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Abstract

Thefastincreasingsizeof datasetsin scientificcomputing,mecha-
nical engineering,or virtual medicineis quickly exceedingthegra-
phicscapabilitiesof moderncomputers.Toolkits for the largemo-
del visualizationaddressthis problemby combiningefficient geo-
metric techniques,suchas occlusionand visibility culling, mesh
reduction,andefficient rendering.OpenSGPLUSis sucha toolkit
with supportfor largemodels.

In this paper, we presentthreetechniquesfor occlusionculling
in OpenSGPLUS.Thefirst techniqueusesthez-buffer to determi-
nethevisibility of a boundingbox. Thesecondtechniqueusesthe
stencil-buffer to get visibility informationandthe third technique
exploits the HP OcclusionCulling Flag. All threetechniquesare
conservative andwork on arbitrarysceneswithout any geometric
or topologicalassumptions.

CR Categories: I.3.3 [Picture/ImageGeneration]:Viewing Algo-
rithms, OcclusionCulling; I.3.4 [GraphicsUtilities]: Application
Packages,GraphicsPackages;I.3.7 [Three-DimensionalGraphics
andRealism]:HiddenLine/SurfaceRemoval;

Keywords: LargeModel Visualization,Toolkit, Visibility andoc-
clusionculling.

1 INTRODUCTION

Thedatasetsfor visualizationaregrowing fasterthantherendering
speedof moderngraphicssubsystems.Several techniquesexist to
solve this problem,mostof themreducethe numberof polygons,
othersusesamplingtechniqueslike ray tracingor point sampling.
To reducethe numberof polygonslevel-of-detail [Gar99] or im-
postortechniquesareused.Anotherapproachis occlusionculling.
Herebyhiddenpartsof a scenearedetectedandexcludedfrom the
renderingprocess.In this paper, threedifferent occlusionculling
techniquesfor OpenSGPLUSwill bepresented.

OpenSG[OSG00]is aportablescenegraphprogrammingtoolkit
which hasbeenstartedin 1999,with the focuson real time rende-
ring. With the OpenSGPLUS project,OpenSGwill be enhanced
with Large SceneSupport,High Level PrimitivesandHigh Level
Shading.Thepresentedocclusionculling techniquesarepartof the
LargeSceneSupport.

This paperis organizedas follows; the next sectionbriefly re-
views relatedtoolkits for visualizationandotherocclusionculling
techniques.Section2 describes,how occlusionculling canbeapp-
lied to OpenSG.In thefollowing Sections3, 4 and5 threedifferent
approachesarepresentedfor image-spaceocclusionculling. In Sec-
tion 6, we introducethe OSGviewer application,which wasused
for testsand implementationof the presentedtechniques.Finally
theresultsaresummarizedin Section8.

1.1 Related Work

Scenegraphprogrammingtoolkits arewidely available,e.g.Open
Inventor, IRIS Performer, Cosmo3D,but mostof themhavenosup-
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port for occlusionculling. One of the scenegraphprogramming
toolkits having occlusionculling is Jupiter([HP98, BSS01]).Ju-
piter focusesin large model visualizationand provides different
conceptsto managelarge amountsof data.For occlusionculling
JupiterusestheHP OcclusionCulling Flag[SOG98,BS99].Other
techniquesarenotyetavailable,but couldbeimplemented.

A wide rangeof algorithmsfor occlusionculling areavailable.
However, not all algorithmswork on every scenewithout doing
extensive preprocessing.Oneof the well known algorithmsis the
Hierarchicalz-Buffer [GKM93] whichuseshierarchicaldatastruc-
turesfor thedepthbuffer andthescene.AlgorithmsusingOpenGL
accelerationfor speedupcalculationsarealsoavailable[BMH99].
In [KS01] the histogramextensionis mentionedfor doing occlu-
sionculling. Anotherhardwareextensionis theHPOcclusionCul-
ling Flag[HP97],only availableontheHPVISUALIZE fx graphics
subsystem.Similar extensionsareavailableon a small numberof
othergraphicssubsystems.

2 Traversal and Sorting

For conservative occlusionculling, we mustensurethatno pixel of
agivenoccludedobjectis visible in thescreen-space.Henceweare
usingan approximationof an axis-alignedboundingbox (AABB)
for the occlusionculling test. If no pixel of the AABB is visible
in thescreen-space,thecontentof theAABB mustbehidden.Ho-
wever, if an AABB pixel is visible, its contentis not necessarily
visible, too.

All threeapproachespresentedin thispaperwork in image-space
andusethez-buffer in somewayfor theocclusionculling test,thus
accuratez-buffer valuesare neededto get correctculling results.
This leadsto a front-to-backsortedrenderingof the given scene.
Without front-to-backsortedrendering,resultscanvary andmost
of thehiddenpartsnot found.
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Figure1: Exampleof a list for occlusionculling.

OpenSGmanagesaxis-alignedboundingboxes for every node
in the graph.Thesenodescanbe usedasboundingboxes for the
appliedculling approach.At the momentonly the AABB of the
geometrynodesareused.

The OpenSGclassesRenderAction [RBV01] or DrawAc-
tion rendersa scenegraphand apply NodeAction callbacks
duringtraversal.Dueto thelackof depth-sortedtraversalfor front-
to-backrenderingin OpenSG,an customizedimplementationof



DrawAction is used.During thetraversalof thescenegrapheve-
ry GeometryNode� is collectedby theNodeAction in a depth-
sortedlist. Thedepth-valuefor sortingis determinedby thenearest
vertex of theboundingbox. In theDrawAction::stop() me-
thodthedepth-sortedlist is traversedandoneof theocclusioncul-
ling approachesis appliedto every savednode.If a node’s AABB
is visible, thegeometryis renderedor culledotherwise.

3 Occlusion Culling with Z-Buffer

TheOpenGLz-buffer canbeusedto get thevisibility information
of an AABB, becauseit alwaysholds the correctdepth-value for
every pixel. To testocclusion,the depth-valuesof the AABB are
computedand testedagainstthe valuesof a z-buffer maintained
in software.A glReadPixels() to readthe OpenGLz-buffer
is quiteexpensive, hencethis operationis split in fragments.Each
fragmenthasthesamesize,whichis amultipleof thedatabuswidth
to exploit memoryalignmenton the graphicscard.A fragmentis
only read,if it is necessaryfor a pixel test.The teststopsafter at
leastonevisiblepixel.

Every fragmentholdstwo flags,an invalid andan unusedflag.
At the beginning of every frameall the unusedflagsaretrue and
a testedpixel againstthis fragmentsleadsalwaysto a visible pixel
without readingtheOpenGLz-buffer. If a pixel is visible, theinva-
lid bits of all1 fragmentsareenabled,becausethegeometryof the
boundingbox will berenderedandthecontentof thez-buffer may
change.For pixels insidefragmentswith a trueinvalid bit, we read
thez-buffer anddisabletheinvalid bit.

Figure 2: Z-buffer with marked fragments.The dark (blue) frag-
mentsareusedfor tests.

In many scenesit is notnecessaryto rendereverydetail.For this
approacha minimum of visible pixels for a boundingbox canbe
set.Only if at leastthis minimumof pixels is visible, thecomplete
boundingbox is setasvisible.This leadsto aspeedupwith aminer
reductionin renderingquality.

4 Occlusion Culling using the
Stencil-Buffer

Asmentionedin [BMH98], thestencil-buffer canbeusedtocompu-
tevisibility informations.Duringrasterizationwriting to theframe-
andz-buffer is disabled.For eachpixel of the AABB the z-buffer
test is applied.If the pixel would be visible, a value is written to

1It wouldbeenoughto invalidateonly thefragmentswith visiblepixels.

the stencil-buffer (seeFigure3) by usingglStencilOp(). Af-
ter rasterizingtheAABB, thestencil-buffer is readandsampledin
software.OccludedAABB will not contribute to z-buffer, hence
will not causea respective entryin thestencil-buffer.
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Figure3: Occlusiontestwith thestencil-buffer.

Theactualimplementationreadsthewholeregionof thecovered
zoneby theAABB. This couldbeoptimizedlike the fragmentsin
Section3 or with theinterleaving scanningschemefrom [BMH98].

5 Occlusion Culling with the
HP Occlusion Culling Flag

TheHP OcclusionCulling Flag[HP97] is a smallhardwareexten-
sion,which returnsinformationof the visibility of an object.The
AABB is renderedthroughthe pipeline with disabledcolor- and
z-buffer writes. Is the resulta visible AABB (at leastonepixel of
the AABB triggereda z-buffer write) thecontentof the bounding
volumehasto be rendered.If moregeneralboundingvolumesare
available,theHP OcclusionCulling Flagprovidesa very easyand
oneof thefastestwaysfor doingOcclusionCulling [BKS01].
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Figure4: Latency for theHP OcclusionCulling flag on a Pentium
III, 750MHz with a VISUALIZE fx10

Theperformanceof theHP OcclusionCulling Flagdependson
thefillrate of thez-buffer. Largerboundingvolumesneedmoreti-
mefor thetest,becausethewholeboundingvolumepassesalways
thez-buffer stageof therenderingpipeline.Figure4 shows thecor-
relationbetweenthesizeof aboundingvolumein screen-spaceand
the latency for an occlusionculling request.With enabledback-
faceculling thetestis almosttwiceasfastaswithout,becausewith
backfaceculling only onescanthroughthe z-buffer for the front-
faceis done.Thelatency is thesamewhethertheresultis visibleor
hidden.



6 OSGviewer

Figure5: Mainwindow of OSGviewer

OSGviewer is a small applicationusing OpenSGas rendering
backend.For thegraphicaluserinterfaceis implementedwith Qt
andtheQGLviewer([Mei00, QGL]) for cameracontrol.OSGview-
er allows browsing andediting of the OpenSGscenegraph.Mul-
tiple views to the sceneare allowed and QGLviewer enablesin-
terchangingof camerapositionswith draganddrop.Thesefeature
allows alsotherecordingof camerapositions.With theapplication
CameraPathInterpolation from theQGLviewer packagea
camerapathcanbecalculatedandthenviewedwith theOSGviewer
for reproducibleperformancemeasurementswith differentconfigu-
rations.

Figure6: Sceneview of OSGviewer with QGLviewer

7 RESULTS

For all testswe have usedthe FormulaOnecar from the Jupiter
project.The modelhasabout750.000polygonsin 306 geometry
nodes.A camerapathwith 342 frameswascreatedwith the tools
from the QGLviewer. In every frame the whole model is located
within theviewing frustrum,thereforeview frustrumculling itself
doesnot remove geometry. In Figure7 andTable1, the resulting
frameratesareshown for thedifferentocclusionculling techniques.
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Figure7: Frameratesfor thecamerapath.

Min. Max. Avg. Deviation Avg.
fps fps fps fps speedup

No culling 3.58 3.85 3.77 0.03 0.0%
Stenciltest 3.46 5.13 4.28 0.23 12.0%
Z-Buffer test 3.65 5.15 4.42 0.28 14.8%
HPFlag 4.44 6.67 5.70 0.41 33.8%

Table1: Comparisonbetweentheusedculling techniques

The first benchmark(no culling) shows the performanceof
OpenSGwithout any changes.In thesecondbenchmarkwe tested
the performanceof the stencil-buffer test. In the third test the z-
buffer techniquewasappliedand in the last one the HP Occlusi-
on Culling flag wasused.For all benchmarktestsa Dual Pentium
III with 750MHz with a HP VISUALIZE fx10 runningLinux was
usedfor rendering.AlthoughOpenSGsupportsthreading,nothrea-
ding wasusedfor thetests.Theresultingframeratesshow average
speedupsbetween12%and34%.
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Figure8: Percentageof occludednodeaandpolygonsfor thecame-
rapath.

Occlusionculling generallydependson thesceneandits depth
complexity. Figure8 show thepercentageof hiddennodesandpo-
lygonsin every frame.Thelimited depthcomplexity of thetestda-
taset(about60%of thepolygonsaredetectedashidden)leadsonly
toalimitedcullingperformance.In sceneswith ahigherdepthcom-



plexity, a betterperformancecanbeexpected,aspreliminarytests
indicate.�

The benchmarksshow, that the HP OcclusionCulling Flag is
thefastestsolutionin this test.Thestencil-andz-buffer-testsshow
similar results,wherebythe stencil-testwill performbetterin fra-
mes with lower depth-complexity (less setup-and rasterization-
time in software),while the z-buffer-test is fasterin frameswith
moredepth-complexity, becausethez-buffer in softwareneedsless
updates(for hiddennodesis no updatenecessary).

8 CONCLUSIONS and FUTURE WORK

In this paper, we testedthree occlusion culling techniquesfor
OpenSGto speeduptheperformanceof largemodelrendering.

Thescenegraphhierarchywasderivedfrom thehierarchicalpart
list of the MCAD model. In cooperationwith the University of
Braunschweigalgorithmsfor specialhierarchieswill bedeveloped.

One of the major problemsfor the implementionof occlusion
culling is the lack of enhancedtraversal techniquesin OpenSG.
This will be available in the next public releaseof OpenSG.In
conjunctionwith the enhancedtraversalsubsystemandthe speci-
al hierarchiesa cleanAPI for culling will bedefinedlike [Fue01].

Furthermoreonly thePentiumIII PCwith aVISUALIZE fx was
usedfor thetests.Otherarchitecturesandgraphicssubsystemsare
in thefocusof furtherdevelopment.

We showed only image-basedtechniqueswhich do not exploit
featuresof specialscenesor applications.Anotherpoint of deve-
lopmentin thenearfuturewill betheimplementationof portaland
virtual occludernodes.Thevirtual occludernodeswith shadow fru-
strasmentionedin [HMC+97] Theportalnodeswill work like the
portalsfor dynamicscenes.Thesenew nodescanhelp to speedup
specialapplicationsandscenes,e.g.architecturalwalkthroughs.

To get furtherspeedups,frame-to-framecoherencecouldbeex-
ploited,betterboundingvolumesasmentionedin [BKS01] could
be usedandin conjunctionwith specialhierarchiesandenhanced
traversalschemeshierarchicalapproachescouldbeappliedto cull
completesubgraphs.
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