both models,andtwo featurepointsto assurecorrespondencen headregions. (d) The decompositiorresultwithout further userinvolvements.
(e) Geometricallyoptimal decompositiormay have poor semanticsffect (yellow regions). (f) Userssketchsomeguiding curves. (g) The new decompositiorresultwith guided

sggmentation(h)-(j) A morevisually naturalmorphingsequence.

Figure12: Mappingtwo Dragons Feature/sigery pointsareplacedon bothdragongredandgreenmarkerson the headandlegs). The morphingsequencés generated.



(@) (b)

Figure13: MappingGenus9 MechanicalParts. Theinitial homotopy groupbasen eachmodelsarecolor-encodedn (a). (b) illustratesthe canonicalecomposition
result. The next two rows visualizemappingshroughmorphingsequences.



(a) Src/Trg Models

(d) Decomposition (e) 25% Morphing

(f) 50% Morphing

(b) AreaStretch (c) MeanCurvatureDifference

(9) 75% Morphing (h) 100% Morphing

Figure 15: Vasevs. Teapot. (a) Surfaceswith handle/tunneloops and sugery/featurepoints. The matchings areastretching(b) and meancurvaturedifference(c) are

color-coded.(d) PantsDecompositiorResult.(e)-(h) Morphing.

whenall the handlepatchesareremoved, we getthe basepatchof
both models. Also, we wantto semanticallyguaranteeorrespon-
dencebetweerheadregions,two featurepointsareplacedon each
model. We shav the canonicaldecompositiorresultin (d). From
the semanticsaspectwe do not like the sggmentationaroundthe
right hand(blue patch)of the Greekbecausé¢heshortestycle goes
throughhis wrist. The sgmentatiorof the left arm (yellow patch)
is evenworse;it cutsthroughthe elbon. An unnaturamorphmap-
ping the forearmof the Greekto the whole armof David is shavn
in (e). This canbe easilyremediedf userssketchtwo shortguid-
ing curve segmentson the Greekmodelasshowvn in (f). The new
decompositiorresultis shawvn in (g), wherewe geta morphwith
muchbettervisualeffectsasshowvn in (h)-(j).

Mor phing Dragons. In Fig. 12, we performdecompositioron two
dragons Severalsuigerypointsandfeaturepointsareusedto guide
the mapping,as depictedon the sourceand target models. The
morphingsequencés shovn to demonstrat¢he mappingeffect.

Surface Mappings with Differ ent Homotopy Types. This exam-
ple demonstratethe rigourousnessind completenessf our map-
ping framavork. As shown in Fig. 14, differenthomotojy classes
canbe choserarbitrarily by usersthey only needto switchthein-
dexing of thehomotoyy groupbasis(asshavn in (b)). Themorph-
ing sequenceBom thesourcesurface(a)to thetamgetsurfacebased
ondifferentmappingsareillustratedin thenext two rows. They are
both reasonablygood,andit is up to the userto selectwhich one
they really want. Our framework providesarigorousway for users
to decideanarbitraryhomotopy type of the mapping.

ShapeMatching and Err or Analysis. With one-to-oneorrespon-
dencebetweerntwo matchedsurfaceswe canpointwiselymeasure
the shapedifferenceusing somegeometricproperties,and color
codethe error distribution, which is potentially useful for shape
comparisorandvisualanalysis.

Fig. 15 illustratesour mappingfrom a genus2 vasemodelto a

genusi teapotmodel.(a) shavsthemodelsandtheirhandle/tunnel
loops; and userprovided sulgery/featurepoints are also depicted.
The decompositionesultsareshavn in (d). (e)-(h) shav the mor

phingsequencgeneratedy our mapping.

In (b) and (c), we color-code the shapematchingerror distribu-
tion. We usetwo terms,oneis the areastretchingratio while the
otheris meancurvaturedifference.In (b), we computetotal areaof
one-ringtrianglesaroundeachpoint on the vasemodel; whenthe
vaseis mappedonto the teapot,we alsocomputeeachpoint's cor
respondingone-ringarea. The ratio of thesetwo areasrepresents
the stretching of the mapping,andit is color-codedon the surface:
red representshe maximumwhile blue representshe minimum.
Fromthis gure, we canseethatthe cap,the left handle,thetips
of handles,andthe bottom of the vasehave larger stretchingval-
ues,becauseaheseregionsshrinkto a relatively small areaon the
teapotmodel. In (c), we colorcodethe meancunaturedifference
on every point: theregionswith large curvaturedifference(for ex-
ample,left handletherim of the cap)arered. Integrationof these
two termsoverthewholesurfacehasbeenproved([Gu etal. 2004])
thatit providesanintrinsic enegy to measurehe shapedifference.
Therefore,our surfacemapping/rgistrationcan be usedfor auto-
matic shapecomparisorand shapeanalysis. Before applying our
mappingfor registeringmodelsin adatabasegachmodelshouldgo
througha preprocessingrocedureFor eachmodel, rst, its handle
andtunnelloopsareautomaticallycomputedandindexed; second,
if necessaryor ary semanticreason,usercansimply reorderin-
dexing of theseloops. After this preprocessingall the follow-up
shapecomparisorandretrieval canbe performedautomatically

The compleity of our algorithmis very low, andthe performance
of our algorithmon mostreal examplespresentedereis givenin
thefollowing runtimetable.

Model Topo Ver# Time | Pants#
Hand4 G=0,B=11|19832| 24.5s 7
Hand2 G=1B=1]| 21055| 26.1s 7
Teapot G=1B=0| 22012 | 27.0s 4
Vase G=2,B=0] 10014 | 10.1s 4
4-Torus G=4B=0]| 7994 6.3s 6
David G=3B=0| 26138 | 140.3s 8
Greek G=4B=0| 43177 | 380.5s 8
AsianDragon| G= 0;B = 0 | 26562 | 110:1s 10
Casting G=9B=0| 34116 | 4234s 16




8 Conclusion and Future Work

We have developedaconsistenpantsdecompositioriramevork for
matchingsurfaceswith arbitrarytopology The consistengenera-
tion of setsof pantsis a key componento ensurethe subsequent
high quality surfacemapping. Our novel mappingframevork has
beendemonstratedo be ef cient, robust, and powerful on exam-
pleswith arbitrarytypesof surfaces.Also, the mappingframevork
simultaneouslyprovides greatautomationand accommodate-
tuitive usercontrol. Therefore,our new modelingframewvork can
sene asanenablingtool for mary visualcomputingtasks.

Besidessurface mapping, we believe our pants decomposition
frameavork hasmary otherpotentialapplications.First, pantsde-

compositionprovidesa piecavise representatiofor ary givensur

face.Whenwe have the semanticallymeaningfulpatchsegmented
fromtheoriginalsurface we caneasilyperformthe“cut-and-paste”
operationfrom a“part” databas¢[Funkhouseetal. 2004])to pro-

duce more meaningfulshapesrom examples. Sinceall our sey-

mentedpatchesare pants-like shapeswe could streamlinemary

modelingandsimulationtasks. Also, pantsdecompositiorcanbe

extendedto a consistentseggmentationof volumetric data. Com-

paredwith directly computingharmonicmapsbetweernvolumetric
shapeswith complicatedtopology and geometry[Li et al. 2007],

this decompositiorshouldmake the processmorerobustandgen-
eral,andit will alsoprovide moresemanticgontrol.
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