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Abstract

This paperpresentsa novel recognition framework which
is basedon matching shock graphsof 2D shapeoutlines,
where thedistancebetweentwo shapesis de�ned to bethe
costof theleastactionpathdeformingoneshapeto another.
Three key ideasrenderthe implementationof this frame-
work practical. First, the shapespaceis partitioned by
de�ning an equivalenceclasson shapes,where two shapes
with the sameshock graph topology are considered to be
equivalent.Second,thespaceof deformationsis discretized
by de�ning all deformationswith the samesequenceof
shock graphtransitionsasequivalent.Shock transitionsare
pointsalongthedeformationwhere theshock graphtopol-
ogy changes. Third, we employa graph edit distanceal-
gorithmthat searchesin thespaceof all possibletransition
sequencesand�nds theglobally optimalsequencein poly-
nomial time. The effectivenessof the proposedtechnique
in the presenceof a variety of visual transformationsin-
cluding occlusion,articulation and deformationof parts,
shadowandhighlights,viewpointvariation, andboundary
perturbationsis demonstrated. Indexing into two separate
databasesof roughly100shapesresultsin 13242$5 accuracy
for topthreematchesand 6�6�79845 for thenext threematches.

1 Intr oduction
We presenta novel approachto object recognitionthat is
basedon �nding the bestdeformationof oneshapeto an-
other, andde�ning thedistancebetweentwo shapesasthe
extentof this deformation.Therehasbeenextensive work
in theareaof shapecomparisonfor objectrecognitionand
it is well known that the underlyingrepresentationof the
shapeof objectscanhave a signi�cant impacton theeffec-
tivenessof a recognitionstrategy. Shapeshave beenrepre-
sentedby their outlinecurves[1, 3, 14, 21], point sets,fea-
turesets[2, 5], andby theirmedialaxis[11, 13, 15, 18, 23],
amongothers.

In curve-basedrepresentations,thematchingis typically
basedon eitheraligning featurepointsby an optimal sim-
ilarity transformation,or by �nding a mappingfrom one

Figure1: Thematchingresultbetweentwo �shes basedon their
shockgraphs.Samecolorsindicatematchingshockbranches,and
grey coloredbranchesin theshockgraphshavebeenspliced.This
colorschemeis usedthroughoutthepaper.

curve to theotherthatminimizesan“elastic” performance
functional,penalizingthe“stretching”and“bending” ener-
giesof deformation[1, 3, 14, 21]. Thecurve outline-based
matchingmethodsoftensuffer from oneor moreof thefol-
lowing drawbacks:asymmetrictreatmentof thetwo curves,
sensitivity to sampling,lack of rotationandscalinginvari-
ance,and sensitivity to articulationsand deformationsof
parts.

Another type of shaperepresentationmodelsthe shape
outline as a point set and matchesthe point set using an
assignmentalgorithm. Gold et al. [5] usegraduatedas-
signmentto matchimageboundaryfeatures. In a recent
approach,Belongieet al. [2] usetheHungarianmethodto
matchunorderedboundarypoints,usingacoarsehistogram
of the relative locationof the remainingpointsasfeatures.
Thesemethodshave theadvantageof not requiringordered
boundarypoints, but the matchdoesnot necessarilypre-
servethecoherenceof shapesin thattherelationshipamong
portionsof shapein theprocessof matchingmaynotbepre-
served.

Shapeshave alsobeenrepresentedby their medialaxis
which canthenbeusedfor matching.Zhu andYuille [23]
have proposeda framework (FORMS) for matchingan-
imate shapesby comparingtheir skeletal graphsusing a
branchand bound strategy. The inherentinstabilities of
their skeletalrepresentationareaccountedfor by usingan
a priori de�ned model graph. The applicability of their
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Figure2: Thedynamicinterpretationof amedialaxisasa�o wing
singularity(shock)givesriseto a morere�ned partitioning.

approachto inanimateobjectsis limited dueto the choice
of primitivesusedin modeling. Liu and Geiger[11] use
theA* algorithmto matchshapeaxis trees,which arede-
�ned by thelocusof midpointsof optimally corresponding
boundarypoints.They dealwith articulationsandocclusion
by allowing graphtopologychangingoperations.However,
their algorithmdoesnot preserve the orderingof edgesat
nodes,which canresultin matchesthatdo not preserve the
coherenceof theshape.In addition,theapplicabilityof this
methodto largedatasetsof shapesis yet to beestablished.

A variantof themedialaxisis theshockstructurewhich
is obtainedby viewing themedialaxis asthe locusof sin-
gularities(shocks)formedin the courseof wave propaga-
tion (grass-�re)from boundaries[7, 17, 19]. This dynamic
interpretationof theshocktrajectoryassociatesa direction
of �o w, andaninstantaneousvelocity to eachshockpoint,
Figure1a. The shocksegments,which arede�ned asme-
dial axissegmentswith monotonic�o w, giveamorere�ned
partitionof themedialaxis. Theresultingshockgraphis a
richerdescriptorof shapethanthemedialaxisgraph,since
its graphtopology is more in accordwith our perceptual
notionsof shape[16].

Severalrecognitionapproacheshavebeenbasedoncom-
paringshockgraphs.Sharvitet al. [15, 6] consideredpair-
wise assignmentof shockgraphnodesandthe cumulative
similarity of nodesandlinks in a graduatedassignmentap-
proach[5] to �nd the optimal match. While this leadsto
fairly goodmatches,theerrorspointoutafundamental�a w
in that coherenceof a shapeis not necessarilypreserved
in the match process,�

7 �&7 , the hierarchicalrelationships
amongpartsof theshapecanat timesbeviolated. Siddiqi
et al. convert the shockgraphsto rootedtreesandmatch
thembasedon subgraphisomorphism[18], or by �nding
maximalcliques[13], which perform well in someshape
matchingand indexing tasks. However, the choiceof the
oldestshockastheroot of thetreeis arbitraryandcanlead
to erroneousmatches.In addition,all theaboveshockgraph
matchingmethods[6, 15, 13, 18] donotexplicitly modelthe
instabilitiesof the symmetry-basedrepresentations,which
can be problematicwhen dealingwith visual transforma-
tionslikeocclusion,view pointvariation,andarticulation.

We now presenta brief overview of the proposedap-
proachfor comparing2D shapeswhich addressessomeof
theseissues.Themainideais to treateachshapeasa point
in a shapespaceand de�ne the distancebetweenshapes
as the minimum cost of the deformationpath connecting

B
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Figure3: Everypairof shapesin theshapespaceis relatedby an
in�nite numberof deformationpaths,oneof which is shown here.
Eachdeformationpathcontinuouslydeformsshape� to shape� ,
but canbe effectively characterizedby a sequenceof transitions
(dots).

oneshapeto theother. Since,therearean in�nite number
of dimensions(andin�nite extentsalongeach)in which a
shapecanbe deformed,the spaceof shapesandof defor-
mationsmust be partitionedto reducethe dimensionality
of the searchto practicallimits. We addressthis issueby
�rst de�ning anequivalencerelationwhereall shapeswith
thesameshockgraphtopologyareequivalent,andthenby
de�ning asequivalentall thedeformationpathswhichhave
thesamesetof transitionpoints(boundariesbetweenshape
equivalenceclasses),Figure3. Theseshocktransitionshave
beenformally classi�ed recentlyandtheir completelist is
now known [4]. Eachtransitionin thegraphdomainis rep-
resentedby an“edit” operationon theshockgraph.A cost
is associatedwith eachedit operationand individual edit
costsaresummedto representthecostof adeformationse-
quence.A graphedit distancealgorithmwasdevelopedin
[8, 9] basedon stringedit distance[20] andtraditionaltree
edit distance[22]. Thealgorithm�nds thegloballyoptimal
pathin polynomialtimewhichallows for apracticalimple-
mentationof this framework.

2 Partitioning the ShapeSpace
The key bottleneckin a deformation-basedapproachto
shapematchingis the high-dimensionalityof the underly-
ing spaceof deformations.We de�ne equivalenceclasses
of shapesand deformationsto reducethe dimensionality
suchthat it is practicalto searchthis spacefor an optimal
deformationpathbetweentwo shapes.First, observe that
generallyas a shapeis deformed,the shockgraphtopol-
ogy remainsunaltered,but only theattributesof thegraph,

�

7 ��7 , curvatureand accelerationfunctionsstoredin links,
arealtered,Figure4a. However, while this describesa lo-
cal neighborhoodfor mostshapes,Figure4a, nearcertain
“transition” shapes,anin�nitesimal changein theshapecan
causea large(abrupt)changein theshockgraphtopology,
Figure 4b. Theseshapesare preciselythe instabilitiesof
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Figure4: (a) A few examplesof shapesbelongingto the same
shapecell,

��� ���

, having the sameshockgraphtopology. (b) This
�gure illustratesoneof thetransitions(contract).� and � arethe
originalshapes,andthe � is thedegenerateshapeatthetransition.
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Figure5: The �rst threecolumnsshow a schematicdescription
of thesix possibletransitionsof theshockstructure,while thelast
threecolumnsillustratecorrespondingexamplesof shapedefor-
mations[4]. The centralcolumnrepresentsthe transitionin the
deformationfrom the left to right, or right to left columns. In
the notationof [4] (a) is the ��� �	� transition, (b) and (c) are
the two typesof ��


�

, (d) and (e) are the two typesof �

�

�

with
in�nite velocity, and(f) is the �
�

�

point with in�nite velocity and
zeroacceleration.Thegraphoperationsto make theright andleft
columnsequivalent are: splice, contract(two types),andmerge
(threetypes).

themedialaxis/shockgraph. All genericshocktransitions
have beenformally enumeratedandclassi�ed alonga one-
parameterfamily of deformations[4], Figure5. At these
transitionsthelocal topologybreaksdown, creatinggapsat
thetransitionshapewhenusingtheskeletalrepresentation,
Figure6a.Thismotivatesanexplicit embeddingof thetran-
sitions,the“seams”of theshapespace,in thede�nition of
thenotionof aneighborhood:

De�nition 1 A shapecell is a collection of shapeswhich
haveidenticalshock graphtopology.

De�nition 2 A shapedeformationbundleis thesetof one-
parameter families of deformationspassing through an
identicalsequenceof shock transitions.

Observe that this equivalencerelationpartitionsthe shape
space. The groupingof a setof deformationpathsinto a

(a) (b)

A

B

Figure6: (a) Gapsin thetopologyof theshapespacecreatedby
shocktransitions. (b) This �gure sketchestwo deformationpath
bundlesbetweenshapes� and � . Eachof the two groupsof de-
formationsrepresenttwo distinct bundlesof equivalentdeforma-
tions.
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Figure7: A deformationpathwherefeaturesare�rst addedand
thenremoved is clearlynot anoptimalpathandneednot becon-
sidered.In orderto avoid suchpaths,we considereachdeforma-
tion pathasa pair of deformationpathsfrom � and � leadingto
a commonshape� whereeachsequence“simpli�es” theshape.

bundle, Figure 6b, is a discretizationof a ratherhigh di-
mensionalspaceof shapesandtheir deformation.

We note further that not all deformationspathsare of
interestto recognition. Considerthe deformationpathre-
lating oneshapeto anotherin Figure7. Clearly, this de-
formationsequencecannotbe the optimal sequencesince
featuresarecreatedandthenremoved.Thus,thecollection
of candidatepathsshouldexcludethosewhich unnecessar-
ily ventureinto morecomplicatedshapes.We ensurethis
by consideringadeformationpathfrom � and � to a“sim-
pler” commonshape� , Figure 8a, thus ensuringthat no
unnecessarycomplicationsarise.

The notion of simplicity usedin this framework is de-
rived from the transitionsthemselves. Note that a defor-
mationfrom a shapeto its neighboringtransitionshapere-
strictstheshapeby simplifying it: the�rst transitionsplices
off branches,thesecondandthird transition“symmetrize”
theshape,thefourthtransitionremovespartsat“necks”,the
�fth transitionmovestheshapeto a roundershape,andthe
lasttransitionremoveswavy patternson theboundary. The
mainpoint is thata movefrom eachshapeto aneighboring
transitionshaperemovesonedegreeof freedomandleads
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Figure8: (a) Theoptimalpathis obtainedby searchingall pairsof simplifying deformationpathsleadingto a commonshape� . (b) A
hand-drawn sketchof how thespaceof one-parameterfamily of deformationsfor eachshapecanbediscretizedusingtransitionshapes.
Eachdeformationsegmentis capturedby a graphoperationon the shockgraph,namely, the “edit operation”. Shape� the �sh on the
left (red) initially givesrise to sevenshapes,eachof which give rise to a �nite numberof othershapesenclosedin thedashedcurves. A
similar processappliesto thesecondshapeon theright. Commonshapeswith equivalentshockgraphtopologyaredetected,andmarked
by commoniconswith commonshape/coloringto indicatetheidenti�cation of a full deformationpaths.Theoptimalpathis thepathwith
theleastcost,which in this case,goesthroughthegrey-hashedhexagonalsurround.

to a shapecell of lower dimensionality. As this processis
repeated,eachshapeis increasingly“simpli�ed” until it re-
semblesan elongatedblob and�nally a circle, Figure8b.
Thesetransitionshapesare reachedby applying a shock
graphoperation,which we refer to asan “edit operation”
in thegraphdomain.

Note thatdeformingtheshapes� and � alongall one-
parameterfamiliesof “simplifying” deformationscanonly
leadto a�nite numberof shapesindicatedby the�nite num-
berof applicabletransitionsateachstage,�

7 ��7 , sevenfor the
�rst applicationof transitionson the left �sh in Figure8b.
In a secondphaseof the transitionsequence,eachof the
seven shapesundergoesa similar applicationof deforma-
tionstowardsthenext applicabletransition.In a few steps,
theshockgraphreacheshighlysimpli�ed shapes,� 7 ��7 , elon-
gatedapproximationsof theobject(notshown). A complete
pathconsistsof a pair of deformationpathsto a common
shapecell.

3 Edit DistanceAlgorithm
Despitethe above discretizationand a tremendousreduc-
tion in dimensionality, Figure 8 illustratesthat numerous
pathsremainto be considered,thus requiring an ef�cient
algorithmto seekthe optimalpathamongall possibilities.
We have developeda polynomial time edit distancealgo-
rithm [8, 9] for comparingunrootedtrees,whichwe review
here. The notion of edit-distancewasoriginally proposed
to comparecharacterstrings[20], andappliedto otherdo-
mains,including somein computervision [12]. In string
matchingapplicationsthereare threekinds of edit opera-

tions:deletingacharacter, insertingacharacter, andchang-
ing onecharacterinto another. Oncecostsareassignedto
eachedit operation,edit distanceis de�ned to be themini-
mumcostof thesequenceof operationsrequiredto convert
onestring to another, andis typically computedusingdy-
namicprogramming.The notionof edit distancehasbeen
generalizedto comparingordered,rootedtrees[22]. The
editoperationsfor comparingtreesaretypically de�ned as:

�����

change the labelof anedge,
�������

contract anedge,and
���������

the inverseoperationuncontract an edge. Theseare
thenaturaledit operationsin thedomainof trees.

In applying the edit distanceapproachto comparing
shockgraphs,we derive theedit operationsfrom the insta-
bilities of the shockgraphor shocktransitions,Figure5,
which leadto four groupsof edit operations:

�����

thesplice
operationdeletesa shockbranchand mergesthe remain-
ing two;

�������

thecontractoperationsdeletesashockbranch
connectingtwo degree-threenodes;

���������

themerge opera-
tionscombinestwo branchesat adegree-two node;

�����	�

we
alsode�ne a deformedit to relatetwo shapesin the same
shapecell,

�

7

�

7 , shapeswith thesameshockgraphtopology
but with differentattributes. We have developeda polyno-
mial time algorithmto �nd the modi�ed edit distancebe-
tweentwo unrootedtrees,and�nd theglobally optimalse-
quenceof transitionsbetweentwo shockgraphs.Thealgo-
rithm detailsarepresentedin [8, 9].

A critical issueis how thecostsareassignedto eachop-
erationin themodi�ed edit distancein a mannerthat is not
inconsistentwith perceptualmetricsof similarity. Thebasic
approachis to �rst derive thecostof thedeformedit,

�

7

�

7 ,
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Figure9: The shock
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and the correspondingshapeboundary
segments��� and ��� .

thedistancebetweentwo shapeswithin thesameshapecell
(identicalshocktopology),andthenderivethecostof other
editsasthe limit of thedeformcostastheshapemovesto
the boundaryof the shapecell (transition). We derive the
deformcostby summingover local shapedifferencescast
in thelanguageof differencesbetweenmatchingshockseg-
mentattributes.Thesearein turnde�ned basedonametric
developedearlierfor comparingcurves[14].

This approachto comparingtwo curvesconsistsof �nd-
ing theminimum-costdeformationof onecurveto theother
wherethecostis thesumof “stretching”and“bending”en-
ergies [21]. Speci�cally, we de�ne the cost of matching
in�nitesimal segmentson thetwo curvesby lengthandcur-
vaturedifferencesas ���
	 �
�

���

�

�

	�����	 �

�

�

�

�

�

	 , where
� is a constant. The problemis then castasminimizing
a functionalover all possiblealignmentsbetweenthe two
curves,usingthenotionof analignmentcurveanddynamic
programming[14].

To extendthis ideato matchingtwo shock-graphedges,
weview theproblemof deforminganedgein ashockgraph,

�

in Figure9a, to an edgein anothershockgraphby de-
formingthecorrespondingboundarysegments,��� and��� ,
representinga “joint curve matchingproblem”. As in the
caseof curves,we penalizestretchingandbendingof the
pair of boundarysegmentsin termsof lengthandcurvature
differences.However, thisnotionof joint curvematchingof
shapeboundarysegmentpairsis notenough,sincechanges
in the relative poseof the two segments,namely, width of
theshapeandthe relative orientationof theboundaryseg-
ments,mustalsobetakeninto account.

Speci�cally, let the edgesof the shock graphsbeing
matched,

�

and �

�

, beparameterizedby � and �

� respectively.
Let theboundarysegmentscorrespondingto
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be orientationsof �
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, Figure 9b. The boundary
segmentsof �

�

are similarly de�ned. The cost of match-
ing in�nitesimal segmentsof the shockedgesare de�ned
by lengthdifferences	 �
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Figure10: Shockmatchingin the presenceof boundarynoise
wherethe sameshapeis representedby a coarserdiscretization
(top and middle rows) or by a coarserdiscretizationas well as
a shapechange(bottom row). Observe that shock graphsare
matchedcorrectly, pruningoutall thespuriousedgeson thegraph
of the noisy boundary. Note that the matchis intuitive: all the
edgescorrespondingto the boundarynoise are pruned, while
matchingsalientparts,

��� U �

, heads,�ns, and tips of tails of the
two �shes.

where V

W

is the lengthof thealignmentcurve
4
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thematch[14]. Then,thedeformcostof theshockedge
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and �
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is de�ned asthecostof theoptimalalignment,
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which is foundby adynamic-programmingmethod[14].
The above describesthe cost betweenthe shock seg-

mentsin an intrinsic manner. Otheredit costsareconsid-
eredto be limiting casesof a deformcostwhenoneof the
shocksegmentsis shrunkto a point. We omit a discussion
of thesecostsdueto lackof space.

4 Recognitionunder Visual Transfor-
mations

Thissection�rst examinestheperformanceof shock-graph
matchingin the presenceof commonly occurring visual
transformations,like articulationanddeformationof parts,
shadow andhighlights,viewpointvariation,scale,boundary
perturbations,occlusion. It thenshows recognitionresults
for two databasesof roughly100shapeseach.

Shock computationis sensitive to boundaryperturba-
tions, which can introducespuriousshockedges. While
thetraditionalapproachincludesregularizationin thedetec-
tion process,onecanview theregularizationaspartof the
recognitionprocess.Observethatthecostof asplicein this
caseis very low sincecorrespondingchangesrequiredin
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Figure11: Effect of articulationanddeformationof parts. Top
row: Observe that the nose,�ns, and tail of the dolphin in two
differentposesarematchedintuitively. Bottomrow: Matchingof
thetwo posesof thebabyis intuitive. Observe, in particular, how
the legs arematchedcorrectly in spiteof the self occlusionthat
mergespartof thelegsin theshapeon theright.
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Figure12: Effect of viewpoint variation. The 2D shapeswere
obtainedby projectinga 3D model.Top row: Observe, in particu-
lar, how thehindlegsof theretrieverarematchedcorrectlydespite
beingpartly mergedin theshapeon theleft. Middle row: In both
views of thecartoonmodel,theleft andtheright armsarevisible,
but despitea changein view thearmsmatchedcorrectly. Bottom
row: Notehow theleft armof modelin theright view hasmerged
with thetorso,thuschangingtheoverall partstructure.However,
thecorrespondencegivenby shock-graphmatchingis intuitive as
it is ableto spliceout theleft handin theleft view.

theboundarymodelareslight. Thus,thecumulativecostof
a largesequenceof splicesof spuriousshocksis ratherlow
andthis typically formstheoptimalsequence,Figure10.

The shock graph of a shapeinherently segmentsthe
shapeinto parts,andcapturesthe hierarchicalrelationship
betweenthoseparts.Thus,shock-graphmatchingimplicitly
involvesmatchingtheglobalhierarchyof partsin addition
tomatchingtheindividualparts,makingit robustto changes
whichmayoccurin someof theparts.Hence,shockmatch-
ing is robustin thepresenceof articulationanddeformation
of partsof theshape,whentheoverall parthierarchyis not
signi�cantly altered,Figure11.

Since2D shapesaretypically obtainedfrom projections
of 3D objects,robustnessto viewpoint variationsis critical
to a 2D shapematchingtechnique. When the viewpoint
is varied gradually, the spatial location and the shapeof
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Figure13: Shockmatchingwhenshadows andhighlightsaffect
thesegmentation.Theoriginal imagesarefrom thetoolsdatabase
of StanSclaroff, BostonUniversity. Thetoolsweresegmentedus-
ing aregiongrowing techniquewith manuallyselectedthresholds.
Note that partsof the hammerandthe wrencharesegmentedas
backgrounddueto highlights. Also, notethesegmentationerrors
dueto theshadow castby thehammer(top right). Thecorrespon-
denceobtainedby shock-graphmatchingis intuitive in bothcases.
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Figure14: Shockmatchingin thepresenceof ascalingtransform.
Thehandontheright wasobtainedby scalingtheoriginalhandby

�������

. Observe thatthecorrespondenceis intuitive.

partstypically changesgradually. This is handledby the
deformedit. Exceptionally, at certainviews, thereis a sud-
denappearanceor disappearanceof apart,whichis handled
by the splice transition. Also, changesin aspectarehan-
dled by contractoperations.In general,a changein view-
pointconstitutesaone-parameterfamily of deformationson
shape,for whichawell-de�nedneighborhoodlocally exists
throughtheexplicit embeddingof transitions,Figure12.

The presenceof shadows andhighlights canaffect the
segmentationof anobject.Changesin theboundarycaused
byhighlightstendto besmall,but typicallyaffecttheshock-
graphtopology. On the otherhand,changesin the shock
graphcausedby shadows areoften moreglobal in nature,
andtendnot to affect theshock-graphtopology. Figure13
shows that shock-graphmatchingis effective in the pres-
enceof a limited extentof segmentationerrors.

We have examinedtherobustnessof theproposedtech-
nique to changesin scale. Observe that the shock-graph
topology is not changedwhen a global scaling transfor-
mation is applied. However, the shockedgecomparison
metric is not scaleinvariant(seeSection3). Nevertheless,
shock-graphmatchinggives the intuitive correspondence
in the presenceof modestamountsof scaling,Figure14.
However, in thepresenceof largeamountsof scaling( ���

times),unintuitivecorrespondencecanresultif partsof un-
equalsize are present,as the cost of matchingequal-size
but non-correspondingpartsmay becomedominant. The
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Figure15: Shockgraphmatchingin the presenceof partial oc-
clusion,bothblendingwith thebackgroundandwith theobject.In
all cases,theeffectsof occlusionon the matchis con�ned to the
occludedpartsof theshape.

currentimplementationrequiresmatchingat severalscales;
theinclusionof scalein thematchingprocessis oneof our
futuregoals.

Occlusion is a seriouschallengefor any recognition
framework. We considertwo typesof occlusion,onewhere
the backgroundblendswith part of the shapeandsecond
wherepartof theshapeblendswith thebackground.In both
typesshock-graphmatchinggivesthe intuitive correspon-
denceby splicing out the occludedpart, Figure15. How-
ever, it may fail if a largepartof theshapeis occluded,in
whichcasesplicecostdominatesthetotal cost.

Having demonstratedtheperformanceof therecognition
algorithmundervariousvisualtransformations,wenow ex-
amine recognitionratesfor indexing into two databases.
The �rst databasewascreatedfrom nine categories: �sh,
rabbit,airplane,“greeble” (obtainedfrom Mike Tarr's col-
lection), tool (obtained from Stan Sclaroff 's database),
hand,doll, four-leggedanimal, and sea-animal(obtained
from Farzin Mokhtarian's database). We include eleven
shapesin eachcategory to allow for variationsin form,
as well as for occlusion,articulation,missingparts, �

���

.,
for a total of 6�6 shapes. Eachshapeis matchedagainst
all others,and resultswere orderedby edit distance,Ta-
ble 1. Sincetherearetenpossiblecorrectmatchesfor each
shape(within category) excludingtheshapeitself which is
a perfect match, we measurethe performanceby a vec-
tor of 10 numberswhich representsthe proportionof cor-
rectmatches.Five othershapeswhich show non-category
matchesare also shown. Recognitionratesin 5 by this

measureare
�

13242 , 132�2 , 132�2 , 6�6 , 646 , 6�6 , 6�� , 6�� , 648 , ���

�

; in
otherwordsthetopthreechoicesarealwayscorrectfor this
database.

Weconstructedaseconddatabasefromsamplesof avery
largedatabaseof shapescreatedfor testingthecompression
ratesfor MPEG7,kindly providedby Latecki andLakam-
per [10]. This databaseconsistsof 8 categorieswith 12
shapesin eachcategory. Recognitionratesin 5 are( 1 2�2 ,

13242 , 13242 , 1 2�2 , 132�2 , 132�2 , 6�6 , 6�6 , 6�� , 6	� , 648 ); in otherwords
thetopsix choicesarealwayscorrectfor thisdatabase.

We aim to explore recognitionrateson a much larger
database.However, two developmentsare needed.First,
thealgorithmtypically takesabout8 minutesonanSGI In-
digo II ( 136$8 MHz) for the examplespresentedhere. Im-
provementsin ef�ciency arepossibleby rewriting thecode
andby revisingthealgorithm.Second,wehavedevelopeda
notionof prototypeswhich canbeincludedin theindexing
schemeto reducethecomputationalburden.It is in thecon-
text of a muchlargerspaceof shapesthat theeffectiveness
of this algorithmcantruly beexplored,theseinitial results
areratherpromisingandsupportfurtherexplorationof this
framework.
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            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

275 316 324 349 382 390 411 417 419 432 444 452 468 475 481

Table2: Left: A databaseof shapesselectedfrom the MPEG testdatabasecreatedby Latecki andLakamper[10], who kindly made
this available to us. We selected96 shapeswith 8 categoriesand 12 shapesin eachcategory. Right: The 15 nearestneighborsfor
a few shapesin the database.As thereare 11 other shapesin eachcategory, up to eleven nearestneighborscan be from the same
category. Observe that in mostcasesthe top 11 matchesare from the samecategory: the resultsin proportionsof 96 areas follows:
(96,96,96,96,96,96,95,95,93,94,91).
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