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Abstract

This contribution describesa systemfor 3D surfacere-
constructionandnovel view synthesisfrom imagestreams
of an unknown but staticscene.Thesystemoperatesfully
automaticandestimatescameraposeand3D scenegeom-
etry usingStructure-from-Motionanddensemulti-camera
stereoreconstruction.Fromtheseestimates,novel viewsof
thescenecanberenderedat interactiverates.

1 INTRODUCTION

ImageBasedRendering(IBR) is anactive research�eld
in thecomputervision andgraphicscommunity. In thelast
decade,many systemswereproposedthatsynthesizenovel
views basedon collectionsof realviews of a scene.Those
systemsdiffer with respectto theamountof interactivity for
novel view selection,theability to compensatescenedepth
effects(parallax)etc.For arecentreview onIBR techniques
see[8].

In thiscontribution,wewill describeasystemfor 3D sur-
facereconstructionandnovelview synthesisfrom imagesof
anunknown staticscene[4]. In a �rst step,a structurefrom
motion (SfM) approachis employed to estimatethe un-
known cameraposesandintrinsiccalibrationparametersof
thecamerathroughoutthesequence[11]. Theimagesmay
comeeitherfrom a setof closelyspacedphotographicstill
images,ahand-heldvideocamcorder, or amulti-camerarig
with rigidly coupleddigital �re wire cameras.Togetherwith
thecalibration,asparsesetof 3D featurepointsis estimated
basedonthestaticscenehypothesis.Thosefeaturesalready
containa sparse3D scenedescription. To re�ne the 3D
scenegeometry, densedepthmapsareestimatedfrom the
now calibratedinput imagesin asecondstep[10]. Thus,for
eachrecordedimage,the associatedcalibration,3D pose,
andadensedepthmapis stored[9].

Thesedatacanbeusedin many ways.Onewaywouldbe
to reconstructa consistent3D scenesurfacefrom all views
by triangulatinga 3D wireframe surface from all depth
maps.Thesurfacecanthenbetexturedwith therealimages,
formingaview-dependenttexturemapsurface(VDTM) [1].

For this,thetopologyproblemmustbesolvedto distinguish
betweenconnectedandoccludedsurfacesfrom all views.
Anotherwaywouldbeto renderdirectlyfrom therealviews
using depth-compensatedwarping [2]. In this case,local
surfacegeometrybetweenadjacentviews is suf�cient. In
our contribution we describeways to renderinterpolated
views usingview-dependentgeometryandtexture models
(VDGT) [3].

We will describethe systemand its componentsin the
following section,followedby someexperimentsandeval-
uationof theapproach.

2 SYSTEM OVERVIEW

Figure1 givesanoverview onthecomponentsof thesys-
tem. The completesystemcan be divided into an of�ine
dataacquisitionandanonlinerenderingpart. In theof�ine
part,theimagesarepreprocessedto estimatecalibrationand
depthmapsfor eachview. In theonlinerendering,thegiven
datasetis usedto rendernovel viewsat interactiverates.
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Figure1: Block diagramof thereconstructionandrendering
system.

2.1 Of�ine Data Acquisition

Relativecameracalibrationisobtainedwith astructurefrom
motion approachsimilar to [11]. A 2D featuredetector
(Harris Detector[6] or structuretensor[5]) extractsdom-
inant 2D intensity cornersin the images. To �nd corre-
spondencematchesbetweendifferent views of the scene,
we trackthefeaturesthroughoutthe2D sequenceusingthe
KLT-tracker [12] or with correlation-basedcornermatch-
ing. Thecorrespondencematchingis guidedby theepipo-
lar constraintandrobust matchingstatisticsusingrandom



Figure2: Imagesof theoriginal scene.

samplingconsensus(RANSAC) [7].

The image correspondencesare tracked through many
imagesviewing the samescene. All 2D correspondences
result from projectionof the same3D featureinto the im-
ages,hencewe computethe3D intersectionof all viewing
rays by simultaneousestimationof the cameraposesand
3D featurepoints.Bundleadjustmentwill computethebest
possible�t andgive the relative cameraposeof all views
andthecorresponding3D features.We cannotcomputeab-
solutecameraposeasthe overall scaleof the sceneis not
known, but a scaledmetricposeestimateis determined[7].
Figure2 shows someimagesof the sceneusedfor track-
ing andreconstruction.Figure4 shows anoverview image
of the sceneandthe resultingcameraposeand3D feature
estimatesafterSfM tracking.

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

After cameracalibration,a denseandrobust depthesti-
mateis neededfor every pixel of thedifferentviews. This
canbe achieved by multi-view stereoscopicdepthestima-
tion [10, 13]. For eachview, all spatiallyneighboringcam-
era views are usedto estimateper-pixel depth, which is
storedin a depthmap. Resultsof this depthestimatecan
beseenin �gure 3. Thedepthmapsareusuallydenseand
relative deptherror is around1% relative depthdeviation.
Thesedataform thebasisto the3D reconstructionandon-
line IBR generation.

Figure 4: Overview image (top) and 3D calibration and
tracksof scene(bottom).Thelittle pyramidsshow thecam-
erapositions,the coloredpointsgive the 3D featureposi-
tionsof salienttrackedfeatures.

2.2 Interacti ve Online Rendering

The calibratedviews andthepreprocesseddepthmapsare
usedas input to the image-basedinteractive renderingen-
gine. The usercontrolsa virtual camerawhich views the
scenefrom novel viewpoints. The novel view is interpo-
latedfrom thesetof realcalibratedcameraimagesandtheir
associateddepthmaps. During renderingit must be de-
cidedwhichcameraimagesarebestsuitedto interpolatethe
novel view, how to compensatefor depthchangesandhow
to blendthetexturefrom thedifferentimages.For largeand
complex sceneshundredsor eventhousandsof imageshave
to beprocessed.All theseoperationsmustbeperformedat
interactive frameratesof 10 fps or more.We addressthese
issuesin thefollowing section:

� Selectionof bestrealcameraviews,

� fusionof multiview geometryfrom theviews,



� viewpoint-adaptivemeshgeneration,

� viewpoint-adaptivetextureblending.

For eachnovel view to berendered,themostsuitablereal
views mustbe selectedfor interpolation. The camerasare
rankedbasedonsimilarity in view point,viewing direction,
andcommon�eld of view with thenovel view. For further
detailwe referto [1].

Rendering with View dependentGeometry and Texture
(VDGT): Therankedcamerasandtheir associateddepth
samplesarenow usedto interpolatenovel views. Sincethe
novel view maycovera �eld of view thatis largerthanany
realcameraview, wehaveto fuseviewsfrom differentcam-
erasinto onelocally consistentimage. Ef�cient hardware-
acceleratedimagewarpingis employedto mapthedifferent
realviewsinto thenovel viewpoint. Therefore,wegenerate
a warpingsurfacefrom a regular grid that is placedin the
imageplaneof thevirtual camera.Thewarpingsurfacewill
have to be updatedfor eachcameramotion at interactive
rates.Therefore,warpingusesa scalablecoarsegeometric
approximationof the real depthmaps. Using this approx-
imation as a coarse3D surfacemodel, the novel view is
renderedby blendingthe renderedcoarsemodelsinto one
consistentnovel view. For texture blending,onemay de-
cide to eitherselectthe best-rankedcamera(single-texture
mode)or to blendall associatedcameratextureson thesur-
face(multi-texture mode). Properblendingof all textures
will result in smoothertransitionbetweenviews but with
higherrenderingcostsfor multi-passrendering.

Rendering fr om Multiple Local Models (MLM): In-
steadof the backward warping usedfor VDGT, one may
usea forwardmappingby computingasetof individual lo-
cal models.Thesemodelscouldbea directmeshingof the
depthmapfor eachview or a setof depthlayers[2]. In that
case,the renderingis simpli�ed to texture mappingof all
local modelsandrenderingtheminto thenew view. This is
fully hardware-acceleratedandcanbeperformedvery fast.
The drawbackis that no consistency betweenthe different
modelsis guaranteedandthatholesmayremainin theren-
deredview.

3 RESULTS

In this sectionwe will discussmodelingand rendering
resultswith theproposedmethods.

The depth maps obtainedfrom the modeling are not
dense,ascanbeseenby theblackregionsin �gure 3. This
will causethe depthcompensatedwarping to fail, unless
the holesare interpolatedproperly. Figure 5 shows ren-
deringresultsby view interpolationfrom adjacentcamera
views. Thetop imageshowsrenderingresultswith thefour

bestrankedcamerasanddepthinterpolation,usingVDGT.
It canbeseenthatthewrongdepthrangein thebackof the
archwayleadsto blendingartifacts,seenasaslightblur due
to inconsistentdepthin thedifferentcameras.However, the
impressionof the imageis quite smoothand the artefacts
arenot very visible. In the bottomimage,renderingwith
MLM givesasharperimpressionasthedepthbuffer selects
the nearestmodelsurfaceonly, but dueto inconsistencies,
theimageappearsinconsistentin somepartsandsomeholes
remain.

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

4 CONCLUSIONS

We have presenteda systemfor theautomaticIBR from
uncalibrated,handheldimagesequences.Thecamerapath
was calibratedand nearly densedepth mapswere com-
puted,leaving a setof calibratedandtextureddepthmaps
for depth-compensatedinterpolation.



Two differentmethodsfor view interpolationwere dis-
cussed.Therenderingresultsshow thatthegeneratedqual-
ity is still not suf�cient for seamlessrenderingfrom arbi-
trary extrapolatedimagepositions. One issueto investi-
gatefurther is theproperhandlingof unmodeleddepthre-
gionsandtheproblemof globalseamlessintegrationof lo-
calmodels.

Acknowledgments

This work wasfundedpartially by theEuropeanprojects
IST 2000-28436ORIGAMI andIST-2003-2013MATRIS.

References

[1] J.-F. Evers-Senneand R. Koch. Imagebasedinter-
active renderingwith view dependentgeometry. In
Eurographics2003, ComputerGraphicsForum.Euro-
graphicsAssociation,2003.

[2] J.-F. Evers-SenneandR.Koch.Imagebasedrendering
from handheldcamerasusingquadprimitives. In Vi-
sion,Modeling, andVisualizationVMV: proceedings,
Nov. 2003.

[3] J.-F. Evers-Senneand R. Koch. Interactive render-
ing with view-dependentgeometryand texture. In
SketchesandApplicationsSIGGRAPH2003, 2003.

[4] J.-F. Evers-Senne,J.Woetzel,andR.Koch.Modelling
andrenderingof complex sceneswith a multi-camera
rig. In 1st EuropeanConferenceon Visual Media
Production(CVMP2004),London,UnitedKingdom,
March2004.

[5] W. Förstner. A featurebasedcorrespondencealgo-
rithm for imagematching. In InternationalArchives
of PhotogrammetryandRemoteSensing, volume26-
3/3,pages150–166.Rovaniemi,1986.

[6] C. Harris andM. Stephens.A combinedcornerand
edgedetector. In 4thAlvey VisionConference, Manch-
ester, pages147–151,1988.

[7] R. Hartley andA. Zisserman.Multiple View Geome-
try in ComputerVision. Cambridgeuniversitypress,
2000.

[8] R. Koch and J.-F. Evers-Senne.View synthesisand
renderingmethods.In 3D VideoCommunications. Wi-
ley, 2005.

[9] R. Koch, J. Frahm,J.-F. Evers-Senne,and J. Woet-
zel. Plenopticmodelingof 3d sceneswith a sensor-
augmentedmulti-camerarig. In TyrrhenianInterna-
tional Workshopon Digital Communication(IWDC):
proceedings, Sept.2002.

[10] R. Koch, M. Pollefeys, andL. V. Gool. Multi view-
point stereofrom uncalibratedvideo sequences.In
Proc. ECCV'98, number 1406 in LNCS, Freiburg,
1998.Springer-Verlag.

[11] M. Pollefeys, R. Koch, and L. J. V. Gool. Self-
calibrationandmetric reconstructionin spiteof vary-
ing andunknowninternalcameraparameters.Interna-
tional Journalof ComputerVision, 32(1):7–25,1999.

[12] J.Shi andC. Tomasi.Goodfeaturesto track. In Con-
ferenceon ComputerVision andPatternRecognition,
pages593–600,Seattle,June1994.IEEE.

[13] J.WoetzelandR. Koch. Real-timemulti-stereodepth
estimationon GPU with approximative discontinuity
handling. In 1stEuropeanConferenceon Visual Me-
dia Production(CVMP 2004),London,United King-
dom, March2004.


