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Abstract
Thispaperpresentsa novel surfaceparameterizationbasedtechniquethat addressestheposeinsensitive shape
signature problemfor surfacemodelsof arbitrary genus.It is basedon thekeyideathat two surfacemodelsare
similar if thecanonicalmappingsof their sub-partsintroducesimilar distortions.
First,a Reebgraphof theshapeis computedso asto segmentit into chartsof controlledtopology, denotedasReeb
charts, thathaveeitherdiskor annulustopology. Next,wede�ne for each Reebchart a straightforward mappingto
thecanonicalplanardomain.Then,wecomputea stretchingsignatureof thecanonicalmappingbasedon anarea
distortionevaluation.Finally, theinputshapeis representedby thesetof thestretchingsignatures.Anapplication
to pose-insensitiveshapesimilarity is proposedbycomparingthesignaturesof thedifferentReebcharts.
Promisingexperimentalresultsare presentedandcomparedto state-of-the-arttechniques.Thegain providedby
this new signatureaswell asits interestfor partial shapesimilarity aredemonstrated.
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1. Intr oduction

Shapesignaturesare compactrepresentationsthat encode
mostof theshapecharacteristics.They arethekey ingredient
of content-basedshaperetrieval systems.Suchsystemstake
advantageof thesignatureconcisenessto speeduptheshape
similarity estimationprocess,bene�ting many applications
like interactive modelingby example[FKS� 04]. A funda-
mental featureof a shapesignatureis its stability against
transformationsof therepresentedshape,enablingshapere-
trieval systemsto matchsimilar shapesmodulo thesetrans-
formations.

A challengingopenissueis thede�nition of ef�cient 3D
shapesignaturesthatarerobustto rigid andnon-rigid trans-
formations,such as characterarticulation or shape bend-
ing. Structuralbasedsignatures[HSKK01] are interesting
candidates,particularlybecausethey representtheshapeas
a set of distinctive sub-partsand thus can addressan ad-
ditional challengingissue,which is partial shaperetrieval
[BMSF06]. However, in that kind of approach,an appro-
priatesignature still hasto be de�ned for eachof the iden-
ti�ed sub-parts.Among the other existing poseinsensitive
3D shapesignatures(basedon geodesicdistancedistribu-
tions [GSCO07], topologicalpoint rings [TL07] or spectral
analysis),surfaceparameterizationbasedtechniquessound
particularlypromisingasthey alreadygave excellentresults

for facerecognition[WWJ� 06]. They aim at describingthe
intrinsic 2D information carriedby the underlyingsurface
model independentlyfrom its 3D spatialembedding(or its
pose).However, amajordrawbackof thesetechniquesis that
the topologyof the surfacesto comparemustbe fully con-
trolled (thesurfacesmustbetopologyequivalent).

In thispaper, weproposeanovel surfaceparameterization
basedtechniquethat addressesthe poseinsensitive shape
signatureproblem.This work makes the following contri-
butions. It improvesprevious parameterizationbasedtech-
niquesby beingableto handlesurfacesof arbitrarygenus.
It also improves previous decompositionbasedtechniques
by proposing moreef�c ient sub-partsignatures.It is based
on the key ideathat two surfacemodels aresimilar if their
sub-parts,or Reebcharts, aresimilar (in particular, if their
mappingsto the canonicalplanardomainintroducesimilar
distortions).

After a brief methodoverview, we de�ne the so-called
Reebchartsand introducethe Reebchartunfolding signa-
tures.Finally, we proposeanapplicationto pose-insensitive
shapesimilarity estimation.We presentexperimentalre-
sultsthatdemonstratethegain of theproposedsignaturefor
global shaperetrieval andwe give early resultsshowing its
interestfor partialshaperetrieval.
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Figure 1: Reebchart similarity estimationprocess:each
chart Ci is mappedunderf i to thecanonicalplanardomain
D andits stretchingsignature l f i is computedwith regard to
theareadistortionintroducedby f i .

(a) (b) (c) (d)
Figure 2: Segmentationof a hand surfacemodel into its
Reebcharts.

2. Method overview

Let M bea closed2-manifoldof arbitrarygenusembedded
in R3. First, we computethe Reebgraphof M to segment
it into a setof chartsCi of controlledtopology, thatwe call
Reebcharts, thathaveeitherdisk or annulustopology.

To evaluatethesimilarity betweentwo chartsC1 andC2 of
equivalenttopology, we try to characterizea mapF : C1 !
C2. However, in this paper, we focuson signaturecomputa-
tion.Hence,wecharacterizeF usingthetransitionmappings
f 1 andf 2 to thecanonicalplanardomainD (eithertheunit
diskor theunit annulus)asshown in �gure 1: F := f � 1

2 � f 1.
Then,thesimilarity betweenC1 andC2 is evaluatedby com-
paringthemappingsf 1 andf 2. In particular, wecharacterize
f 1 andf 2 by theirstretchingsignature(l f 1 andl f 2), a func-
tion of theareadistortionthey introduce.

Then,for shapesimilarity estimationpurposes,we intro-
ducea distancebetweenthe stretchingsignaturesl f 1 and
l f 2. Finally, thedistancebetweentwo closed2-manifoldsof
arbitrarygenusis a functionof thestretchingsignaturedis-
tancesassociatedto their differentReebcharts.

3. Reebchart segmentation

To deal with surfacesof arbitrary genus,we usea divide-
and-conquerstrategy basedon Reebgraphs(seede�nition
1), as proposedwithin the framework of triangulationre-
meshing[PSF04] or texturemapping[ZMT05].

De�nition 1 (Reebgraph) Let f : M ! R beaMorsefunc-
tion de�nedonacompactmanifoldM. TheReebgraphR( f )
is the quotientspaceon M � R by the equivalencerelation
(p1; f ( p1)) � (p2; f ( p2)) , which holds if f (p1) = f (p2)
and p1, p2 belong to the sameconnectedcomponentof
f � 1( f (p1)) .

To dealwith invarianceto rigid transformationsandro-
bustnessto non-rigid ones,we computethe Reebgraphof
theinput2-manifold(representedbyatriangulationnotedT)

(a) (b)

Figure3: Disk-like chart unfoldingsignaturecomputation.

usinga Morsefunctionbasedon geodesicdistances.In par-
ticular, to introducesomevisualsemanticin thedecomposi-
tion, we automaticallyextract feature points[KLT05] (ver-
tices locatedon the extremity of prominentcomponents).
For eachvertex v 2 T, f (v) = d(v;vf ) whered standsfor the
geodesicdistanceandvf for theclosestfeaturepoint from v.
Figure2(a)shows thelevel linesof f andthefeaturepoints
of T (in green).For furtherdetailsabouttheReebgraphcon-
structionalgorithm,we referthereaderto [TVD06].

De�nition 2 (Reebchart) Let Y : M ! R( f ) mapeachpoint
p of M to its equivalenceclassin R( f ). Let E = f E0; : : :Eng
be the edges(maximally connectedunionsof equivalence
classescontainingonly regular points) of the Reebgraph
R( f ). Ci = Y � 1(Ei) is de�ned asaReebchart.

Figure2(b)showsadualReebgraph (whereeachedgeEi
is collapsedin a colorednode).Figures2(c) and2(d) show
thesegmentationof thehandmodelinto its Reebcharts.Ba-
sically, Reebchartsarethepartitionsof thesurfacethatcor-
respondto thenodesof thedualReebgraph.

Statement1 (Reebchart topology) Reebchartsof a com-
pactclosedorientable2-manifoldhaveeitherdiskor annulus
topologywhatever thegenusof themanifoldis.

This statementcanbebrie�y arguedasfollows. By de�-
nition, anedgeEi hastwo extremities,whosepre-imagesby
Y arecircleswhich form theboundariesof thechartCi (Ci
hasgenuszero).Hence,chartshavetwo boundariesandthus
annulustopology. However, for chartsadjacentto a localex-
tremumof f , the relatedboundarycollapsesto a point (the
extremum).Thusthatkind of chartis givendisk topology.

In �g. 2(d), disk-like Reebchartshave beencoloredin
blueandannulus-like onesin red.Notice that theproposed
decompositionbringsa certainvisualsemantic: eachof the
�ngers of thehandmodelformsadistinctchart.

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

Given the segmentationprovided by the Reeb graph, a
straightforwardandnaturalmappingto thecanonicalplanar
domainis used,without further computationcost,basedon
the Morsefunction representedby the Reebgraph.Indeed,
for a disk-like ReebchartCi , let O bethelocal extremumof
f it containsandB its boundary. Welet f i mapO to thecen-
terof theunit planardisk,B to its boundaryand f level lines
to concentriccircles,asshown in �g. 3 wherethethumbof
thehandof �g. 2 hasbeenmappedto theplanardomainD.
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Figure 4: Exampleof stretching signaturesfor alteredver-
sionsof thethumbchart andotherprimitive charts.

Let r (p) 2 ]0;1] bethenormalizedabsolutedifferenceof
f valuesbetweenO andapoint p 2 Ci , asshown in �gure 3.
Consequentlyto theReebchartde�nition, thesub-level sets
of r havealsodisk topology, asillustratedby thewhitesub-
level setin �gure 3. In particular, asr increases,theshapeof
thesub-level setsvaries.Thusit inducesanevolution in the
distortionintroducedby their mappingto D. Consequently,
to capturethe evolution of the chart's shapevariation,we
proposeto introducethestretchingsignature l f i of f i asfol-
lows:

l f i (r ) =
ACi (r )
AD(r )

=
ACi (r )

pr 2 (1)

whereACi (r ) standsfor theareaof thesub-level setfor pa-
rameterr onCi andAD(r ) standsfor theareaof thesub-level
setonD. ACi (r ) is computedby summingtheareasof there-
latedtrianglesof T (afterhaving normalizededgelengthby
f , similarly to r ). Roughly, l f i (r ) depictsthestretch onehas
to applyon thechartto mapit to adisk asr increases.

Figure 4 shows someexamplesof stretchingsignatures
for variousdisk-like primitives.As f is basedon geodesic
distances,it is invariantto rigid transformationsandrobust
to non-rigid transformations,asshown in �gure 4(b), where
thesignatureof abentversionof thethumbgivesasignature
nearlyidenticalto theoriginal.Moreover, it is alsorobustto
surfacenoise,asshown in �gure 4(a).

The close relationshipbetweenthe stretchingsignature
andthe representedshapecanbeunderlinedby the follow-
ing remarks.In �gure 4(d), Ci is planaruntil r = 0:65, thus
l f i (r ) tendsto 1 until r = 0:65.For acone,l f i (r ) = sin(a)
wherea = atan( r

h) wherer andhstandfor theradiusandthe
heightof thecone.Hence,l f i (r ) tendsto aconstantterm,as
shown in �gure 4(c). Finally, whenabottleneckis presenton
thechart(�gure 4(f)), thesignaturedescribesanin�ection.

4.2. Annulus-lik eReebchart unfolding

An analogreasoning canbeappliedfor annulus-like charts.
Let B1 betheboundaryof shortestperimeterof anannulus-
like chartCj andB2 the otherone. In this case,we let f j
mapB1 to theinnerboundaryof theunit planarannulusand
B2 to its outerboundary, asshown in �gure 5. By de�ning

(a) (b)

Figure5: Annulus-like chart unfoldingsignature.

(a) Query. (b) d = 0.89 (c) d = 1.13 (d) d = 1.30

(e) d = 1.47 (f) d = 1.61 (g) d = 1.77

(h) d = 1.85 (i) d = 1.86 (j) d = 1.99

Figure6: Chartsimilarity matchingsbetweena horsequery
modelandretrievedresults.

ther parametersimilarly to thepreviousparagraph,we can
statethatthesub-level setsof r have alsoannulustopology,
as illustratedby the white sub-level set in �gure 5. Hence,
weintroducethestretchingsignaturel f j of f j asfollows,(1
is theinnerradiusof theunit annulus):

l f j (r ) =
ACj (r )

AD(r )
=

ACj (r )

p(r + 1)2 � p
(2)

Noticethatin �gure 5, thechartis basedon a truncatedver-
sionof acone;thusits signatureis similar to �gure 4(c).

5. Application to pose-insensitiveshapesimilarity

To assesstheef�ciency of theproposedsignature,we useit
for shapesimilarity estimationontheISDBdatasetfromTel-
Aviv University, which is composedof articulatedcharac-
ters(106surfacemodels,9 classes:cats,dinos,dogs,frogs,
hands,horses,humans,lions andwolves).

5.1. Global shapesimilarity

First, for thecomparisonof two chartsignatures,we usean
L1 distance,normalizedby the numberof samplesin the
signatures(typically 64). Then,to computethedistancebe-
tweentwo models,we run a bipartite matchingalgorithm
[TL07] thatmatchespairsof topologyequivalentchartsthat
minimize their distance,minimizing theoverall sumof dis-
tances,notedd. Finally, the distancebetweentwo models
is given by d. Thanksto the concisenessof the signatures,
oncethe Reebgraphof the queryhasbeencomputed,the
shapecomparisonbetweenthequeryandthewholedataset
is achievedin about100milliseconds(with aP4-CPUPC).
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(a) (b)
Figure 7: Chart similarity matchingsbetweena handanda
humanmodel.

Figure6 shows a typical queryand the results retrieved
by thesystem.Chartsthathave beenmatchedtogetherhave
beendisplayedwith the same color. Notice that, except in
onecase,thetail of thehorsequerymodelhasbeenmatched
with the tail of eachretrievedresult.Similar commentscan
be madefor the legs, or the neck,which demonstratesthe
ef�ciency of the proposedsignature.Moreover, this �gure
shows thattheproposedsignatureis clearlypose-insensitive
sincehorsesin differentposeshavebeenretrievedasthetop
results.Table1 givesa morequantitative evaluationof the
system,with comparisonto othertechniques(thehigherthe
scoresarethebetterthey are, see[SMKF04]). The�rst line
reportsthescoresof our comparisonalgorithm,usingReeb
chartunfoldingsignatures.Thesecondonereportsthescores
of thesamealgorithm,usingthesub-partattributesproposed
in [HSKK01] (arearatio andMorseinterval length).For ex-
ample,with 1st Tier score,thegain providedby Reebchart
unfolding signaturesis about9 %. Notice that scoresfrom
[GSCO07] could not be reportedasthey wereobtainedon
anunspeci�edsubsetof 80modelsof theISDB dataset.

Methods NN 1st T. 2nd 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%

Table1: Similarity estimationscoreson theISDBdataset.

5.2. Partial shapesimilarity

Figure7 zoomsin thechartmatchingsbetweenahandanda
humansurfacemodel,displayingin colorsomeof thecharts
thathave beenmatchedtogether. Notice that the thumbhas
beenmatchedwith the correctthumbof the humanoidand
that the remaining �ngers have beenmatched with �ngers,
despitetheir posedifference.In the future, basedon this
encouragingresult,we would like to designa graph-based
matchingalgorithmsothat,for example,thehandmodelcan
be matchedwith its correspondinghandin the humanoid,
achieving partialshapesimilarity [FKS� 04].

6. Conclusionand futur ework

In this paperwe proposeda novel surface parameteriza-
tion basedtechniquefor pose-insensitive 3D shapesigna-
ture,basedonReebchartunfolding.It improvespreviouspa-
rameterizationmethodsby beingableto handlesurfacesof

arbitrarygenus,usinga divide-and-conquerstrategy based
on Reebgraphs.It also improves previous decomposition
techniques,by providing amoreef�cient sub-partsignature,
resultingin betterscoreson the ISDB dataset(seetable1).
However, whenperformingsignaturesimilarity evaluation,
we did not take advantageof the intrinsic structuralinfor-
mation broughtby the Reebgraph,so as to underlinethe
gain of the signaturesonly. In the future,we will focuson
sub-graphmatchingalgorithmsto addressthe partial shape
retrieval problem,bene�ting from theef�cient partmatching
proposedby Reebchartunfoldingsignatures(�g. 7).
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