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Abstract

This contribution describesa systemfor 3D surfacere-
constructionand novel view synthesisfrom imagestreams
of anunknawn but staticscene.The systemoperatedully
automaticand estimatesameraposeand 3D scenegeom-
etry using Structure-from-Motionand densemulti-camera
stereareconstructionFromtheseestimatesnovel views of
thescenecanberenderedatinteractive rates.

1 INTRODUCTION

ImageBasedRendering(IBR) is anactive researcheld
in the computervision andgraphicscommunity In the last
decademary systemsvereproposedhatsynthesizenovel
views basedon collectionsof real views of a scene.Those
systemdliffer with respecto theamountof interactvity for
novel view selectionthe ability to compensatecenedepth
effects(parallax)etc. For arecentreview onIBR techniques
see[q].

In this contribution,we will describeasystenfor 3D sur
facereconstructiomndnovel view synthesigrom imagesof
anunknown staticscend4]. In a rst step,astructurefrom
motion (SfM) approachis employed to estimatethe un-
known camergposesandintrinsic calibrationparametersf
the camerahroughoutthe sequencgll]. Theimagesmay
comeeitherfrom a setof closelyspacedhotographicstill
imagesahand-heldrideocamcorderor amulti-cameraig
with rigidly coupleddigital re wire camerasTogethemwith
thecalibration,asparsesetof 3D featurepointsis estimated
basednthestaticscenenypothesisThosefeaturesalready
containa sparse3D scenedescription. To re ne the 3D
scenegeometry densedepthmapsare estimatedrom the
now calibratednputimagesn asecondstep[10]. Thus,for
eachrecordedimage, the associatedtalibration, 3D pose,
andadensedepthmapis stored[9].

Thesedatacanbeusedin mary ways.Oneway would be
to reconstruct consistenBD scenesurfacefrom all views
by triangulatinga 3D wireframe surface from all depth
maps.Thesurfacecanthenbetexturedwith therealimages,
formingaview-dependentexturemapsurface(VDTM) [1].

For this, thetopologyproblemmustbesolvedto distinguish
betweenconnectedand occludedsurfacesfrom all views.
Anotherwaywouldbeto renderdirectlyfrom therealviews
using depth-compensatedarping [2]. In this case,local
surfacegeometrybetweenadjacentviews is sufcient. In
our contribution we describeways to renderinterpolated
views using view-dependengeometryand texture models
(VDGT) [3].

We will describethe systemandits componentsn the
following section followedby someexperimentsandeval-
uationof theapproach.

2 SYSTEM OVERVIEW

Figurel givesanoverview onthecomponentsf thesys-
tem. The completesystemcan be divided into an of ine
dataacquisitionandanonlinerenderingpart. In the of ine
part,theimagesarepreprocessetb estimatecalibrationand
depthmapsfor eachview. In theonlinerenderingthegiven
datasetis usedto rendemovel views atinteractie rates.
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Figurel: Block diagramof thereconstructiomndrendering
system.

2.1 Ofine Data Acquisition

Relative cameracalibrationis obtainedwith astructurgrom

motion approachsimilar to [11]. A 2D featuredetector
(Harris Detector[6] or structuretensor[5]) extractsdom-
inant 2D intensity cornersin the images. To nd corre-
spondencanatchesbetweendifferent views of the scene,
we trackthefeatureghroughouthe 2D sequenceisingthe
KLT-tracker [12] or with correlation-basedornermatch-
ing. The correspondencmatchingis guidedby the epipo-
lar constraintand robust matchingstatisticsusing random



Figure2: Imagesof theoriginal scene.

samplingconsensu§RANSAC) [7].

The image correspondenceare tracked through mary

imagesviewing the samescene. All 2D correspondences

resultfrom projectionof the same3D featureinto the im-

ageshencewe computethe 3D intersectionof all viewing

rays by simultaneousestimationof the cameraposesand
3D featurepoints.Bundleadjustmentvill computethe best
possiblet and give the relatve cameraposeof all views
andthe correspondin@D features We cannotcomputeab-
solutecameraposeasthe overall scaleof the sceneis not
known, but a scaledmetricposeestimates determined7].

Figure 2 shavs someimagesof the sceneusedfor track-
ing andreconstructionFigure4 shavs an overview image
of the sceneandthe resultingcameraposeand 3D feature
estimatesfter SfM tracking.

Figure 3: Densedepthmapsof scene,depthcolor coded
(dark=neaylight=far, black=unde ned).

After cameracalibration,a denseand robust depthesti-
mateis neededor every pixel of the differentviews. This
canbe achieved by multi-view stereoscopidepthestima-
tion [10, 13]. For eachview, all spatiallyneighboringcam-
eraviews are usedto estimateperpixel depth, which is
storedin a depthmap. Resultsof this depthestimatecan
be seenin gure 3. Thedepthmapsareusuallydenseand
relative deptherroris around1% relative depthdeviation.
Thesedataform the basisto the 3D reconstructiorandon-
line IBR generation.

Figure 4. Overview image (top) and 3D calibrationand
tracksof scengbottom).Thelittle pyramidsshav thecam-
erapositions,the coloredpoints give the 3D featureposi-
tions of salienttrackedfeatures.

2.2 Interactive Online Rendering

The calibratedviews andthe preprocessedepthmapsare
usedasinput to the image-basednteractive renderingen-
gine. The usercontrolsa virtual camerawhich views the
scenefrom novel viewpoints. The novel view is interpo-
latedfrom the setof realcalibratedcameramagesandtheir
associatedlepthmaps. During renderingit mustbe de-
cidedwhich camerdmagesarebestsuitedto interpolatethe
novel view, how to compensatéor depthchangesandhow

to blendthetexturefrom thedifferentimages.For largeand
complex scenehundredr eventhousandsf imageshave

to be processedAll theseoperationanustbe performedat
interactve frameratesof 10 fps or more. We addressghese
issuesn thefollowing section:

Selectionof bestreal cameraviews,

fusionof multiview geometryfrom the views,



viewpoint-adaptie meshgeneration,
viewpoint-adaptie texture blending.

For eachnovel view to berenderedthe mostsuitablereal
views mustbe selectedor interpolation. The camerasare
rankedbasedn similarity in view point, viewing direction,
andcommon eld of view with the novel view. For further
detailwe referto [1].

Rendering with View dependentGeometry and Texture
(VDGT): Therankedcamerasndtheir associatedepth
samplesarenow usedto interpolatenovel views. Sincethe
novel view maycovera eld of view thatis largerthanary
realcameraview, we haveto fuseviews from differentcam-
erasinto onelocally consistenimage. Ef cient hardware-
acceleratedmagewarpingis employedto mapthedifferent
realviewsinto thenovel viewpoint. Thereforewe generate
a warpingsurfacefrom a regular grid thatis placedin the
imageplaneof thevirtual cameraThewarpingsurfacewill
have to be updatedfor eachcameramotion at interactve
rates. Therefore warpingusesa scalablecoarsegeometric
approximationof the real depthmaps. Using this approx-
imation as a coarse3D surfacemodel, the novel view is
renderedby blendingthe rendereccoarsemodelsinto one
consisteninovel view. For texture blending,one may de-
cide to eitherselectthe best-rankd camera(single-texture
mode)or to blendall associatedameraextureson thesur
face(multi-texture mode). Properblendingof all textures
will resultin smoothertransition betweenviews but with
higherrenderingcostsfor multi-passrendering.

Rendering from Multiple Local Models (MLM):  In-
steadof the backward warping usedfor VDGT, one may
usea forward mappingby computinga setof individual lo-
cal models.Thesemodelscould be a direct meshingof the
depthmapfor eachview or a setof depthlayers[2]. In that
case,the renderingis simpli ed to texture mappingof all
local modelsandrenderingtheminto the new view. Thisis
fully hardware-accelerateandcanbe performedvery fast.
The drawbackis that no consisteng betweenthe different
modelsis guarantee@ndthatholesmayremainin theren-
deredview.

3 RESULTS

In this sectionwe will discussmodelingand rendering
resultswith the proposednethods.

The depth maps obtainedfrom the modeling are not
denseascanbe seenby theblackregionsin gure 3. This
will causethe depth compensatedvarpingto fail, unless
the holes are interpolatedproperly Figure 5 shaws ren-
deringresultsby view interpolationfrom adjacentcamera
views. Thetop imageshows renderingresultswith the four

bestranked camerasanddepthinterpolation,usingVDGT.
It canbeseenthatthewrongdepthrangein the backof the
archwayleadsto blendingartifacts,seenasaslightblur due
to inconsistentiepthin the differentcamerasHowever, the
impressionof the imageis quite smoothand the artefacts
arenot very visible. In the bottomimage,renderingwith
MLM givesasharpeimpressiorasthe depthbuffer selects
the nearesimodelsurfaceonly, but dueto inconsistencies,
theimageappeardnconsistenin somepartsandsomeholes
remain.

Figure5: IBR resultsfor view renderingusingVDGT (top)
andMLM (bottom).

4 CONCLUSIONS

We have presentedh systemfor the automaticlBR from
uncalibratedhandheldmagesequencesThe cameragpath
was calibratedand nearly densedepth mapswere com-
puted,leaving a setof calibratedandtextured depthmaps
for depth-compensatedterpolation.



Two differentmethodsfor view interpolationwere dis-
cussedTherenderingresultsshav thatthe generatedjual-
ity is still not sufcient for seamlessenderingfrom arbi-
trary extrapolatedimage positions. One issueto investi-
gatefurtheris the properhandlingof unmodelediepthre-
gionsandthe problemof globalseamlesitegrationof lo-
calmodels.
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