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Abstract

Extractingonly thevisibleportionof an isosurfacecanimproveboththecomputationef�ciency andtherendering
speed.However, thevisibility testoverheadcanbequitehigh for large scaledatasets.In this paper, wepresenta
view-dependentisosurfaceextractionalgorithmutilizingocclusionqueryhardwareto acceleratevisibleisosurface
extraction.A sphericalpartition schemeis proposedto traversethedatablocks in a layered front-to-back order.
Such traversalorderhelpsour algorithmto identifythevisibleisosurfaceblocksmorequickly with fewervisibility
queries.Our algorithmcancomputea more completeisosurfacein a smalleramountof time, andthusis suitable
for time-critical visualizationapplications.

Categoriesand SubjectDescriptors(accordingto ACM CCS): I.3.1 [ComputerGraphics]:Hardware Architec-
ture; I.3.7 [ComputerGraphics]:Three-DimensionalGraphicsandRealismI.3.7 [ComputerGraphics]:visible
line/surfacealgorithms

1. Intr oduction

Visualizing isosurfacesis an effective methodto analyze
three-dimensionalscalardatasets.To computeisosurfaces,
the Marching Cubesalgorithm 1 is typically used. One
bottleneckfor the Marching Cubesalgorithm is that the
number of triangles generatedfrom a large datasetcan
be enormous.Although researchershave proposedvari-
ous techniques2 � 3� 4� 5� 6� 7� 8 to acceleratethe process,it is
still a major undertakingto compute,store,and rendera
large numberof trianglesat an interactive speed.To alle-
viate the problem,view-dependentmethodswereproposed
9� 10� 11� 12� 13. In essence,the view-dependentmethodsmini-
mizethecomputationandrenderingoverheadby extracting
andrenderingonly thevisibleportionof theisosurface.

Sincecomputingthevisibility for every trianglein aniso-
surfacecanbeveryexpensive, thevisibility determinationis
typically doneat theblock level. LivnatandHansen9 used
anoctreeto partitionthedatainto smallblocks,andvisit the
isosurfaceblocksin a front-to-backorder. To determinethe
visibility of anisosurfaceblock,theprojectionof theblock's

boundingbox is comparedagainstthe screencoverageof
thealreadycomputedisosurfacepatches.A block is invisi-
ble if its boundingbox is completelyoccluded.Otherwise,
it is visible,andtheisosurfacepatcheswithin areextracted.
This processis appliedto every block thatcontainsthe iso-
surface.

Although the view-dependentisosurfaceextractionalgo-
rithmscanreducethesurfaceextractionandrenderingcost,
thevisibility determinationitself canbecomeaperformance
bottlenecksincetheocclusiontestsaremostlydonein soft-
ware.Thealgorithmsarealsoinherentlysequential,that is,
thevisibility of an isosurfaceblock needsto bedetermined
beforethe triangleswithin canbe extracted.This makes it
dif�cult to incorporateocclusionculling into parallelisosur-
faceextractionalgorithms.

Recently, the commercial graphics hardware such as
nVidia's GeForce4cardsprovide ef�cient visibility query
functionality 17. The hardwarealsoallows multiple visibil-
ity queriesto be issuedat once,so that the visibility tests
performedby GPU canbe overlappedwith the CPU com-
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putation.In this paper, we proposea new view-dependent
isosurfaceextractionalgorithmwhichcantake advantageof
thosefeaturesto reducetheocclusionculling overhead.Our
algorithmconsistsof two phases.In the �rst phase,the al-
gorithmidenti�es thefront-mostisosurfaceblocks,andthen
extractsthe isosurfacepatcheswithin thoseblocks. In the
secondphase,we usethepartial isosurfacegeneratedin the
�rst phaseastheoccluderto cull away theinvisible blocks,
andthenextracttheremainingisosurfacepatches.

We usethe hardware visibility query featuressupported
by nVIDIA'sGeForce4 graphicscardsto identify thefront-
most blocks,as well as to cull away the invisible blocks.
To ef�ciently �nd the front-mostblocksto constructanoc-
cluder, a front-to-backtraversalof the isosurfaceblocks is
performed.Traditionally, anoctreeis usedfor this purpose.
When using an octree,however, the front-most isosurface
blocks can not be identi�ed without traversing the entire
tree.Thisisbecausethetraditionaloctreetraversalalgorithm
visits eachoctreenodein a depth-�rst searchorder. It only
ensuresthata local front-to-backtraversalorderis not vio-
lated,but doesnot guaranteeglobally that the nodescloser
to the eye will alwaysbe visited beforethe nodesthat are
fartheraway. Traversingthe entiredatasetintroducesaddi-
tional overhead,which can be quite signi�cant for a large
dataset.To amendthis problem,we proposean alternative
spacepartition scheme,calledsphericalpartition, to locate
thefront-mostblocksmoreef�ciently . Ournew schemepar-
titions the whole volumebasedon the sphericalcoordinate
systemandorganizesthe datablocks in a binary partition
tree.Using the sphericalpartition scheme,we cantraverse
theisosurfaceblocksin a layeredfront-to-backorder, sothat
a largeroccludercanbeconstructedmorerapidly. Thealgo-
rithm alsoallows for anef�cient updateof thefront-to-back
orderwhentheview changes,aswell asa quick elimination
of non-isosurfaceblocks.

In the following, relatedwork is �rst discussed.We then
brie�y overview theocclusionculling featuressupportedby
existing graphicshardware.Section4 givesan overview of
ouralgorithm,followedby thedetailsin section5 and6.The
resultsarepresentedin section7, andtheconclusionof the
paperandthefuturework aregivenin section8.

2. RelatedWork

TheMarchingCubesalgorithm1 was�rst introducedto pro-
videa simpleandrobustway for isosurfaceextraction.Sub-
sequentlymany algorithms2 � 3� 4� 5� 6� 7� 8 wereproposedto im-
prove theperformanceof isosurfacecell searchprocess.For
a large dataset,however, the numberof trianglesextracted
by theMarchingCubesalgorithmcanbehuge.

Surfacesimpli�cation methods14� 15� 16 arevery effective
in reducingthesizeof thesurfacegeometry. However, they
areusuallyusedfor post-processingandthuscannotbeused
for theapplicationsthatrequireinteractiveisosurfaceextrac-
tion andrendering.

Occlusionculling is anotherway to reducethesizeof ge-
ometry. Theculling canbedonein eitherimagespaceor ob-
ject space.Hierarchicalz-buffer method18 performstheoc-
clusiontestin imagespaceby comparingtheboundingbox
of theobjectwith a hierarchicalrepresentationof thedepth
buffer. Themethodtakesadvantageof occluderfusion,that
is, the cumulative occlusionformedby multiple occluders.
Zhanget al.13 proposedtheHierarchicalOcclusionMap al-
gorithmwhichonly utilize graphicshardwareto performoc-
cluderfusion.Amongobjectspacealgorithms,Coorg etal.19

introduceda visibility determinationalgorithmbasedon the
shadow volumeor shadow frustumde�ned by largeconvex
occluders.A setof visual eventsis always maintainedfor
the algorithm to utilize temporalcoherence.However, oc-
cluderfusion is not consideredin their algorithm.Another
method,aspectgraph20� 21, providesa new way for visibility
determinationby encodingvisibility informationfor all pos-
sibleviewsof theobjectandmanagingthevisibility changes
throughvisual events.All the above algorithmshave suc-
cessfullyshown that the occlusionculling can effectively
improve therenderingperformance.

Occlusionculling hasbeenusedto reducethesizeof iso-
surfacegeometry. Different view-dependenttechniques9 � 10

have beenproposedto reducethe extractionandrendering
timeby only extractingandrenderingthevisible isosurface.
Contourpropagationandraycastingtechniquearealsopro-
posedto progressively extract view-dependentisosurfaces
12. To further reducethe renderingtime, parallel rendering
algorithms22� 23 canbeused.Recently, someeffortswereput
to parallelizeboththeextractionandrenderingof thevisible
isosurfaces11� 13.

Many occlusionculling algorithms18� 24� 13 have already
utilized graphicshardwareto speedup the visibility query.
However, someof theexpensive operationssuchasbound-
ing box projectionsanddepth-buffer read-backarestill the
bottleneck.Recently, graphicscardssuchasHP's FX6 and
nVidia's GeForce4startedto supporthardware-basedvisi-
bility queries.It would bene�t the view-dependentisosur-
faceextraction algorithmsif suchhardware capability can
befully utilized.Wewill brie�y discussthehardwareocclu-
sionculling featurein thenext section.

3. Hardware OcclusionCulling

Hardwareocclusionculling extensionsareavailablein HP's
FX6 andnVidia'sGeForce4 graphicscards.Bothextensions
aim to provide a simpleandef�cient way to rapidly deter-
minethevisibility statusof a givenobject.

TheHPocclusionextensionsoperatein a"stop-and-wait"
manner. An occlusionculling algorithmthatutilizes theex-
tensiontypically worksasfollows.Firstly, it issuesthevisi-
bility queryfor theboundingboxof a targetgeometry. Then
thehardwarerenderstheboundingbox andreturnswhether
thedepthbuffer is modi�ed. If thedepthbuffer is updated,
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theboundingbox will beconsideredvisibleandthegeome-
try insidewill berendered.Otherwise,thegeometrycanbe
skippedsinceit is not visible. The methodprovidesa sim-
ple way to queryan object's visibility. However, it doesn't
returnthenumberof pixels thatpassthe test.Furthermore,
the"stop-and-wait" modelpreventsany potentialoverlapof
GPUandCPUcomputations.

To solve the problemsin the HP occlusionextensions,
nVidia occlusionquerymechanism17 is proposed.It returns
thenumberof pixelspassingthetestandalsoallowsmultiple
queriesto beissuedatoncebeforecheckingany queryresult.
In this way, theocclusionculling algorithmcanoverlapthe
GPUandtheCPUcalculationsto gainbetterperformance.

4. Algorithm Overview

The purposeof our algorithm is to extract the visible por-
tion of an isosurfaceef�ciently . Our algorithm consistsof
two parts:pre-processingandrun-timeview-dependentiso-
surfaceextraction.

At thepreprocessingstage,thedatasetis partitionedbased
on the sphericalcoordinatesystem.The smallestpartition
unit is calleda “sector”. All thedatablocks,eachof which
consistsof n � n � n voxels,arebucketizedinto thosesec-
tors.A partition treeis usedto storethe partition informa-
tion, which is to enableef�cient front-to-backtraversalto
assistvisibility determination.

At run time, theview-dependentisosurfaceextractional-
gorithm is performedwith the hardware occlusionquery
support.Therearetwo majorphasesin this stage:occluder
constructionandocclusionculling. Thegoalof theoccluder
constructionis to identify the front-mostisosurfaceblocks
ef�ciently without extracting any isosurface patches.To
achieve this goal,we traversethesphericalpartition treein
a layeredfront-to-backorderandquerythevisibility of the
isosurfaceblocks' boundingboxesusingthegraphicshard-
ware.Wetakeadvantageof thenVIDIA GeForce4 graphics
card's capabilityto overlaptheCPUandGPUcomputation
by continuouslysendingthequerieswithout waiting for the
resultsto comeback,until the�rst severalnon-emptylayers
of the isosurfaceblocksaretraversed.After that,our algo-
rithm beginsto checkthequeryresultfor eachof theblocks.
If theboundingbox of an isosurfaceblock is determinedto
be visible, we extract the isosurfacepatcheswithin. Other-
wise, its visibility statusis undetermined,andwill require
anothertestin thesecondphasedueto theapproximatena-
tureof thebounding-box-basedvisibility test.Theisosurface
trianglesextractedat this phasewill be renderedandused
as the occluder. In the secondphaseof the algorithm, the
occluderis usedto test the visibility of the remainingiso-
surfaceblocks.This is alsoperformedby thehardware.An
isosurfaceblock canbe culled away if its boundingbox is
completelyoccludedby theoccluder. Otherwise,isosurface
patchesareextractedfrom theblock.

Sincean isosurfaceblock needsto be testedagain if it
doesnot passthe visibility test in the �rst phase,it is im-
portantto only traversethe blocks that are the most likely
visible when constructingthe occluderto reducethe vis-
ibility query overhead.The proposedspherical partition
methodcanachieve this goalbecausethefront-to-backlay-
eredtraversalallows a quicker constructionof theoccluder
without traversingthroughtheentiredataset.For a dataset
with high depthcomplexity, for example,at leasthalf of the
isosurfaceis invisible. Therefore,thevisibility queryin the
occluderconstructionstepcanstopafter traversinghalf of
theisosurfaceblocks.To geta morecompleteoccluder, our
algorithmalsoextractsthe trianglesfrom the direct neigh-
borblocksof thevisibleblocksto minimizetheholesin the
occluder. Becausethedatablocksareorganizedin thespher-
ical coordinatesystem,whentheview changeis small,only
asmalladjustmentis neededto giveusthenew front-to-back
traversalorder. In thefollowing sections,we discussour al-
gorithmin detail.

5. Preprocessing

The sphericalpartition andblock bucketizationneedto be
doneonly oncefor adatasetandcanbereusedwhentheiso-
valueor theviewing parametersarechanged.Thespherical
partitionsubdividesthewholevolumein thesphericalcoor-
dinatesystemandthe block bucketizationsortsthe blocks
into different sectors.The run-time front-to-backtraversal
andvisibility determinationarebasedon this pre-calculated
information.

5.1. SphericalPartition

Figure 1 shows a 2D example of the sphericalpartition.
An exampleof the optimal partition for a front-to-backor-
der traversal is shown in Figure 1(a), where the partition
is alwaysperpendicularto theeye direction.However, pre-
partitioning the datain this way is not feasiblein practice
since it is view-dependent.If the partition is done in the
sphericalcoordinatesystemasshown in Figure1(b),thelay-
eredtraversalsimilar to Figure1(a) canbe easilyachieved
for any givenview.

Figure2 illustratesthesphericalcoordinatesystem.Tode-
�ne sphericalcoordinates,we take an axis (the polar axis)
anda perpendicularplane(the equatorialplane),on which
we choosea ray (the initial ray) originatingat the intersec-
tion of theplaneandtheaxis (theorigin O). In this system,
thecoordinatesof a pointP are:thedistancer from P to the
origin O; the anglef betweenthe line OP andthe positive
polaraxis(Z axis);andtheangleq betweentheinitial ray(X
axis)andtheprojectionof OP to theequatorialplane(XOY
plane).

Many datastructurescan be usedto storethe spherical
partition results.The simplestone is to utilize an octree
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(b) Spherical Partition
(a) Optimal Partition


Figure1: A 2D exampleof two partition methods.
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Figure2: Thesphericalcoordinatesystem.

except that the partition is de�ned in the sphericalcoordi-
natesysteminsteadof theCartesiancoordinatesystem.This
methodis easyto implement.However, it is dif�cult to tra-
versesuchtreein a front-to-backorder.

Our algorithm partitionsthe volume in two stepsto fa-
cilitate both datastructureconstructionandef�cient front-
to-backtraversal.During the �rst step,thepartition is done
along the sphereradius(r dimension),to createa layered
structureasshown in Figure1(b). This allows the traversal
of thetreeto bedonein afront-to-backlayeredmanneratrun
time. Thealgorithmvisits thedatablocksin the inner layer
only after it �nishes theouterlayers.In thesecondstep,the
partition will be donein f andq dimensionsalternatively.
Thispartitionensuresthefront-to-backtraversalwithin each
layer. We will use"distancepartition" to representtheparti-
tion performedin the�rst stepand"anglepartition"to repre-
sentthepartitionin thesecondstep.A binarytreestructureis
usedto representthepartitionandfacilitatethefront-to-back
traversalof isosurfaceblocks.Thetreetraversalmethodwill
beintroducedin detail in section6.1.

A 2D exampleof thepartitionandthecorrespondingbi-
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Figure 3: An exampleof 2D sphericalpartition and its bi-
nary tree.

nary tree structureis shown in Figure 3. The binary tree
shows only the �rst layer's anglepartition. The anglepar-
titions in otherlayersaresimilar. At run time, thetreeis tra-
versedfrom theouterlayer(layer1) to theinnerlayer(layer
4). Within eachlayer, a block bucketizationis performedto
furthersorttheblocksinto sectors.

5.2. Block Bucketization

In our algorithm, the whole volume is subdivided into a
groupof blocks.Eachblockconsistsof n � n � n voxels.The
voxelsaregroupedinto blockssothatwecanskiptheempty
voxels(voxelsthatcontainnoisosurface)ef�ciently . A block
is alsothebasicunit for whichouralgorithmdeterminesthe
visibility. In essence,thegoal of theblock bucketizationin
ouralgorithmis to sorteachblock to thecorrespondingsec-
torsbasedonthefollowing rules:A blockthatoverlapswith
two or morelayersis assignedto thesectorin theouterlayer.
Within eachlayer, ablock is assignedto asectorif it is com-
pletely insideof the sector. If a block overlapswith two or
moresectors,the block (thepointerto the actualdata)will
be replicatedandassignedto thosesectors.However, only
the �rst oneencounteredin the traversalwill be processed
at run time. Eachsectorwill sort and link togetherall the
blocksassignedto it in theorderof ther valueof theblock
center. Thepre-sortedblock list will beusedfor anef�cient
front-to-backtraversal.

After the bucketization,our algorithmneedsto calculate
the minimal and maximal valuesfor eachsectorfrom the
datain its blocks.Thevaluesareusedfor a fastersearchof
the isosurfaceblocks.The sectoralsoneedsto calculatea
centerpositionwhich is the averageof the centerpositions
of all its blocks.Thecenterwill beusedto sortthesectors.

6. Hardware-assistedView-DependentIsosurface
Extraction

With the help of the occlusionextensionprovided by the
nVidia GeForce 4 graphicscard, our algorithm can �nd
all the visible isosurface blocks in two phases.The �rst
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Figure 4: A 2D exampleof thelayer traversal: the increas-
ing order of thenumbers representsthetraversal order.

phaseconstructsanoccluderfrom thefront-mostisosurface
blocks,andthesecondphaseculls away theblocksthatare
occludedby theoccluder. The two phaseswork togetherto
generatethevisibleportionof theisosurfaces.

6.1. Front-to-back Traversal

To quickly identify the front-most isosurface blocks, our
algorithm traversesthe sphericalpartition tree in a front-
to-backorder at threedifferent levels: layers,sectors,and
blocks.Startingfrom theoutermostlayer, we move toward
the spherecenterandtraversethe layersalong the way. In
eachlayer, the isosurfacesectors(the sectorsthat contain
isosurfaceblocks)are traversedin an orderdeterminedby
their orientations.Within eachsector, isosurfaceblocksare
visitedin anorderbasedontheirdistancesto thespherecen-
ter. In thefollowing,wediscusseachtraversallevel in detail.

6.1.1. Layer Traversal

Thelayer traversalorderis decidedby thedistance(radius)
partitionportionof thesphericalpartitiontree.A 2D exam-
ple is shown in Figure4. The layersaretraversedfrom the
outermostlayerto theinnermostlayer. During thetraversal,
thelayersthatcontainno isosurfaceareskipped.

6.1.2. SectorTraversal

By traversingtheanglepartitionportionof thesphericalpar-
tition tree,the sectorsat eachlayer will be visited andthe
sectorscontainingno isosurfacewill beskipped.

Eachlayer canbe partitionedinto two parts:front layer
andbacklayer. The front layer is the portion that facesto-
ward the eye, and the other portion is the back layer. To
achieve a correctfront-to-backtraversal,the algorithmtra-
versesthefront layersfrom theoutermostlayerinwards,and

Eye
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 Back Layer


Figure 5: A 2D exampleof front and back layer traversal:
theincreasingorder of thenumbers representsthetraversal
order.

thentraversesthebacklayersfrom theinnermostlayerout-
wards,as shown in Figure 5. To build sucha layer parti-
tion, the sectorsin the samelayer are classi�ed into front
sectors,middle sectorsandbacksectors.The front sectors
arethosewhicharecompletelyinsidea front layer, theback
sectorsarethosewhich arecompletelyinsidea backlayer,
and the middle sectorsare thosewhich overlap with both
thefront andthebacklayers.To classifythesectors,we de-
�ne eye vector as the vector from the sectorcenterto the
eye, centervector as the vector from the spherecenterto
thesectorcenter, andanglespreadasthe largestangledif-
ferencein f andq dimensionsof the sphericalcoordinates
in a sector. A sector is classi�ed basedon the angle be-
tweeneyevector andcenter vector. If theangleis lessthan
90 � 0 � 5 � angle spread, the sectoris classi�ed asa front
sector. If theangleis greaterthan90

�

0 � 5 � angle spread,
thesectoris classi�edasabacksector. Otherwise,thesector
is a middlesector.

In our algorithm, the front sectorsof all layersare tra-
versedbeforethemiddlesectorsof all layers,andthemid-
dle sectorsof all layersare traversedbeforethe back sec-
torsof all layers.Amongall the front sectorsin eachlayer,
thetraversalorderis determinedbasedontheanglebetween
eachsector's eye vectorandcentervector. Thesectorswith
smalleranglesare visited �rst sincethey are closerto the
eye. A 2D exampleof traversing the front sectorsat one
layer is shown in Figure6. Thesamecriterion is appliedto
the backsectorsin eachlayer. No orderingis donefor the
middle sectorsat this level. The front-to-backorderingof
blocksinsidethemiddlesectorsis takencareof in theblock
traversallevel.

6.1.3. Block Traversal

The goal of the block traversal is to traversethe isosur-
faceblocksinsidea sectorin a front-to-backorder. During
theblock bucketizationstage,the blocksin eachsectorare
sortedaccordingto theblockradius,whichindicatesthedis-
tanceto theeye.Toperformafront-to-backtraversal,theiso-
surfaceblocksin a front sectoraretraversedin a decreasing

c
�

TheEurographicsAssociation2003.



GaoandShen/ Hardware-assistedView-dependentIsosurfaceExtractionusingSphericalPartition

Eye


1


2


3


4


Figure 6: A 2D exampleof sectortraversal in a front layer:
theincreasingorder of thenumbers representsthetraversal
order.
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Figure 7: A 2D exampleof front-to-back traversal of the
blocks in the front sector:the increasingorder of the num-
bers representsthetraversal order.

radiusorder(Shown in �gure 7), while theisosurfaceblocks
in a backsectoraretraversedin an increasingradiusorder.
For the blocks in the middle sectors,the traversalorder is
determinedby theanglebetweentheeyevectorandthecen-
ter vector. Traversingthoseblocksin an increasingorderof
suchanglesensuresa correctfront-to-backtraversal.

If a block crossesseveral sectors,it is replicatedandas-
signedto thosesectors.Note that we do not replicatethe
data,but only the pointersto the data.In addition,the iso-
surfaceswithin theblock will beextractedonly oncewhen
it is �rst encountered.

6.2. Hardware-AssistedOcclusionCulling

After sortingthe isosurfaceblocksin a front-to-backorder
by traversingthe sphericalpartition tree,we begin to pro-
cesstheblocksin thatorderto extractthevisibleisosurfaces.
Our occlusionculling algorithmconsistsof two phases:oc-
cluderconstructionandocclusionculling. To constructthe
occluder, we comparetheboundingboxesof the isosurface
blocksin the�rst severalnon-emptylayersandselectthose
whoseboundingboxes are visible. The isosurfacepatches
are then extractedfrom thoseblocks to form an occluder.
This occluderis usedto cull away the invisible isosurface
blocksin thesecondphase.

Recently, nVidia GeForce4 graphicscardsprovide hard-
waresupportfor occlusionquery. Theprogrammercanuse

the occlusionqueryextensionto testan object's visibility.
It alsoallows multiple queriesto be issuedat onceto over-
lap theGPUandCPUcalculations.Our algorithmtakesad-
vantageof suchhardwaresupportwhenperformingboththe
occluderconstructionandtheocclusionculling.

6.2.1. Occluder Construction

In this phase,we wantto identify thevisible front-mostiso-
surfaceblocksto constructanoccluder. To achieve this,both
thedepthbuffer write andthedepthtestneedto beenabled
�rst. We thenrenderthe boundingboxes of the isosurface
blocks in the �rst several non-emptylayersand test their
visibility. The following is thepseudocodethatutilizes the
nVidia'socclusionculling extension:

1. Issuingqueriesfor eachblock. AssumingthereareN
isosurfaceblocksto betested:

for (i = 0; i < N; i++)
Begin thequery

Rendertheboundingfacesof theith block
Endthequery

2. Checkthequeryresult:
for (i = 0; i < N; i++)

Count= numberof pixelsthatpass
thetestfor theith block
if (count> 0) then

Theblock is visible
Isosurface patches inside will be extracted

endif

After thevisible blocksarefound,isosurfacepatchesare
extracted.To reduceholesin the occluder, we alsoextract
isosurfacefrom thoseisosurfaceblocksnext to the visible
blockssincethey aremostlikely visibleaswell.

6.2.2. OcclusionCulling

The secondphaseis to cull away the isosurfaceblocksoc-
cludedby theoccluder. After this, therestof the isosurface
blockswill beclassi�edasvisible,fromwhichtheisosurface
patcheswill beextracted.

To identify the invisible isosurface blocks, we use the
nVidia hardware in a way similar to the �rst phase,except
thatthedepthbuffer write shouldbedisabledbeforeissuing
thequeries.In this way, only theoccluder, not thebounding
boxes,is usedto cull away theinvisibleblocks.

It is worthmentioningthatsuchvisibility testis conserva-
tive. That is, the �nal isosurfaceextractedby our algorithm
(aswell asthealgorithmsin 9� 11) will includethetruevisible
portionof theisosurface,plusasmallportionof theinvisible
isosurface.However, thecorrectnessof the�nal imageis not
compromised.

7. Results

We testedour algorithmon a PCwith a 2.0GHz P4proces-
sor, 2 GB of memoryanda GeForce4 graphicscard.Our
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Iso-value visible total %
triangles triangles

25.5 266084 1056866 25.2

38.25 281103 1282374 21.9

63.75 312555 1291010 24.2

Table 1: Thecomparisonbetweenthe numberof triangles
extractedby our algorithm and the numberof triangles in
thewholeisosurface.

Numberof stop-and-wait sphericalpartition
queries

24020 0.190 0.090

112279 0.741 0.390

Table 2: The visibility test time(in seconds)usedby the
"stop-and-wait"algorithmandthesphericalpartition algo-
rithm whenissuingdifferent numberof queries.Thetest is
doneon theUNC brain datasetwith iso-value25.5and the
numberof queriesis controlledby thedatablock size.

testdatasetsincludeda 256 � 256 � 145 UNC braindataset
anda256 � 256 � 308Leg dataset.In our tests,unlessstated
otherwise,a datablock contained4 � 4 � 4 voxels.

Ouralgorithmculls away invisible isosurfaceseffectively
with thehelpof nVidia occlusionextensions.Table1 com-
paresthesizeof thevisible isosurfacesextractedby our al-
gorithmwith thesizeof thewhole isosurfacesfor theUNC
braindataset.Threetestiso-valueswereused.Fromthere-
sults,it canbeseenthatonly about25 percentof thewhole
isosurfacewasextracted.

Table 2 comparesthe visibility test time betweenthe
"stop-and-wait" method and the sphericalpartition algo-
rithm. In the"stop-and-wait" method,afteraqueryis issued,
the programwaits for the queryresult,extractsthe isosur-
faceif theblockis visible,andthenprocessesthenext block.
This is similar to thealgorithmproposedin 9. Ouralgorithm
sendsmultiple queriesfor the isosurfaceblocksat oncebe-
fore checkingthequeryresultsandextractingisosurfacein-
sidethevisible blocks.Both methodsweretestedusingthe
UNC braindatasetwith iso-value25.5.We usedtwo differ-
entdatablock sizes,4 � 4 � 4 voxelsand2 � 2 � 2 voxels.
Thenumbersof isosurfaceblockswere24020and112279,
respectively. Fromtheresults,it canbeseenthatourmethod
hadsmallervisibility queryoverheadbecausethe"stop-and-
wait" methodcannottake advantageof theoverlapbetween
CPUandGPUcalculations.

Our new algorithmtakesadvantageof the sphericalpar-

Octreepartition sphericalpartition

UNC brain 0.230222 0.105389

Leg 0.109903 0.050750

Table 3: The visibility test time(in seconds)for the UNC
brain dataset(iso-value:25.5)and Leg dataset(iso-value:
700.0)by the octree partition algorithm and the spherical
partition algorithm.

Octreepartition sphericalpartition

traverse 0.017917 0.000556

Visibility 0.230222 0.105389

Extraction 0.013917 0.012000

Rendering 0.036708 0.025042

Total 0.298764 0.142986

Table 4: The average time(in seconds)usedby the octree
partition algorithmandthesphericalpartition algorithmfor
theUNCbrain dataset(iso-value:25.5).

tition so that a larger occluder can be constructedmore
quickly. Figure8 comparesthe renderingimagesof theoc-
cludersobtainedby the octreefront-to-backtraversaland
thesphericaltraversal.In our test,bothmethodsvisited the
�rst 50 percentof the isosurfaceblocks and queriedtheir
visibility. The octreetraversalalgorithm found only 2441
visible blocks(35 % of the total visible blocks),while the
sphericalpartition algorithmfound 6403visible blocks(90
% of the visible blocks). In order to get an occludersimi-
lar to whatobtainedby thesphericalpartitionalgorithm,the
octree-basedalgorithmhadto visit almostall the isosurface
blocksandquerytheir viability. Table3 comparesthevisi-
bility querytime betweentheoctreepartitionalgorithmand
the sphericalpartition algorithmfor the UNC brain dataset
andtheLeg dataset.It canbeseenthatthesphericalpartition
algorithmspentlesstime in visibility query. In our test,we
found that visiting about50 % of the front-mostisosurface
blocksusingthesphericalpartitioncangiveusaprettygood
occluder.

Table 4 and Table 5 comparethe breakdown of the av-
eragevisible isosurfaceextractiontime betweenthe octree
partition algorithm and the sphericalpartition algorithm.
The testswere performedby rotating the datasetsabout
the Y axis continuously. Visible isosurfaceswere gener-
atedfrom 72 evenly spacedview positions.The isosurface
was extractedincrementallywhen the view changed.That
is, only newly visible isosurfacetriangleswereextractedat
eachframe.Excepttheinitial view, theisosurfaceextraction
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Octreepartition sphericalpartition

traverse 0.014597 0.000556

Visibility 0.109903 0.050750

Extraction 0.004875 0.003347

Rendering 0.024319 0.025194

Total 0.153694 0.079847

Table 5: The average time(in seconds)usedby the octree
partition algorithmandthesphericalpartition algorithmfor
theLeg dataset(iso-value:700.0).

time for thesubsequentviews becamesmaller. The visibil-
ity querytime,however, wasalmostconstantfor eachview.
Fromthetable,it canbeseenthat thesphericalpartitional-
gorithmhadbetterperformancein visibility queryandfront-
to-backtraversal,andthusabetteroverall performance.

Sinceour algorithmcangeta majority of thevisible iso-
surface more quickly, it can be usedfor time-critical vi-
sualizationapplications.When the time budget is limited,
our algorithmcan rendera morecompleteisosurfacewith
a smalleramountof time. Figure9 shows the imagesafter
20%, 35%, and50% of isosurfaceblockswere visited for
theLeg dataset.Images(a) to (c) give theresultsgenerated
by the sphericalpartition algorithmwhile images(d) to (f)
give theresultsgeneratedby theoctreepartitionalgorithm.

8. Conclusionand Futur eWork

We presenta view-dependentisosurface extraction algo-
rithm utilizing theocclusionqueryhardware.Ouralgorithm
partitionsthevolumeusingthesphericalcoordinatesystem,
which allows us to ef�ciently identify the front-mostvisi-
ble isosurfaceblocks.Thoseblocksareusedto form anoc-
cluder, which cancull away the remaininginvisible blocks
ef�ciently . Our algorithm can reducethe visibility query
overhead,andalsoextract a morecompletevisible isosur-
facein a shorteramountof time.

Futurework includesutilizing the sphericalpartition for
out-of-coreandparallel isosurfaceextraction.We will also
apply thesimilar ideato othervisualizationtechniquesthat
can bene�t from ef�cient visibility determination.Volume
renderingis onesuchtechnique.Finally, we will extendour
algorithmfor curve-linearor unstructureddatasets.
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(a) (b) (c)

Figure 8: Theoccluderconstructedby different algorithmsafter 50 percent of the isosurfaceblocks were queried.(a) The
octreepartition algorithm;2441visibleblocksare found.(b) Thesphericalpartition algorithm;6403visibleblocksare found.
(c) The�nal image of theisosurface. 6620visibleblocks.

(a) (b) (c)

(d) (e) (f)

(g)

Figure 9: The images generated for the Leg datasetafter 20 percent,35 percent and 50 percent of total isosurfaceblocks
are queriedduring the occluderselectionstage. (a)-(c) showthe correspondingimagesgeneratedby the sphericalpartition
algorithm; (d)-(f) showthecorrespondingimagesgeneratedby theoctreepartition algorithm.(g) showsthe�nal image of the
isosurface.
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