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Abstract

The paperpresentsthe resultsof the project GISMO, which
aimedon generatingandinteractively visualisinga 3D urban
landscapemodelof the city of Stuttgart,Germany. With re-
spectto thedesired�e xibility to supportwalkthroughand�y-
overapplications,acombinedapproachusingcontinuouslevel
of detail,theimpostortechniqueandamethodfor generalizing
3D building modelswasusedto speedup thevisualization.To
reducethecostsof theproject,thedatacollectiontoolsandthe
visualizationenvironmentwas built solely with open-source
software.
Keywords: UrbanLandscapes,OpenSceneGraph,Impostors,
TerrainRendering,3D Generalization.

1 Intr oduction and RelatedWork

Theadvancesin automaticdataacquisitionof urbansceneries
have leadto anincreasingamountof datacoveringlargeareas.
Better and larger modelsare importantfor applicationareas
like urbanplanning,emergency response,tourism,entertain-
ment,traf�c management,constructionof large-scaleprojects,
andeducation. In theseareasthe interactive visualizationof
theurbanmodelsis of greatimportancefor anin-depthanaly-
sisof thedataset.
In the recentpast,mainly threemethodsto managereal-time
visualizationof entirecity modelshave beendescribed.First
the moretraditionalsystemsreducegeometriccomplexity by
appropriateLOD selectionandmanagement[13]. Secondly,
thereexist a varietyof imagebasedalgorithmswhich improve
renderingperformance.Herethe impostor[6, 7, 8] basedap-
proaches[9] arevery populardueto their simplicity andhigh
performance. And �nally , ef�cient occlusionculling algo-
rithms [11, 12] have beendevised for the specialapplication
areaof urbanlandscapes.

2 Moti vation

In public institutionstheneedfor high-performancevisualiza-
tion systemsat low cost hasbeengrowing in the last years.
Many of the largercities (suchasGraz,Vienna,Saarbr̈ucken
andStuttgartto nameonly a few in CentralEurope)have been
collectingdigital urbandata,but do not have ef�cient visual-
izationenvironmentsthatcouldeaseurbanplanningfor exam-
ple.
In our speci�c case,the city of Stuttgarthasacquireda large
city model and now hasthe demandfor visualizing the city
modelatlow cost.Optimally, thevisualizationsoftwareshould

run on every up-to-datePC equippedwith suf�cient memory
anda commoditygraphicsaccelerator.
In orderto evaluatethe applicability of our aims, the project
GISMOwassetupfor the”Real-TimeVisualizationof 3D Ur-
banLandscapes”.Theprojectwascarriedoutasacooperation
of theVIS Groupandtheifp at theUniversityof Stuttgart.For
thereductionof costswe plannedto useopen-sourcesoftware
andcommoditygraphicshardware.With respectto thedesired
�e xibility thesupportfor bothwalkthroughand�yo ver appli-
cationswasanadditionalgoal.Sinceocclusionalgorithmsare
ef�cient for walkthroughsbut do not yield high performance
gainsfor �yo vers,wereckonedthattheuseof impostorswould
bethemostpromisingtechniquefor our projectasoutlinedin
Section6. We alsochooseto gainperformanceby usinggeo-
metricalsimpli�cation algorithmsfor the buildings,but since
our buildings consistof only oneto a few dozenof triangles
on the average,it is dif�cult to gain signi�cantly more per-
formancewithout alteringthebuildings' appearance(seeSec-
tion 8 for moreinformationon this topic).

3 Data Acquisition

The datasetthat we usecontainsthe visual representationof
thecity of Stuttgartandthesurroundingareaof thesize50� 50
km. It includesa3D city modelprovidedto usby theCity Sur-
veying Of�ce of Stuttgart,digital terrainmodelsataresolution
of 10meterfor theextentof theinnercity and30meterfor the
surroundings.The correspondingaerial andsatellite images
haveagroundpixel resolutionof 0.8and5 meter, respectively.
The coveredareais chosenso that the visualizationstretches
asfar asthevirtual horizon.
The 3D city modelof Stuttgartwasphotogrammetricallyre-
constructedin a semi-automaticprocess.For datacapturing,
thebuilding groundplansfrom thepublicAutomatedRealEs-
tateMap (ALK) andthe3D shapesmeasuredfrom aerialim-
ageswereused[10]. Theresultingwireframemodelcontains
thegeometryof 36,000buildingscoveringanareaof 25 km2

meaningthatalmostevery building of thecity andits suburbs
is included(alsocompareFigure1). The overall complexity
of the modelamountsto 1.5 million triangles. In additionto
themajorityof relatively simplebuilding models,somepromi-
nentbuildings like the historicalNew Palaceof Stuttgartare
representedby 3,000(andmore)triangles.
To improve thevisualappearance,we capturedthefacadetex-
turesof 500 buildings that arelocatedin the main pedestrian
area.Approximately5,000groundbasedclose-upphotographs
of the building facadeswere taken using a standarddigital
camera. The textureswere extractedfrom the images,per-
spectively corrected,recti�ed, and manually mappedto the



Figure 1: Overview of the Stuttgart city model. A total
of 36,000 building models are available for the densely
populated area bordered by the woods at the top and
bottom of the image.

correspondingplanarfacadesegments. To simplify the task
of texture placement,we decidedto extendour visualization
environmentwith a specializedcomponent.The userselects
the facadeand the correspondingtexture, which is then ini-
tially snappedto the boundingbox of the geometry. A user
controlledaf�ne transformationpreciselyadjuststhe�nal tex-
turecoordinates.Usingthis approach,we managedto process
theaforementioned500buildings in roughly20 man-months.
Becauseof the large size of the original texture dataset,we
down-sampledthetexturesto aresolutionof approximately15
centimetersperpixel. Buildingswith no realcapturedfacade
textureswere�nally coloredrandomlywith differentcolorsfor
thefacadeandtheroof.

4 Visualization Techniques

Due to the large amount of geometryand texture data, a
brute force renderingapproachis not suitedeven for current
high performance3D graphicsaccelerators.It is thereforein-
evitable to useaccelerationtechniqueslike visibility culling,
level-of-detail(LOD) representationsandimagebasedrender-
ing in orderto speedup thevisualizationprocess.
Occlusionculling is a very populartechniquefor urbanwalk-
throughs.It is especiallyef�cient in situationswherelargear-
easareoccludedby close-bybuildings. Sincethis is not our
main applicationscenario,this techniquewas, however, not
realized. Insteadwe decidedto usean image-basedrender-
ing approachfor thevisualizationof thebuilding objects.By
theuseof impostors,boththegeometryandtheamountof the
highly detailedfacadetexturesthatarevisible in thesceneare
reducedduringrendering.

5 OpenSceneGraph

The OpenSceneGraph (OSG), which recentlyhasbecome
a powerful alternative to traditional tools like Performer, in-
tegratesthe impostorconceptas a specializedlevel-of-detail
nodewhich is usableright out of the box. The OpenScene
Graph is a cross-platformC++ / OpenGL library for real-
time visualization. It is developedandmaintainedmainly by
RobertOs�eld and is freely availableunderthe GNU LGPL

at [3]. WeuseOSGbecausethelibrary notonly featureshigh-
performancerenderingcapabilitiesand excellent supportfor
PC graphicsaccelerators,but also offers a variety of utility
classeslike GUI support,cameramanipulators,picking func-
tionality andloadersfor many commondataformats.
Themostimportantreasonfor choosingOSGhowever wasits
cleandesign,the extensibility andalsothe OSGsourcecode
which wasavailableright from the startof our project. Hav-
ing the codeon-handwe wereable to develop a �rst impos-
tor implementationfor OSGbasedon theoriginal paperof G.
Schau�er[6]. Ourprototypeperformedwell enoughsothatthe
impostorswerelaterintegratedinto theof�cial OSGrelease.

6 Impostors

Impostorsareanimage-basedrenderingtechnique.Likeabill-
board,animpostorreplacesacomplex objectby animagethat
is projectedonatransparentquadrilateral.A commonexample
for theuseof billboardsis thevisualizationof trees.Provided
that theviewer stayscloseto thegroundlevel, the imageof a
treeis a goodapproximationof therealgeometryfor all view
points. As theviewer movesaroundthe scene,the quadrilat-
eralis rotatedsothattheimagealwaysfacesforward.Because
billboard imagesarecreateda priori andare thereforestatic,
this techniquecan only be usedfor objectsthat look similar
underrotation.In contrastto that,theimagesof impostorsare
dynamicallygeneratedby renderingtheobjectsthemselvesfor
thecurrentpoint of view. If consecutive viewpointsareclose
together, the impostorimagesof slowly moving objectsthat
are locatedfar from the viewer do not changenotably with
every frame. From this it follows that thoseimpostorimages
can be reusedfor several framesand thereforespeedup the
overall renderingprocess.In OSGthe impostortechniqueis
implementedasa discreteLOD nodeclass. Dependingon a
user-de�ned distancethreshold,the object is either rendered
traditionally or asan impostorimage. The recomputationof
the impostorimageis performedautomaticallyby OSGusing
a very similar error ciriterion asthe oneproposedby Schau-
�er . Texturemanagementis alsodoneautomaticallyby OSG,
so that the userbasicallyonly hasto add an impostornode
above theappropriateobjectsin thescenegraph.
A 3D city modelconsistsof vastamountsof building objects.
In an urbanscene,theseinnatelystaticobjectsextendover a
largeareasothatonly a fractionof theobjectsis actuallyclose
to the viewer. It canbe assumedthat in this context the ma-
jority of the building objectsis locatedfar enoughfrom the
viewer to causefew imageupdatesandcanthereforebevisu-
alizedef�ciently by impostors. The useof impostorsresults
in a texture memoryoverhead,however, becausethe impos-
tor imagesadditionallyoccupy valuabletexture spaceon the
graphicshardware.To limit theadditionalmemoryusage,im-
postorsmustconsequentlynot replacesinglebuilding objects,
but ratherseveralbuildingsthatarelocatedclosetogether.
Weusedaverysimpleapproachto arrangethebuilding datain
ourscenegraph.Thetestareais dividedinto aregular2D grid
andbuilding objectswhosecentroidsarelocatedin the same
cells aregroupedtogether. We alsodid sometestingwith hi-
erarchicallyorganizedimpostors,but did not �nd themto be
superiorin ourcontext. Theadditionalhierarchylevelsnotice-
ablyreducedtheimagequalitydueto multiple �ltering andthe
texturememoryoverheadincreasedevenfurther.



7 Terrain Rendering

For thevisualizationof thedigital terrainmodelon which the
buildingsareplaced,a continuouslevel-of-detail(C-LOD [2])
approachis used.We developeda terrainrenderinglibrary us-
ing C-LOD in a previous project,which wasnamedlibMini.
In the meantimethe library hasbecomeopensourceand in-
tegrateseasily with OSG (by calling the terrain renderright
beforethemainOSGrenderaction).

Thelibrary is licensedunderthetermsof theGNU LGPL and
canbedownloadedfrom thehomepageof theauthor[5]. The
library implementsthe C-LOD approachasdescribedin [4].
It alsoallows suppressingthe poppingeffect which is dueto
theview-dependentsimpli�cation of theC-LOD scheme.The
suppressionof the poppingeffect is achieved by a technique
calledgeomorphing.This is importantsincethe renderingof
thebuildingsconsumesmostof the time sliceandthereis lit-
tle time left to rendertheterrain. As a consequence,theerror
thresholdof theview-dependentsimpli�cation hasto besetto
high valuesto produceasfew trianglesaspossible. Without
geomorphingtherathercoarsetriangulationwould leadto ex-
cessive popping.

Themainadvantageof theuseof thementionedterrainrender-
ing library is that theoriginal terraindata,that is high resolu-
tion height�elds, canbeusedwithout a conversionto triangle
meshes.Dueto theavailability of terraindatafor a largearea
(2,500km2) theviewer is ableto seethe realhorizonbeyond
thecity model.

Becauseof theultra high resolutionof theoriginaldatawe or-
ganizedthe terrain as a 12 by 12 regular grid. Eachtile of
the grid hasa resolutionof 10, 20, 40, or 80 meterdepend-
ing on the distanceto the city center. The texture resolution
is approximately1 meterfor thecity center, andis decreasing
graduallyto 2, 5, and10 metersin theperimeter. TheC-LOD
library supportstiled terrainswith differentgrid resolutionsin
anef�cient way andtakescareof cracksthatmight appearat
the tile borders.Thecorrespondingtexturesof eachtile were
down-sampledin a similar fashionto a maximalresolutionof
approximately1 meter. With S3TC texture compressionthe
texturesaccountedfor approximately52MB of graphicsmem-
ory (208MB uncompressed).

8 Generalization

As notedpreviouslythesimpli�cation of the3D building mod-
elsis dif�cult to yield betterrenderingperformance.Sincethe
vast majority of the buildings consistof only a few quadri-
laterals,the buildings cannotbe simpli�ed any further with-
out alteringtheappearancenoticeably. However, someof the
mostprominentbuildingsin thecity centerof Stuttgartconsist
of a substantialnumberof triangles. For thosebuildings we
have devised an automaticgeneralizationprocess[1] which
eliminatesdataacquisitionartifacts,groupselementsthat lie
in nearly the sameplane,andthrows away small protrusions
while keepingthe building symmetries(seepaperfor more
details). As an example,we reducedthe 2930 trianglesfor
thehistoricalNew Palaceto 1837trianglesaftergeneralization
(seealsoFigure2).

Figure2: Before and after generalization of a 3D building
model. Removed protrusions of the facade of the histori-
cal New Palace of Stuttgart.

9 Results

The experimentalresultshave beenmeasuredon a standard
PCequippedwith a 2.0 GHz Intel PentiumP4processor, 512
MB of memoryandan NVIDIA GeForce4Ti 4200graphics
acceleratorwith 64 MB of graphicsmemory.
Without impostors(frustumculling alone)we achieved 2 fps
brute force renderingperformancefor the entire dataset in-
cluding terrain rendering. EnablingOSG impostorsled to a
speedup thatdependson thesizeof theregularimpostorgrid,
andthusthenumberof usedimpostors.In principle, theper-
formanceincreaseswith thenumberof usedimpostors,but one
shouldnot use too many impostors,sinceOSG hasa com-
putationaloverheadfor each. Onealso hasto keepin mind
thateachimpostorconsumesadditionaltexturememory, which
may have to be pagedin and out of the dedicatedgraphics
memory. On the other hand,decreasingthe numberof im-
postorsby increasingthetile sizeof theregular impostorgrid
hasthe effects that too many objectsaregroupedinto a sin-
gle large impostor. In sucha setupthe recomputationof the
impostorsis triggeredtoo frequently, so that theperformance
dropssigni�cantly.
Thebestresultswereachievedwith a regularlayoutof 60� 60
impostors(seeTable3). EnablingOSGimpostorswith a dis-
tancethresholdof 1 km boostedtheperformanceto 11 fps on
theaverage,but therecomputationloadfor theimpostorswas
still quite high in somecaseswhich led to occasionalframe
drops.Increasingtheimpostordistancethresholdto 1.5km re-
movedmostof theframedrops,but sincefewerbuildingswere
replacedby impostorstheframeratedroppedto approximately
9 fps. With a distancethresholdof 2 km theoccasionalframe
dropswereeliminatedcompletely, but theframeratewasonly
7 fps. But even in the lastcasewe experienceda speedup of
350%which is quitenotablefor theseeminglysimplestrategy.

grid layout impostordistancethreshold framerate
1� 1 bruteforce 2 fps

60� 60 bruteforce 2-3 fps
60� 60 1,000m 11 fps
60� 60 1,500m 9 fps
60� 60 2,000m 7 fps

Figure3: Rendering performance with and without impos-
tors.

Figures4 and5 show screenshotsof thecity centerof Stuttgart
renderedwith thedescribedimpostortechnique.Thevisibility
of an impostorupdateis very low sincethe updatehappens
quitefar away (> 1 km). In many casestheupdatedimpostors
areoccludedby non-impostorbuildings,so that theupdateis



Figure 4: View southwards from the Old Castle of
Stuttgart.

Figure5: View from the city center toward the virtual hori-
zon.

hardly noticeable.For the samereasonsthe z-�ghting of the
impostorswith theunderlyingterrainis hardlyvisibleaswell.

10 Conclusionand Future Work

TheGISMOprojecthasdemonstratedthatreal-timevisualiza-
tion of largeurbanscenesis possibleusingmerelyopensource
software. The libMini andOSGlibrariesareboth capableof
renderinghugedatasetsat interactive frameratesandarethus
good alternatives for commercialproducts. In combination
with commodityPC hardware,cheapbut powerful visualiza-
tion systemscan be built. Due to the increasingavailability
of spatial3D data,a detailedurbanlandscapemodelwasre-
alizedin GISMO that coversa very large area. The usercan
experiencethevirtual scenethatstretchesasfar asthevirtual
horizonbothin �yo ver andwalkthroughmode.In orderto ac-
complishthis task,we combinedtheC-LOD terrainrendering
approachwith theimpostortechniqueto improvetherendering
performance.

In futurework westrive to optimizetheimpostorimplementa-
tion of OSGto circumvent the mentionedproblems.We also
planto includevegetationanddynamicobjects(cars,pedestri-
ans).Anothergoal is to apply theautomaticgeneralizationof
the building modelsto the entiredatasetandnot only a few
prominentbuildings.
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