1

Hybrid geometry-andimage-basedendering(GIBR) methodsareusefulfor synthesizingphoto-
realisticimagesof real-life ervironments(e.qg., buildings andcities). Ratherthanmodelinggeo-
metricdetailsandsimulatingglobalillumination effects,asin traditionalcomputergraphicsonly
a coarselydetailed3D modelis constructedand photographsare taken from a discreteset of
viewpointswithin the ervironment. The calibratedohotographiégmagesaremappedntothe sur
facesof the 3D modelto constructa representationf the visualappearancef geometricdetails
andcomple illumination effectson eachsurface. Then,novel imagescanbe renderedor arbi-

trary viewpointsduring an interactve visualizationsessiorby reconstructiorfrom thesehybrid
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Abstract

Hybrid geometry-andimage-basethodelingandrenderingsystemsisephotographsaken
of areal-world ernvironmentandmappedntothesuriacesof a3D modelto achieve photoreal-
ism andvisualcomplity in syntheticimagesrenderedrom arbitraryviewpoints. A primary
challengein thesesystemss to develop algorithmsthat map the pixels of eachphotograph
efficiently ontothe appropriatesuriacesof a 3D model,a classicalvisible surfacedetermina-
tion problem. This paperdescribesn object-spacealgorithmfor computinga visibility map
for a setof polygonsfor a given cameraviewpoint. The algorithmtracespyramidalbeams
from eachcameraviewpoint througha spatialdatastructurerepresenting polyhedralcorvex
decompositiomf spacecontainingcell, face,edge andvertex adjacenciesBeamintersections
arecomputeddnly for the polygonalfacesonthe boundaryof eachtraversedcell, andthusthe
algorithmis output-sensitie. Thealgorithmalsosupportsfficientdeterminatiorof silhouette
edgeswhich allows animage-basethodelingandrenderingsystemto avoid mappingpixels
alongedgeswhosecolorsarethe resultof averagingover seseral disjoint surfaces. Results
reportedfor several 3D modelsindicatethe methodis well-suitedfor large, densely-occluded
virtual ervironments suchasbuilding interiors.
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geometry-andimage-basedepresentationsl his methodallows photorealistiamagesto be gen-
eratedof visually rich andlarge ervironmentsover awide rangeof viewpoints,while avoiding the
difficultiesof modelingdetailedgeometryandsimulatingcomple illumination effects.

Applicationsfor GIBR systemdnclude educationcommercetraining, telepresenceanden-
tertainment. For example,grammarschoolstudentscan usesucha systemto “visit” historical
buildings, temples,and museums.Real estateagentscanshov a potentialbuyer the interior of
a homefor saleinteractvely via the internet[20]. Distributedinteractve simulationsystemscan
train teamsof soldiers,fire fighters,and other peoplewhosemissionsare too dangerousr too
expensve to re-creatan therealworld [3, 26]. Entertainmenapplicationscansynthesizgphoto-
realisticimageryof realworld ervironmentsto generatemmersve walkthroughexperiencegor
virtual travel andmulti-player3D gamed21].

Theresearclthallengesn implementinganeffective GIBR systemareto constructstore,and
re-samplea 4D representatiofior the radianceemanatingrom eachsurface of the 3D model.
Previousrelatedmethodsdatebackto the movie-mapsystemby Lippman[25]. Greeng18] pro-
poseda systembasedon environmentmaps[2] in which imagescapturedirom a discretesetof
viewpointsareprojectedonto the facesof a cube. ChenandWilliams [6] describeda methodin
which referencamagesareusedwith pixel correspondencaformationto interpolateviews of a
sceneDebevecetal. [9, 10 developedasystenin which photographsvereusedo construce3D
modelmadefrom parameterizetuilding blocksandto construct “view-dependentexture map”
for eachsurface.Gortleretal. [17] usedapproximate8D geometryto facilitateimagereconstruc-
tion from their4D LumigraphrepresentationCoomg [7] constructederticalfacadesrom multiple
photographsand mappeddiffuseimageryonto the surfacesfor interactve visualization. Several
walkthroughapplicationsandvideo gamesapply 2D view-independenphotographidexturesto
coarse3D geometry[22]. Otherrelatedmage-basedepresentationgresurweyedin [8], including
cylindrical panoramdb, 28], Light Fields[24], andlayereddepthimaged33].

An importantstepin constructinga GIBR representatiois to mappixel sampledrom every

photograplontothesurfacesof a 3D model. Thechallenges to developalgorithmsthatdetermine



which partsof which 3D surfacesarevisible from thecameraviewpoint of every photographThis
is aclassichiddensurfaceremoval (HSR) problem but with a uniquecombinatiorof requirements
motivatedby GIBR systems.First, unlike algorithmscommonlyusedin computergraphics.the
HSRalgorithmmustresole visible surfaceswith object-spac@recision Image-spacalgorithms
may causesmallsurfacesto be missedor radiancesamplego be misalignedon a surface,causing
artifactsandblurringin reconstructeimages.

Secondthealgorithmshouldcomputea completevisibility mapfor eachphotographencoding
notonly thevisible surfacesbut alsothe visible edgesandverticeswith their connecwities onthe
view plane. Fromthe visibility map,a GIBR systemcandetectpixels covering multiple disjoint
surfaces(e.g., along silhouetteedges)and avoid mappingthemonto ary single surface,which
causesioticeableartifactsin resampledmages.As an example,considerthe situationshown in
Figurel. Theimageon theleft shavs a “photograph”takenwith a syntheticcameraof a simple
3D model comprisingtwo roomsconnectedoy a door  Using a standardHSR algorithm (e.qg.,
z-huffering), pixels alongthe silhouetteedgeon the left side of the doorway might be mapped
ontothewall, floor, andceiling of the smallerroom, eventhoughtheir colorspartially represent
contritutionsfrom the edgeof the doorframe. Theresultis a“line” of incorrectlycoloredpixels
in resampledmages(showvn in theimageontheright). TheHSRalgorithmmustdetectsilhouette
edgessothattheseartifactscanbe avoided.

Third, the HSR algorithm must scaleto supportvery large 3D models. Typical modelsof
interestingreal-world ervironmentscontainmary polygons,mostof which areoccludedfor ary
given cameraviewpoint. For example,considerthe building shavn in Figure2. Theleft image
shaws a building (SodaHall) from the exterior, while the right one shows the floorplanfor one
of seven floors. The entire 3D model containsaround10,000polygons. Yet, for mostcamera
viewpoints, more than 95% of them are hiddenfrom view. To be effective for suchlarge and
denselyoccluded3D models,a hiddensurfaceremoval algorithmmustbe outputsensitive That
is, the expectedcaserunningtime shoulddependonly on the compleity of the visible portion of

themodel,notonthesizeof theentiremodel.



Originalimage Reconstructednage

Figurel: Image(onleft) mappedntosurfacesof simple3D modelwithoutdetectiorof silhouette
edgedeadsto artifactsappearingasa“line” of partially yellow pixelsonwall, floor, andceilingin
areconstructe@mage(onright).

Figure2: A building (left) andafloorplan(right). Thevisibility for severalcameraviewpointsare
shown in cross-hatclpatternsn thefloorplan.



Finally, the algorithmshouldbe tunedto acceleratevisible surfacedeterminatiorfor multiple
cameraviewpointsin asingleexecution.SinceGIBR systemaisemary photograph$or construct-
ing a GIBR representatiorthe costof precomputinga spatialdatastructureto acceleratédidden
surfaceremoval cangenerallybe amortizedover mary computationgor differentviewpoints.

Despitethe long history of prior work in hiddensurface and hiddenline removal in com-
putergraphicg34] andcomputationageometry[13], therearenot currentlyalgorithmsthatmeet
all the requirementof a GIBR system. Researchn computergraphicshasfocusedmostly on
HSR algorithmsfor imagesynthesisat screenresolution. Examplemethodsinclude priority or-
dering[15, 31], recursve subdvision [36, 38], anddepthbuffering [4]. Meanwhile,researchn
computationabeometryhasfocusedmostly on proving asymptoticcompleities of object-space
algorithms. Lower anduppercompleity boundsfor the hiddensurfaceandhiddenline removal
problemshave beenprovento be quadratian the numberof polygonboundariesandalgorithms
have beendescribedwith optimal performancgll, 27, 32]. Yet, thereis a dearthof practical
object-spacalgorithmswith attractve expected-casperformance.

Debevec et al. [10] recentlydescribeda visibility algorithmfor a GIBR systemusing both
image-spacand object-spacenethods. First, for eachcameraviewpoint, polygonIDs areren-
deredwith a z-buffer into anitem buffer [37] forming animage-spaceepresentationf thevisible
surfaces. Then, for every front-facingpolygon in the 3D model, a uniform samplingof 3D
pointsis projectedontotheimageplaneandchecledagainsthe correspondingntriesin theitem
buffer to form alist of polygonsoccluding . For eachsuchoccluder s clippedin object-space
againstplanesformedby the cameraviewpoint andthe occluders boundary The problemswith
this methodarethatit is not object-spacerecise,potentially missingoccludersnot found by a
discretesetof samplesjt is not output-sensitie, clipping every front-facing polygonagainstall
its occluders;and, it doesnot detectsilhouetteedges potentiallyleadingto visibility artifactsin
reconstructe@mages.

The contribution of this paperis an algorithmthat computesa visibility mapfor anarbitrary

cameraviewpoint. The basicideais to trace pyramidal beams[19] recursvely from a camera



viewpoint througha precomputedpatialsubdvision of cells (corvex polyhedra)connectedy
“portals” (transparenboundariedetweercells). Joneq23] hasusedthis methodto solve a hid-
denline removal problemfor imagegenerationTeller [35] hasusedit for occlusionculling in an
interactve walkthroughsystem,and Funkhouseet al. [16] have usedit for acousticmodeling.
A similar methodhasrecentlybeendevelopedby Fortune[14] for simulationof radiofrequeng
wave propagation.We extendthe recursve beamtracingmethodto computea completevisibil-
ity mapfor a setof cameraviewpointsandapply it to mappingphotographonto surfacesin a
GIBR system.Thealgorithmexecutesat object-spac@recision,t is ableto find silhouetteedges
efficiently, andits executiontime is output-sensitie for eachcameraviewpoint after an initial

precomputation.

2 System Organization

The organizationof our completeGIBR systemis shavn in Figure3. Theinputto the systemis:
1) a 3D polygonalmodelof the environment,and?2) a setof photographiégmagescalibratedwith
3D cameraviewpoints. The outputis a sequencef syntheticimagesgeneratedn real-timeasa

simulatedobserer movesthroughthe environment.
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Figure3: Organizationof GIBR system.
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The systemis divided into four phasesthreeof which performoff-line computationgo pre-
procesghe input data. During the first preprocessinghase a spatialsubdvision datastructure
is constructedo representhe topologyandgeometryof the 3D model. Next, beamsaretraced
throughthe spatialsubdvision to computea visibility map for eachcameraviewpoint. Then,
duringthe third andfinal preprocessinghasethe visibility mapsareusedto mapregionsof the
calibratedmagesonto 3D polygonsto createa setof radiancemapsrepresentinghe 4D radiance
emanatingrom eachsurfaceof the 3D model. Finally, during the fourth phase syntheticimages
aregeneratedrom theradiancamapsatinteractve ratesfor anarbitraryviewpointmoving through
the 3D modelunderusercontrol.

In this paper we focuson the first two phasef the system: spatialsubdvision and beam
tracing. The goalof thesetwo phasess to computea visibility mapfor eachcameraviewpointso
that photographiaadiancesamplescanbe mappedonto the surfacesof the 3D model. Detailed
description®f thelasttwo phasesrepurposelyomittedin this discussionAlthoughwe currently
useaview-dependentiexturemapto storetheradianceanapfor eachsurface(asin [10]), thereader
canimagineuseof ary GIBR representationf the 4D radianceemanatingrom eachsurfaceof
a 3D modelthat can be constructedrom a setof photographsaugmentedvith corresponding
visibility maps.e.qg.,Light Fields[24] or Lumigraphg17].

Theremaindeof this paperprovidesdetaileddescription®f our spatialsubdvisionandbeam
tracingdatastructuresandalgorithms followed by resultsof experimentswith several 3D virtual

ernvironmentsandabrief conclusion.

3 Spatial Subdivision

During the first preprocessinghase,our systembuilds a spatialsubdvision representing de-
compositionof 3D space which we call a winged-pair datastructure. The goal of this phases
to partitionspacanto corvex polyhedralcellswhoseboundariesrealignedwith polygonsof the
3D input modelandencodethe topologicaladjacencie®f the cellsin a datastructureenabling

output-sensitie traversalsof sightlinesthrough3D space.



The winged-pairdatastructureis motivatedby the well-knovn winged-edgedatastructure
describedby Baumgar{1]. Thedifferences thatthewinged-pairdescribesopologicalstructures
onedimensionhigherthanthewinged-edgeWhile the winged-edgeepresents 2-manifold,the
winged-pairrepresents 3-manifold. The readercanthink of the winged-pairdatastructureasa
setof “gluedtogether’'winged-edgelatastructureseachrepresentinghe 2-manifoldboundaryof
asinglecell.

The winged-pairrepresentations also similar to the facet-edgeepresentatiomescribedoy
DobkinandLaszlo[12]. Bothencoddace-edgeface-ace,andedge-edgadjacenyg relationships
in a setof structuresorrespondingo face-edgepairs. The differenceis that Dobkin andLaszlo
storea separatestructurefor eachuniquepair of faceand edgeorientations. For mostpractical
purposesthe differenceis insignificant,similar to the one between2D quad-edgeand winged-
edgestructuresAlthoughstoringseparatetructuredor differentorientationsaneliminatea few
conditionalchecksduringtraversaloperationsit requiresextra storage- a straight-forvardtrade-
off betweerntime andspace.We chooseto storeexactly onestructurefor eachface-edgepair in
ourwinged-pairrepresentatioto simplify codeextensionsanddehugging.

Pseudocoddeclaration$or thewinged-pairstructureareshovn in Figure4. Topologicaladja-
cenciesareencodedn fixed-sizerecordsassociatedith verticesedgesfacescells,andface-edge
pairs. Every vertex storesits 3D locationanda referenceao oneattachededge,every edgestores
referenceso its two verticesandoneattachedace-edgeair, eachfacestoreseferenceso its two
cellsandoneattachedace-edgeair, andevery cell storesa referenceo oneattachedace. The
face-edg@airsstorereferenceso oneedge andtooneface alongwith adjaceng relationships
requiredfor topologicaltraversals.Specifically they storereferencegspin) to thetwo face-edge
pairsreachedy spinning around clockwiseandcounterclockwise(seeFigure5) andto the
two face-edgeairs(clod) reachedy moving around in clockwiseandcounterclockwisedi-
rectionsfrom (seeFigure5). Theface-edggair alsostoresa bit (direction) indicatingwhether
the orientationof the verticeson the edgeis clockwiseor counterclockwisewith respecto the

facewithin the pair.



classVertex
Pointposition;
Edge*edge;

classedge
Vertex *vertex|[2];
Pair *pair;

classFace
Cell *cell[2];
Pair *pair;

classCell
Face*face;

classPair
Face*face;
Edge*edge;
Pair *clock[2];
Pair *spin[2];
Bit direction;

Figure4: Winged-pairdeclarations.

Clock(Pair(F,E),CWF F,|
Clock(Pair(F,E),CCW=F,B
Spin(Pair(F,E),CW¥F Fq,E
Spin(Pair(F,E),CCWF R,E

Figure5: Pair-pairreferences.



Thesesimple, fixed-sizestructuresmake it possibleto executeoutput-sensitie topological
traversalsthroughcell, face,edge,andvertex adjacenyg relationships.For instance finding all
facesontheboundaryof agivencell requires time,where and arethenumbers
of facesandedgesattachedo the cell, respectrely. As in winged-edgdraversalsin 2D, simple
conditionalstatementsreoftenrequiredto checkthe orientationof eachstructurebeforemoving
to the next. For instanceo find the cell adjacento anotheracrossa givenface,the C++ code

lookslik e this:

Cell *CellAcrossFace(face*face,Cell *cell)

return(cell ==face cell[0]) ? face cell[1]: face cell[0];

We build the winged-pairdatastructurefor any 3D model using a Binary SpacePartition
(BSP)[15], arecursve binarysplit of 3D spacéanto convex polyhedrakegions(cells) separatetty
planes.To constructhe BSR werecursvely split cellsby candidatelanesselectedy themethod
describedn [29]. As BSPcellsaresplit by apolygon , thecorrespondingvinged-paircellsare
split alongthe planesupporting , andthefacesandedgeson the boundaryof eachsplit cell are
updatedo maintaina 3-manifoldin which everyfaceis corvex andentirelyinsideor outsideevery
input polygon. As facesarecreatedthey arelabeledaccordingto whetherthey areopaquecoin-
cidewith aninputpolygon)or transparengsplit freespace) Thebinarysplitting processontinues
until noinput polygonintersectgheinterior of ary BSPcell, leadingto a setof corvex polyhedral
cellswhosefacesareall corvex and cumulatvely containall the input polygons. The resulting
winged-pains corvertedto anASCII representatioandwrittento afile for useby laterphase®f

the GIBR system.

4 Beam Tracing

In the secondohaseof our GIBR systemwe usea beamtracingalgorithmto computea visibility

mapfor every photograph Beamscontainingfeasiblesightlinesfrom eachcameraviewpoint are
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tracedvia a depth-firstiraveralthroughthe winged-pairstructure while correspondingorvex re-

gionsof thevisibility maparepartitionedrecursvely. The algorithmis basedon recursve beam
tracingmethodd23, 16, 35, andit is relatedto recursve corvex decomposition$30]. The key

featureis that topologicalinformation storedin the winged-pairdatastructure(edge-aceadja-
cencies)s usedto constructa visibility mapwith topologicalinformationandexplicit silhouette
edges.

Psuedocod®or the beamtracingalgorithmis shavnin Figure6. During thetraversalfor each
cameraviewpoint, the algorithm maintains: a visibility map  (a 2-manifold representinghe
geometryandtopology of facesand edgesvisible to the camera)a currentregion  (a corvex
2D region of the visibility map),awinged-pair  (asdescribedn Section3), a currentcell
(areferenceo a cell in the winged-pairstructure)anda currentbeam  (aninfinite corvex 3D
pyramidal beamemanatingrom the cameraviewpoint containingall sightlinespassingthrough

). Initially, are areinitializedto onerectangularegion enclosingthevisible portionof the
view plane, is constructedrom the 3D modelasdescribedn Section3, is setto bethecell
of  containingthe cameraand is setto the four-sidedpyramid correspondingo the view
frustumof thecamera.

During eachrecursve step,thefunctioncalledTraceBeamgatrtitionsthe currentregion of the
visibility mapinto multiple corvex subrgionscorrespondingo intersection®f the currentbeam
with faceson theboundaryof thecurrentcell. For eachface onthecurrentcell andintersecting
the currentbeam,a corvex region is insertedinto the visibility map. If  is transparent,
is recursvely refinedwith a call to TraceBeams which the currentregion of the visibility map
issetto , thenew currentcell is setto bethecell adjacento acrosdace , andthenew
currentbeam is formedby trimming  to includeonly raysintersecting . Otherwise, is
opaquetherecursve searchalongthis pathterminatesand is marked asa final region of the
visibility mapassociatedith face . Contiguousegionsof thevisibility mapassociateavith the
sameopaquevinged-pairfacearemarked asonefaceduringtheprocess.

A nicefeatureof this algorithmis thatit constructsa representationf thevisibility mapwith
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void TraceBeams()
begin
I Initialization
= Viewpointof camera;
= Visibility map;
= Regionof initially enclosingviewablearea;
= Winged-pairstructure;
=Cellof containingcamera;
= Beamenclosingcameraview frustum;
TraceBeams( );
end

void TraceBeams( )
begin
I/l Considereachfaceon cell boundary
foreachface onboundaryof do
/I Checkif beamintersectgace
if (Intersects(, )then
/I Createnew regionin visibility map
= InsertRgion( , );

/I Recursealongpaththroughtransparentace
if (Transparent()) then
= NeighborCell( );
=NewBeam( , );
TraceBeams( );
endif
endif
endfor
end

Figure6: Pseudocod®or the beamtracingalgorithm.
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bothtopologicalandgeometrianformation. With the exceptionof silhouetteedgesthetopology
of the visibility graphmatcheshe topology of correspondingrertices,edges,andfacesin the
winged-pairstructureaxactly. Silhouetteedgesanbefoundexplicitly by checkingheorientations
of the facesattachedo visible edges,which arereadily available by traversingspin references

storedin thewinged-pairdatastructure.

5 Experimental Results

We have implementedhe algorithmsdescribedn the previous sectionsandthey run on SGI/Irix
and PC/Windows computers. To testthe effectivenessof our methods,we executeda seriesof
testswith several 3D models(shavn in Figure 7). For eachone, we computeda winged-pair
datastructureanda visibility mapfor atleast100cameraviewpointsalonga typical walkthrough

pathwithin the model. All testswererun on a SGI Onyx2 Workstationwith a 195MHz R10000

processar
Rooms M aze Arena
2 roomsconnectedy door Mazewith off-axiswalls Videogameervironment
(20polygons) (310polygons) (665 polygons)
- Ciy . Floor Building
Smallcity with box-shapedbuildings Onefloor of SodaHall Five floorsof SodaHall
(1,125polygons) (1,772polygons) 10,057polygons)

Figure7: Testmodels.
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Resultsof the spatialsubdvision phaseare shovn in Table 1. For eachtestmodel, we list
how mary input polygonsit has(# Polys), alongwith the numbersof cells, faces,edges,and
verticesin the resultingwinged-pairstructureandthe wall-clock time (in seconds}aken by the
spatialsubdvision algorithm.We notethatthe compleity of thewinged-pairgrows linearly with
the numbersof polygonsfor thesemodels. Also, the spatial subdvision processingimes are

reasonablyquick (lessthanone minute), evenfor complex 3D modelssuchasa small city or a

large building.
Test # # # # #
Model | Polys || Cells | Faces | Edges| Verts || Time(s)
Rooms| 20 6 38 66 35 0.26

Maze | 310 315 | 1,485 | 2,113 | 944 0.84
Arena | 665 294 | 2,181 | 3,625 | 1,739 3.96
City 1,125 | 829 | 4,746 | 7,568 | 3,652 3.25
Floor | 1,772 | 808 | 5,773 | 9,623 | 4,659 11.36
Bldg | 10,057| 4,504 | 33,066| 54,459| 25,898| 50.76

Tablel: Spatialsubdvision statistics.

Table2 shaows resultsof the beamtracingphase.Thefirst two columnslist thetestmodeland
how mary inputpolygonst has.Theremainingcolumndist theminimum,averageandmaximum
statisticsmeasureayver all testedcameraviewpointsin eachmodel. Specifically groupsof three
columnslist thenumbersf beamdracedby our algorithm,the numbersf facesandedgesn the
resultingvisibility maps,andthewall-clock times(in millisecondsyequiredby our algorithmfor
eachviewpoint. Fromtheseresults we obsenre thatthe time requiredby our algorithmcorrelates
closely with the numberof beamstraced,and not necessarilywith the numberof polygonsin
the 3D model. For example,althoughthe ‘Floor’ model containspolygonsfor only one of five
floorsin the‘Building’ model,the statisticggatheredluringour testswith bothmodelsaresimilar
becausdhe sameviewpoint pathwas usedandthe complity of the computedvisibility maps
weresimilar. Similarly, althoughthe ‘Building’ modelcontainsaroundninetimesmorepolygons
thanthe‘City’ model(10,057versusl,125),thenumbersof beamdracedthecomputatiortimes,

andthe compleities of thevisibility mapsmeasuredn testsarefar lessfor the ‘Building’ dueto
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the denseocclusionsof walls. Finally, we note thatthe maximumtime requiredto computethe

visibility mapin all ourtestswasa little morethanonesecond.

Test # #Beams # Faces #Edges Time (ms)
Model | Polys || Min | Avg | Max || Min | Avg | Max || Min | Avg | Max || Min | Avg | Max
Rooms| 20 1 2 3 3 10 | 18 6 20 | 36 1 3 6

Maze | 310 2 37 | 100 4 32 | 82 8 64 | 163 | 2 25 60

Arena | 665 10 | 57 | 136 || 33 | 81 | 234 || 66 | 160 | 456 | 23 | 108 | 216
City 1,125 || 15 | 642|1,680| 4 | 166| 382 || 8 | 324| 748 | 15 | 471 | 1,092
Floor | 1,772 || 6 23 54 13 | 67 | 183 || 26 | 132| 361 | 9 31 79
Bldg | 10,057| 6 25 67 13 | 73 | 183 || 26 | 144 | 361 | 10 | 36 97

Table2: Beamtracingstatistics.

Figure8 shavsvisualizationsof our algorithmscapturedrom aninteractve programcomput-
ing the visibility mapfor viewpointsin the ‘City’ model. The top two images((a) and(b)) shav
the winged-pairstructureconstructedy our system.In theseimages every faceis dravn with a
uniquecolor, edgesaredravn assolid white lines,andverticesaredravn asgreendots. Note how
few input polygonsaresplit by binary spacepartitioningplanes.The next threeimages((c), (d),
and(e)) shav views from onecameréflying over the city. As before,every faceis dravn with a
uniquecolor, but computedsilhouetteedgesarealsoshavn aswide white linesin image(d), and
intersectiondetweerbeamsandwinged-pairfacesare shovn asyellow linesin image(e). The
bottom-rightimage(f) shavs abirds-e/e view of the setof surfacegblue polygons)visible to the
viewpoint (looking from the bottom-leftcornerof theimagetowardsthetop-rightcorner)overlaid
with edgesf thewinged-pairstructure(white lines).

The imagesin the bottomrow of Figure 8 illustrate the most significantproblemwith the
recursve beamtracing approach:beamsget fragmentedby cell boundariesas they are traced
throughfree spacd14, 35]. In theory the numberof beamscanbe exponentialin the numberof
winged-pairfacestraversed.In practice,the numberof beamdraceddependon the compleity
of the visible region of the model. As a result,thesemethodsare best-suitedor usein densely
occludedervironments suchasbuilding interiors. In future work, we planto pursuetopological

beamtracingmethodsn which beamsaresplit only at silhouetteedgeqasin [14]).

15



(a) Winged-pairfacegbirds-g/e view). (b) Winged-pairedgesandvertices(birds-e/e view).

(everyfaceis drawn with a uniquecolor) (edgesarewhite, andverticesaregreen)
(c) Winged-pairfaceq(interior view). (d) Silhouetteedgeqinterior view).
(everyfaceis drawvn with auniquecolor) (silhouetteedgesarethick white lines)
Ji
@
(e) Visibility mapcomputatior(interior view). (f) Visible surfacegbirds-e/e view).
(yellow linesshav beam-&ceintersections) (winged-pairedgesarewhite, visible surfacesareblue)

Figure8: Visualizationof winged-pairstructureandvisibility mapcomputedor ‘City’ model.
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6 Conclusion

This paperpresentdatastructuresand algorithmsuseful for mappingimagesonto surfacesin
a hybrid geometry-andimage-basedenderingsystem. Our methodusesa preprocessinghase
to constructa winged-pairdatastructureencodingthe topology and geometryof the 3D input
model. A secondphasetracesbeamsthroughthe winged-pairstructureto find visible surfaces.
Thebeamtracingalgorithmcomputewisible surfaceswith object-spacerecision|t is ableto find
silhouetteedgesefficiently, andits executiontime dependnly on the compleity of the visible
regionfor eachcameraviewpoint. Topicsfor futurework includeinvestigatiorof how topological

relationshipsanbe usedto constructstore,andsampleradiancemapsmoreefficiently.
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