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Abstract

Imagemetamorphosisasananimationtool hasmostlybeenemployedin thecontext of theentire image. Thiswork
explores the useof isolatedand focusedimage basedmetamorphosisbetweentwo-dimensionalobjects,while
capturingthefeatures,colors, andtexturesof theobjects.Thispinpointedapproach allowsoneto independently
overlayseveral such dynamicshapes,withoutanybleedingof oneshapeinto another. Hence, shapeblendingand
metamorphosisof two-dimensionalobjectscanbeexploitedasanimatedsequencesof clip arts.

1. Intr oduction

The continuousevolution from a sourceobject into a tar-
getobjectis generallyknown asmetamorphosis,or morph-
ing. Metamorphosiscanproducecompellingtransitionsbe-
tweenobjects,andthushave numerousapplicationsin sci-
enti�c visualizationand in animationsin the �lm and ad-
vertising industries.Many morphingalgorithmshave been
proposed.Somearebasedon two dimensionalpolylinesor
piecewiselinearcurves7� 11� 14� 26� 27, somearebasedon three
dimensionalpolyhedra16� 28 and othersare basedon im-
ages2� 5� 19� 25� 29 or even volumetric datasets12� 21. In this
paperwe focuson imagemorphing.We refer to a two di-
mensionalobjectin theimageasanobjector ashape.

The goal of morphingandshapeblendingis to generate
in–betweengeometrywhichsmoothlytransformsthesource
shapeinto the target shape.This generalproblemrequires
solutionsto two subproblems:the correspondenceproblem
thataimsat establishinga matchbetweenpointson thetwo
shapesandthepathproblemwhichaimsatde�ning theway
thetransactionmovesthrough.Thecorrespondenceproblem
canbequitedif�cult, andit is oftenthecasethatsolutionsto
thisprobleminvolve manualintervention.

Methodshave mostly beendevelopedin imagemorph-
ing to govern the way the correspondenceis de�ned and
to helpusersmanuallyprescribethis correspondence.Such
methodsincludeprescriptionsof featurepointson both the
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sourceandtargetimagesthatareto beinterpolated2� 20� 25� 30,
line segmentsandedgeson both images5, or even mesh–
basedtechniques23� 30, wherenonuniform(Bézier)meshes
are usedto specify the correspondinggeometricfeatures.
Findingthecorrespondencefor every pixel in theimagehas
experiencedawholevarietyof methodssuchastheexploita-
tion of the mesh–basedtechniques23� 30, radial basisfunc-
tions2 andcontouring8.

Frequently, in particularin the context of imagemorph-
ing, the path problemis solved using linear interpolation,
thoughhigherinterpolationschemescanbeutilizedaswell.
Thepathproblemfor two-dimensionalpolygonsisdiscussed
in 26, whereinterpolationis performedon edgelengthsand
angles.In 27, theinteriorof thepolygonaswell asits bound-
ary aretaken into account.In 14, a different representation
of polygons,with a multi-resolutioncharacteris proposed.
Polygonsarethenmorphedaccounting�rst for globalshape,
andthenfor localdeformations.

Focusedon pictorial data,this work proposesa different
approachto imagemorphing.Ratherthaninterpolatingthe
entire image,perform the shapeblendingon isolatedob-
jectsin the scenes.For instance,given two picturesof two
animals,isolatethe animalsand blend only them.Sucha
schemecan be usedfor composinganimationsof various
objectsin asimilarway to clip artsin paintpackages.

In addition,weseekanapproachthatpreservesbasicfea-
turesin the two shapes.In theensuingdiscussion,we refer
to a feature not in its geometricmeaningasa line or a point
in the imagebut ratherin its real-life meaningasa part of
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an object suchas an eye or a leg. The preserved features
might beenclosedonewithin another, andthepresentedal-
gorithm handlesthis case.For instance,the pupils are en-
closedwithin the eyes,which are,in turn, enclosedwithin
theouterboundariesof theanimals.

The proposedapproachcan be viewed as a hybrid be-
tween image morphingmethodsand polygonalmorphing
methods.It is relatedto polygonalmorphingsincegeomet-
rically, thenestedfeaturescanbeoftendescribedasasetof
simpletwo-dimensionalpolygonsnestedwithin eachother,
andneedto bemorphedappropriately. However, it is related
to imagemorphingsincethe colorsandthe texturesof the
objectsneedalsobecaptured,asthey appearin thetwo im-
ages,andmorphedaccordingly.

The restof this paperis organizedasfollows. Section2
presentsthe differentstagesof our algorithm.In Section3
we presenta few examples.Finally, we concludein Sec-
tion 4.

2. Algorithm

Giventwo images,� i �

i � 1
�

2,containingtwo objects,� i �

� i �

i � 1
�

2, theproposedmorphingapproachconsistsof the
following four stages:

1. Outlineextractionof � i �

i � 1
�

2. Theoutline(or bound-
ary) of anobjecti is de�ned asa setof non-intersecting
simple closedcurves Ci 	

t 
 , t �
� 0
�

1� , which might be
nested.Thisprocessis brie�y presentedin Section2.1.

2. Establishmentof correspondence. The correspondence
is establishedbetweenthe two setsof curvesC1 	

t 
 and
C2 	

t 
 , t ��� 0
�

1� , astagethatis describedin Section2.2.
3. Compatibletriangulation.After the matchedcurvesare

sampledandreplacedby piecewiselinearcurves,P1 and
P2, a compatibletriangulationof P1 andP2 is computed.
Thisstageis discussedin Section2.3.

4. Texture mapping. Finally, the endresult is formedwith
the aid of the original colors and the original textures
from � i , i � 1

�

2, the outlinesof Pi, the compatibletri-
angulationandtheestablishedcorrespondence.This�nal
stageis portrayedin Section2.4.

2.1. Outline Extraction

Given two images, � i �

i � 1
�

2, containing two objects,
� i �

i � 1
�

2, we seekthe outline boundariesof � i in � i .
While it seemsplausiblethat edgedetectiontools (e.g, 6)
canbesuccessfullyemployedin thiscontext, wefoundthata
semi-automaticprocedureis muchpreferred.Following the
approachsuggestedin 22, weemploy aninteractive tool that
snapsto the areawith the large gradientin the image.Fur-
ther, wefoundthattheusermustbeableto preciselycontrol
this extractionof the outlinesof the shape,sincein many
casesthe gradientsof the imagedo not lead to the exact
curve that theuserseeks.Clearly, otherextractionmethods
of outlinesof shapesmaybeemployed.

Becausethis stagecangeneratea large amountof point
data,this datais reducedwith theaid of leastsquares�tting
of Bsplinecurves.Figure1 showsanexampleof apiecewise
linearoutlinereducedvia leastsquares.

2.2. Matching the Curves

Given two sets of n closed Bspline curves each,
�

1 ��� C11 	

t 


�

C12 	

t 


���������

C1n 	

t 
�� and
�

2 ��� C21 	

t 


�

C22 	

t 


���������

C2n 	

t 
�� , t ��� 0
�

1� , we would like to establisha
correspondencebetweencommonfeaturesin eachpair of
curvesCik 	

t 
 , i � 1
�

2, for all 1 � k � n. Weassumethatthe
two curvesarealike, in the sensethateachis an outline of
an animal,a face,or a car. Otherwise,the more different
the two shapesare, the lessneedthere is to preserve the
differentfeaturesof theshapes.

Featuressuch as the legs or the mouth can be distin-
guishedvia their patternsin thenormalor Gaussianmapof
theshapeof thecurve.Suchfeaturesgenerateadistinctturn-
ing signaturein thecurve thatyieldsa largevariationin the
Gaussianimage.

Let Tik 	

t 
 be the unit tangent�eld of Cik 	

t 
 , t �
� 0
�

1� ,
i � 1

�

2, 1 � k � n. For planarcurves, the normal vector
�eld of Cik 	

t 
 is alwaysperpendicularto Tik 	

t 
 . Hence,for
simplicity, we employ Tik 	

t 
 insteadof the Gaussianim-
age.In 10, thecorrespondencebetweenthetwo curvesis es-
tablishedby deriving a reparametrizationto oneof the two
curves,r

	

t 
 , by maximizingthefollowing function,

max
r � t �

� 1

0 �

T1k 	

t 


�

T2k 	

r
	

t 
�
 � dt
�

(1)

subjectto theendconditionsof r
	

0
!� 0 andr
	

1
!� 1, and
r

	

t 
 is an allowable changeof parameter(i.e., monotone).

�

T1k 	

t 


�

T2k 	

r
	

t 
�
�� canassumevaluesbetween-1 and1 and
thereforeEquation(1) is maximizedwhenthe two tangent
�elds areidenticalthroughout.

Findingasolutionto thecontinuousoptimizationproblem
presentedin Equation(1) is dif�cult. Instead,the problem
canbediscretizedby samplingm pointson eachof thetwo
curvesand,asin 10, the optimizationproblemwhich needs
to besolvedis:

max
j � i �

m" 1

å
i # 0 $

T i
1k �

T j % i &

2k '

�

(2)

subjectto j
	

0
(� 0, j
	

m ) 1
*� m ) 1, and j
	

i 
+� j
	

i , 1
 .

Using dynamic programming,the global optimum is
found to Equation(2) in quadratictime, O

	

m2

 . The solu-

tion to Equation(2) providestheoptimalmatchbetweenthe
two discretesetsof the tangentsof curvesCik 	

t 
 , i � 1
�

2.
This discretesolution, j

	

i 
 , convergesto thesolutionof the
continuousproblemof Equation(1) as m becomeslarger.
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(a) (b) (c)

Figure1: (a) showsa piecewiselinear outlineof a topi asextractedvia theoutliningtools.It containsover3500points.In (b),
a quadratic Bsplinecurve(in black) with 200control pointshasbeen�tted to theshapeof thepiecewiselinear curve(in gray)
of (a). (c) showsa similar �t with 100control points.Thepiecewiselinear outlineshownin (a) is alsodisplayedin (b) and(c)
in gray.

j
	

i 
 is employedto reparameterizeoneof thetwo curvesso
thatthetwocurvessharearegularparameterization.Figure2
showsoneexampleof theoutputof thismatchingalgorithm
betweenatopi andagazelle.

While the matchingalgorithm is completelyautomatic
andyieldsquitesatisfactoryresults,it canalsomatchunde-
siredfeatures.For example,in Figure2 (b), thebackof the
topi is matchedto theearof thegazelle.Manualpinpointing
of theearof thetopi canrecover thedesiredsituation.This
minimal andoptionalinterventionby theuseris feasibleby
applyingthematchingprocedurebetweentheprescribeddo-
mainsonly.

Thenext stageof thealgorithminvolvesthederivationof
a compatibletriangulation,andrequiresthat the piecewise
linear outlinesof the two shapeshave the samenumberof
samples.Hence,this stageendswith a samplingat the de-
siredresolutionof the two setsof Bsplinecurves into two
setsof piecewise linear closedcurves.Figure3 shows the
gazellesampledat 50,150and500pointsalongits outline,
after the correspondencehasbeenestablished.The sample
with 500pointsin Figure3 (c) is morethansuf�cient, while
thesamplewith 150pointsin Figure3 (b) is almostasgood.

2.3. Compatible Triangulation

At thisstageweapplyacompatibletriangulationalgorithm.
Given two polygonsP1 andP2, eachwith n vertices,their
compatibletriangulationis a joint labelingof theverticesof
thepolygonsandof someof their internalpoints,suchthat
a triangulationof onepolygonadmitsa triangulationin the
otherpolygonandit is labeledcompatibly.

Compatibletriangulationalgorithmshave beenmainly
usedfor three–dimensionalmorphing,as in 16� 17� 28. They

werelessutilized in polygonmorphingor in imagemorph-
ing, thoughalgorithmshave beendevisedin computational
geometry.

It is shown in 3 thattherealwaysexistsacompatibletrian-
gulation,wherek � O

	

n2

 Steinerpointsareallowed.Algo-

rithms for constructingcompatibletriangulationsof simple
polygonsarepresentedin 3� 15� 18. It is shown in 4 thatwhen
thepolygonshave holes,a compatibletriangulationof size
O

	

n2

 alwaysexists,andanalgorithmis presentedthere.

We follow 3, andextendits algorithmto work for poly-
gonswith holes.Thoughour algorithmis lessgeneralthen
4, its implementationis mucheasier, andit is lessproneto
degeneratecases.In fact,thealgorithmworkedverywell for
all our examples,aswill be shown in Section3. Handling
holesis importantsinceit allows for bettercontrolover in-
ternalfeaturessuchastheeyesandthemouthwhileavoiding
vanishingandbleedingeffectsof the texturesof thosefea-
turesinto otherregionsof theobjects.Wewill �rst describe
thealgorithmfor simplepolygons,andthenits extensionto
polygonswith oneor moreholes.

Given two simplepolygonsP1 andP2, a triangulationT1
(respectively, T2) is �rst found for P1 (P2), usingany trian-
gulationalgorithm(e.g.,9� 13� 24). ThetriangulationT1 is then
mappedinto a triangulationT -1 of P, whereP is a simple
polygonwith n vertices.Similarly, T2 is mappedinto atrian-
gulationT -2 of P. OverlayingT -1 andT -2 onP yieldsaconvex
subdivision,whichcanbeeasilytriangulated.Every triangle
in this re�ned triangulationis fully containedin sometrian-
gleof T -1 andin sometriangleof T -2 . Hence,It canbemapped
backinto T1 andT2 to obtaina compatibletriangulationof
P1 andP2.

If the polygonhasa hole thenthe goal is to remove the



(a)

(b)

Figure 2: (a) showsa naivelinear blendof the outlinesof a topi (left) and gazelle(right) that were createdby the outline
extractionstage. In (b), theautomaticprocedure of thematchingalgorithmhasbeenappliedto reparametrizeoneof thecurves
(i.e., a gazelle),yieldinga much betterresultthatpreservesfeaturessuch asthelegs,thehorns,etc.

(a) (b) (c)

Figure3: Piecewiselinear samplesof theoutlineof thegazelle, oncethematchinghasbeenestablished.(a) showstheresults
of samplingwith 50points.(b) employs150pointsand(c) employs500points

.

hole by adding a bridge betweenthe hole and the outer
boundary. To constructa bridge,a segmentconnectingtwo
vertices,oneontheholeandtheotherontheouterboundary,
is �rst added.Thesegmentshouldintersecttheboundaryof
thepolygononly atthesegment'svertices.A bridgeis repre-
sentedby two suchsegments,having oppositeorientations.
Thus,addinga bridgeremovesthe hole from the polygon,

andtransformsthe polygoninto a simplepolygon.For our
problem,thegoalis to �nd acompatiblebridge,i.e.,abridge
whoseendpointshave thesamelabelingin bothpolygons.

Givena a pair of polygonsP1 andP2, eachwith h holes,
theholesareremoved oneby one.Topologically, the outer
boundaryof thepolygonis nodifferentfrom theboundaries
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of theholes.Thus,a holecanberemoved eitherby adding
a bridgefrom thathole to theouterboundaryor by adding
a bridgeto anotherhole.After a singleholeis removed,the
problemis reducedto the problemof �nding a compatible
triangulationfor apairof polygonswith h ) 1 holes.Repeat-
ing this procedureh timesyields a simplepolygon.More-
over, thealgorithmcanbeappliedrecursively to holeswhich
arenestedwithin otherholes.

For selectingbridgeswe employ the following greedy
procedure.Every possiblebridge in P1 gets a score.The
scoremight re�ect, in addition to the Euclideandistance,
someotherproperties,suchasthepreferredoutlinesfor con-
nection.Someof the candidatebridgesfound in P1 do not
yield a compatiblebridge in P2 sincethe compatibleseg-
ment intersectsthe boundaryof P2 in an internalpoint of
thatsegment.ThemoresimilarP1 andP2 are,thehigherthe
probability that candidatebridgesfound in P1 indeedhave
compatiblebridgesin P2. In fact,in practice,therearemany
feasiblebridges.Of all thecandidatebridges,we selectthe
bridgewith the joint best(minimum)score.In the extreme
case,wheresimplecompatiblebridgescannotbe found, a
more complex polygonalpath needsto be constructedin
P2. This can always be doneby selectinga path which is
e) away from theboundary, for instance,similar to theway
proposedin 4.

The compatibletriangulationalgorithmis appliedto the
outerpolygon(after thebridgesareconstructed)aswell as
to eachof theholes,recursively. For instance,thealgorithm
canbe appliedto the outerboundariesof the animals,then
recursively to their eyes,and if desired,recursively to the
theirpupils.Thisensuresthateachdistinctivefeatureis mor-
phedinto its compatiblefeaturein a way thatpreservesthe
feature's properties.

The resultsof the algorithm are illustratedin Figure 4.
In Figure4(a)-(b),the objectsaretriangulatedignoring the
holesof the eyes.In the resultingmorphsequence,the eye
disappearsin orderto re-appearin adifferentlocation.How-
ever, in Figure 4(c)-(d), the objectsare triangulatedafter
compatiblebridgeshave beenconstructedbetweentheeyes
andtheouterboundariesof theanimals.In Figure4(e)-(f),a
zoomedversionof the compatibletriangulationof the eyes
is shown. In this case,the eye of the gazelleis mappedto
the eye of the topi throughoutthe morphsequence,andall
bleedingeffectsof thevanishingandthereappearanceof the
eyeareavoided.

2.4. TextureMapping

We are now given two lists of l triangularpolygonseach,
Pi j , i � 1

�

2, j � 0
���.�.�.�

l ) 1, and needto computethe in-
betweentriangles.Assumeanintermediateblendingvaluet
betweenzeroandone,andlet the threeverticesof triangle
Pi j beVk

i j , k � 1
�

2
�

3. For eachpair of triangles � P1j �

P2j � ,

theintermediatetriangle,Pj 	

t 
 , is computedas,

Pj 	

t 
/�10 tVk
2j ,

	

1 ) t 
 Vk
1j 2

�

k � 1
�

2
�

3
�

blendingtheverticesof thetwo compatiblepolygons.

Given Pj 	

t 
 , all the pixels covering Pj 	

t 
 are now vis-
ited andscanconverted.For eachpixel p � Pj 	

t 
 , the three
barycentriccoordinates,bk �

k � 1
�

2
�

3,arecomputedsothat

p �

3

å
k # 1

bk 3

tVk
2j ,

	

1 ) t 
 Vk
1j 4

�

The barycentriccoordinatesare appliedback to the three
verticesof P1j andto the threeverticesof P2j , to compute
the two correspondingpixels on the two original images,

� i �

i � 1
�

2.

pi �

3

å
k # 1

bkV
k
i j �

i � 1
�

2
�

Then,given the colorsof the pixels p1 and p2, denotedas
c

	

p1 
 andc
	

p2 
 respectively, the�nal colorof pixel p, c
	

p
 ,
is setto be

c
	

p
!� tc
	

p2 
5,

	

1 ) t 
 c
	

p1 


�

3. Examples

The examplewe have employed throughoutthis paperof
a two-dimensionalshapeblending betweena topi and a
gazelleyields the resultshown in Figure5. Thesetwo an-
imals were extractedfrom imagesthat were downloaded
from theWWW 1. The�nal backgroundof Figure5 is com-
pletely different from the backgroundsof the two original
imagesandis taken from of a whole different image.This
is possiblesincetheobjectsweremorphedwithoutregardto
theimagesfrom which they wereextracted.

Anotherexampleof a metamorphosisbetweentwo ani-
mals,this time quitedifferent,is shown in Figure6. Here,a
giraffe andawarthogarematchedandblendedtogetherin a
similarmanner.

In bothexamples,thatof thetopi andthegazelleandthat
of the giraffe andthe warthog,key interior featuresof the
animalsvanish.Mostnoticeable,theeyesdisappear, only to
reappearat a different location.Figure7 shows a zoomed
sectionfrom Figure6 thatfocuseson theeyes.

The eyesarea crucial organthat is very distinctive and
its preservationcanvastly improve thequality of theblend.
As explainedbefore,weareableto preserveany key interior
featureby addinginteriorcontoursasholes.Whenasecond
contouraroundthe eye is extractedand the algorithmde-
scribedin this work is appliedto the outline of the animal
with a hole in the form of theeye, the resultingmorphcan
greatlyimprove. Figure8 shows theresultof applyingnew
contoursto theeyesof thetwo animals.

Finally, becausethe metamorphosisis conductedon a



(a) (b)

(c) (d)

(e) (f)

Figure4: Thecompatibletriangulationestablishedbetweenthegazelleandthetopi for 150samplesalongtheoutline. (a) and
(b) showthecompatibletriangulationwithouttheeyetaken into consideration. (c) and(d) showthecompatibletriangulation
with theeyetakeninto consideration asa hole. Finally, (e)and(f) showthetwozoomedupregionsof theeyes.
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well isolateddomainboundedby an exact outline of the
shape,onecancomposeanimationsof variousobjects,much
likeclip artsin two-dimensionaldrawingsand/orpaintpack-
ages.In Figure9, two gazellesareblendedwith two topis.
Thisscenewascreatedbypastingtogethertwoanimatedclip
artsof themetamorphosissequencepresentedin Figure5,at
differentlocationson theimage.

4. Conclusions

This work hasexploredthemetamorphosisof isolatedtwo-
dimensionalshapeswithin images.Theseshapesmight be
nestedwithin eachother. We have presentedan algorithm
that allows one to captureand morpharbitrarynumberof
suchshapesin a single imageindependently, and without
any bleedingof oneshapeinto another, thusallowing one
to preserve the main featuresof the objects.Moreover, the
approachpresentedcanbeexploitedfor puttingtogetherdy-
namicclip artsin animatedsequences.

Thealgorithmconsistsof four stages:outlineextraction,
establishinga correspondence,constructionof a compatible
triangulationandtexturemapping.Eachof the thesestages
forms an interestingand intriguing problemby itself. We
choseasinglesolutionfor eachof thesesubproblems.How-
ever, other techniquesdevised for the variouscomponents
can be soughtand easily integratedinto our generalalgo-
rithm.

4.0.0.1. Acknowledgments: We thankDanielBricker for
implementingthecompatibletriangulationalgorithm.
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Figure5: The�nal metamorphosisbetweenthegazelleandthetopi.Theoriginal gazelleis shownat thetopleft cornerwhereas
theoriginal topi is shownat thebottomright. Notethestationarybackgroundthroughoutthemetamorphosissequence.



Figure6: A metamorphosisof a giraffe (top left) anda warthog (bottomright).



ImageMorphing with Feature Preserving Texture

Figure 7: A zoomedup sectionof theeyesof Figure 6. Theeyesof thegiraffe disappears during themetamorphosiswhereas
theeyesof thewarthog appearat a totally differentlocation.

Figure 8: A zoomedup sectionof the eyesof Figure 6. Theeyesduring the blendare correctedwith the aid of an interior
contouraroundtheeyes.Compare with Figure7.



Figure 9: Becausethemetamorphosisis conductedon a well isolatedandexactdomainof theobject,in the image, onecan
composearbitrary numberof such animatedmetamorphosissequences,much like thestaticclip arts usedin two dimensional
drawing and/or paint packages.This �gure showstwo animatedsequencescomposedtogether at different locationsin the
image. Compare with Figure5.


