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Abstract

This paperpresentsanimage-baseavalkthroughtechniquewhere
referenceimagesare sparselysampledalong a path. The tech-
nique relies on a simple userinterfacefor rapid modeling. Sim-

ple meshesredrawn to modelandrepresenthe underlyingscene
in eachof the referenceimages. The meshesconsistingof only

few polygonsfor eachimagearethenregisteredby draving a sin-

gle line on eachimage,called modelregistration line , to form an

aligned 3D model. To synthesizea novel view, two nearbyref-

erenceimagesare mappedback onto their modelsby projectve

texture-mapping.Sincethe simplemeshesarea crudeapproxima-
tion to the real modelin the scenejmage featue lines aredravn

andusedasaligninganchordgo furtherregisterandblendtwo views

togetherand form a final novel view. The simplicity of the tech-
niqueyields rapid, “home-made’image-basedvalkthroughs. We

have producedvalkthroughsrom a setof photographso shawv the
effectivenesof thetechnique.

1 Introduction

Creatinganimationor navigation from imageshasbeenan actve

subjectfor years.Image-basedhodelingandrendering(IBMR) is

anemenging graphicsresearcHield of usingimagesto modeland
renderthescend?, 3, 5, 8, 9]. Theadwantageof IBMR is thatthe
tedious3D modelingstageis avoided andtradedby a numberof

precomputedmagesor photographsOn the otherhand,sincethe
complity of image-basedperationds independenbf the scene
compleity, renderingfrom imagesis usuallyfasterthanrendering
comple geometriomodels.

Theplenopticfunction[9] representthewholesetof visibleim-
ageinformationfrom differentviewing positions. Interpolatinga
subsebf sampleviews generates novel view. Much researchas
beenconductedn creatinganimationdrom a smallsetof images.
Every methodhasits constraintson cameraconfiguration thusof-
fering differenttypesof walkthroughswhich canbe classifiednto
threemajorcategories:

Inside-out views:

In a panoramascene[2, 7, 12], photographsare taken from a
fixed cameralocation, by rotating the camera360°. The pho-
tographsarethenregisteredand mappedonto a cylindrical model
forming a panoramidmage(Figure1a). Fromthis panoramiam-
age,renderingsmoothwalkthroughsinto the sceneis not straight-
forward.
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Figurel: Camerasequencesf differentIBMR techniques.

Outside-in views:

Most of theimage-basedenderingtechniquedall into this cat-
egory. In the light field [8], lumigraph [5], and Multi-Center
Of-Projection(MCOP) [10] techniquesthe modelingimagesare
takenby placingthecameraaroundtheobjectof interest.Thenovel
view is createdby interpolationamongtheseimages.This implies
thatthe walkthroughis restrictedto looking at the objectfrom the
outside-in.Figure 1b sketchesthe cameraconfigurationof MCOP
techniques.

Walk-into views:

A recently developed techniquecalled TIP (Tour Into the
Picture)[6] providesa constrainechavigationinto a singleimage.
In thistechniquea simpleunderlyingstructureof the scends con-
structedrom a 2D spiderymeshdravn throughuserinterface.The
cameracanthenbe shiftedto a nearbylocationto rendera novel
view of thescene Thisallowsavirtual touringinto thepicture. The
methodhasdemonstratethata simpleunderlyingscenegeometry
is usuallyenoughto effectively provide somedegreeof navigation
into asingleimage.

In thispapemwe presentitechniqueo generataovel viewsfrom
asequencef referencéamagesalonga paththroughthe scengsee
Figure 1c). Onecamerads usuallyinsidethepreviouscameraview-
ing frustum,shiftedfurthertowardsthe scene Thesesampleviews
form the image-basednodel that representghe scene. The ref-
erencemagesare photographsaken by a regular camerawithout
registeringor calibratingthe viewing positions.Oneimmediateap-
plicationfor this techniquels homeentertainmentOnecanusea
regularcamerdo take asequencef shotswhentouringalandscape
andreconstrucandview a continuoustour at a latertime. It can
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alsobe regardedasa compactrepresentationf a video sequence,
which provide somedegreeof freedomfor navigation.

Handlingcamergpositionchangeshowever, is considerea dif-
ficult problem[2]. Imagemorphingtechniquede.g.,[1]) do not
presere ary viewing transformatioror rigid objecttransformation.
Themethodproposedy Seitzetal. [11] providesviewing transfor
mationfrom oneimageto anotherbut they do nothandlethe case
where one camerais locatedinside the view frustum of another
camera.Chen[2] briefly discussedhis problemby creatingmulti-
ple ervironmentmapsalongthepath. To guarante@ smoothtransi-
tion, neighboringervironmentmapshave to beplacedvery closely
which requiresa large storage.Creatingernvironmentmapsarete-
diousandthe navigation pathis still constrainedTo allow naviga-
tion with more degreesof freedom,one hasto constructaccurate
scenggeometrywhich necessarilynvolvesanadwancedmodeling
interfaceandcameracalibration.Successfulechniquese.g.,in [4],
exploit the constraintghatarecharacteristi¢o architecturakcenes.

The goal of ourwork is to develop a fairly simpletechniqueby
which an end-usercan effectively createwalkthroughsfrom a se-
quenceof photographs.A striking featureof this techniqueis its
simplicity in bothmodelingandrendering,andno requiremenbn
camerecalibration.

Our techniquefirst usesan improved TIP techniqueto createa
simple model for eachreferenceimage. The useralso specifies
model registration lines betweenconsecutie images. To create
a novel in-betweenview, by utilizing the constructednodels,we
projectthereferencémagedo creatawo intermediateviews. Next,
thecorrespondingmagefeaturelinesin theintermediateviews are
usedto apply a morphingtechniqueto blendthe two intermediate
views into thefinal novel view. In contrastto previoustechniques,
herethe userdefinesindependently'separate’modelsfor eachof
thereferenceviews. This significantly simplifiesthe modelingef-
forts, but of coursethe combinationof themodelsyieldsnoticeable
deformationsHowever, thesedistortionsareacceptabléor anave
andfastmodeling.This techniquefollows the spirit of "get 90% of
thework in 10% of the effort”.

2 Algorithm Overview

Theinputto our algorithmis a sequencef views alonga path. To
easeour explanation,we first discussthe caseof only two input
images.Theextensionto threeandmoreimagesds straightforvard.
Giventwo nearbyviews sampledalonga path,asin Figure2, the
algorithmconsistsf thefollowing steps:

Stepl Modeling: Independentlycreatea simple geometryfor
two imagesby emplg/ing a modifiedspiderymesh(Sec.3).

Step2 Model Registration: Registertwo geometriedy placing
the secondgeometryin the world spaceof the first geome-
try model(Sec. 4). This is achieved by computingtwo 3D-
featurelines from userdravn modelregistrationlinesin two
images.

Step3 Renderingand Blending: For eachnovel view, rendertwo
geometriedy projective texture-mappingheoriginalimages
onto the geometries. Meanwhile, projectthe imagefeature
linesin two intermediateviews. Match correspondingmage
featurelinesof referencémagesby warpingtwo intermediate
novel views. Blendthetwo views togetherby a pixel-to-pixel
cross-dissole (Sec.5).

3 Modeling

Theoriginal spiderymeshis toorestrictive in describingnary gen-
eralscenessincethe 3D objectrepresentethy the spiderymeshis

alwaysa cubic’room’. Figure3aandb illustratethe original spi-
derymesh,consistingof floor andceiling, left wall, right wall and
rearwall, eachis perpendicularo its adjacentwall/floor/ceiling.
We relax someconstrainton 2D meshdefinitionto achieze more
flexible 3D modeling,however, without complicatingthe computa-
tion. Thefirst relaxationis thatthe left wall andright wall do not
have to be parallelto eachother This meansthat four horizontal
linesof two walls do notnecessarilyorvergeto a singlevanishing
point. Therefore,in generalthe left andright walls will have two
separateorvernging points. Thedistancebetweerthetwo cornverg-
ing pointsreflectsthe angle betweentwo walls — the larger the
distancethe greaterthe angle. The vanishingpoint now indicates
the camergprojectionon theviewing plane.The secondelaxation
is thattherearwall doesnothave to be parallelto theviewing plane
(i.e. perpendiculato theviewing direction). Yet, the walls arestill
perpendiculato the floor. For a 2D mesh,this indicatesthat the
rearwall (or innerwindow) canbe ary shapeput theintersections
with the left andright walls have to be vertical. Figure3c andd
illustratethe modifiedmeshandits correspondingD model.

The computationof 3D verticesis still similarto [6]. We usea
coordinatesystemin which x pointsto theright, y pointsup andz
pointsto the camerawith origin at the middle point of the bottom
edgeofimage.Wesetthefloorasy = 0. 3D coordinate®f vertices
3 and6 canbe easilyobtained. The vanishingpoint indicatesthe
cameraheightabove the floor. From an estimatedviewing angle,
we canobtainthe distanceto the viewing plane. The vectorfrom
thecamerao vertex 1 ontheviewing plane,calledviewing vector
of vertex 1, will intersectwith the floor. By computingthis inter-
sectionpoint, we obtainthe 3D coordinate®of vertex 1. Similarly,
we solve for vertex 2. Knowing the x andz coordinateof vertex 7
(equalto vertex 1), by calculatingthe intersectiorbetweerthever
ticalline (7,1) andtheviewing vectorfor vertex 7, we gettheheight
of edge(7,1). Similarly, we getthe heightfor edge(8,2). We take
the averageof thesetwo heightsasthe heightfor the ceiling. Now,
the planefunctionsof left andright wall areknown; therefore we
cancalculatethe coordinatedor verticesb, 9, 10,4. From?9, 7, 8,
we knaw the planefunction of the ceiling, thusvertices11, 12 can
becalculated.

Figure 4 shaws the resultson an input image (Figure 4a) us-
ing the modified mesh. In Figure 4a, two corverging points are
stretchedpartsothatthemodeledeft andright walls matchtheun-
derlyingscene Figure4b andc presentwo renderechovel views.

4 Model Registration

Giventwo inputimagemodels,we needto positionthe secondge-
ometryin the 3D coordinatespaceof the first model. lllustratedin
Figure5, themodelingprocedurenow becomes:

Stepl Modeltheblackcorridor(modelA) for imagel, obtaining
verticesl ~ 12.

Step2 Model the red corridor for image2 (modelB) , obtaining
verticesl3 ~ 20.

Step3 Calculatethe transformationof model B to the coordi-
natespaceof model A usingthe userdravn modelregistra-
tion lines andapply the computediransformatiorto vertices
13 ~ 20, unifying the coordinatespaces.

We assumehatthe floor of boththefirst geometryandthe sec-
ondgeometrylies onthey = 0 plane. Thereforeto transformthe
secondgeometryto the 3D coordinatespaceof the first model,we
needto find the orientation(y-rotation) and the depthposition (z
value) of the secondgeometry We assumeno z-rotation,though
thereis no theoreticaldifficulty in supportingit becauset involves



(d) Novel view renderedrom imagel

(e) Novel view renderedrom image2

(f) Final novel view by blending(d) and(e)

Figure2: Algorithm Overview. (a) and(b) shav the original inputimagesandthe modelswe used;(c) shavs theregisteredmodels;(d) and
(e) shav anovel view from eachmodel,and(f) shavs thefinal blendedmages.

a 2D imagerotation. To achieve this, we let the userdrawv two
pointson thefloor of boththefirstimageandthe secondmage.A
third pair of points can be usedto determinethe x-rotation. The
userappliesa shorttrial and error methodologyto align the two
geometriegogether

Figure6 illustratesa top view of registeringthreeimagemod-
els. Theuserdravs modelregistrationlinesin consecutie images.
Using TIP-stylemodels 3D linescanbe computedrom theseuser
dravn 2D lineson thefloor. Giventwo lineslike the magentaz, b
line in Figure 6(a) andit’'s matchin Figure 6(b) in two consecu-
tive images,we canobtaina transformatiormatrix M by solving
equationM (a’,b") = (a, b).

5 Image Blending

When creatingnovel views from a point betweenthe COP (Cen-
ter of Projection)of model-Aandthe COPof modelB, A smooth
transitionfrom model-Ato model-Bis desirable.

The TIP-stylemodelingtechniquethatwe useis a simplemod-
eling techniquethat gives pleasingvisual results. Its disadwantage
is thatit is a very roughestimationof the underlying3D geometry
Eventhoughwe have registeredthe two models,simply rendering
two modelsandblendingtwo intermediatémagesproduceghost-

like effectasonecanseein Figure7. To overcomethis problem the
userregistersmatchingfeaturesin the two inputimages by draw-
ing pairsof lines,oneoneachreferencémage.To easehedraving
of theseémagefeaturelines, anedge-detectiois appliedto thetwo
inputimagesandthe usermarkpairsof correspondindines.

To renderthe combinedmodel,we rendereach3D modelfrom
thenovel viewpointindependentlyThenwe projecttheimagefea-
turelinesof thetwo modelsto find their 2D coordinateén thenovel
view, andthenwe blendthe two imagesusingfeature-basednage
morphingtechnique[1]. To simplify the explanation,we assume
thatthemajormaovementdirectionis alongthe Z-axis, thetime¢ of
the morphis computedas ’;;:2 , wherez; is the z coordinateof
the COP of the first modeland z; is the z coordinateof the COP
of thesecondmodel.In practice we would like to male the transi-
tion time short,thereforewe usea non-linearfunctionto represent
blendingweightfor the secondmage,describedas:

0, t<ts

1, t>1.0
%, otherwise
time of morph,e.g.,0.8.

weight = , Wheret, is the starting
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Figure3: Original (a,b) andmodified(c, d) spiderymesh.

6 Implementations and Results

The navigation systemhastwo modesof operation;thefirst is the
modeling mode where the user dravs spidery meshesregisters
them, and draws pairs of modelregistrationlines andimagefea-
turelines. Thesecondmodeis the interactive walkthroughmode,
wherethe usercannavigatethroughtheimages.

A typicalmodelingprocedureakesthefollowing stepsusingour
userinterface:

Model the first image, by drawving thebackpolygonandfour rays
thatareoriginatingfrom the cornersof thebackpolygon.The
four raysandthe backpolygon, definethe floor, ceiling and
theleft andright walls.

Model the secondimage, usingthesameechniqueasthefirstim-
age.

Model Registration. Theuserdrawvs aline onthefloor of thefirst
imageandaline onthesecondmage bothlinesareexpected
to overlap.

Featureregistration. The userdraws pairsof lines on important
featuresof thescene.

The techniquewe have presentedn this paperallows ama-
teurs,home-userso createwalkthroughsfrom a sequenc®f pho-
tographs. The userinterfacefor the modelingand registrationis
simpleenoughsothata usercanmodelasmallsequencef images
in afew minutes. The simplicity of the modelingproducescrude
3D geometrieswhich preventsan accurateregistration of multi-
ple images. Applying standardmage-spacenorphingtechniques
compensatefor theill modelingandregistration.

Applying the navigationsystemis the only way to appreciatehe
results*. Thesemoavies demonstratehe transitionthroughpho-
tographswhile navigatingandchangingthe positionanddirection
of thecamera.

The navigation systemis implementedon a PC-pentiumplat-
form with the OpenGLgraphiclibrary. It usuallytakesafew min-
utesfor a userto preparea navigation, i.e., draving the modeland
feature-linesRenderingwo intermediateviews of 256 x 256 takes
lessthanhalf a secondandthe imagemorphtakesaboutonesec-
onds.Thecurrentlyimplementationis not optimized,anda signifi-
cantaccelerations expectedby optimizingthealgorithms.

Oneapproactto improve theregistrationis to automaticallyre-
constructhe 3D geometryof thescenaisingcomputesvisiontech-

*The movies can be found on the project web-site
at http://wwwmath.tau.ac.itb shachariNTSV/ntsvhtml, or
http://Iwwwcs.sugshedu~-baoquan/ntsidex.html
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Figure4: Renderingisingmodifiedspiderymesh.
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Figure5: Registrationof two imagemodels.

nigues. Creatingnovel views from suchmodelshasthe potential
to produceaccurateandhigh-qualityimages.However, thesetech-
niguestendto beinsatiableandmight produceerrorsin somecases,
whereasour techniquegivesup accurag for guaranteedanoderate
results.Semi-automati@D reconstructioriendsto betoo involved
and may consumea lot of time from an inexperienceduser Our
approacttakesthe otherextremeby providing a rapid prototypeof
the 3D modelthatproduceseasonableisual effects. An interest-
ing featureof our modelis thatopposedo traditionalimage-based
renderingiechniquesthereareno holesin our system.

We arenow consideringexploring applicationsof the technique

to movie sequencesThe ideais to allow oneto have freedomto

navigateinsidea movie while watchingit. We arealsointerestedn

usingthe morphtechniqueto registera sequencef imagesthatare
acombinationof pathsamplingandpanoramaThis will addmore
flexibility to thetechniquewhichwill expandtherangeof images
thetechniquecanbeappliedto.
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