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Abstract

In this paperwe introducea video-basedrepresentationfor freeviewpoint visualizationand motioncontrol of
3D character modelscreatedfrom multiple view videosequencesof real people. Previousapproachesto video-
basedrenderingprovide no control of scenedynamicsto manipulate, retarget, and createnew 3D contentfrom
captured scenes.Here we contribute a new approach, combiningimage basedreconstructionand video-based
animationto allow controlled animationof peoplefromcapturedmultipleview videosequences.We representa
characteras a motiongraphof freeviewpoint videomotionsfor animationcontrol. We introducetheuseof ge-
ometryvideosto representreconstructedscenesof peoplefor freeviewpointvideorendering. Wedescribea novel
sphericalmatching algorithm to deriveglobal surfaceto surfacecorrespondencein sphericalgeometryimages
for motionblendingandtheconstructionof seamlesstransitionsbetweenmotionsequences.Finally, wedemon-
strateinteractivevideo-basedcharacteranimationwith real-timerenderingandfreeviewpointvisualization.This
approach synthesizeshighly realisticcharacteranimationswith dynamicsurfaceshapeandappearancecaptured
frommultipleview videoof people.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.7 [ComputerGraphics]:Animation

1. Intr oduction

In this paperwe introducea video-basedrepresentationfor
freeviewpoint visualizationandmotioncontrolof 3D char-
actermodelscreatedfrom multipleview videosequencesof
realpeople.Ourwork combinesimagebasedreconstruction
[VBK02, MBR� 00] and video-basedanimationtechniques
[SE02] to provide a new video-basedapproachto character
animation.In thesameway thatmotioncapturetechnology
capturescomplex humanmotionsfor convincingskeletalan-
imation, video basedcharacteranimationprovides the ap-
pearanceof complex surfacedynamicssuchasclothmotion
andwrinklescapturedfrom multiple view videofor synthe-
sisof highly realistichumanappearancein animation.

Image based reconstruction and rendering in com-
puter vision and computergraphicsconcentrateson static

scenes[LH96,GGSC96] andmorerecentlydynamicscenes
[ZKU� 04] for free-viewpoint visualization.Free-viewpoint
videorenderingenablesachangeof view in asceneandspe-
cial effectssuchasfreezeframeor slow-motion�y around.
However, it is limited to replayingtheoriginalcapturedmo-
tion. Providing controlof scenedynamicsopensup thepo-
tential to manipulate,retarget, andcreatenew 3D content,
ultimatelyat thequality of conventionalvideo.Previousap-
proachesto the motion control of peoplehave usedmodel
�tting [CTMS03,SH03], whereconstraintson modelshape
do not accuratelyreproducethegeometryof looseclothing
and hair, reducingthe visual quality comparedto model-
free video-basedrendering[ZKU� 04, SH05]. Video-based
animationtechniques[SSSE00, SE02] have beenproposed
without the requirementfor a prior geometricmodel, but
have beenrestrictedto a �x ed viewpoint andnon-rigid ob-
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jectswithoutself-occlusion.Animationcontrolin videoren-
deringof complex articulatedobjectssuchaspeopleremains
anopenandchallengingproblem.

Here we presenta new techniquefor controlledanima-
tion of peopleusingfreeviewpointvideo.Werepresenta3D
characterasa motiongraph[KGP02] of seamlesscharacter
motionsconstructedfrom free-viewpointvideosequencesof
a real person.Our approachmakesthe following contribu-
tions:

� Reconstructionand representationof real peopleas se-
quencesof 2D sphericalgeometryimages[PH03], a ge-
ometryvideo [BSM� 03] providing a temporallyconsis-
tentstructurefor level of detailandframeratecontrol in
freeviewpoint video.

� A new multiple resolutioncoarse-to-�nesphericalmatch-
ing techniqueto derive densesurface-to-surface corre-
spondencefor geometryimagesequences,enablingmo-
tion blendingbetweengeometryvideos.

� Animation control using a motion graph of geometry
video clips with seamlessmotion cyclesandtransitional
motionsconstructedusingsphericalmatching.

In Section2 we review relatedwork on imagebasedren-
deringandvideo-basedanimationtechniques.In Section3,
we outlinetheprocessof constructinga geometryvideofor
amultipleview sequenceof aperson.In Section4, weintro-
duceasphericalmatchingalgorithmfor motionblending.In
Section5 we outlinetheconstructionof a motiongraphfor
characteranimationandourvideorendererfor real-timeren-
deringandfreeviewpoint visualization.Finally in Section6
wepresentresultsfor video-basedcharacteranimation.

2. Background

2.1. Video-basedrendering

Renderingnovel views of dynamic scenessuch as peo-
ple from multiple view video capturehas received con-
siderable interest over the past decade.Kanade et al.'s
[KRN97]Virtualized RealityTM systemused a 5m hemi-
sphericaldomeof 51 camerasto capturesequencesof a dy-
namicscene.Multiple view silhouettes[MTG97,MBR� 00]
andphoto-consistency betweenviews [VBK02] have been
usedto rendernovel views from smallernumbersof cam-
eras.Temporal correspondencehas also been introduced
in recentwork to improve surfacereconstruction[VBK02,
GM04]. Two problemsarisewith theseapproaches:quality
of novel view renderingdueto errorsin geometricsurface
reconstruction;andreconstructionof anunstructuredmodel
ateachtimeinstantwhichdoesnotallow thescenedynamics
to bemodi�ed for reanimation.

High quality video-basedrenderinghasbeenaddressed
usingstereoreconstructiontechniquesfor a1Darrayof cam-
eras[ZKU� 04, SH05]. Zitnick et al. [ZKU� 04] introducea
novel stereoapproachthat simultaneouslymattesa general

sceneinto two layersandreconstructsdepth.Resultsdemon-
straterenderedviews comparableto thecapturedvideo,but
havelimited viewpointcontrolandnocontroloverscenedy-
namics.To allow reanimationof dynamicscenesof people,
model-basedreconstructiontechniqueswhich �t a generic
humanoidmodelto observationsfrom multiple views have
beendeveloped[CTMS03,SH03,PF01] . Constrainedmul-
tiple view optimization of model poseand shapeis per-
formed to minimize the model re-projectionerror for sil-
houette[CTMS03] andstereocorrespondence[SH03,PF01].
Model-basedapproachesreconstructastructuredrepresenta-
tion with anarticulatedjoint structurewhich canbemanip-
ulatedfor reanimation.Visual-qualityof reconstructedmod-
els is limited dueto both errorsin reconstructionandcon-
straintson model shapewhich do not representgeometry
suchaslooseclothingor hair.

In thisworkweproposeatemporallyconsistentstructured
representationbasedonsphericalmappingandremeshingas
a2D geometryimage.We introducesphericalmatchingthat
allowsmotionblendingbetweengeometryimagesequences
for motion control.This representationallows high-quality
video-basedrenderingwith motion control for reanimation
withoutmodel-basedconstraintsonsurfaceshape.

2.2. Video-basedanimation

Video-basedtechniquessuchasvideointerpolation[BCS97,
CG00] and video-sprites[SE02] provide an image-based
representationof dynamic scenesallowing synthesisof
novel imagesequenceswith visual quality comparableto
the capturedvideo.Novel video sequencesaresynthesized
by concatenatingsegmentsof the capturedvideo basedon
a transitiongraph.This approachhasbeenusedto produce
video-realisticsynthesisof faces[BCS97,CG00,EGP02] or
simplenon-rigidsubjects[SSSE00,SE02] with limited con-
trol over scenedynamics.Schodlet al. [SE02] usea sim-
ilarity metric betweenvideo framesto identify transition
points which minimize visual artifacts.Graphcuttextures
[KSE� 03] optimizedthe transitionover spaceandtime be-
tweenvideosequencesto achievevideoqualitycomposition
of dynamicscenes.

Theseapproachesare currently limited to a �x ed view-
point and non-rigid objectswithout self-occlusion.In this
work we combinevideo-basedrenderingwith video-based
animationto provide a representationthatallows freeview-
point visualizationof complex non rigid motionsof people
with controlof motiondynamics.

2.3. Motion graphs

Characteranimationfrom motioncapturedataoftenrequires
themodi�cation of capturedmovementto satisfyconstraints
or transitionseamlesslybetweensequences.Motion graphs
for databasesof humanmotioncapturehavebeenintroduced
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to allow reuseby recombiningsegmentsof themotioncap-
ture data[AFO03, KGP02, LCR� 02, LAS02]. The problem
of humanmotion synthesisis formulatedasa graphsearch
wherethenodescorrespondto framesin themotiondatabase
andedgesareweightedby the similarity of frames.Novel
animationsequencesaresynthesizedby optimizingthepath
through the graph to satisfy external userconstraintsand
minimizetransitionartifacts.

In thiswork wede�ne agraphof humanmotionsandtran-
sitionalmotionsreconstructedfrom multiple view video.A
similar approachis usedin computergamesfor real-time
characteranimationwith a prede�nedsetof transitionsand
correspondingsequencesof motion capturedata.Here the
motionsandtransitionsarede�ned by freeviewpoint video
sequences.A seamlessblend betweenmotions and tran-
sitions is achieved using sphericalmatchingbetweentwo
videosequences.The�nal motiongraphenablescontrolled
animationof thevideo-basedcharacterfor seamlessmotion
synthesis.

3. Videocaptureand representation

In this sectionwe outline theprocessof reconstructionand
representationof multiple view video asa geometryvideo.
Figure 1 illustrates the process.Multiple view video se-
quencesof peopleare�rst capturedin a dedicatedmultiple
camerastudio.For eachtime frame,a triangulatedsurface
meshis thenreconstructed.Thissurfaceis parameterizedon
thesphericaldomain[PH03] andresampledontoaspherical
subdivision surface[PH03, ZBS04]. The subdivision mesh
hasa prede�nedmappingto the 2D domainandgeometry
plus color is mappedto a 2D geometryimage.Finally, the
geometryimagescreatedfor a sequenceare encodedas a
singlegeometryvideofor renderingasfree-viewpointvideo.

3.1. Surfacereconstruction

Multiple-view video is capturedin a 10 camerastudiowith
a blue-screenbackdropfor foregroundsegmentation.Sony
DXC-9100P3-CCDcolorcamerasareused,providing PAL-
resolutionprogressivescanimagesat25Hz.Thecamerasare
positionedaroundacapturevolumeof 3m� 2m� 2m,suf-
�cient for a singlecycle of walk andjog motions.Intrinsic
andextrinsiccameraparametersarecalibratedusingapublic
domaincalibrationtoolbox[Bou03].

Surfaceextraction is performedat eachtime frame us-
ing volumetricreconstruction.Thevisual-hullis �rst derived
from segmentedforegroundimagesilhouettes,this is then
re�ned to a color consistentphoto-hullusing the General-
izedVoxelColoring algorithm[CMS99]. Thesurfaceof the
volumetricreconstructionis thenextractedusingtheMarch-
ing Cubesalgorithm[LC87] andsmoothedto provideacon-
tinuousrepresentationfor thesurfacenormals.Surfacecolor
is derivedat eachvertex by blendingthesampledcolorsin
eachvisiblecameraview [DYB98]. Blendweightsarebased

Figure 1: Constructionof a singleframeof a sequencefrommul-
tiple view video,showingvolumetricreconstruction,sphericalpa-
rameterizationandmappingasan image with geometrypluscolor.

on thesamplingdensityin eachview usingthecosineof the
anglebetweenthe camerato surfaceviewing directionand
thesurfacenormal.

3.2. Sphericalmapping

Reconstructedsurfacesare parameterizedin the spherical
domain using the coarse-to-�ne techniqueintroducedby
PraunandHoppe[PH03]. Thestartingpoint is a closedtri-
angulatedmeshM in < 3 of zerogenus.It shouldbe noted
that this limits videocaptureto motionswherethelimbs do
notconnectwith thebodygiving anongenuszerosurface.

A unique1-to-1 map is constructedfor M onto the unit
sphereŜ, (M ! Ŝ). The meshM is simpli�ed to a tetrahe-
dron while creatinga progressive meshstructure[Hop96].
Sphericalmappingis achievedby �rst mappingthetetrahe-
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dronto theunit sphere,thentraversingtheprogressivemesh
sequenceand insertingverticesonto the sphere.A 1-to-1
mapis achievedasprogressivemeshconstructionmaintains
an embeddingduring meshdecimationandverticesarein-
sertedinto thekernelof their1-neighborhoodon thesphere,
maintainingtheembeddingin thesphericaldomain[PH03]
.

For highly deformedgenus-zerosurfaces,producinga
uniform samplingon the sphereduring mappingis a chal-
lenging task. This representsa particularproblemfor the
humanbody, wherenarrow limbs becomehighly distorted
in the sphericaldomain.PraunandHoppe[PH03] investi-
gateseveralapproachesto minimizedistortionduringmap-
pingandperformmeshoptimizationto minimizethestretch
in the representationwith respectto the original mesh.In
thiswork wedonotseekto minimizethestretch,insteadwe
seekauniformsamplingin thedomainsuchthatwecanad-
equatelysamplehighly deformedgenus-zerosurfaces.We
proposea cost function derived from Zhou et al. [ZBS04]
andoptimizethemeshto minimizethevertex samplingden-
sity on thesphereduringmapping.

ThesamplingdensityD(si ) at a sphericalvertex si is de-
�ned asfollows,wherei0spansthe1-neighborhoodof aver-
tex i, Ni is thevalenceof thevertex andDii0 is thespherical
trianglewith thedirectededgeii 0 in themesh.

D(si ) =
Ni

å i0 Area(Dii0)
(1)

We minimize the distortion in the vertex densityon the
spherewith respectto a targetdensityD0 usingthe follow-
ing costfunction,wherer ii0 is thegradienton theedgeii 0,
r ii0 = si0 � si .

Edensity (S) = å
i
å
i0

D0(si0)
D(si0)

kr ii0sik
2 (2)

For densityminimizationon theunit spherewe assumea
uniform low resolutiontargetdensityof, D0 = 1.

3.3. Imagemapping

Thesphericalmeshis resampledontoa regularsubdivision
surfaceSby constructinga map(S! Ŝ) while maintaining
the samplingdensityof the original meshas proposedby
Zhouetal. [ZBS04].

A subdivision surfaceSis constructedusingregular1-to-
4 subdivision of a unit octahedron.The surfaceis updated
to minimize the densitycost function in Equation2 with
the target densityderived from the surfaceŜ. Gradientde-
scentoptimizationcorrespondsto iterativeapplicationof the
weightedlaplacianoperatorDdensity(si) asproposedby Zhou
etal. [ZBS04].

Ddensity (si ) =
1

å i0
D0(si0)
D(si0)

å
i0

D0(si0)
D(si0)

(si � si0) (3)

Given the mappingM ! Ŝ andS! Ŝ, we canresample
the attributesof the original meshM onto the uniform do-
mainof thesubdivision surfaceS. Thesurfaceis mappedto
a geometryimageby unfolding the subdivided octahedron
onto a 2D grid with a 1-to-1 correspondencebetweenthe
verticesof thesubdivisionsurfaceandimagepixels[PH03].
For asubdividedoctahedrontherewill be(2n+ 1) � (2n+ 1)
samplesin theimagedomain.In this work we resamplege-
ometryonto a (2n � 1) � (2n � 1) imagefor ef�cient rep-
resentationasa (2n)2 imageappropriatefor rendering.We
ensurethatthereis no lossof visualdetail in resamplingthe
geometryimageby deriving color from theoriginal camera
imagesfor the resampledgeometry. We usemultiple reso-
lution blending[BA83] with sphericalboundarycontinuity
to �ll missingcolorsin the�nal image.This processis per-
formedfor sequencesof capturedmultipleview videoto ob-
tain a geometryvideo representationfor eachmotion. The
problemthenis to blenddifferentmotionsto achieve seam-
lesscharacteranimation.

4. Motion blending

To constructseamlessmotion sequencesfor characterani-
mationit is necessaryto blendbetweenmotionsat thetran-
sitionpoints,eitheratthestartendof cyclic motionsor when
switching from one motion to another. In this sectionwe
introducea multiple resolutioncoarse-to-�nealgorithmfor
shapematchingin thesphericaldomain.Sphericalmatching
is employedto align thegeometryimagesbetweenoverlap-
ping motionsequences.Transitionsbetweentwo sequences
canthenbecreatedby blendingbetweenmatchedgeometry
images.

Surfacematchingfor blendingis formulatedasacontinu-
ousbijectivemappingbetweentwo surfaces(S! S0) in the
sphericaldomain.Ourapproachposesthemappingproblem
asan energy minimization task.We constructa cost func-
tion for joint estimationof correspondenceanddeformation
in the sphericaldomainto minimize disparityin shapeand
appearancebetweentwo surfaces.

The matchingfunction for minimization,Ecost (S;W), is
de�ned asa function of the setof verticesS for a surface
in the sphericaldomainanda fuzzy multi-point correspon-
denceW = f wi j 2 (0;1)g de�ning the matchbetweentwo
surfacesS= f sig andS0 = f sjg. The function consistsof
threeterms:Edisparity measuringthe distancein shapeand
color of the surfaces;Edef orm measuringthe distancebe-
tweenthe surfacesin the sphericaldomain;andEregularize
de�ning regularizingconstraintsonthedeformation,subject
to acontrolparameterl .
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Ecost (S;W) = (1� l )Edisparity (W) (4)

+ (1� l )Edef orm(S;W)

+ l Eregularize(S)

In thefollowing sectionswe describeeachof thecompo-
nentsof thematchingfunctionalfollowedby thealgorithm
for optimizationandsphericalmatching.

4.1. Surfacedisparity

Data�t is basedonthesimilarity of asetof attributesde�ned
onthesurfacesSandS0. In energy minimizationweseekthe
correspondenceW thatminimizesthedisparityin shapeand
appearanceusingthepositionx, surfacenormaln andRGB
color c of theresampledsurfaces.Thedisparityis measured
usinga squarederrormetricanda separateenergy function
is constructedfor eachattributeasfollows

Edisparity (W) =
1
s2

x
å
i
å

j
wi jkxi � x jk

2 (5)

+
1
s2

n
å
i
å

j
wi jkni � n jk

2

+
1
s2

c
å
i
å

j
wi jkci � c jk

2

Thedisparitytermsarenormalizedby theexpectedvari-
ances2 for a correctmatch.The varianceparameterspro-
vide controlover theexpectedrangeof disparitiesbetween
two surfacesfor eachof theattributesusedin matching.In
thiswork wesettheseasfollows,s x = 5cm, sn = 0:5(30o),
and sc = 50 2 (0;255). Thesevalueswere derived using
handselectedvertex correspondencesbetweenmotion se-
quences.

4.2. Sphericaldeformation

The matchingproblemis posedas the deformationof the
surfaceS= f sig to minimize the disparitywith respectto
thesurfaceS0 = f sjg in thesphericaldomain,s2 < 2. Sur-
facedeformationis drivenby minimizingthedistanceonthe
spherebasedon themulti-point correspondenceW between
thesurfaces.In practisewe linearizetheproblemandcom-
putedistancesin < 3 while constrainingverticesto remainon
theunit sphere.Thedeformationenergy function is de�ned
as

Edef orm(S;W) =
1

T2 å
i
å

j
wi jksi � sjk

2 (6)

+ å
i
å

j
wi j

�
log(wi j ) � 1

�

A deterministicannealingapproach[CR03] is adoptedfor
optimizationusinganentropy termandtemperaturecontrol
parameterT in thedeformationfunctional.Thetermwi j de-
�nes a multi-point fuzzy correspondencebetweenthe two
surfacesandthe temperatureprovidescontrol of the corre-
spondenceduringoptimization.At ahigh temperaturevalue
thecorrespondencebecomesmorefuzzyandasthetempera-
tureis successively reducedthecorrespondencecanbehard-
ened,providing a coarse-to-�nere�nement of the surface
correspondence.

4.3. Regularization

Regularization is used to minimize the distortion in the
sphericaldomainwhile developingthemapS! S0. Vertices
si areupdatedsequentiallyandconstrainedto remainwithin
thekernelof the1-neighborhood.This ensuresthat thesur-
faceS maintainsan embeddingon the sphere.Left uncon-
strainedthesurfaceSwill quickly reacha localminimawith
verticescollapsedonto the borderof the 1-neighborhood.
Regularizationminimizesthe distortion in the distribution
of verticessuchthat the surfaceS cancontinueto deform
to minimizethedisparityfunction.This is achievedby min-
imizing the vertex density in the sphericaldomainduring
optimization

Eregularize(S) =
1

T2 Edensity (S) (7)

A weightingparameterl (Equation4), is usedto control
the trade-off betweenregularizationanddata-�tting in op-
timization. In this work a �x ed value, l = 0:75, is used.
Sphericalmatchingwas found to be relatively insensitive
to the valueof l , provided that it wassuf�cient to prevent
collapsedvertex neighborhoodsin optimization.The regu-
larizationtermsimply maintainsanevenvertex distribution
suchthatthesurfaceis freeto deformandminimizethedata
�tting costfunction.

4.4. Multiple resolutioncoarse-to-�ne optimization

Joint estimation of correspondenceand deformation is
solvedusingastrategy of alternatelyminimizing thematch-
ing costwith respectto the correspondencematrix W and
then updatingthe surfaceS to satisfy the correspondence.
For a �x ed surfacecon�guration S a uniquesolutionexists
for thecorrespondenceasfollows.Theconstraintå j wi j = 1
is imposedto enforcesurfaceassignmentS! S0.

w0
i j = exp

 
kxi � x jk

2

s2
x

!

exp

 
kni � n jk

2

s2
n

!

(8)

� exp

 
kci � c jk

2

s2
c

!

exp

 
ksi � sjk

2

T2

!
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Figure 2: Geometryimages for frames0, 5, 10 of a walk cy-
cle showing(top) original images,(bottom)the resultof spherical
matchingappliedframeto framein thesequence.

wi j =
w0

i j

å j w0
i j

(9)

For a �x edcorrespondenceW we usegradientdescentto
solve thecontinuousproblemof surfacedeformation

dEcost

dsi
= (1� l ) wi j

�
si � sj

�
+ lD density (si) (10)

The optimizationalgorithmproceedsby �rst �nding the
global rotation that minimizesthe cost function. A multi-
resolutionstrategy is then adoptedfor local optimization.
Surfacedeformationis scheduledat successive resolutions
of the subdivision surfaceS startingwith the baseoctahe-
dron.Coarse-to-�nematchingis achievedbysettingthetem-
peratureparameterT to restricttherangeof matcheswi j to
lie principally within the kernelof the 1-neighborhoodfor
a vertex. This is achieved using a value of T equalto the
edgelengthon theundeformedsphericalmeshat eachlevel
of subdivision.Optimizationateachresolutionproceedsun-
til the maximumupdatefor a vertex reachesa �x ed value
e= 0:0001on theunit sphere.

The optimizationalgorithmterminatesat the �nest reso-
lution of thesubdivisionsurfaceSandprovidesacontinuous
1-to-1mapbetweenthesurfacesS, S0. ThesurfaceScan�-
nally beresampledat theverticesof thetargetmeshS0 and
a new geometryimageconstructedsuchthatSandS0 arein
correspondencein the 2D imagedomainfor blending.Fig-
ure2 shows theresultof sphericalmatchingappliedto align
geometryimages.

5. Interacti vecharacter animation

In this sectionwe outline thecreationof motiongraphsfor
videobasedcharacteranimationandthevideo rendererfor
interactive charactercontrol and free-viewpoint visualiza-
tion.

Figure3: Motiongraphfor characteranimationusingcyclic(idle,
walk) and transitional motions(walk to idle, idle to walk) repre-
sentedbygeometryvideos.

5.1. Motion graphs

Wecapturemultipleview videosequencesfor asetof cyclic
motionsfor apersonsuchasidle, walkandjog. Wealsocap-
turetransitionalmotionssuchasidle-walk, walk-idle, walk-
jog andjog-walk. Themotionsequencesandtransitionsare
representedas a geometryvideo as outlined in Section3.
Seamlessmotionsarecreatedusingthe sphericalmatching
algorithmintroducedin Section4. To createseamlesscyclic
motionsthe�nal framesof a sequenceareblendedwith the
framesprecedingthe startof the sequence.For transitional
motionsthe startandendframesareblendedwith the pre-
cedingandsucceedingcyclic motions.Motionsequencesare
temporallyalignedusing the heel strike position and a 5-
framelinear blend is usedbetweenmatchedgeometryim-
ages.Thegeometryvideosare�nally assembledinto a mo-
tion graph.Thegraphcontainsa setof cyclic motionstates
for a character(idle, walk andjog) anda set feasibletran-
sitions (idle-walk, walk-idle, walk-jog and jog-walk) as il-
lustratedin Figure 3. The motion graphallows interactive
controlof characterstatein thevideorenderer.

5.2. Video renderer

The motion graph for a characteris de�ned by a set of
motion statesand transitionalmotionsencodedas geome-
try videosin AVI format, togetherwith the corresponding
translationalmotionfor thevideosequences.We renderge-
ometryvideosfor freeviewpoint visualizationusingShader
Model 3.0 compliantgraphicshardware (nVidia 6600GT).
This shadermodel supportstexture lookup in the vertex
shader, allowing the extraction of vertex position in a ge-
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Figure 4: 255 � 255 geometryimage with (left) geometryquan-
tizedat 1cmresolutionwith 24 bits/pixel, (middle)non-quantized
geometrywith 96bits/pixeland(right) non-quantizedgeometrywith
view-dependentrendering.

ometry imagefor real-timerendering.Our video renderer
is implementedusingDirectX 9 andtheHigh Level Shader
Language(HLSL). Therendererloadsa motiongraphfor a
characterandprovidesinteractive controlof characterstate
and the direction of charactermotion with free viewpoint
controlin visualization.

6. Resultsand Discussion

Characterconstructionwastestedusingthreesubjectscap-
tured in multiple view video sequencesperforming idle,
walking, jogging, and kicking motions togetherwith the
transitionalmovementssuchaswalk-jog.Figure1 illustrates
a single frameof multiple view video recordedfor an idle
motion andthe correspondinggeometryimageconstructed
for rendering.

We creategeometryimagesat a resolutionof 255� 255
with geometryquantizedto 255 levels at 1cmresolutionin
a 24 bits/pixel RGB image.Thereis a trade-off in our rep-
resentationbetweenthe visual quality that canbe achieved

in renderingandthememoryoverheadrequiredfor therep-
resentation.At low imageresolutionstherewill be under-
samplingof both geometryand appearancein the geome-
try videos.At high resolutionswe canachieve greaterge-
ometric detail and visual �delity to the original multiple
view video, at the costof greaterstoragerequirements.In
thiswork we targetacompactrepresentationfor ourmotion
graphto minimize the memoryoverheadfor real-timeren-
dering.We found that a minimum resolutionof 255 � 255
wasrequiredto retainthe geometryat the tips of the limbs
whenremeshingontothesubdivision domainS. Greatervi-
sual�delity couldbeachievedeitherby usinga largernum-
berof bits perpixel to increasegeometricaccuracy, usinga
larger imagesizefor color texture to increasethesampling
for appearanceor by usingview dependentrenderingfrom
the original video for highly realistic renderingat the cost
of signi�cantly higherstoragerequirementsfor a complete
motiongraph.Figure4 comparestheeffectof quantizedand
unquantizedgeometryaswell asview-dependentrendering
for animageresolutionof 255� 255.

Animation control is achieved using a motion graphof
geometryvideosequences.Herewe capturecyclic motions
suchas walking and jogging, and the transitionalmotions
betweenthesestates.A usercancontrol characterdynam-
icseitherthroughthedirectionof motionwhenthecharacter
is in a cyclic stateor by controlling thestateof thecharac-
ter in the motion graphandtransitioningbetweendifferent
cyclic motions.Figure5 showsrenderedframesfor thetran-
sitionbetweentwo cyclic statesin themotiongraphscreated
for thethreecapturedsubjects.Seamlesscyclic motionsand
blendsbetweentransitionalandcyclic motionsareachieved
usingsphericalmatchingandmotion blendingbetweenthe
geometryvideosin themotiongraph.We arethereforeable
to controlandcreatenew 3D dynamicscenesof peoplefrom
shortsectionsof multiple view videosequencesrepresented
asfreeviewpointgeometryvideos.

Oneof the principal advantagesof our video-basedrep-
resentationfor animationis therealismthatcanbeachieved
by replayingthesurfacedynamicscapturedfromtheoriginal
multiple view video.Figures6 and7 show screencaptures
from the video rendererwith interactive animationcontrol
and free viewpoint rendering.Video clips for the different
animationsareprovided for downloadfrom [VMR]. These
moviesdemonstratetherealismthatcanbeachievedby re-
playing the capturedcloth motion, giving a video-realistic
looking result in characteranimation.Our video renderer
wastestedon an Intel PentiumIV 3.2GHz,1GB RAM PC
with a NVIDIA 6600GTgraphicscard running Windows
XP. A maximum frame rate of 88fps was achieved with
a completemotion graphfor a characterstoredin texture
memory.

Thegeometryvideorepresentationhasseveraladvantages
asa representationfor freeviewpoint renderingfrom multi-
ple view videosequencesof people.Geometryimagespro-
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Figure 5: Animationcontrol usinga motiongraphof geometryvideosshowingthetransitionsbetweenmotionstatesfor threesubjects,(top)
walk-idle-walk,(middle)walk-jog-walk,and(bottom)stance-kick-stance.

Figure6: Interactivecharactercontrol andfreeviewpointrenderingfor a subjectperformingwalkandidle motions.
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Figure7: Interactivecharactercontrol andfreeviewpointrenderingfor a subjectperformingwalkandjog motions.

vide a consistenttemporalstructurefor level of detail and
frameratecontrol[BSM� 03] in freeviewpointvideo.Spher-
ical matchingenablesthecorrespondenceto bederivedbe-
tweensphericalgeometryimages.This hasbeenappliedto
blendmotionsin geometryvideos.It alsoenablestherecov-
ery of temporalcorrespondencewithin a sequence.Figure
2 illustratesa temporallyconsistentgeometryvideocreated
by matchingsuccessive framesof a walk cycle.This poten-
tially providesatechniquebothfor geometryandappearance
editing in geometryvideos,aswell asfor compressionand
ef�cient representationof freeviewpoint video,subjectsfor
futureresearch.

7. Conclusions

A video-basedrepresentationhasbeenintroducedfor free-
viewpointvisualizationandanimationcontrolof 3D charac-
ter modelsof real peoplereconstructedfrom multiple view
video.Charactermotionsarerepresentedasfree viewpoint
video reconstructedfrom multiple view video sequences
capturedin a 10 camerastudio.Imagebasedreconstruction
is employedto extracta 3D surfacefor eachframeof a mo-
tion sequence.Surfacesareparameterizedon the spherical
domain, then mappedto a 2D geometryimageproviding
a geometryvideo representationfor the video sequences.
Sphericalmatchingis usedto blend motion sequencesto
provide seamlessmotion cyclesandsmoothtransitionsbe-
tweendifferentmotions.A multipleresolutioncoarse-to-�ne
sphericalmatchingalgorithm has beendevelopedthat si-
multaneouslyoptimizesacrossthe entiresphericaldomain
to provide the correspondencebetweensphericalgeometry
images.Theblendedvideosequencesareconstructedasan
off-line processand representedas a motion graphfor in-

teractive 3D characteranimation.A video rendereris used
to provide real-timefree viewpoint visualizationandinter-
active charactercontrol, making useof ShaderModel 3.0
compliantgraphicshardware.

The representationfor video-basedcharacteranimation
introducedin thispaperhasseveralsigni�cant advantages.

� Freeviewpoint videocapturedfrom multiple view video
sequencesof people,creatinghighly realisticrenderedan-
imationswith thedynamicshapeandappearancecaptured
in theoriginal video.

� Compactrepresentationof multiple view video for free
viewpoint renderingusinggeometryvideos,thatprovides
a temporallyconsistentstructurefor level of detail and
frameratecontrolin rendering[BSM� 03].

� Sphericalmatchingfor motion blendingbetweengeom-
etry videos to createseamlesstransitionsbetweenfree
viewpoint video sequencesand provide temporalcorre-
spondencewithin ageometryvideofor compression.

� Characterrepresentationasa motiongraphof freeview-
pointvideosequencesfor animationcontrolandsynthesis
of new 3D contentfrom capturedmotionclipswith there-
alismof thecapturedvideo.

� Real-timefreeviewpoint visualizationandinteractivean-
imation control of multiple view video using Shader
Model3.0compliantgraphicshardware.
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