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Joint Motion and Re ectance Capture for Relightable 3D Video
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Figurel: (a) 3D videosrenderedunderdifferentnovel lighting conditions.(b) Wrinklesin thetrousersarecapturedn thenormal eld.
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1 Intro duction

3D Videosof HumanActors canbe faithfully reconstructedrom
multiple synchronizedvideo streamsby meansof a model-based
analysis-by-synthes@pproacHCarranzaet al. 2003]. Therecon-
structedvideosplay backin real-timeandthevirtual viewpointonto
the scenecanbe arbitrarily changed.By this meansauthentically
animated photo-realisticallyand view-dependentlytextured mod-
els of real peoplecan be createdthat look real under x ed illu-
mination conditions. To import real-world charactersnto virtual
ervironments however, alsosurfacere ectancepropertieanustbe
known. We have thusdevelopeda video-basednodelingapproach
that captureshumanmotion aswell asre ectancecharacteristics
from a handful of synchronizedrideo recordings. The presented
methodis ableto recover spatially varying re ectanceproperties
of clothesby exploiting the time-varying orientationof eachsur
facepointwith respecto cameraandlight direction. Theresulting
modeldescriptiorenablesisto matchanimatedsubjectappearance
to differentlighting conditions aswell asto interchangesurfaceat-
tributesamongdifferentpeople,e.qg. for virtual dressing.Our re-
lightable 3D videosallow populatingvirtual worlds with corvinc-
ingly relit real-world people.

2 Exposition

Theinputto our systenmconsistf multi-view videosequencethat
arerecordedwith eightsynchronizeaolor video cameraseachof
which features1004x1004pixel frameresolution,12 bit perpixel
color depth,anda framerateof 25 fps. For eachpersonandeach
type of appareltwo typesof sequencesre recorded. In the re-
ectanceestimationrsequenceRES,the setis illuminatedwith one
spotlight and the personrotatesin placewhile attainingan ini-

tialization pose. From the RES surfacere ectancepropertieswill

be estimated.The videofootagefrom which the actualrelightable
3D videois reconstructeds capturedn adynamicscenesequence,
DSS,which canshav ary arbitrarybody motion. A generichody
modelis adaptedo matchtheshapeandproportionsof therecorded
person.Subsequenthhumanposeparameterarecomputedor all
timeframesof bothtypesof videofootageby meanf asilhouette-
basedmnarlerfree motion captureapproacCarranzeaet al. 2003].
To storeall persurfaceelementdataneededduringre ectancees-
timationin texture spacewe male useof atextureatlasassurface
parameterizationf the bodymodel. Multi-view video(MVV) tex-
turesaregeneratedby transformingeachinputvideoimageinto the
texturedomain.To correctfor photo-inconsistenciefueto approx-
imate body geometry we have developedan image-basedvarp-
correctionmethodthatcanbe appliedprior to MVV texture gener
ation. Our dynamicre ectancemodelconsistf two components:
The rst components a parametriRDF modelfor eachpointon
thebody surface. The secondcomponents a time-varyingnormal
mapthatincorporateslynamicchangesn surfacegeometry such
aswrinklesin clothing. From the RESvideo data,BRDF model
parameteraluesare estimatedor eachsurfaceelement(texel) of
thegeometrymodelindividually. We optimizefor optimalpertexel
BRDF parameterby minimizinganenepy functionalthatassesses
thedeviation betweerrenderedandrecordedappearancef theac-
tor [Lenschetal.]. Ourapproachis generalenoughto incorpo-
rateary parametriRDF model.In our experimentsve have em-
ployed the Phongmodelandthe Lafortunemodel. The recovered
local BRDF parametershenallow usto estimatethetime-varying
surfacenormal eld in the DSSsequencessingthe sameenegy
minimizationprinciple.

The moving body model, its spatially-\arying re ectance,andthe
time-varyingnormal eld enableusto interactizely renderandin-
stantaneouslyelight the DSS sequencefrom arbitrary viewpoint
andillumination direction. Fig. 1 shavs someresultsthat we ob-
tainedwith ourapproach.
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