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Abstract

Extractingonly thevisibleportion of anisosurfacecanimprove boththe computatioref ciency andtherendering
speedHowever, thevisibility testoverheadcanbe quite high for large scaledatasets.In this paper we presenta
view-dependerisosurfacextractionalgorithmutilizing occlusionqueryhardware to acceleatevisibleisosurface
extraction. A sphericalpartition schemeis proposedo travessethe datablocksin a layered front-to-ba& order.
Sud traversal order helpsour algorithmto identifythevisibleisosurfaceblocks more quickly with fewer visibility
gueries.Our algorithmcancomputea more completdsosurfacen a smalleramountof time, andthusis suitable
for time-critical visualizationapplications.

Catagyories and SubjectDescriptors(accordingto ACM CCS) 1.3.1 [ComputerGraphics]: Hardware Architec-
ture; 1.3.7 [ComputerGraphics]: Three-DimensionaGraphicsand Realisml.3.7 [ComputerGraphics]:visible

line/surfacealgorithms

1. Intr oduction

Visualizing isosurficesis an effective methodto analyze
three-dimensionascalardatasetsTo computeisosurfices,
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 researcherhave proposedvari-

ous techniques3 45678 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-dependentnethodswere proposed
910111213 |n essencethe view-dependenmethodsmini-

mize the computatiorandrenderingoverheadoy extracting
andrenderingonly thevisible portionof theisosurfice.

Sincecomputingthevisibility for everytrianglein aniso-
surfacecanbevery expensve, thevisibility determinations
typically doneat the block level. LivnatandHanser? used
anoctreeto partitionthedatainto smallblocks,andvisit the
isosurficeblocksin afront-to-backorder To determinethe
visibility of anisosurficeblock, theprojectionof theblock's

¢ TheEurographicsAssociation2003.

boundingbox is comparedagainstthe screencoverageof

the alreadycomputedsosurficepatchesA block is invisi-

ble if its boundingbox is completelyoccluded.Otherwise,
it is visible, andtheisosuracepatcheswithin areextracted.
This processs appliedto every block that containsthe iso-
surface.

Although the view-dependenisosurficeextractionalgo-
rithms canreducethe surfaceextractionandrenderingcost,
thevisibility determinatioritself canbecomeaperformance
bottlenecksincethe occlusiontestsaremostly donein soft-
ware.The algorithmsarealsoinherentlysequentialthatis,
thevisibility of anisosurficeblock needsto be determined
beforethe triangleswithin can be extracted.This malkes it
dif cult toincorporateocclusionculling into parallelisosur
faceextractionalgorithms.

Recently the commercial graphics hardware such as
nVidia's GeForce4 cardsprovide efcient visibility query
functionality 17. The hardware also allows 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
isosurhceextractionalgorithmwhich cantake adwantageof
thosefeaturego reducethe occlusionculling overheadOur
algorithm consistsof two phasesin the rst phasethe al-
gorithmidenti es thefront-mostisosurficeblocks,andthen
extractsthe isosurfice patcheswithin thoseblocks. In the
secondphasewe usethe partialisosuracegeneratedn the
rst phaseasthe occluderto cull away theinvisible blocks,
andthenextracttheremainingisosuracepatches.

We usethe hardware visibility queryfeaturessupported
by nVIDIA's GeForce4 graphicscardsto identify the front-
most blocks, aswell asto cull awvay the invisible blocks.
To efciently nd thefront-mostblocksto constructan oc-
cluder a front-to-backtraversalof the isosurficeblocksis
performed.Traditionally anoctreeis usedfor this purpose.
When using an octree,however, the front-mostisosurfice
blocks can not be identi ed without traversing the entire
tree.Thisis becaus¢hetraditionaloctreetraversalalgorithm
visits eachoctreenodein a depth- rst searchorder It only
ensureghata local front-to-backtraversalorderis not vio-
lated, but doesnot guaranteeylobally thatthe nodescloser
to the eye will always be visited beforethe nodesthat are
fartheraway. Traversingthe entire dataseintroducesaddi-
tional overhead which can be quite signi cant for a large
datasetTo amendthis problem,we proposean alternatve
spacepartition schemecalled sphericalpartition, to locate
thefront-mostblocksmoreef ciently . Ournew schemepar
titions the whole volume basedon the sphericalcoordinate
systemand organizesthe datablocksin a binary partition
tree. Using the sphericalpartition schemewe cantraverse
theisosurficeblocksin alayeredfront-to-backorder sothat
alargeroccludercanbe constructednorerapidly. Thealgo-
rithm alsoallows for anef cient updateof thefront-to-back
orderwhentheview changesaswell asa quick elimination
of non-isosuréceblocks.

In the following, relatedwork is rst discussedWe then
brie y overview theocclusionculling featuressupportedy
existing graphicshardware. Section4 givesan overview of
ouralgorithm,followedby thedetailsin section5 and6. The
resultsarepresentedn section7, andthe conclusionof the
paperandthefuturework aregivenin section8.

2. RelatedWork

TheMarchingCubesalgorithnt was rst introducedo pro-
vide a simpleandrobustway for isosurficeextraction.Sub-
sequentlymary algorithmg 34 5 6 7 8 wereproposedo im-
prove the performancef isosurficecell searchprocessFor
a large datasethowever, the numberof trianglesextracted
by the MarchingCubesalgorithmcanbehuge.

Surfacesimpli cation methods!4 15 16 grevery effective
in reducingthe size of the suriacegeometry However, they
areusuallyusedfor post-processingndthuscannotbeused
for theapplicationghatrequireinteractve isosurficeextrac-
tion andrendering.

Occlusionculling is anothemway to reducethe sizeof ge-
ometry Theculling canbedonein eitherimagespaceor ob-
jectspaceHierarchicalz-buffer method!8 performsthe oc-
clusiontestin imagespaceby comparingthe boundingbox
of the objectwith a hierarchicalrepresentationf the depth
buffer. The methodtakesadwantageof occluderfusion, that
is, the cumulatve occlusionformedby multiple occluders.
Zhangetal.13 proposedhe HierarchicalOcclusionMap al-
gorithmwhich only utilize graphicshardwareto performoc-
cluderfusion.Amongobjectspacealgorithms Coomg etal.1?
introduceda visibility determinatioralgorithmbasecdbnthe
shadev volumeor shadav frustumde ned by large corvex
occluders A setof visual eventsis always maintainedfor
the algorithmto utilize temporalcoherenceHowever, oc-
cluderfusionis not consideredn their algorithm. Another
method,aspecgraph? 21, providesa new way for visibility
determinatiorby encodingvisibility informationfor all pos-
sibleviews of theobjectandmanaginghevisibility changes
throughvisual events.All the above algorithmshave suc-
cessfully shavn that the occlusionculling can effectively
improve therenderingperformance.

Occlusionculling hasbeenusedto reducethe sizeof iso-
surface geometry Different view-dependentechnique% 10
have beenproposedo reducethe extractionandrendering
time by only extractingandrenderingthevisible isosurfice.
Contourpropagatiorandray castingtechniquearealsopro-
posedto progressiely extract view-dependenisosurfices
12 To further reducethe renderingtime, parallelrendering
algorithms?2 23 canbeused Recentlysomeefforts wereput
to parallelizeboththe extractionandrenderingof thevisible
isosurfices! 13,

Many occlusionculling algorithmg8 24 13 have already
utilized graphicshardwareto speedup the visibility query
However, someof the expensve operationssuchashbound-
ing box projectionsand depth-huffer read-baclkarestill the
bottleneck.Recently graphicscardssuchasHP's FX6 and
nVidia's GeForce4 startedto supporthardware-basedisi-
bility queries.It would bene t the view-dependentsosur
face extraction algorithmsif suchhardware capability can
befully utilized. Wewill brie y discusghehardwareocclu-
sionculling featurein the next section.

3. Hardware OcclusionCulling

Hardwareocclusionculling extensionsareavailablein HP's

FX6 andnVidia'sGeForce4 graphicscards Bothextensions
aim to provide a simpleandefcient way to rapidly deter

minethevisibility statusof agivenobject.

TheHP occlusionextensionperatedn a"stop-and-vait"
mannerAn occlusionculling algorithmthatutilizes the ex-
tensiontypically works asfollows. Firstly, it issueghe visi-
bility queryfor theboundingbox of atargetgeometryThen
the hardwarerendersghe boundingbox andreturnswhether
the depthbuffer is modi ed. If the depthbuffer is updated,
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theboundingbox will beconsiderediisible andthe geome-
try insidewill berenderedOtherwisethe geometrycanbe

skippedsinceit is not visible. The methodprovidesa sim-

ple way to queryan objects visibility. However, it doesnt

returnthe numberof pixels that passthe test. Furthermore,
the "stop-and-vait" modelpreventsary potentialoverlapof

GPUandCPU computations.

To solve the problemsin the HP occlusionextensions,
nVidia occlusionquerymechanisr¥ is proposedlt returns
thenumberof pixelspassinghetestandalsoallows multiple
queriego beissuedatoncebeforecheckingary queryresult.
In this way, the occlusionculling algorithmcanoverlapthe
GPUandthe CPU calculationgo gainbetterperformance.

4. Algorithm Overview

The purposeof our algorithmis to extract the visible por
tion of anisosurficeefciently. Our algorithm consistsof
two parts:pre-processingndrun-timeview-dependentso-
surfaceextraction.

At thepreprocessingtagethedataseis partitionecbased
on the sphericalcoordinatesystem.The smallestpartition
unit is calleda “sector”. All the datablocks,eachof which
consistsof n - n  nvoxels, are bucketizedinto thosesec-
tors. A partitiontreeis usedto storethe partition informa-
tion, which is to enableefcient front-to-backtraversalto
assistvisibility determination.

At run time, the view-dependenisosuraceextractional-
gorithm is performedwith the hardware occlusionquery
support.Therearetwo major phasesn this stage:occluder
constructiomandocclusionculling. Thegoal of the occluder
constructionis to identify the front-mostisosuraceblocks
efciently without extracting ary isosurfice patches.To
achieve this goal, we traversethe sphericalpartitiontreein
a layeredfront-to-backorderandquerythe visibility of the
isosurficeblocks' boundingboxesusingthe graphicshard-
ware.We take advantageof thenVIDIA GeForce4 graphics
card's capabilityto overlapthe CPU and GPU computation
by continuouslysendingthe querieswithout waiting for the
resultsto comeback,until the rst severalnon-emptylayers
of the isosuraceblocksaretraversed After that, our algo-
rithm beginsto checkthequeryresultfor eachof theblocks.
If the boundingbox of anisosurficeblock is determinedo
be visible, we extract the isosuraicepatcheswithin. Other
wise, its visibility statusis undeterminedandwill require
anothertestin the secondphasedueto the approximatena-
tureof thebounding-box-basedsibility test. Theisosurfice
trianglesextractedat this phasewill be renderedand used
asthe occluder In the secondphaseof the algorithm, the
occluderis usedto testthe visibility of the remainingiso-
surfaceblocks. This is alsoperformedby the hardware.An
isosurficeblock canbe culled away if its boundingbox is
completelyoccludedby the occluder Otherwise jsosurfice
patchesareextractedfrom the block.
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Sincean isosurfice block needsto be testedagainif it
doesnot passthe visibility testin the rst phaseijt is im-
portantto only traversethe blocksthat are the mostlikely
visible when constructingthe occluderto reducethe vis-
ibility query overhead.The proposedspherical partition
methodcanachie/e this goal becausehe front-to-backlay-
eredtraversalallows a quicker constructionof the occluder
without traversingthroughthe entire dataset. For a dataset
with high depthcompleity, for example,at leasthalf of the
isosurficeis invisible. Therefore the visibility queryin the
occluderconstructionstepcan stop after traversinghalf of
theisosurficeblocks.To geta morecompleteoccludey our
algorithmalso extractsthe trianglesfrom the direct neigh-
bor blocksof thevisible blocksto minimize the holesin the
occluderBecausehedatablocksareorganizedn thespher
ical coordinatesystemwhentheview changes small,only
asmalladjustmenis neededo give usthenew front-to-back
traversalorder In thefollowing sectionswe discussour al-
gorithmin detail.

5. Preprocessing

The sphericalpartition and block bucketizationneedto be
doneonly oncefor adataseandcanbereusedvhentheiso-
valueor the viewing parametersirechangedThe spherical
partitionsubdvidesthewholevolumein the sphericalkcoor
dinate systemand the block bucketizationsortsthe blocks
into different sectors.The run-time front-to-backtraversal
andvisibility determinatiorarebasedon this pre-calculated
information.

5.1. Spherical Partition

Figure 1 shawvs a 2D example of the sphericalpartition.
An exampleof the optimal partition for a front-to-backor-
der traversalis shavn in Figure 1(a), where the partition
is always perpendiculato the eye direction. However, pre-
partitioning the datain this way is not feasiblein practice
sinceit is view-dependentlf the partition is donein the
sphericatoordinatesystemasshavn in Figurel(b),thelay-
eredtraversalsimilar to Figure 1(a) canbe easilyachieved
for ary givenview.

Figure2illustratesthesphericatoordinatesystemTo de-
ne sphericalcoordinateswe take an axis (the polar axis)
anda perpendiculaplane (the equatorialplane),on which
we choosea ray (theinitial ray) originatingat the intersec-
tion of the planeandthe axis (the origin O). In this system,
thecoordinate®f apoint P are:the distance from P to the
origin O; the anglef betweenthe line OP andthe positive
polaraxis(Z axis);andtheangleq betweertheinitial ray (X
axis) andthe projectionof OP to the equatorialplane(XOY
plane).

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

Figure 1: A 2D exampleof two partition methods.

Figure 2: Thesphericalcoodinatesystem.

exceptthat the partitionis de ned in the sphericalcoordi-
natesysteminsteadof the CartesiarcoordinatesystemThis
methodis easyto implement.However, it is dif cult to tra-
versesuchtreein afront-to-backorder

Our algorithm partitionsthe volumein two stepsto fa-
cilitate both datastructureconstructionand ef cient front-
to-backtraversal.During the rst step,the partitionis done
along the sphereradius(r dimension),to createa layered
structureasshawvn in Figure 1(b). This allows the traversal
of thetreeto bedonein afront-to-backayeredmannemtrun
time. The algorithmvisits the datablocksin the innerlayer
only afterit nishes theouterlayers.In the secondstep,the
partition will be donein f and g dimensionsalternatvely.
This partitionensureshefront-to-backiraversalwithin each
layer We will use"distancepartition”to representhe parti-
tion performedn the rst stepand"anglepartition”to repre-
sentthepartitionin thesecondstep.A binarytreestructurdas
usedto representhepartitionandfacilitatethefront-to-back
traversalof isosurficeblocks.Thetreetraversalmethodwill
beintroducedn detailin section6.1.

A 2D exampleof the partition andthe correspondingdpi-

Layer 3 Layer 1 () Distance Partiion

Layer4 h a Layer 2

f c
Angle Partition

block list

Figure 3: An exampleof 2D sphericalpartition and its bi-
narytree

nary tree structureis shavn in Figure 3. The binary tree
shaws only the rst layer's anglepartition. The anglepar
titionsin otherlayersaresimilar. At runtime, thetreeis tra-
versedrom theouterlayer (layer 1) to theinnerlayer (layer
4). Within eachlayer, a block bucketizationis performedto
furthersortthe blocksinto sectors.

5.2. Block Bucketization

In our algorithm, the whole volume is subdvided into a
groupof blocks.Eachblockconsistofn n  nvoxels.The
voxelsaregroupednto blockssothatwe canskiptheempty
voxels(voxelsthatcontainnoisosurace)ef ciently . A block
is alsothebasicunit for which our algorithmdetermineshe
visibility. In essencethe goal of the block bucketizationin
ouralgorithmis to sorteachblock to the correspondingec-
torsbasednthefollowing rules:A block thatoverlapswith
two or morelayersis assignedo thesectorin theouterlayer.
Within eachlayer, ablockis assignedo a sectorif it is com-
pletelyinside of the sector If a block overlapswith two or
more sectorsthe block (the pointerto the actualdata)will
be replicatedand assignedo thosesectors However, only
the rst oneencounteredn the traversalwill be processed
at run time. Eachsectorwill sortandlink togetherall the
blocksassignedo it in the orderof ther valueof the block
center The pre-sortedlock list will be usedfor anef cient
front-to-backtraversal.

After the bucketization,our algorithmneedsto calculate
the minimal and maximal valuesfor eachsectorfrom the
datain its blocks.The valuesareusedfor afastersearchof
the isosuraice blocks. The sectoralso needsto calculatea
centerpositionwhich is the averageof the centerpositions
of all its blocks.Thecenterwill beusedto sortthe sectors.

6. Hardware-assistedView-Dependentisosurface
Extraction

With the help of the occlusionextensionprovided by the
nVidia GeForce 4 graphicscard, our algorithm can nd
all the visible isosurfice blocks in two phases.The rst
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Figure 4: A 2D exampleof thelayer traveisal: theincreas-
ing order of thenumbes representghetraveisal order.

phaseconstructsan occluderfrom the front-mostisosurfice
blocks,andthe secondohaseculls away the blocksthatare
occludedby the occluder The two phasework togetherto
generatahevisible portionof theisosurfces.

6.1. Front-to-back Traversal

To quickly identify the front-mostisosurfce blocks, our
algorithm traversesthe sphericalpartition tree in a front-
to-backorder at threedifferentlevels: layers, sectors,and
blocks. Startingfrom the outermostayer, we move toward
the spherecenterandtraversethe layersalong the way. In
eachlayer, the isosurfice sectors(the sectorsthat contain
isosurfice blocks) are traversedin an order determinedby
their orientations Within eachsectorisosuriceblocksare
visitedin anorderbasedntheirdistanceso thespherecen-
ter. In thefollowing, we discusseachtraversallevel in detail.

6.1.1. Layer Traversal

Thelayertraversalorderis decidedby the distance(radius)
partition portion of the sphericalpartitiontree.A 2D exam-
ple is shawn in Figure4. The layersaretraversedfrom the
outermostayerto theinnermostayer. During thetraversal,
thelayersthatcontainnoisosurficeareskipped.

6.1.2. SectorTraversal

By traversingtheanglepartitionportionof thesphericapar
tition tree, the sectorsat eachlayer will be visited andthe
sectorgontainingnoisosurficewill beskipped.

Eachlayer canbe partitionedinto two parts:front layer
andbacklayer The front layeris the portion that facesto-
ward the eye, and the other portion is the back layer To
achieve a correctfront-to-backtraversal,the algorithmtra-
verseghefrontlayersfrom theoutermostayerinwards,and
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Back Layer

Figure 5: A 2D exampleof front and bad layer traversal:
theincreasingorder of the numbes representghetraversal
order.

thentraverseghe backlayersfrom theinnermostiayerout-
wards,as shawvn in Figure 5. To build sucha layer parti-
tion, the sectorsin the samelayer are classi ed into front
sectorsmiddle sectorsand back sectors.The front sectors
arethosewhich arecompletelyinsidea front layer, the back
sectorsarethosewhich are completelyinside a backlayer,
and the middle sectorsare thosewhich overlap with both
thefront andthebacklayers.To classifythe sectorswe de-
ne eye vector asthe vector from the sectorcenterto the
eye, centervector as the vector from the spherecenterto
the sectorcenter andangle spread asthe largestangledif-
ferencein f andq dimensionsof the sphericalcoordinates
in a sector A sectoris classi ed basedon the angle be-
tweeneyevedor andcerter vedor. If theangleis lessthan
90 05 angle spread the sectoris classi ed asa front
sector If theangleis greatethan90 05 angle spread
thesectoris classi ed asabacksector Otherwisethesector
is amiddlesector

In our algorithm, the front sectorsof all layersare tra-
versedbeforethe middle sectorsof all layers,andthe mid-
dle sectorsof all layersare traversedbefore the back sec-
torsof all layers.Among all the front sectorsin eachlayer,
thetraversalorderis determinedasedntheanglebetween
eachsectors eye vectorandcentervector The sectorswith
smalleranglesare visited rst sincethey arecloserto the
eye. A 2D exampleof traversingthe front sectorsat one
layeris shawvn in Figure6. The samecriterionis appliedto
the back sectorsin eachlayer No orderingis donefor the
middle sectorsat this level. The front-to-backordering of
blocksinsidethemiddle sectords takencareof in theblock
traversallevel.

6.1.3. Block Traversal

The goal of the block traversalis to traversethe isosur
faceblocksinsidea sectorin a front-to-backorder During
the block bucketizationstage the blocksin eachsectorare
sortedaccordingo theblockradius,whichindicateghedis-
tanceto theeye. To performafront-to-backiraversal theiso-
surfaceblocksin afront sectoraretraversedn adecreasing
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Figure 6: A 2D exampleof sectortravesal in a frontlayer:
theincreasingorder of the numbes representghetraversal
order

Figure 7: A 2D exampleof front-to-bak travessal of the
blodks in the front sector: the increasingorder of the num-
bersrepresentshetraversal order

radiusorder(Shavn in gure 7), while theisosuriiceblocks
in a backsectoraretraversedin anincreasingradiusorder
For the blocksin the middle sectorsthe traversalorderis
determinedy theanglebetweertheeye vectorandthecen-
ter vector Traversingthoseblocksin anincreasingorderof
suchanglesensures correctfront-to-backtraversal.

If ablock crossesseveral sectorsit is replicatedandas-
signedto thosesectors.Note that we do not replicatethe
data,but only the pointersto the data.In addition, the iso-
surfaceswithin the block will be extractedonly oncewhen
it is rst encountered.

6.2. Hardware-AssistedOcclusion Culling

After sortingthe isosurficeblocksin a front-to-backorder
by traversingthe sphericalpartition tree, we begin to pro-

cesgheblocksin thatorderto extractthevisibleisosurfces.
Our occlusionculling algorithmconsistof two phasesoc-

cluder constructionand occlusionculling. To constructthe

occluder we comparethe boundingboxesof theisosurfice
blocksin the rst severalnon-emptylayersandselectthose
whoseboundingboxes are visible. The isosurfice patches
are then extractedfrom thoseblocks to form an occluder

This occluderis usedto cull away the invisible isosurfice
blocksin thesecondohase.

Recently nVidia GeForce4 graphicscardsprovide hard-
ware supportfor occlusionquery The programmeicanuse

the occlusionquery extensionto testan objects visibility.
It alsoallows multiple queriesto beissuedat onceto over
lap the GPUandCPU calculationsOur algorithmtakesad-
vantageof suchhardwaresupportwhenperformingboththe
occluderconstructiorandthe occlusionculling.

6.2.1. Occluder Construction

In this phasewe wantto identify thevisible front-mostiso-
surfaceblocksto constructanoccluder To achieve this, both
the depthbuffer write andthe depthtestneedto be enabled
rst. We thenrenderthe boundingboxes of the isosuraice
blocksin the rst several non-emptylayersand test their
visibility. The following is the pseudacodethat utilizesthe
nVidia's occlusionculling extension:

1. Issuingqueriesfor eachblock. Assumingthereare N
isosurficeblocksto betested:
for (i =0;1 <N; i++)
Begin thequery
Rendetthe boundingfacesof theith block
Endthequery

2. Checkthequeryresult:
for (i =0;i <N;i++)
Count= numberof pixelsthatpass
thetestfor theith block
if (count> 0) then
Theblockis visible
Isosurfice patchesinside will be extracted
endif

After thevisible blocksarefound,isosurficepatchesare
extracted.To reduceholesin the occludey we also extract
isosurficefrom thoseisosurfice blocks next to the visible
blockssincethey aremostlikely visible aswell.

6.2.2. OcclusionCulling

The secondphaseis to cull away the isosuraceblocksoc-
cludedby the occluder After this, the restof theisosuraice
blockswill beclassi edasvisible,fromwhichtheisosurfice
patcheswill beextracted.

To identify the invisible isosurfice blocks, we use the
nVidia hardwarein a way similar to the rst phase gxcept
thatthe depthbuffer write shouldbe disabledbeforeissuing
thequeriesIn thisway, only the occluder notthe bounding
boxes,is usedto cull avay theinvisible blocks.

It is worth mentioningthatsuchvisibility testis consera-
tive. Thatis, the nal isosurficeextractedby our algorithm
(aswell asthealgorithmsin © 11) will includethetruevisible
portionof theisosurice plusasmallportionof theinvisible
isosurhice.However, thecorrectnessf the nal imageis not
compromised.

7. Results

We testedour algorithmon a PCwith a2.0 GHz P4 proces-
sor, 2 GB of memoryanda GeForce4 graphicscard. Our
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visible total %
triangles triangles

Iso-value

25.5 266084 1056866 25.2

38.25 281103 1282374 21.9

63.75 312555 1291010 24.2

Table 1: The comparisonbetweerthe numberof triangles
extractedby our algorithm and the numberof trianglesin
thewholeisosurface

Numberof stop-and-wit sphericapartition
queries
24020 0.190 0.090
112279 0.741 0.390

Table 2: The visibility test time(in seconds)usedby the
"stop-and-wait"algorithmandthe sphericalpartition algo-
rithm whenissuingdifferent numberof queries.Thetestis
doneon the UNC brain datasetwith iso-value25.5andthe
numberof queriesis contolled by thedatablodk size

testdatasetsncludeda256 256 145UNC braindataset
anda256 256 308Legdatasetln ourtestsunlessstated
otherwise adatablock containedd 4 4voxels.

Our algorithmculls avay invisible isosurhiceseffectively
with the help of nVidia occlusionextensionsTable1 com-
paresthe size of the visible isosurficesextractedby our al-
gorithmwith the size of the wholeisosuracesfor the UNC
braindatasetThreetestiso-valueswereused.Fromthere-
sults,it canbe seenthatonly about25 percentof thewhole
isosurbcewasextracted.

Table 2 comparesthe visibility testtime betweenthe
"stop-and-wait" method and the sphericalpartition algo-
rithm. In the"stop-and-vait" method afteraqueryis issued,
the programwaits for the queryresult, extractsthe isosur
faceif theblockis visible,andthenprocessethenext block.
Thisis similarto thealgorithmproposedn °. Our algorithm
sendsmultiple queriesfor theisosuriceblocksat oncebe-
fore checkingthe queryresultsandextractingisosuracein-
sidethe visible blocks.Both methodsweretestedusingthe
UNC braindatasetwvith iso-value25.5.We usedtwo differ-
entdatablock sizes4 4 4voxelsand2 2 2voxels.
The numbersof isosurficeblockswere24020and 112279,
respectiely. Fromtheresultsjt canbeseerthatourmethod
hadsmallervisibility queryoverheadecausé¢he"stop-and-
wait" methodcannottake advantageof the overlapbetween
CPUandGPUcalculations.

Our new algorithmtakes adwantageof the sphericalpar
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Octreepartition  sphericabpartition
UNC brain 0.230222 0.105389
Leg 0.109903 0.050750

Table 3: The visibility testtime(in seconds)or 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 secondsusedby the octree
partition algorithmandthesphericalpartition algorithmfor
the UNC brain datasef(iso-value:25.5).

tition so that a larger occludercan be constructedmore
quickly. Figure8 compareghe renderingimagesof the oc-
cludersobtainedby the octreefront-to-backtraversaland
the sphericatltraversal.ln our test,both methodsvisited the
rst 50 percentof the isosurfice blocks and queriedtheir
visibility. The octreetraversal algorithm found only 2441
visible blocks (35 % of the total visible blocks), while the
sphericalpartition algorithmfound 6403 visible blocks (90
% of the visible blocks).In orderto getan occludersimi-
lar to whatobtainedby the sphericapartitionalgorithm,the
octree-basedlgorithmhadto visit almostall theisosuraice
blocksandquerytheir viability. Table3 compareghe visi-
bility querytime betweerthe octreepartitionalgorithmand
the sphericalpartition algorithmfor the UNC brain dataset
andthelLeg datasetlt canbeseerthatthesphericapartition
algorithmspentlesstime in visibility query In our test,we
foundthatvisiting about50 % of the front-mostisosurfice
blocksusingthe sphericapartitioncangive usaprettygood
occluder

Table 4 and Table 5 comparethe breakdavn of the av-
eragevisible isosurficeextractiontime betweenthe octree
partition algorithm and the sphericalpartition algorithm.
The testswere performedby rotating the datasetsabout
the Y axis continuously Visible isosurbiceswere gener
atedfrom 72 evenly spacedview positions.The isosuraice
was extractedincrementallywhen the view changedThat
is, only newly visible isosurficetriangleswere extractedat
eachframe.Excepttheinitial view, theisosurficeextraction
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Octreepartition  sphericapartition
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 secondsusedby the octree
partition algorithmandthe sphericalpartition algorithmfor
theLeg datasef(iso-value:700.0).

time for the subsequentiews becamesmaller The visibil-
ity querytime, however, wasalmostconstanfor eachview.
Fromthetable,it canbe seenthatthe sphericalpartitional-
gorithmhadbetterperformancén visibility queryandfront-
to-backtraversal,andthusa betteroverall performance.

Sinceour algorithmcangeta majority of thevisible iso-
surface more quickly, it can be usedfor time-critical vi-
sualizationapplications.When the time budgetis limited,
our algorithm can rendera more completeisosurficewith
a smalleramountof time. Figure 9 shaws the imagesafter
20%, 35%, and 50% of isosurfice blocks were visited for
the Leg datasetimages(a) to (c) give the resultsgenerated
by the sphericalpartition algorithmwhile images(d) to (f)
give theresultsgeneratedby the octreepartitionalgorithm.

8. Conclusionand Futur e Work

We presenta view-dependentisosurfice extraction algo-
rithm utilizing the occlusionqueryhardware.Our algorithm
partitionsthe volumeusingthe sphericakoordinatesystem,
which allows usto ef ciently identify the front-mostvisi-

ble isosurficeblocks. Thoseblocksareusedto form an oc-
cluder which cancull avay the remaininginvisible blocks
efciently. Our algorithm can reducethe visibility query
overhead,and also extract a more completevisible isosur

facein a shorteramountof time.

Futurework includesutilizing the sphericalpartition for
out-of-coreand parallelisosurfice extraction. We will also
apply the similar ideato othervisualizationtechniqueghat
canbene t from ef cient visibility determinationVolume
renderings onesuchtechniqueFinally, we will extendour
algorithmfor curve-linearor unstructurediatasets.
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@) (b) (©)

Figure 8: The occluderconstructedby different algorithmsafter 50 percent of the isosurfaceblocks were queried.(a) The
octreepartition algorithm; 2441visible blodksare found.(b) Thesphericalpartition algorithm; 6403visible blocks are found.
(c) The nal image of theisosurface6620visible blodks.

@ (b) (©)
(d) (e) (®
@

Figure 9: Theimages generated for the Leg datasetafter 20 percent, 35 percentand 50 percent of total isosurfaceblodks
are queriedduring the occluderselectionstage. (a)-(c) showthe correspondingmages generted by the sphericalpartition
algorithm; (d)-(f) showthe correspondingmagesgeneatedby the octreepartition algorithm. (g) showsthe nal image of the

isosurface
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