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Abstract

In recentyears, the corvergenceof computervision and computergraphicshas put forth new reseach areas
that work on scenereconstructionfrom and analysisof multi-view video footage. In free-vievpoint video, for
example new views of a sceneare geneatedfrom an arbitrary viewpointin real-timeusinga setof multi-view
video streamsas inputs. The analysisof real-world scenesrom multi-view videoto extract motioninformation
or re ection modelsis another eld of reseach that greatly bene ts from high-quality input data. Building a
recoding setupfor multi-view videoinvolvesa great effort on the hardware as well as the softwae side The
amountof image datato be processeds huge, a decentlighting and camean setupis essentiafor a naturalistic
sceneappeaanceand robust badkground subtraction, and the computinginfrastructue hasto enablereal-time
processingftherecodedmaterial. Thispaperdescribe®ur recoding setupfor multi-view videoacquisitionthat
enableshesyntironizedrecoding of dynamicscenesrommultiplecamen positionsundercontrolled conditions.
Therequirrmentdo theroomandtheir implementationn the sepaate componentsf the studioare describedn
detail. Theefciency and exibility of theroomis demonstatedon the basisof the resultsthat we obtain with a
real-time3D scenereconstructiorsystema systenfor non-intrusiveoptical motioncapture and a model-based
free-vievpointvideosystenfor humanactors.

CategoriesandSubjectDescriptorgaccordingo ACM CCS) 1.3.8[ComputerGraphics]:Applicationsl.4.9 [Image
ProcessingindComputerVision]: Applicationsl.4.1 [ImageProcessingnd ComputerVision]: Digitization and

ImageCapturel.4.5[ImageProcessinggndComputeVision]: Reconstruction

1. Intr oduction

In recentyears,one tendeng in computergraphicsis to
include information that was measuredn the real world
into therenderingprocessNew researcldirections,suchas
image-basedr video-basedenderingjnvestigatethe possi-
bility of creatingnew realisticviews of a scendrom a setof
realworld imagesor video streamsFor therealisticrender
ing of surfacematerialstheacquisitionof surfacere ection
modelsfrom imagesof real objectsis becomingmore and
moreimportant.

In computewision, analysisof andmodelreconstruction
from imagesandvideostreamsaslong beenin thefocusof
interest.The convergenceof computervision andcomputer
graphicscreatesthe new researchareaof surroundvision
thatdepend®n high quality multi-view imagedata.Among
themostdif cult to acquireimagematerialaresynchronized
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videostream®f dynamicsceneshatarerecordedrom mul-
tiple camergoositions.

The needof high quality multi-video datais motivated
by the wide range of interestingapplicationareas,some
of which shall be mentionedbrie y. In visual media,such
as TV or feature Ims, an ever increasingapplication of
ComputerGraphicselementscan be obsered. Computer
animatednumancharactersare widely usedin movie pro-
ductionsand commercialspots.To malke their appearance
natural,humanmotioncaptureechnologyis usedto acquire
the humanmotion datafrom videofootageof amoving real
person.

The adwent of increasinglypowerful computersand the
existenceof high-endgraphicshardware evenin consumer
PCsmalespossibleresearchingnew immersve visual me-
dia. In free-vievpoint video, a real-world sceneis recorded
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from multiple camerapositions.Using the recordedvideo
footage,a three-dimensionatemporally varying model of
the dynamicsceneis reconstructedA viewer is thengiven
the freedomto interactizely choosean arbitrary viewpoint
ontothereconstructe@®D video.

While the reconstructiorand analysisalgorithmsin hu-
manmotion captureandfree-vievpoint videoare,by them-
selwes, computationallychallenging,the actualacquisition
of the multi-view videofootagerequiresconsiderableffort
onthehardwareaswell asonthesoftwareside.

In this paper a new multi-view video studiois described
thatis both e xible andversatilelt is designedor theacqui-
sition of referencevideodatato beusedn differentsurround
visionapplicationssuchasvision-basedumanmotioncap-
ture, real-time3D scenereconstructiorand free-vievpoint
videoof humanactors It is demonstratethatusingoff-the-
shelfhardware,anef cient andcomparablyinexpensve ac-
quisitionroomcanbedesigned.

Therestof the paperstartswith areview of previouswork
(Sect.2). After a descriptionof the requirementsand the
studio conceptin Sect. 3, the separatecomponentof the
studio suchas the room layout (Sect.4), the camerasys-
tem (Sect.5) andlighting (Sect.6) aredescribedThe com-
puter hardware and the software subsystenare explained
in Sect.7 and Sect.8. In Sect.9 areal-timevisual hull re-
constructionsystem,a non-intrusve humanmotion capture
methodanda systemfor free-vievpointvideoof humanac-
tors aredescribedn moredetail. The paperproceedswith
a discussionin Sect.10 and concludesn Sect.11 with an
outlookon futureimprovementsof the studio.

2. Previous Work

Theadwentof new researctareasn computergraphicsand
computervision, suchasimage-basedenderingand auto-
matic analysisand reconstructiorfrom video streamshas
createdhe needfor high quality real-world imagedata.For

acquisitionof thesedata,comple« special-purposeetups
needto be built.

For realisticrenderingof materialsthe acquisitionof sur
facere ection propertiesfrom real objectis essential Dif-
ferentacquisitionsetupsconsistingof high-qualitycameras
anda setof light sourceshave beenproposedn the litera-
ture® 26,

Whereaghe setof still imagesunderdifferentillumina-
tion conditionsobtainedduring the measurementf re ec-
tion propertiess alreadyvery memory-intensie,theamount
of datato be handledn multi-view videoprocessings even
larger

In video-basechuman motion capture,researchersise
multiple video streamsshaving a moving personfrom dif-

ferentviewing directionsto acquirethe motion parameters.

Commercialmotion capturesystemsexist that use optical
marlkers on the body in connectionwith several expensve

high-resolutiorspecialpurposecamerag?®. Marker-freemo-

tion capturealgorithmsalsoexist thatdon't requireary in-

trusioninto the sceneln 4 the volumetricvisual hull 2 of a
personis reconstructedrom multiple cameraviews, andan
ellipsoidalbodymodelis tted tothemotiondata.Thevideo
acquisitiontakesplacein a 3D Roomthatallows recording
with upto 48 camerag?. A similar setupfor motioncapture
using reconstructedrolumesis proposedn 14. A different
multi-camerasystemfor volume reconstructiorthat usesa

custom-madePC clusterfor video processings described
in 2. Several othervideo-basechumanmotion capturesys-
temsexist thatusemulti-view cameradataasinput 7 5.

In 3D or free-viavpoint video, multi-view video streams
areusedto reconstructatime-varyingmodelof asceneThe
goalis to give aviewerthepossibilityto interactvely choose
hisviewpointontothe3D modelof thedynamicscenewhile
it is renderedA systentor acquisitionof multi-view images
of apersorfor reconstructiorof shortmotionsequencess-
ing conventionaldigital camerass usedin 2. In a previous
stageof their 3D Room Narajanaret. al. built a dome of
over 50 camerago reconstructextured 3D modelsof dy-
namicscenesisingdensestereoTo handlethehugeamount
of imagedata,thevideo streamsarerecordecon videotape

rst anddigitizedoff-line. In 16 amulti-camerasystemis de-
scribedto recorda moving personfor reconstructiorof the
polygonalvisual hull in an off-line process.The previous
paperis an extensionof the original work on polygonal?’
andimage-basedisual hulls 18 thatemploy a multi-camera
systentor real-time3D modelreconstructionA systemfor
recordingandeditingof 3D videosbasedntheimage-based
visualhull algorithmis describedn 28,

3. Our Studio Concept

The studio whose setupand applicationscenariosare de-
scribedin thiswork is intendedo be a universalacquisition
ervironmentfor differentresearchprojectsin surroundvi-

sion. The applicationsin mind include video-basedhuman
motion capture real-time3D scenereconstructiorandfree-
viewpointvideo.Therefore,e xibility andversatilityareim-

portantdesigncriteria. To keepthecostaswell astheadmin-
istrative overheadmoderate poff-the-shelfhardware is pre-
ferredover special-purposequipment.

On the performanceside, the requirementgo the system
arechallenging.The setupmustbe ableto acquireandpro-
cessvideodatain real-time.At the sametime it alsohasto
provide the necessargtoragebandwidthfor recordingand
saving of multi-videostreamsintermediatestorageof video
dataon analogmedia,suchasvideotapesjs notacceptable
sincewe wantto keepthehardwareandadministratve costs
low andto preventquality lossesduring the conversioninto
digital form.

Importantdesignissuesnvolve theappliedcameraequip-
ment,thelighting, the supportingcomputingsubsystenand
the spatiallayoutof thevideoroom. The severalsubsystems
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Figure 1: lllustration of the acquisitionroomwith cameasrendeed as cones(1). Thecontwol roomof the studio(2) andthe
large recoding areawith calibration pattern,cameasandall-aroundcurtain (3). Oneof thevideocameas mountecbn a pole

4.

of the cameraroom aredescribedn moredetail in the fol-
lowing sections.

4. Room Layout

The spatialdimensionsof the room needto large enough
to allow multi-view recordingof dynamic scenesfrom a
sufcient distanceandfrom a large numberof viewpoints.
Hence,the studiois installedin a room of approximately
11 by 5 metersin size.The ceiling hasa heightof approxi-
mately3m. Along oneof theshortemwallsanareaof 1.5mby
5mis separatedhat sernesasa control room of the studio.
The remainingareaof the studio, which is surroundedby
opaqueblack curtains,is completelyavailablefor recording

(Fig. 1).

5. CameraSystem

The camerasusedin the studioneedto ful ll the require-
mentsspeci ¢ to multi-view video applications First, they
mustprovide the possibility of external synchronizatiorto
male surethat the multi-view video streamsare correctly
registeredn time. Secondthe camerasave to deliver high
frame-ratesof at least 15 fps at a suitable resolution of
320x2400r 640x480pixels.For scenesontainingelements
thatmove very rapidly, frameratesof atleast30 fps should
be possible.Furthermorethe transferof the imagedatato
thecomputemeeddo beef cient. Evenwith ahighnumber
of camerasa sufcient bandwidthhasto be availablein the
appliedbussystem.

Considering these requirements,we decided to use
Sory™ DFW-V500 IEEE1394camerasTheseCCD cam-
erasprovide a frameresolutionof up to 640x480pixels at
30 fps. External synchronizationis possiblevia a trigger
pulsesentto the camerahroughanexternalconnectorThe
framesareprovidedin YUV 4:2:2format,andthey aredig-
itally transferredo the hostcomputerusingthe IEEE1394
interface.This way, the additionalhardware overheadof a
frame-grabbecardis prevented.The bus bandwidthof 400
MBit/s is sufcient to controltwo of the cameraswith one
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PC. The camerasrovide a high numberof adjustablepa-
rametersand an automaticwhite-balancingParametersets
for differentapplicationscanbe storedin internalmemory
channels.

Currently up to 8 camerascan be installed at arbi-
trary locationsin the studio. For positioning, telescope
poles(Manfrotto™ Autopole15) with 3-degree-of-freedom
mountingbraclets (Manfrotto™ GearHeadJunior15) are
usedthat canbe jammedbetweenthe oor andthe ceiling

(Fig. 1).

For most applications the internal and external camera
parametersf eachof the8 imagingdevicesmustbeknown.
To achievethis,acalibrationprocedurédasecn Tsai'salgo-
rithm is applied?*. The externalcamergparametersreesti-
matedusinga2 2 m checlerboarccalibrationpatternonthe

oor in the centerof theroom. The cornersof the checler

boardare detectedautomaticallyby employing a sub-pixel

cornerdetectionalgorithm on the cameraimagesshaving

the pattern®. Theinternalcamergparametergcenterof ori-

ginin theimageplane effective focallength)cancalculated
from the large checlerboardpatternalsoby meansf Tsai's

calibrationmethod.More accuratedeterminatiorof the in-

ternalparameterss achieved by usinga smallcheclerboard
patternattachedto a woodenpanelthat can be positioned
to cover alarge partof eachcameras eld of view. Dueto

thesufciently steepviewing anglebetweerthe camerasr

rangedaroundthesceneandthepatternonthe oor, thecon-
curringeffectsof focallengthandcameraranslationcanbe
robustly distinguished.

6. Lighting

The studiolighting is animportantissuefor the quality of
the producedvideo material. The applied equipmentmust
be e xible enougho producegoodlighting conditionsunder
differentscenariogSect.9). In ourfree-vievpointvideoand
motion from video researchrobust separatiorof the fore-
groundobjectfrom the backgrounds essentialTherefore,
thenumberof shadavs castonthe oor hasto beminimized,
whereaghe scenehasto remainluminousenough Further
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more,the appliedlighting shall give the scenea naturalap-
pearancewhichis animportantcriterionfor free-vievpoint
video(Sect.9).

To make backgroundsubtractioreasiera chroma-leying
approachis traditionally applied. There, the studio back-
groundis paintedin auniformcolor, suchasblueor greer?’.
In the cameraimages,the foreground objectis separated
from the backgroundy discardingall pixelsthatareclose
in color to the backgroundcolor. Thereexists a numberof
problemswith this approachpneof theseundesiredeffects
is that particularlyin small studiosthe backgrounctolor is
re ected from theforegroundobjectandgivesit anunnatu-
ral appearance.

In our studio,adifferentsetupis chosern(seealsoSect.8).
To minimizethe effectsof externallight onthe centerof the
scene,and to minimize the visual appearancef shadevs
caston the walls, the studiois equippedwith anall-around
opaqueblackcurtain.The oor canbe coveredwith ablack
matte carpetthat can be easily removed to reveal the cali-
bration pattern.The describedcovering of the oor and of
the walls greatly improves the robustnesf a color-based
backgroundsubtractiorschemgSect.8). Shadavs castby a
moving objector personareonly slightly differentin color
from the backgroundand cannotwrongly be classi ed as
foreground. At the sametime, unwantedre ection of the
backgroundcolor onto the foregroundobiject,asit is often
obseredin methodsmploying ablueor green-scree#’, is
prevented.

Thereexist threerows of light sourceg(Sitecd™ louver
luminaire 22) on the ceiling that have a large spatialextent
and producea very uniform lighting in the centerof the
scene.Theselight sourcesilluminate objectsin the center
of thescendrom thetop at rathersteepanglesonly. Thisis
achiezed by multiple re ectors that spreadthe light homo-
geneoushydowvnwardsbut preventdirectillumination of the
camerdensesThislighting setupallows a e xible position-
ing of the cameraswhile preventingdirectrecordingof the
light sourcesvhich would causeglaresin thecameraoptics.
In addition,sharpshadavs and unwantedhighlightson the
recordedobjectsare prevented.For e xibility, 3 spotlights
arealsoavailablethatcanbe placedat arbitrarylocationsin
theroom.

7. Computer Infrastructur e

For dataprocessingthe studiois equippedwit 4 standard
PCsthatfeatureAMD 1 GHz Athlon™ CPUs,768MB of
main memoryandgraphicscardswith Nvidia GeForced™
GPUs.Eachcomputerhas3 IEEE1394connectorsThe op-
eratingsystenmusedis Linux with kernelversion2.2.18.The
computerg@reconnectediia a 100MBit/s Ethernenetwork.
In thecurrentsetup,onePCis connectedo two of thevideo
cameras.

Thecomputingequipments e xible enoughto allow dif-
ferentsoftwarearchitecturegor thedifferentapplicationsA

commondesignprinciple is to exploit parallelismby using

aclient-serer setup.The client computersacquireandpre-

procesghevideoframesin real-time.Final processingsuch

as3D modelreconstructiorandvisualizations doneonthe

sener computer The developmentof client-serer systems
is supportedy thestandardoftwareenvironmentin thestu-

dio (Sect. 8). The speci c detailsof the softwarearchitec-
turesfor differentresearclprojectswill begivenin Sect.9.

For synchronizatiorof the camerasa control box was
built that distributesa trigger pulse from the parallel port
of ahostcomputerto up to 8 cameraskFor triggercontrol,a
Linux kerneldriver wasimplemented.

8. Software Library

A standardasoftwarelibrary wasdevelopedthatallows appli-

cationsin thestudioto interfacetheavailablehardwarecom-
ponentsFor controlof thecameras high-level C++ library

basednthelibdc139425 opensource EEE1394packages

available. Threadclassedor asynchronouseadingof cam-
eraframesandvisualizationof imagesonthescreerarealso
provided. A standardsetof imageprocessinglassedased
onthelntel ImageProcessind ibrary 8 andtheOpenSource
computevision Library ° is availablefor inclusioninto the
applicationcode.A tool for cameracalibrationusing Tsai's

method?4 is available.Codefor correctionof rst orderra-

dial lens distortion effects 10 asthey are recoseredduring

calibrationis alsoprovided.

For the developmentof client-serer software that con-
trols the camerasand processeshe data,a setof reference
implementationsor sendingand receving of image and
volumedatais available. The implementatiorof client and
sener classess basedn the Adaptve CommunicatiorEn-
vironment(ACE) 2L.

An important componentof the basic software library
arethe backgroundsubtractionclassesWe implementeda
subtractionschemdor generalbackground$asedon pixel
color statisticsoriginally proposedn 4. Thealgorithmcom-
putesmeancolorandstandardaieviation of eachbackground
pixel from a sequencef imageswithout a foregroundob-
ject. Foregroundpixelsareidenti ed by alargedeviation of
their color from the backgroundstatistics.If no additional
criterionis applied,shadaev pixelsarewrongly classi ed as
foreground.Shadavs are characterizedby a large intensity
differencecomparedto the backgroundbut only a small
differencein hue.This criterionis appliedto minimize the
numberof wrongly classi ed pixelsin shadov.

Thecombinatiorof thestudiostandardoftwareandhard-
waremalkespossibleheeasyimplementatiorof scalableap-
plication prototypesUsinga client-serer architecturesys-
temsareeasilyextendableby inclusionof moreclients.Ex-
perimentsanbedonewith alargenumberof differentcam-
erasetupswithout majorchangesn the applicationcode.
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]
Figure 2: Visual hull reconstruction Six conesare gener

atedfrom silhouetteimagestaken from different viewpoints
(). Reconstructe@D Object(r).

9. Applications

In this section thefunctionalityof theroomis demonstrated
usingresearctprojectsthatwereundertalenwith the avail-
ableequipment.

9.1. Visual Hull Reconstruction

Silhouettesof 3D objects provide strong cuesfor recon-
structing3D geometryfrom 2D images.The reconstruction
methodis well known as shape-fom-silhouette?. Lauren-
tini introducesthe visual hull concept!? to characterizéhe
bestgeometryapproximationthat can be achiesed by this
method.Theoretically the visualhull mustbereconstructed
usingsilhouetteimagesfrom all possibleviewpoints.How-
ever, in practice we arelimited to emplgy only a nite num-
berof availableimages.

Thebasicprinciple of visualhull computatioris fairly in-
tuitive. Sincethe viewing informationassociatedvith each
silhouetteimage is alreadyknown in the cameracalibra-
tion step,we are able to back-projecteachsilhouetteinto
3D space This producesa generalizedconecontainingthe
actual3D objectin questionTheintersectiorof suchcones
from all referenceviews gives an approximationof the vi-
sualhull. Fig. 2 illustratesthis process.

Therearetwo differentapproachesor visual hull recon-
struction: volumetric and polyhedral. The former one tes-
sellatesa con ned 3D spaceinto voxels. Then eachvoxel
is projectedonto every referenceimage plane. The voxel,
whose projection falls outside of ary silhouette,will be
caned away. The later approachrst extracts2D contours
from silhouetteimage. Then explicit polyhedralrepresen-
tationsof generalizecconesare generatedrom all silhou-
ettecontoursFinally, by performing3D intersectiorof these
conesa polyhedralvisualhull is reconstructed.

We have implementedboth of the above approachesn
a distributedreal-timeclient-serer system(Fig. 3, seealso
Sect. 9.2). The silhouetteimagesare obtainedusing the
backgroundsubtractionclassesexplained in Sect. 8 and
transferredto the sener. An opensourcelibrary 1 is ap-
plied to compute3D polyhedralintersectionsUsing 6 cam-
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Figure 3: Client-serverarchitectue of thevisualhull recon-
structionsystem.

eras thevolumetricreconstructiomunsat interactve frame
rates(about8-10fps), whereagpolyhedralreconstructioris
achieved in real time (about25fps). Using a nev method
exploiting off-the-shelfgraphicshardware,polyhedralhulls
canbe reconstructedat up to 40 fps 13. (Fig. 4). The sys-
tem scaleseasily to a higher numberof client computers,
a hierarchicalnetwork structureis also possiblefor larger
systemsThe acquisitionenvironmentenablesobust back-
ground subtractionwhile preservinga natural appearance
of the scene The implementatiormakesoptimal useof the
availablesoftwarecomponents.

Figure 4. Textured polygonalvisual hull () andunderlying
polygong(r).

9.2. Human Motion Capture

Video-basedHuman motion captureis the task of acquir
ing the parametersf humanmotion from video sequences
of a moving person.In our work, we focus on the model-
basedacquisitionof humanmotion without the application
of opticalmarkersonthepersonsbody In 23, we presentec
systenthatcombineghevolumetricreconstructiorof aper
son's volume from multiple silhouetteswith a color-based
featuretrackingto t amulti-layerkinematicskeletonmodel
to the motion dataat interactve framerates.In Fig. 5, an
overview of the motioncapturesystemarchitectures given.
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Figure 5: Motion captute client-serverarchitecture.

The software is implementedas a distributed client-
sener application.Two camerasare connectedo one PC
onwhich theclient applicationis running.Eachclient com-
puterrecordsvideoframesataresolutionof 320x240pixels,
andperformsa backgroundsubtraction(Sect.8) andsilhou-
ettecomputationn real-time.Furthermoregachclient ma-
chine computesa partial, voxel-basedvisual hull from the
two silhouetteviews availableto it. To do this, the sceneis
subdvidedinto a regular grid of volumeelementqvoxels).
Eachof the voxelsis projectedinto the silhouetteviews of
the camerasand classi ed as occupiedspaceif it projects
into theforegroundsilhouette This stepis veryfastsince,in
our staticcamerasetup the projectionscanbe precomputed
andstoredin alookup-table By this step,a volumetricap-
proximationto the visual hull is computedon eachclient
computerthatis run-length-encodednd transmittedto the
senerapplication.

Ontheclientcomputercontrollingthe 2 cameraghatob-
sene the personfrom font, color-basedrackersarerunning
that follow the motion of the head,the handsandthe feet.
Viatriangulationthe 3D locationsof thesefeaturesarecom-
putedandalsotransferredo the sener. The homogeneous
lighting in the studio minimizescolor variationsof hands,
headandfeetdueto positionchange®f thebody Thisway;

Figure 6: Sleleton tted to visualhull of a moving person.

Figure 7: Aninputvideoframe(l) andthebodymodelpose
recosered by the motioncaptuse algorithm(r).

color-basedtracking works robustly in a large areaof the
studio.

Onthesener, thecompletevisualhull is reconstructedy
intersectiorof the partialvolumes.In aseparatetep,a two-
layer kinematicskeletonis tted to the motion datausing
the reconstructe@®D featurelocationsandthe voxel-based
volumes.

In Fig. 6 resultsobtainedwith our systemareshowvn. The
depictedvisualhull wasreconstructeétom 4 cameraviews.
The completeclient-serer systemperformingbackground
subtractionyisual hull reconstructionfeaturetrackingand
visual hull renderingcanrun at approximately6-7 fps for
a 64° voxel volume.For an averagemotion sequencea t-
ting frame rate of 1-2 fps is achieved. Due to the combi-
nationof featuretrackingandvolumetric tting, the system
becomesnorerobustagainstproblemshataretypically ob-
sened with visual hull reconstructiorapproachesEven in
thepresencef phantomvolumesthataredueto insufcient
visibility, the tting procedurecancorrectlyrecovertheright
bodypose.

Themotioncapturesystencanef ciently make useof the
resourcesvailablein camerastudio. Finding goodcamera
positionsto minimizereconstructiorartifactsin thevolumes
requiredrequentrepositioningf thecamerasvhichis made
easyby thetelescopgoles.Thestudiosetupalsoguarantees
thatthe backgroundsubtractionquality will not deteriorate
in ary new camergposition.By relyingoncommonsoftware
library componentsthe combinationof the visual hull re-
constructiorwith themodel tting stepwassimpli ed. The
systemis alsoscalableo a highernumberof clients.

9.3. Free-Mewpoint Video

The goal of free-viavpoint video is to build a three-
dimensionaltime varyingrepresentatioof adynamicscene
that was previously recordedby multiple video cameras.
During playbackof this three-dimensionalideo,theviewer

caninteractively choosehis viewpointontothescene.

In our camerastudio, we test a nev model-basedap-
proachfor recording,reconstructingand renderingof free-
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viewpoint video of humanactors3. The systememplgys a
generichumanbody model whosemotion parametersare
acquiredby meansof a marker-lesssilhouette-baseduman
motioncapturealgorithm.For realisticmodelingof thetime-
varyingsurfaceappearancef theactor a multi-view textur-

ing methodis appliedthatreconstructsurfacetexturesfrom

cameramages.

Theproductionof afree-viavpointvideocanbeseparated
into threestepsThe rst stepis theacquisitionof the multi-
view video material.Whereador the previoustwo applica-
tionsreal-timerecordingandprocessingf thevideostreams
is neededjn this scenario off-line recordingand ef cient
streamingto disk is required.The applied hardware setup
is similar to the architecturedepictedin Fig. 3. The imple-
mentationof therecordingsoftwareis straightforvardsince
the standardstudiolibrary providesalmostall the necessary
componentsTheclientcomputergeadoutthevideoframes
from the two connectecdcamerasand streamthem directly
to disk. A sener thatsimultaneouslyunsa client sendshe
trigger signalsto all camerasAt a resolutionof 320x240
pixels, 15 fps are achieved whenrecordingwith 8 cameras
and4 clientcomputersThevideoframesarewrittento disk
in uncompressehiw RGB format.

The next stepis the model-basedeconstructionof the
free-vievpoint video sequenceThe main part of this step
is asilhouette-basethotion parameteestimationalgorithm
that appliesfeaturesof latestconsumergraphicshardware
duringtracking.In aninitialization step,the generichuman
body modelconsistingof a triangle meshsurfacerepresen-
tationandanunderlyingkinematicskeletonis adaptedo the
silhouettef the personstandingin a specialpose.At each
time stepof the video, motion parameteestimationis done
by meansf ahierarchicabptimizationprocedurghatmax-
imizestheoverlapbetweerthemodelandimagesilhouettes.
Theerrormetricto measurehe t is ef ciently computedn
graphicshardvare.

The last stepis the playbackof the 3D video sequence.
During playback, time-varying textures that are recon-
structedrom all availablecamerasreattachedo thehuman
bodymodel.Renderingf thescenecanbedonein real-time
andmorethan30 fps canbeeasilyachiesed.

Fig. 7 shavs one of the input cameraviews out of a se-
quencetaken from 7 cameraperspecties. The correspond-
ing poseof thebodymodelasit is foundby themotioncap-
turealgorithmis alsoshown. Fig. 8 shavstwo screenshotsf
therenderedisplayinganew viewpointontoareconstructed
dynamicscenelnteractie editing of the recordedvideo by
changingthe bodyposeis alsopossibleasit is shavn in the
left image.

The visual resultsof the renderingandthe resultsof the
motioncaptureprove, thattheemployedcameraandlighting
equipmentreef cient in severalaspectsTheappearancef
the surfacetexturesis very naturalwhile, at the sametime,
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i e —
Figure 8: Bullet-timeposeas knowfrom featue Ims cre-

atedby manualediting(l), screenshobf a dancingsequence
froma new camen position(r).

the backgroundsubtractionstill works robustly enoughto
producehigh-qualitysilhouettes.

10. Discussion

Theresultsobtainedwith the previously describedsoftware
systemsshav that the acquisitionroom providesa e xible
infrastructureto develop conceptuallydifferentsurroundvi-
sionapplicationsThephysicallayoutof theroomallowsthe
recordingof comparablylarge dynamicscenedrom multi-
ple cameraviews. Thecommitmento acommonbasicsoft-
warelibrary simpli es thereuseof softwarecomponentsor
otherresearclprojects.

11. Conclusionand Futur e Work

In this paper the designand constructionof an acquisition
roomfor multi-view videois describedThedesignrequire-
mentsare explainedandtheir implementatiorin the differ-
entstudiosub-systemsnalyzedlt is explainedwhy build-
ing aroomfor multi-view videorecordinginvolvesef cient
solutionsto differenthardware andsoftware problems.The
amountof datato be processeds huge,hencean ef cient
computingsubsystems necessaryhat also provides suf-
cientl/O-bandwidth.The camerasave to ful Il the neces-
saryframerate,resolutionandcon gurability requirements.
The lighting equipmenthasto provide sufcient illumina-
tion for a naturalsceneappearanchile the robustnesof
thebackgroundsubtractiormethodmustnot beworsened.

We demonstratedhe ef ciency of our multi-view video
studioby meansof differentresearctprojects.The camera
roompraovesto bea e xible ervironmentfor real-timeacqui-
sition and processingof multi-view video streamsaswell
asfor off-line recording.The available hardware and soft-
wareinfrastructureenableshe fast developmentof client-
sener softwaresystemsasedn standardsoftwarecompo-
nents.Theprovided standarctlasslibrary of imageprocess-
ing tools greatly simpli es the developmentof application
prototypesThe applicationof off-the-shelfhardware keeps
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the costof the whole environmentmoderatenhile not com-
promisingversatility,

In the future, the acquisitionroomwill be used,e.g.,to

recordsampledatathatwill alsobemadeavailableto MPEG
communitythatis currentlyin the processof developinga
standardfor 3D video. An extensionof the static setupto
amobile setupby usingseveral notebookcomputerss also
beinginvesticated.
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