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Abstract

In this paperwe introducea video-basedepresentatiorfor free viewpoint visualizationand motion contmol of
3D character modelscreatedfrom multiple view videosequencesf real people Previousappmoacdesto video-
basedrenderingprovide no contmwol of scenedynamicgto manipulate retarget, and createnew 3D contentfrom
captured scenesHere we contribute a new appmoac, combiningimage basedreconstructiorand video-based
animationto allow contrlled animationof peoplefrom captured multiple view videosequencedi\e representa
character as a motiongraph of freeviewpointvideomotionsfor animationcontmol. e introducethe useof ge-
ometryvideosto representeconstructedcene®f peoplefor freeviewpointvideorendering We describea novel
sphericalmatding algorithmto derive global surfaceto surfacecorrespondencén sphericalgeometryimages
for motionblendingand the constructionof seamlessransitionsbetweemmotionsequencedinally, we demon-
strateinteractivevideo-baseaharacteranimationwith real-timerenderingandfreeviewpointvisualization.This
approad synthesizekighly realisticcharacteranimationswith dynamicsurfaceshapeandappeaancecaptued

frommultipleview videoof people

CatgyoriesandSubjectDescriptorgaccordingo ACM CCS) 1.3.7 [ComputerGraphics]:AAnimation

1. Intr oduction

In this paperwe introducea video-basedepresentatiofor
free viewpoint visualizationandmotion control of 3D char
actermodelscreatedrom multiple view videosequencesf
realpeople Ourwork combinesmagebasedeconstruction
[VBKO2, MBR 00Q] andvideo-basednimationtechniques
[SEO0Z] to provide a new video-base@pproachto character
animation.In the sameway thatmotion capturetechnology
capturezomple« humanmotionsfor corvincing skeletalan-
imation, video basedcharacteranimationprovides the ap-
pearancef comple surfacedynamicssuchascloth motion
andwrinkles capturedrom multiple view videofor synthe-
sisof highly realistichumanappearanca animation.

Image based reconstructionand rendering in com-
puter vision and computergraphicsconcentrate®n static
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scenegLH96, GGSC96 andmorerecentlydynamicscenes
[ZKU 04] for free-vievpoint visualization.Free-vievpoint
videorenderingenableschangeof view in asceneandspe-
cial effectssuchasfreezeframeor slow-motion y around.
However, it is limited to replayingthe original capturedmo-
tion. Providing control of scenedynamicsopensup the po-
tential to manipulate retaget, and createnen 3D content,
ultimately at the quality of conventionalvideo.Previousap-
proachego the motion control of peoplehave usedmodel
tting [CTMSO03 SH03, whereconstraintn modelshape
do not accuratelyreproducehe geometryof looseclothing
and hair, reducingthe visual quality comparedto model-
free video-basedendering[ZKU 04, SHOT. Video-based
animationtechniqueg SSSEOQSEO] have beenproposed
without the requirementfor a prior geometricmodel, but
have beenrestrictedto a x ed viewpoint and non-rigid ob-
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jectswithoutself-occlusionAnimationcontrolin videoren-
deringof comple articulatedobjectssuchaspeopleremains
anopenandchallengingproblem.

Here we presenta new techniquefor controlledanima-
tion of peopleusingfreeviewpointvideo.Werepresena 3D
characteasa motiongraph[KGP0Z of seamlessharacter
motionsconstructedrom free-viavpointvideosequencesf
areal person.Our approachmalkesthe following contritu-
tions:

Reconstructiorand representatiorof real peopleas se-
guencef 2D sphericalgeometryimages[PHO03, a ge-
ometryvideo [BSM 03] providing a temporally consis-
tentstructurefor level of detailandframerate controlin

freeviewpointvideo.

A new multiple resolutioncoarse-to- nesphericamatch-
ing techniqueto derive densesurface-to-suidce corre-
spondencdor geometryimagesequencessnablingmo-
tion blendingbetweergeometryvideos.

Animation control using a motion graph of geometry
video clips with seamlessnotion cyclesandtransitional
motionsconstructedisingsphericaimatching.

In Section2 we review relatedwork onimagebaseden-
deringandvideo-basednimationtechniquesin Section3,
we outlinethe procesof constructinga geometryideofor
amultiple view sequencef apersonln Section4, weintro-
ducea sphericaimatchingalgorithmfor motionblending.In
Section5 we outline the constructionof a motion graphfor
characteanimationandourvideorenderefor real-timeren-
deringandfreeviewpointvisualization Finally in Section6
we presentesultsfor video-basedharacteanimation.

2. Background
2.1. Video-basedrendering

Renderingnovel views of dynamic scenessuch as peo-
ple from multiple view video capture has receved con-
siderableinterest over the past decade.Kanadeet al's
[KRN97]Virtualized Reality ™ systemuseda 5m hemi-
sphericadomeof 51 camerago capturesequencesf a dy-

namicsceneMultiple view silhouette§MTG97, MBR 00|

and photo-consistenchetweenviews [VBK02] have been
usedto rendernovel views from smallernumbersof cam-
eras. Temporal correspondencéas also beenintroduced
in recentwork to improve surfacereconstructior] VBK02,

GMO04]. Two problemsarisewith theseapproachegjuality
of novel view renderingdueto errorsin geometricsurface
reconstructionandreconstructiorof anunstructureanodel
ateachtimeinstantwhichdoesnotallow thescenalynamics
to bemodi ed for reanimation.

High quality video-basedenderinghasbeenaddressed
usingstereaeconstructiotechniquesor al1D arrayof cam-
eras[ZKU 04, SHOT. Zitnick etal. [ZKU 04] introducea
novel stereoapproactthat simultaneouslymattesa general

scenénto two layersandreconstructslepth Resultsdemon-
straterendered/iews comparabldo the capturedvideo, but
have limited viewpointcontrolandno controlover scenedy-
namics.To allow reanimatiornof dynamicsceneof people,
model-basedeconstructiortechniqueswvhich t a generic
humanoidmodelto obsenationsfrom multiple views have
beendeveloped[CTMS03 SHO3 PF0] . Constrainednul-
tiple view optimization of model pose and shapeis per
formed to minimize the model re-projectionerror for sil-
houettd CTMS03 andstereacorrespondende&SHO3PFO].
Model-base@pproachereconstrucastructuredepresenta-
tion with anarticulatedjoint structurewhich canbe manip-
ulatedfor reanimationVisual-qualityof reconstructedhod-
elsis limited dueto both errorsin reconstructiorand con-
straintson model shapewhich do not represenggeometry
suchaslooseclothingor hair.

In thiswork we proposeatemporallyconsistenstructured
representatiobasedn sphericamappingandremeshings
a 2D geometryimage.We introducesphericaimatchingthat
allows motionblendingbetweergeometryimagesequences
for motion control. This representatiomllows high-quality
video-basedenderingwith motion control for reanimation
without model-basedonstrainton surfaceshape.

2.2. Video-basedanimation

Video-basedechniquesuchasvideointerpolatiof BCS97,
CGO0Q and video-sprites[SEO] provide an image-based
representationof dynamic scenesallowing synthesisof
novel image sequencesvith visual quality comparableto
the capturedvideo. Novel video sequencesare synthesized
by concatenatingegmentsof the capturedvideo basedon
atransitiongraph.This approacthasbeenusedto produce
video-realisticsynthesiof face§BCS97 CG0Q EGP02 or
simplenon-rigidsubjectd SSSEOQSE0] with limited con-
trol over scenedynamics.Schodlet al. [SEO] usea sim-
ilarity metric betweenvideo framesto identify transition
points which minimize visual artifacts. Graphcuttextures
[KSE 03] optimizedthe transitionover spaceandtime be-
tweenvideosequence® achie/e videoquality composition
of dynamicscenes.

Theseapproachesre currently limited to a x ed view-
point and non-rigid objectswithout self-occlusion.In this
work we combinevideo-basedenderingwith video-based
animationto provide arepresentatiothatallows free view-
point visualizationof comple< nonrigid motionsof people
with controlof motiondynamics.

2.3. Motion graphs

Characteanimationfrom motioncapturedataoftenrequires
themodi cation of capturednovementto satisfyconstraints
or transitionseamlesslypetweensequencedviotion graphs
for databasesf humanmotioncapturehave beenintroduced
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to allow reuseby recombiningsegmentsof the motion cap-
ture data[AFO03 KGP02 LCR 02, LAS02]. The problem
of humanmotion synthesids formulatedasa graphsearch
wherethenodescorrespondo framesin themotiondatabase
and edgesare weightedby the similarity of frames.Novel
animationsequencearesynthesizedby optimizingthe path
throughthe graphto satisfy external user constraintsand
minimizetransitionartifacts.

In thiswork we de ne agraphof humanmotionsandtran-
sitional motionsreconstructedrom multiple view video. A
similar approachis usedin computergamesfor real-time
charactemnimationwith a prede nedsetof transitionsand
correspondingsequencesf motion capturedata.Here the
motionsandtransitionsarede ned by free viewpoint video
sequencesA seamlessblend betweenmotions and tran-
sitions is achiezed using sphericalmatchingbetweentwo
videosequencesthe nal motiongraphenablesontrolled
animationof thevideo-baseaharactefor seamlessnotion
synthesis.

3. Video capture and representation

In this sectionwe outline the processof reconstructiorand
representationf multiple view video asa geometryvideo.
Figure 1 illustratesthe process.Multiple view video se-
quencef peopleare rst capturedn a dedicatednultiple
camerastudio. For eachtime frame, a triangulatedsurface
meshis thenreconstructedThis surfaceis parameterizedn
thesphericadomain[PHO3 andresampledntoaspherical
subdvision surface[PH03 ZBS04. The subdvision mesh
hasa prede ned mappingto the 2D domainand geometry
plus color is mappedto a 2D geometryimage.Finally, the
geometryimagescreatedfor a sequencere encodedas a
singlegeometryideofor renderingasfree-vievpointvideo.

3.1. Surfacereconstruction

Multiple-view videois capturedn a 10 camerastudiowith

a blue-screerbackdropfor foregroundsegmentation.Sory
DXC-9100P3-CCDcolorcamerasreused providing PAL-

resolutionprogressie scanimagesat25Hz. Thecamerasre
positionedarounda capturevolumeof 3m 2m  2m,suf-
cient for a singlecycle of walk andjog motions.Intrinsic
andextrinsiccamergarameterarecalibratedusingapublic
domaincalibrationtoolbox[Bou03.

Surface extraction is performedat eachtime frame us-
ing volumetricreconstructionThevisual-hullis rst derived
from seggmentedforegroundimagesilhouettesthis is then
re ned to a color consistenphoto-hullusing the Geneal-
izedVoxel Coloring algorithm[CMS99. The surfaceof the
volumetricreconstructiotis thenextractedusingthe March-
ing Cubesalgorithm[LC87] andsmoothedo provide acon-
tinuousrepresentatiofor thesurfacenormals Surfacecolor
is derived at eachvertex by blendingthe sampledcolorsin
eachvisible cameraview [DYB98]. Blendweightsarebased
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Figure 1: Constructionof a singleframeof a sequencérommul-
tiple view video, showingvolumetricreconstructionsphericalpa-
rameterizatiorand mappingas an image with geometryplus color.

onthesamplingdensityin eachview usingthe cosineof the
anglebetweenthe camerato surfaceviewing directionand
thesurfacenormal.

3.2. Sphericalmapping

Reconstructecsurfacesare parameterizedn the spherical
domain using the coarse-to- netechniqueintroduced by
PraunandHoppe[PHO0J. The startingpointis a closedtri-
angulatedmeshM in <3 of zerogenus.It shouldbe noted
thatthis limits video captureto motionswherethe limbs do
notconnectwith the bodygiving anongenuszerosurface.

A uniquel-to-1 mapis constructedor M onto the unit
sphereS, (M!  §). ThemeshM is simpli ed to a tetrahe-
dron while creatinga progressie meshstructure[Hop94§.
Sphericalmappingis achieved by rst mappingthetetrahe-
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dronto theunit spherethentraversingthe progressie mesh
sequencend inserting verticesonto the sphere A 1-to-1
mapis achieved asprogressie meshconstructiormaintains
an embeddingduring meshdecimationandverticesarein-
sertednto thekernelof their 1-neighborhoo@n the sphere,
maintainingthe embeddingn the sphericaldomain[PHOJ

For highly deformedgenus-zerosurfaces,producinga
uniform samplingon the sphereduring mappingis a chal-
lenging task. This represents particular problemfor the
humanbody, wherenarrav limbs becomehighly distorted
in the sphericaldomain.Praunand Hoppe[PHO0J investi-
gateseveral approache$o minimize distortionduring map-
ping andperformmeshoptimizationto minimizethe stretch
in the representationvith respectto the original mesh.In
thiswork we do not seekto minimizethe stretch,nsteadwe
seeka uniform samplingin the domainsuchthatwe canad-
equatelysamplehighly deformedgenus-zersurfaces.We
proposea costfunction derived from Zhou et al. [ZBS04
andoptimizethemeshto minimizethevertex samplingden-
sity onthe sphereduringmapping.

The samplingdensityD(s;) atasphericalverte s; is de-
ned asfollows,WhereiOspansthel-neighborhooabf aver
tex i, Nj is thevalenceof the vertex andDjo is the spherical
trianglewith the directededgeiiin themesh.

N;

&0 Area(Djjo) @

D(s) =
We minimize the distortionin the vertex densityon the
spherewith respecto a targetdensityDg usingthe follow-

ing costfunction,wherer jo is the gradienton the edgeii®
Iijjo=So §.

_ o o Do(sp) 2
E = kr jiosk 2
densty (S aI% D(s0) i0§ (2)

For densityminimizationon the unit spherewe assumea
uniform low resolutiontargetdensityof, Do = 1.

3.3. Image mapping

The sphericalmeshis resamplednto a regular subdvision
surfaceS by constructinga map(S! é) while maintaining
the samplingdensity of the original meshas proposedby
Zhouetal. [ZBS04.

A subdvision surfaceSis constructedisingregular 1-to-
4 subdvision of a unit octahedronThe surfaceis updated
to minimize the density cost function in Equation2 with
the target densityderived from the surfaceS Gradientde-
scentoptimizationcorrespondso iterative applicationof the
weightedaplacianoperatoDgensty(S) asproposedy Zhou
etal.[ZBS04.

1 é Do(Sp0)
0 597 % (s

Ddensty (S) = (5 s0) )

GiventhemappingM ! SandS! § we canresample
the attributesof the original meshM onto the uniform do-
main of the subdvision surfaceS. The surfaceis mappedo
a geometryimageby unfolding the subdvided octahedron
onto a 2D grid with a 1-to-1 correspondenceetweenthe
verticesof thesubdvision surfaceandimagepixels[PHO0J.
Forasubdvidedoctahedrortherewill be(2n+ 1) (2n+ 1)
sampledn theimagedomain.In this work we resamplege-
ometryontoa (2n 1) (2n 1) imagefor efcient rep-
resentatiorasa (2n)? imageappropriatefor rendering We
ensurethatthereis no lossof visualdetailin resamplinghe
geometryimageby deriing color from the original camera
imagesfor the resamplecgeometry We usemultiple reso-
lution blending[BA83] with sphericalboundarycontinuity
to II missingcolorsin the nal image.This processs per
formedfor sequencesf capturednultiple view videoto ob-
tain a geometryvideo representatiofior eachmotion. The
problemthenis to blenddifferentmotionsto achiere seam-
lesscharacteanimation.

4. Motion blending

To constructseamlessnotion sequence$or characterani-
mationit is necessaryo blendbetweermotionsat thetran-
sitionpoints,eitheratthestartendof cyclic motionsor when
switching from one motion to another In this sectionwe
introducea multiple resolutioncoarse-to- nealgorithmfor
shapematchingin the sphericadlomain.Sphericaimatching
is employedto align the geometryimagesbetweeroverlap-
ping motion sequenceslransitionsbetweertwo sequences
canthenbe createdy blendingbetweermatchedgeometry
images.

Surfacematchingfor blendingis formulatedasa continu-
ousbhijective mappingbetweertwo surfacegS! ) inthe
sphericadomain.Our approactposeghemappingproblem
asan enegy minimizationtask. We constructa costfunc-
tion for joint estimationof correspondencanddeformation
in the sphericaldomainto minimize disparityin shapeand
appearancbetweertwo surfaces.

The matchingfunction for minimization, Ecog (S W), is
de ned asa function of the setof verticesS for a surface
in the sphericaldomainanda fuzzy multi-point correspon-
denceW = fwij 2 (0;1)g de ning the matchbetweentwo
surfacesS= fsg and S = fs;g. The function consistsof
threeterms: Egisparity measuringhe distancein shapeand
color of the surfaces;Egeform Measuringthe distancebe-
tweenthe surfacesin the sphericaldomain;and Eregyiarize
de ning regularizingconstraint®n thedeformationsubject
to acontrolparametet .
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Ecot (SW) = (1 1)Egisparity (W) (4)
+ (1 1)Egeform(SW)
+ | Eregularize(s)

In thefollowing sectionswe describesachof the compo-
nentsof the matchingfunctionalfollowed by the algorithm
for optimizationandsphericaimatching.

4.1. Surfacedisparity

Datat isbasednthesimilarity of asetof attributesde ned
onthesurfacesSandS,. In enegy minimizationwe seekthe
correspondencd/ thatminimizesthedisparityin shapeand
appearancesingthe positionx, surfacenormaln andRGB
color c of theresampledurfaces Thedisparityis measured
usinga squarecerror metricanda separatenegy function
is constructedor eachattribute asfollows

1
Edisparity(W) = ?ééwijk)_(, Xjk2 (5)
X i j
l o [*] 2
+ ?aawijkgl n;k
n j j
+ L8&wkg ¢k
?aa_-wll G G
C i

The disparitytermsare normalizedby the expectedvari-
ances? for a correctmatch.The varianceparametergro-
vide control over the expectedrangeof disparitiesbetween
two surfacesfor eachof the attributesusedin matching.In
this work we settheseasfollows, sx = 5cm, sp = 0:5(30°),
andsc = 502 (0;255. Thesevalueswere derived using
handselectedvertex correspondencelsetweenmotion se-
qguences.

4.2. Spherical deformation

The matchingproblemis posedas the deformationof the
surfaceS= f 59 to minimize the disparity with respectto

thesurfaceS = fs;g in the sphericaldomain,s2 < 2 Sur

facedeformations drivenby minimizingthedistanceonthe
spherebasedon the multi-point correspondence/ between
the surfaces.In practisewe linearizethe problemandcom-
putedistance$n < 3 while constrainingserticesto remainon

the unit sphere The deformationenegy functionis de ned

as

3

Edeform(SW) = T2

ddwiks sk’ (6)
i
+ ééwij Iog(wij) 1

J
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A deterministiannealingapproacj CR03 is adoptedor
optimizationusinganentrogy termandtemperatureontrol
parametefl in thedeformatiorfunctional. Thetermw;; de-
nes a multi-point fuzzy correspondencbetweenthe two
surfacesandthe temperaturgrovides control of the corre-
spondenceéluringoptimization.At a hightemperaturealue
thecorrespondendeecomesnorefuzzy andasthetempera-
tureis successiely reducedhecorrespondenceanbehard-
ened,providing a coarse-to- nere nement of the surface
correspondence.

4.3. Regularization

Regularizationis usedto minimize the distortion in the
sphericadomainwhile developingthemapS! . Vertices
s, areupdatedsequentiallyandconstrainedo remainwithin
the kernelof the 1-neighborhoodThis ensureghatthe sur
faceS maintainsan embeddingon the sphere Left uncon-
strainedhesurfaceSwill quickly reachalocal minimawith
verticescollapsedonto the border of the 1-neighborhood.
Regularizationminimizesthe distortionin the distribution
of verticessuchthat the surface S can continueto deform
to minimizethedisparityfunction. This is achieved by min-
imizing the vertex densityin the sphericaldomainduring
optimization

1
Eregularize(s) = T2 Edensty € (7)

A weightingparametet (Equation4), is usedto control
the trade-of betweenregularizationand data- tting in op-
timization. In this work a x ed value,| = 0:75, is used.
Sphericalmatchingwas found to be relatively insensitve
to the valueof | , provided that it wassufcient to prevent
collapsedvertex neighborhoodsn optimization.The regu-
larizationterm simply maintainsan evenvertex distribution
suchthatthesurfaceis freeto deformandminimizethedata
tting costfunction.

4.4. Multiple resolutioncoarse-to- ne optimization

Joint estimation of correspondenceand deformation is
solvedusinga stratgy of alternatelyminimizing the match-
ing costwith respectto the correspondenceatrix W and
then updatingthe surface S to satisfy the correspondence.
For a x ed surfacecon guration S a uniquesolutionexists
for thecorrespondencasfollows. Theconstraint ; wij = 1
isimposedo enforcesurfaceassignmens! .

0 kx  x;k? ' ko njk? '
Wij = exp 3)2( S% (8)
! !
kg cjk? ks s;k?
exp 52 ex =
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Figure 2: Geometryimages for frames0, 5, 10 of a walk cy-
cle showing(top) original images, (bottom)the resultof spherical
matding appliedframeto framein thesequence

Wioj
Wij = 2o 9)

1

For a x edcorrespondencd/ we usegradientdescento
solve the continuousproblemof surfacedeformation

d
E;O’:(l Wi s 5 +Ddensty(s)  (10)

The optimizationalgorithm proceedsy rst nding the
global rotation that minimizesthe cost function. A multi-
resolutionstratgy is then adoptedfor local optimization.
Surfacedeformationis scheduledat successie resolutions
of the subdvision surface S startingwith the baseoctahe-
dron.Coarse-to- nematchings achievedby settingthetem-
peratureparametefl to restrictthe rangeof matchesw;; to
lie principally within the kernel of the 1-neighborhoodor
a vertex. This is achieved usinga value of T equalto the
edgelengthon theundeformedsphericaimeshat eachlevel
of subdvision. Optimizationat eachresolutionproceedsin-
til the maximumupdatefor a vertex reachesa x ed value
e= 0:0001ontheunit sphere.

The optimizationalgorithmterminatesat the nest reso-
lution of thesubdvision surfaceSandprovidesa continuous
1-to-1mapbetweerthesurfacesS, &. ThesurfaceScan -
nally beresampledat the verticesof the tagetmeshS, and
anew geometryimageconstructedguchthatSand$ arein
correspondenci the 2D imagedomainfor blending.Fig-
ure2 shawvs theresultof sphericaimatchingappliedto align
geometnjimages.

5. Interactive character animation

In this sectionwe outline the creationof motion graphsfor
video basedcharactermnimationandthe video rendererfor
interactve charactercontrol and free-vievpoint visualiza-
tion.

Walk to idle Idle to walk

Figure 3: Motiongraphfor characteranimationusingcyclic (idle,
walk) and transitional motions(walk to idle, idle to walk) repre-
sentedby geometryideos.

5.1. Motion graphs

We capturemultiple view videosequencefor asetof cyclic
motionsfor apersorsuchasidle, walk andjog. We alsocap-
turetransitionalmotionssuchasidle-walk walk-idle, walk-
jog andjog-walk The motionsequenceandtransitionsare
representedis a geometryvideo as outlinedin Section3.
Seamlessnotionsare createdusingthe sphericalmatching
algorithmintroducedn Section4. To createseamlessyclic
motionsthe nal framesof asequencareblendedwith the
framesprecedingthe startof the sequencefor transitional
motionsthe startand endframesare blendedwith the pre-
cedingandsucceedingyclic motions.Motion sequenceare
temporally aligned using the heel strike position and a 5-
framelinear blendis usedbetweenmatchedgeometryim-
ages.Thegeometryideosare nally assembledhto a mo-
tion graph.The graphcontainsa setof cyclic motion states
for a character(idle, walk andjog) and a setfeasibletran-
sitions (idle-walk walk-idle, walk-jog and jog-walk asil-
lustratedin Figure 3. The motion graphallows interactve
controlof charactestatein thevideorenderer

5.2. Videorenderer

The motion graphfor a characteris de ned by a set of
motion statesand transitionalmotionsencodedas geome-
try videosin AVI format, togetherwith the corresponding
translationamotionfor the video sequenced/Ne renderge-
ometryvideosfor freeviewpoint visualizationusingShader
Model 3.0 compliantgraphicshardware (nVidia 6600GT).
This shadermodel supportstexture lookup in the vertex
shader allowing the extraction of vertex positionin a ge-
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Figure 4: 255 255 geometryimage with (left) geometryquan-
tized at 1cmresolutionwith 24 bits/pixel, (middle) non-quantized
geometrywith 96 bits/pixeland(right) non-quantizedeometrywith
view-dependentendering

ometry image for real-time rendering.Our video renderer
is implementedusingDirectX 9 andthe High Level Shader
LanguaggHLSL). Therendereldoadsa motiongraphfor a
characteandprovidesinteractve control of characteistate
and the direction of charactermotion with free viewpoint
controlin visualization.

6. Resultsand Discussion

Characterconstructionwastestedusingthreesubjectscap-
tured in multiple view video sequencegerforming idle,
walking, jogging, and kicking motions togetherwith the
transitionaimovementsuchaswalk-jog. Figurelillustrates
a single frame of multiple view video recordedfor anidle
motion andthe correspondinggeometryimageconstructed
for rendering.

We creategeometryimagesat a resolutionof 255 255
with geometryquantizedto 255 levels at 1.cmresolutionin
a 24 bits/pixel RGB image.Thereis a trade-of in our rep-
resentatiorbetweenthe visual quality that canbe achieved
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in renderingandthe memoryoverheadequiredfor therep-
resentationAt low imageresolutionstherewill be under

samplingof both geometryand appearancén the geome-
try videos.At high resolutionswe can achieve greaterge-
ometric detail and visual delity to the original multiple
view video, at the costof greaterstoragerequirementsin

this work we targeta compactrepresentatiofor our motion
graphto minimize the memoryoverheadfor real-timeren-
dering.We found thata minimum resolutionof 255 255
wasrequiredto retainthe geometryat the tips of thelimbs
whenremeshingontothe subdvision domainS. Greatervi-

sual delity couldbeachievedeitherby usingalargernum-
ber of bits perpixel to increasegeometricaccurag, usinga
largerimagesizefor color texture to increasethe sampling
for appearancer by usingview dependentenderingfrom

the original video for highly realistic renderingat the cost
of signi cantly higherstoragerequirementgor a complete
motiongraph.Figure4 comparesheeffectof quantizecand
unquantizedyeometryaswell asview-dependentendering
for animageresolutionof 255  255.

Animation control is achieved using a motion graph of
geometryvideo sequencedderewe capturecyclic motions
suchas walking and jogging, and the transitionalmotions
betweenthesestates A usercan control charactedynam-
ics eitherthroughthedirectionof motionwhenthecharacter
is in a cyclic stateor by controlling the stateof the charac-
ter in the motion graphandtransitioningbetweendifferent
cyclic motions.Figure5 shavs renderedramesfor thetran-
sition betweertwo cyclic statesn themotiongraphsreated
for thethreecapturedsubjectsSeamlessyclic motionsand
blendsbetweertransitionalandcyclic motionsareachieved
usingsphericalmatchingand motion blendingbetweerthe
geometryideosin the motiongraph.We arethereforeable
to controlandcreatenew 3D dynamicscene®f peoplefrom
shortsectionsof multiple view videosequencesepresented
asfreeviewpointgeometryideos.

Oneof the principal advantageof our video-basedep-
resentatiorfor animationis therealismthatcanbe achieved
by replayingthesurfacedynamicscapturedrom theoriginal
multiple view video. Figures6 and7 shawv screencaptures
from the video renderemwith interactive animationcontrol
and free viewpoint rendering.Video clips for the different
animationsare provided for downloadfrom [VMR]. These
movies demonstrateéhe realismthatcanbe achiezed by re-
playing the capturedcloth motion, giving a video-ealistic
looking resultin characteranimation.Our video renderer
wastestedon an Intel PentiumlV 3.2GHz,1GB RAM PC
with a NVIDIA 6600GT graphicscard running Windows
XP. A maximum frame rate of 88fps was achieved with
a completemotion graphfor a characterstoredin texture
memory

Thegeometryideorepresentatiohasseveraladwantages
asarepresentatiofor free viewpoint renderingfrom multi-
ple view video sequencesf people.Geometryimagespro-
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Figure 5: Animationcontrol usinga motiongraph of geometryvideosshowingthe transitionsbetweenmotionstatesfor threesubjects(top)
walk-idle-walk,(middle)walk-jog-walk,and (bottom)stance-kik-stance

Figure 6: Interactivecharacter control andfreeviewpointrenderingfor a subjectperformingwalk andidle motions.
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Figure 7: Interactivecharacter control andfreeviewpointrenderingfor a subjectperformingwalk andjog motions.

vide a consistentemporalstructurefor level of detail and
frameratecontrol[BSM 03] in freeviewpointvideo.Spher
ical matchingenableghe correspondence® be derived be-
tweensphericalgeometryimages.This hasbeenappliedto
blendmotionsin geometryideos.It alsoenablegherecos-
ery of temporalcorrespondencwithin a sequenceFigure
2 illustratesa temporallyconsistenggeometryvideo created
by matchingsuccessie framesof a walk cycle. This poten-
tially providesatechniquébothfor geometryandappearance
editingin geometryvideos,aswell asfor compressiorand
ef cient representationf free viewpoint video, subjectsor
futureresearch.

7. Conclusions

A video-basedepresentatiomasbeenintroducedfor free-
viewpointvisualizationandanimationcontrolof 3D charac-
ter modelsof real peoplereconstructedrom multiple view
video. Charactemotionsarerepresenteds free viewpoint
video reconstructedrom multiple view video sequences
capturedn a 10 camerastudio.lImagebasedeconstruction
is employedto extracta 3D surfacefor eachframeof amo-
tion sequenceSurfacesare parameterizean the spherical
domain, then mappedto a 2D geometryimage providing
a geometryvideo representatiorfor the video sequences.
Sphericalmatchingis usedto blend motion sequenceso
provide seamlessnotion cyclesand smoothtransitionsbe-
tweendifferentmotions A multipleresolutioncoarse-to- ne
sphericalmatchingalgorithm has beendevelopedthat si-
multaneouslyoptimizesacrossthe entire sphericaldomain
to provide the correspondencbetweensphericalgeometry
images.The blendedvideo sequenceareconstructedasan
off-line processand representeds a motion graphfor in-

¢ TheEurographic#ssociation2005.

teractive 3D characternimation.A video rendereris used
to provide real-timefree viewpoint visualizationand inter
active charactercontrol, making use of ShaderModel 3.0
compliantgraphicshardware.

The representatiorfor video-basedcharacteranimation
introducedn this paperhasseveralsigni cant advantages.

Freeviewpoint video capturedfrom multiple view video
sequencesf people creatinghighly realisticrenderedan-
imationswith thedynamicshapeandappearanceaptured
in the original video.

Compactrepresentatiorof multiple view video for free
viewpointrenderingusinggeometryideos thatprovides
a temporally consistentstructurefor level of detail and
frameratecontrolin renderingf BSM 03].
Sphericalmatchingfor motion blendingbetweengeom-
etry videosto createseamlesgransitionsbetweenfree
viewpoint video sequencesnd provide temporalcorre-
spondenceavithin ageometryideofor compression.
Characterepresentatiomsa motion graphof free view-
pointvideosequencefr animationcontrolandsynthesis
of new 3D contentfrom capturednotionclipswith there-
alismof thecapturedvideo.

Real-timefreeviewpoint visualizationandinteracte an-
imation control of multiple view video using Shader
Model 3.0 compliantgraphicshardware.
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