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Abstract
In this paperwedescribea parallel andout-of-core view-dependentisocontourvisualizationalgorithmthat effi-
cientlyextractsandrenders thevisibleportionsof anisosurfacefromlargedatasets.Thealgorithmfirstcreatesan
occlusionmapusingray-castingandnearestneighbors. With theocclusionmapconstructed,thevisibleportion
of the isosurfaceis extractedandrendered.All stepsare in a singlepasswith minimalcommunicationoverhead.
The overall workload is well balancedamongparallel processors using randomdata distribution. Volumetric
datasetsare statically partitionedonto the local disksof each processorand loadedonly whennecessary. This
out-of-core feature allowsit to handlescalablylargedatasets.Weadditionallydemonstratesignificantspeedupof
theview-dependentisocontourvisualizationona commodityoff-the-shelfPCcluster.

1. Introduction

Today tomographicimagingandcomputersimulationsare
increasinglygeneratinglarge datasetsthat are to be effec-
tively visualizedfor betterunderstandingof the underlying
scientificinformation.Isocontourvisualizationis a popular
interactive andexploratory visualizationtechniqueusedto
determineandbrowseregionsof interestwithin volumetric
imagingdata,andvalidatethe resultsof computersimula-
tions. Interactive isocontourvisualizationextractsmultiple
2-dimensionalsurfacessatisfyingF

�
x ��� constfrom agiven

scalarfield F
�
x � , x � R3, and rendersthem at interactive

framerates(30HZ).

Related Work: As the size of the input data increases,
isocontouringalgorithmsnecessarilyneedto be executed
out-of-coreand/oron parallelmachinesfor both efficiency
anddataaccessibility. HansenandHinker16 describeparal-
lel methodsfor isosurface extraction on SIMD machines.
Ellsiepen 11 describesa parallel isosurfacing method for
FEM databy dynamicallydistributing working blocksto a
numberof connectedworkstations.Shenetal. 31 implement
a parallelalgorithmby partitioning load in the spanspace.
Parker et al. 27 presenta parallelisosurfacerenderingalgo-
rithm usingray-tracing.ChiangandSilva 6� 8 give animple-
mentationof out-of-coreisocontouringusing the I/O opti-
malexternalinterval treeonasingleprocessor. Bajajetal. 2

userangepartitionto reducethesizeof datathatareloaded

for given isocontourqueriesandbalancethe load within a
rangepartition.MorerecentlyZhangetal. 35 proposeascal-
ableisosurfacevisualizationframework for massivedatasets
oncommodityoff-the-shelfclustersby combiningtheparal-
lel andout-of-coreisocontouringtechniques.Chianget al. 7

alsotry to combineparallelandout-of-coretechniquesfor
isosurfaceandvolumerenderingfor unstructuredgrids.

An isocontourvisualizationis not completewithout iso-
surfacesbeingrenderedanddisplayedto theuser. Rendering
is a critical and indispensablepart of visualization.In the
caseof isosurfacerendering,the trianglesof an isosurfaces
areprojectedfromthe3D objectspaceto the2D imagespace
by graphicshardware.Efficient renderingis of specialim-
portancewhentheuserwantsto observe anisosurfacefrom
differentviewpointsafterthesurfaceis extracted.Largeiso-
surfacesextractedfrom largedatasetsoftenneedto be ren-
deredwith parallelgraphicspipesfor interactivity.

UdeshiandHansen33 employ the multi-pipesof a SGI
Onyx2 reality monsterto renderlarge isosurfacesin a sort-
last fashion25. They usea binary-swap method24 to effi-
ciently compositethe imagesin log2

�
P� steps,whereP is

thenumberof renderingprocessors.With the fastadvances
of PCgraphicshardware,it is now possiblefor a singlePC
graphicscardto rendermillions of trianglesat the sameor
evenbetterratethansomecustomgraphicsboards.Combin-
ing the power of thesecommoditygraphicshardware will
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