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Abstract

This paperpresentsa novel surfaceparameterizatiorbasedtedniquethat addresseghe poseinsensitie shape
signatue problemfor surfacemodelsof arbitrary genus.lt is basedon the keyideathat two surfacemodelsare
similar if the canonicalmappingof their sub-partsintroducesimilar distortions.

First,a Reebgraphoftheshapds computedo asto sggmentit into chartsof controlled topology, denotecasReeb
charts thathaveeitherdiskor annulustopolagy. Next, wede ne for eat Reebchart a straightforwaid mappingto
thecanonicalplanardomain.Then,wecomputea stretchingsignatureof the canonicalmappingbasedon anarea
distortionevaluation.Finally, theinputshapes representedy the setof the stretching signatues.An application
to pose-insensitivehapesimilarity is proposedy comparingthe signatuesof the differentReebcharts.
Promisingexperimentalresultsare presentedand compaedto state-of-the-artechniques.Thegain providedby
this new signatue aswell asits interestfor partial shapesimilarity are demonstated.

Keywords: Shapeanalysisshapesignatue, Reebgraph,surfaceparameterization.

1. Intr oduction

Shapesignaturesare compactrepresentationshat encode
mostof theshapecharacteristicsThey arethekey ingredient
of content-basedhaperetrieval systemsSuchsystemgake

adwantageof thesignatureconcisenest speeduptheshape
similarity estimationprocesspene ting mary applications
like interactve modelingby example[FKS 04]. A funda-
mentalfeatureof a shapesignatureis its stability against
transformationsf therepresentedhapegenablingshapee-

trieval systemdo matchsimilar shapesnodulothesetrans-
formations.

A challengingopenissueis the de nition of efcient 3D
shapesignatureghatarerobustto rigid andnon-rigid trans-
formations, such as characterarticulation or shape bend-
ing. StructuralbasedsignatureHSKKO1] are interesting
candidatesparticularlybecausehey representhe shapeas
a set of distinctive sub-partsand thus can addressan ad-
ditional challengingissue,which is partial shaperetrieval
[BMSFO0]. However, in that kind of approach,an appro-
priate signatire still hasto be de ned for eachof theiden-
tied sub-partsAmong the other existing poseinsensitive
3D shapesignaturegbasedon geodesiadistancedistribu-
tions[GSCOO0T, topologicalpoint rings [TLO7] or spectral
analysis),surfaceparameterizatiofrasedtechniquesound
particularlypromisingasthey alreadygave excellentresults
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for facerecognitionfWWJ 06]. They aim at describingthe
intrinsic 2D information carriedby the underlyingsurface
modelindependentlyfrom its 3D spatialembeddinglor its
pose)However, amajordravbackof thesetechniquess that
the topology of the surfacesto comparemustbe fully con-
trolled (the surfacesmustbetopologyequivalent).

In this paperwe proposeanovel surfaceparameterization
basedtechniquethat addresseshe poseinsensitve shape
signatureproblem. This work makes the following contri-
butions. It improves previous parameterizatiofasedtech-
niguesby beingableto handlesurfacesof arbitrarygenus.
It alsoimproves previous decompositiorbasedtechniques
by proposhg moreef ¢ ient sub-partsignaturesilt is based
on the key ideathattwo surfacemodds aresimilar if their
sub-partspr Reebcharts aresimilar (in particular if their
mappingsto the canonicalplanardomainintroducesimilar
distortions).

After a brief methodovervien, we de ne the so-called
Reebchartsandintroducethe Reebchartunfolding signa-
tures.Finally, we proposean applicationto pose-insensite
shapesimilarity estimation.We presentexperimentalre-
sultsthatdemonstratéhe gain of the proposedsignaturefor
global shaperetrieval andwe give early resultsshawing its
interestfor partialshaperetrieval.
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Figure 1: Reebchart similarity estimationprocess:eath
chartC; is mappedunderf ; to thecanonicalplanar domain
D andits stretching signatue| ¢, is computedvith regard to
theareadistortionintroducedby f ;.

(@ (b) (c) (d)
Figure 2: S@mentationof a hand surfacemodelinto its
Reebcharts.

2. Method overview

Let M be a closed2-manifoldof arbitrarygenusembedded
in R3. First, we computethe Reebgraphof M to seggment
it into a setof chartsC; of controlledtopology thatwe call
Reebcharts thathave eitherdisk or annulustopology

To evaluatethesimilarity betweertwo chartsC; andC; of
equivalenttopology we try to characterize mapF : C; !
C,. However, in this paper we focuson signaturecomputa-
tion. Hencewecharacteriz& usingthetransitionmappings
f 1 andf , to the canonicalplanardomainD (eitherthe unit
diskor theunitannuluspsshavnin gure 1:F :=f, 1 fq.
Then,thesimilarity betweerC; andC, is evaluatedby com-
paringthemappings 1 andf ». In particula, we characterize
f 1 andf , by their stretching signature (1 ¢, andl ¢,), afunc-
tion of theareadistortionthey introduce.

Then,for shapesimilarity estimationpurposesye intro-
ducea distancebetweenthe stretchingsignatured ¢, and
I £,. Finally, thedistancebetweertwo closed2-manifoldsof
arbitrarygenusis a function of the stretchingsignaturedis-
tancesassociatedo their differentReebcharts.

3. Reebchart segmentation

To dealwith surfacesof arbitrary genus,we usea divide-
and-conquestratgly basedon Reebgraphs(seede nition
1), as proposedwithin the framework of triangulationre-
meshing PSF04 or texturemapping[ZMTO05].

De nition 1 (Reebgraph)Letf:M! R beaMorsefunc-
tion de ned onacompacimanifoldM. TheReebgraphR( f)
is the quotientspaceon M R by the equivalencerelation
(p1; F(P1)  (p2; f(p2)), which holdsif f(p1) = f(p2)
and p;, p2 belongto the sameconnectedcomponentof
t 1(f(po).

To dealwith invarianceto rigid transformationsaandro-
bustnesdo non-rigid ones,we computethe Reebgraphof
theinput2-manifold(representetly atriangulatiomotedT)

(@ (b)
Figure 3: Disk-like chart unfoldingsignatue computation.

usinga Morsefunctionbasedon geodesidistancesln par
ticular, to introducesomevisual semantidn the decomposi-
tion, we automaticallyextract featue points[KLTO05] (ver
tices locatedon the extremity of prominentcomponents).
Foreachvertexv2 T, f(v) = d(v;v¢) whered standdor the
geodesidistanceandv; for theclosesfeaturepointfromv.
Figure2(a)shavs thelevel linesof f andthefeaturepoints
of T (in green) For furtherdetailsaboutthe Reebgraphcon-
structionalgorithm,we referthereaderto [TVDO06].

De nition 2 (Reebchart) LetY :M! R(f) mapeachpoint
p of M toits equivalenceclassin R(f). LetE = fEg;:::Eng
be the edges(maximally connectedunionsof equivalence
classescontainingonly regular points) of the Reebgraph
R(f).Ci= Y (E) isde nedasaReebchart.

Figure2(b) shavs adualReebgraph (whereeachedgek;
is collapsedn a colorednode).Figures2(c) and2(d) shav
the sggmentatiorof thehandmodelinto its Reebcharts Ba-
sically, Reebchartsarethe partitionsof the surfacethatcor
respondo the nodesof thedual Reebgraph.

Statement1 (Reebchart topology) Reebchartsof a com-
pactclosedorientable2-manifoldhave eitherdisk or annulus
topologywhatever the genusof the manifoldis.

This statementanbebrie y arguedasfollows. By de -
nition, anedgek; hastwo extremities,whosepre-imagedy
Y arecircleswhich form the boundarieof the chartC; (Ci
hasgenuszero).Hence chartshave two boundariesndthus
annulugtopology However, for chartsadjacento alocal ex-
tremumof f, the relatedboundarycollapsego a point (the
extremum).Thusthatkind of chartis givendisk topology

In g. 2(d), disk-like Reebchartshave beencoloredin
blue andannulus-lile onesin red. Notice that the proposed
decompositiorbringsa certainvisual semantic eachof the

ngers of thehandmodelformsadistinctchart.

4. Reebchart unfolding signatures
4.1. Disk-lik e Reebchart unfolding

Given the sggmentationprovided by the Reeb graph, a
straightforvard andnaturalmappingto the canonicalplanar
domainis used,without further computationcost,basedon
the Morsefunction representedby the Reebgraph.Indeed,
for adisk-like ReebchartC;, let O bethelocal extremumof
f it containsandB its boundaryWe let f; mapO to thecen-
terof theunit planardisk, B to its boundaryand f level lines
to concentriccircles,asshavn in g. 3 wherethethumbof
thehandof g. 2 hasbeenmappedo the planardomainD.
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Figure 4: Exampleof stretching signaturesfor altered ver-
sionsof thethumbchart and other primitive charts.

Letr (p) 2 ]0; 1] bethenormalizedabsolutedifferenceof
f valuesbetweerO andapoint p2 C;, asshovnin gure 3.
Consequentlyo the Reebchartde nition, the sub-level sets
of r have alsodisk topology asillustratedby the white sub-
level setin gure 3. In particularasr increasesheshapeof
the sub-level setsvaries.Thusit inducesanevolutionin the
distortionintroducedby their mappingto D. Consequently
to capturethe evolution of the chart's shapevariation, we
proposeo introducethestretching signatusel| ¢, of f asfol-

lows:
Ac(r) _ Aa(r) @
Ap(r)  pr2
whereAc, (r) standgfor the areaof the sub-level setfor pa-
rameter onC; andAp(r) standdor theareaof thesub-level
setonD. Ac, (r) is computedy summingtheareasof there-
latedtrianglesof T (afterhaving normalizededgelengthby
f, similarlytor). Roughly | ¢,(r) depictsthestretch onehas
to applyonthe chartto mapit to adiskasr increases.

L, (r) =

Figure 4 shavs someexamplesof stretchingsignatures
for variousdisk-like primitives.As f is basedon geodesic
distancesit is invariantto rigid transformationsandrobust
to non-rigid transformationsasshavn in gure 4(b), where
thesignatureof abentversionof thethumbgivesa signature
nearlyidenticalto theoriginal. Moreover, it is alsorobustto
surfacenoise,asshavn in gure 4(a)

The closerelationshipbetweenthe stretchingsignature
andthe representeghapecanbe underlinedby the follow-
ing remarks.in gure 4(d), G is planaruntil r = 0:65, thus
I £,(r) tendsto 1 until r = 0:65.Foracone,l ,(r) = sin(a)
wherea = atan(%) wherer andh standfor theradiusandthe
heightof thecone Hence| ¢,(r) tendsto aconstanterm,as
shavnin gure 4(c). Finally, whenabottlenecks presenbn
thechart( gure 4(f)), thesignaturedescribesnin ection.

4.2. Annulus-lik e Reebchart unfolding

An analogreasonig canbe appliedfor annulus-lile charts.
Let B; betheboundaryof shortesperimeterof anannulus-
like chartCj andB; the otherone.In this case,we let f
mapB; to theinnerboundaryof the unit planarannulusand
B, to its outerboundaryasshavn in gure 5. By de ning
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@ (b)
Figure 5: Annulus-lile chart unfoldingsignatue.

(@ Query  (b)d=0.89 (c)d=1.13 (d)d=1.30
(e) d=1.47 (f d=161 () d=1.77
(h) d=1.85 (i) d=1.86 () d=1.99

Figure 6: Chartsimilarity matdingsbetweera horsequery
modelandretrievedresults.

ther parametesimilarly to the previous paragraphwe can
statethatthe sub-level setsof r have alsoannulustopology
asillustratedby the white sub-level setin gure 5. Hence,
weintroduce thestrething signaturd ¢, of f j asfollows, (1
is theinnerradiusof the unit annulus):

= A L A
BT () T p(r+ 2 p
Noticethatin gure 5, thechartis basedon atruncatedver

sionof acone;thusits signatures similarto gure 4(c).

)

5. Application to pose-insensitie shapesimilarity

To assesshe ef ciency of the proposedsignaturewe useit

for shapesimilarity estimatioronthelSDB datasefrom Tel-

Aviv University, which is composedf articulatedcharac-
ters(106 surfacemodels 9 classescats,dinos,dogs,frogs,
handshorseshumans|ions andwolves).

5.1. Global shapesimilarity

First, for the comparisorof two chartsignaturesye usean
L1 distance,normalizedby the numberof samplesin the
signaturegtypically 64). Then,to computethe distancebe-
tweentwo models,we run a bipartite matchingalgorithm
[TLO7] thatmatdespairsof topologyequivalentchartsthat
minimize their distance minimizing the overall sumof dis-
tances,notedd. Finally, the distancebetweentwo models
is given by d. Thanksto the concisenessf the signatures,
oncethe Reebgraphof the query hasbeencomputed the
shapecomparisorbetweerthe queryandthe whole dataset
is achievedin about100milliseconds(with a P4-CPUPC).
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Figure 7: Chartsimilarity matdingsbetweera handanda
humanmodel.

Figure 6 shavs a typical query and the resuts retrieved
by the system Chartsthathave beenmatchedogethemave
beendisplayedwith the same color. Notice that, exceptin
onecasethetail of thehorsequerymodelhasbeenmatched
with the tail of eachretrieved result. Similar commentsan
be madefor the legs, or the neck, which demonstrateshe
efciency of the proposedsignature Moreover, this gure
shavsthatthe proposedignatureis clearly pose-insensivie
sincehorsedn differentposeshave beenretrievedasthetop
results.Table 1 givesa more quantitatve evaluationof the
systemwith comparisorto othertechniquegthe higherthe
scoresarethe betterthey are, see[SMKF04). The rst line
reportsthe scoresof our comparisoralgorithm,usingReeb
chartunfoldingsignaturesThesecondnereportshescores
of thesamealgorithm,usingthe sub-parattributesproposed
in [HSKKO1] (arearatio andMorseinterval length).For ex-
ample,with 1% Tier score the gain providedby Reebchart
unfolding signatureds about9 %. Notice that scoresfrom
[GSCOO0T could not be reportedasthey were obtainedon
anunspeci edsubsebf 80 modelsof theISDB dataset.

Methods NN 13T ond T, E-M DCG
RCU 94.3% 79.2% 89.4% 59.1% 92.1%
HBA 88.7% 70.6% 85.7% 54.0% 89.1%
[FMK 03] 67.9% 44.0% 60.6% 39.4% 71.7%

Table 1: Similarity estimationscoreson the ISDB dataset.

5.2. Partial shapesimilarity

Figure7 zoomsin the chartmatchingetweerahandanda
humansurfacemodel,displayingin color someof thecharts
thathave beenmatchedogether Notice thatthe thumbhas
beenmatchedwith the correctthumb of the humanoidand
thatthe remaining ngers have beenmatchel with ngers,
despitetheir posedifference.In the future, basedon this
encouragingesult, we would like to designa graph-based
matchingalgorithmsothat,for example thehandmodelcan
be matchedwith its correspondinghandin the humanoid,
achieving partialshapesimilarity [FKS 04].

6. Conclusionand futur e work

In this paperwe proposeda nowvel surface parameteriza-
tion basedtechniquefor pose-insensite 3D shapesigna-
ture,basednReebchartunfolding.It improvespreviouspa-
rameterizatiormethodsby beingableto handlesurfacesof

arbitrary genus,using a divide-and-conquestratgy based
on Reebgraphs.It alsoimproves previous decomposition
techniqueshy providing amoreef cient sub-parsignature,
resultingin betterscoreson the ISDB datase{(seetable 1).
However, when performingsignaturesimilarity evaluation,
we did not take advantageof the intrinsic structuralinfor-
mation broughtby the Reebgraph,so asto underlinethe
gain of the signaturenly. In the future, we will focuson
sub-graphmatchingalgorithmsto addresghe partial shape
retrieval problem bene ting from theef cient partmatching
proposedy Reehchartunfoldingsignatureg g. 7).
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