
The Rendering of Unstructured Grids Revisited
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Abstract. In thispaperweproposeatechniquefor resamplingscalarfieldsgiven
onunstructuredtetrahedralgrids.Thistechniquetakesadvantageof hardwareac-
celeratedpolygonrenderingand2D texturemappingandthusavoidsany sorting
of the tetrahedralelements.Using this technique,we have built a visualization
tool that enablesus to either resamplethe dataonto arbitrarily sizedCartesian
grids,or to directly renderthedataon a slice-by-slicebasis.Sinceour approach
doesnotrely onany pre-processingof thedata,it canbeutilizedefficiently for the
displayof time-dependentunstructuredgridswheregeometryaswell astopology
changeover time.

1 Introduction and related work

Renderingunstructuredvolumedatais still challengingbecauseno existing algorithm
allows for theaccuratedisplayof reasonablysizeddatasetsat interactive framerates.
Although considerableefforts have beenmadeduring the last coupleof years,frame
ratesarestill not competitivewith thosethatcanbereachedfor high resolutionCarte-
siangridsusingspecializedsoftwaresolutionsor dedicatedgraphicshardware.In ad-
dition, many of theproposedtechniquesfail in practicalapplications,wherememory
issuesplay a major concernand dynamicchangesof geometryas well as topology
happenfrequently.

In particulartwo basicproblemshave to be addressedwhendevelopingrendering
algorithmsfor unstructuredgrids. The first one is to determinethe correctvisibility
orderingof elements.The secondone is to implementan appropriatealgorithmthat
allowsoneto rendereachelementin theascertainedorder.

Two differentclassesof algorithmsexist to solvefor thelatterproblemasillustrated
in Figure1. Imagespacetechniquescomputefor eachview ray theentryandtheexit
point for every elementthat is hit by that ray. At both pointsthe datais interpolated
betweenthevaluesgivenattheelementsvertices.Finally, takinginto accountanoptical
modelthe integrationalongthe ray is performed.If pre-shadedsamplesareusedfor
interpolationit canbeexploitedthattheresampledsignalalongtheraydependslinearly
on thevaluesat theentryandtheexit point. In post-shading,however, thescalarfield
hasto bereconstructedalongtheray by takinganappropriatestepsizewith respectto
theselectedtransferfunction.

Objectspacetechniques,on theotherhand,accomplishtherenderingby projecting
eachelementonto the viewing planesuchas to approximatethe visual stimulusof
viewing theelementwith regardto the chosenoptical model.Two principal methods
havebeenshown to beveryeffectivein performingthistask:slicingandcell projection.
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Fig. 1. Differentrenderingtechniquesfor tetrahedral elementsare illustrated.

Using the former method,eachelementgetsprojectedon a slice-by-slicebasis.
Therefore,the crosssectionsof eachelementandthe currentslicing planearecom-
puted.At eachintersectionpoint with oneof the elementedgesthe color valueis in-
terpolatedfrom the pre-shadedsamplesat cell vertices.The crosssectionsare then
renderedby letting thegraphicshardwareresamplethe color valuesonto thediscrete
pixel buffer duringrasterization.Thecomputationof thesectionalpolygonscaneither
be doneexplicitly [19,15], or implicitly on a per-pixel basisby taking advantageof
dedicatedgraphicshardwareproviding per-fragmenttestsandoperations[14].

A differentobjectspaceapproachis cell-projection[8]. Basedon thecurrentview-
ing parameterstheprojectionof eachtetrahedronis classifiedwith respectto four dif-
ferentclassesanddecomposedinto trianglescorrespondingly. For eachvertex of the
projectedprofilescolorandopacityvaluesarecomputedtakinginto accounttheunder-
lying opticalmodel.Althoughthebi-linearinterpolationof thesevaluesacrosstriangles
doesn’t give accurateresultsandis restrictedto the renderingof pre-shadedsamples,
it hasbeenestablishedasthemostprominentrenderingtechniquefor tetrahedralcells
due to its efficiency. Dif ferentextensionsto the cell-projectionalgorithm have been
proposedin order to achieve betteraccuracy [12,17] and to enablepost-shadingus-
ing arbitrary transferfunctions[7]. The commonmethodhereis to pre-computethe
volumerenderingintegral with regardto thecurrenttransferfunctionfor a numberof
differentparametervaluesandto codethe resultsin a texture map.Then,ratherthan
colorsamplesthepre-computedvaluesareinterpolatedandcomposited.

Themoredifficult problem,however, is to determinethecorrectvisibility orderof
elements.Many algorithmshavebeenproposedduringthelastcoupleof yearstrying to
reachinteractive frameratesin completelydifferentways.Probablythemostefficient
onehasbeenusedin [1,4,18]. Thesetechniquesexploit the fact that for tetrahedral
meshesexhibitingaDelauney propertythecorrectordercanbefoundbysortingthetan-
gentialdistancesto circumscribingspheresusingany customizedalgorithm.Although
quiteimpressiveframeratescanbeobtainedusingthisapproach,themostseriousdraw-
backis thatgridsgeneratedin practicalapplicationsareusuallynot Delauney meshes.
This might leadto incorrectresultsanddoesnot allow resolvingtopologicalcyclesin
thedata.



A differentalternative is the sweep-planeapproach[3, 10,9,13]. In this approach
thecoherencewithin cuttingplanesin objectspaceis exploited in orderto determine
thevisibility orderingof theavailableprimitives.

In addition,muchwork hasbeenspenton acceleratingthe visibility orderingof
unstructuredelements.Usually, thedatais first pre-processedin orderto recover topo-
logical information,which is storedandusedto acceleratethesortingprocedureduring
rendering.Many differentvariantsexist which exploit adjacency informationwithin
thegrid andconstructhierarchicaldatastructuresallowing for theefficient traversalof
elementsin theright order[16,11,2]

However, two significantproblemsare inherentto approachesthat rely on pre-
computedtopologicalinformation.First, a considerableincreasein memorymight be
introducedby thedatastructuresnecessaryto allow for efficientvisibility sorting.Sec-
ond, as soonas changesin the geometryor the topology occur the pre-processing
taskhasto be repeated.Particularly in numericalsimulationswheretime-dependent
sequencesaregeneratedquite commonlytheselimitations prohibit interactive frame
rates.

In thispaper, wepresentanovel approachfor theresamplingof scalardatagivenon
unstructuredtetrahedralgrids.Thegoalof this approachis twofold: to emphasizethe
impact of state-of-the-artgraphicshardwareon currentvisualizationtechniquesand
to demonstratehow it can be usedfor the accuraterenderingof large unstructured
grids without the needfor sortingthe elementsexplicitly. As a direct implication the
grid doesn’t have to be pre-processedin order to determinetopologicalinformation
thusconsiderablyreducingthememoryoverhead.Moreover, geometricandtopologi-
cal changesdo not implicateexpensive re-calculations.Particularly in practicalappli-
cationswherememoryissuesandtopologicalchangesof thegridsareof majorconcern
therealstrengthof ourmethodcomesinto play.

The reminderof this paperis organizedasfollows. First, we describethe slicing
procedurefor tetrahedralcells our techniqueis baseduponandwe proposean algo-
rithm in whichhardwaresupportedgraphicsoperationsareparamount.Wethendiscuss
implementationdetailsandwe outline two differentalternativesfor the renderingof
unstructuredgrids taking advantageof our technique.Next, beneficialextensionsus-
ing consumergraphicscardsaredemonstrated.We concludethepaperwith a detailed
discussion,andwe show resultsandtimingsof ourapproachappliedto realdatasets.

2 Slicing tetrahedron

In theprevioussectionwehaveoutlinedthegeneralapproachfor slicingtetrahedra.We
mentionedthatonly if pre-shadedsamplesareissuedpervertex thegeneratedfragments
canbe directly displayedand blendedwith pixel valuesalreadyin the framebuffer.
Unfortunatelythisstrategy prohibitstheuseof arbitrarytransferfunctionsto beapplied
to theoriginalscalardata.Post-shading,ontheotherhand,allowsthecolordistribution
in the interior of eachtetrahedronto be modifiednon-linearly. This canbe achieved
by interpretingthescalarmaterialvaluesasone-dimensionalcoordinatesinto a linear
texture map.During rasterizationtexture coordinatesarebi-linearly interpolatedand
thecolorvalueis finally lookedup in auserdefinedtexturelookuptable.



The slicing of tetrahedralelementscan alsobe viewed from a differentperspec-
tive.As statedearlier, alongeachraypassingthrougha tetrahedronthematerialvalues
dependlinearly on thevaluesreconstructedat theentryandtheexit point. Therecon-
structionof thescalarfield onaslicingplaneparallelto theviewing planethusinvolves
computingthevaluesatboththefront andthebackfacesof thetetrahedronwith respect
to thecurrentview, andto linearlycombinethem.

2.1 Hardware support

In orderto avoid explicitly computingthesectionalpolygonsandthescalarvaluesused
for shadingwe proposea methodthat takesadvantageof hardwareassistedpolygon
renderingand2D texturemapping.Thereforelet usassumethateachtetrahedronto be
projectedhasalreadybeendecomposedinto trianglesbasedon the ST-classification,
namedtheST-triangulationhereafter. Wenotethatat theinterior vertex of thetriangu-
lation two scalarvaluesarestored:onefor the point at the front facingedgeandone
for thepoint at thebackfacingedge.We canthusinterpolatethedataacrossthefront
facesandthebackfacesby scan-converting theST-triangulationtwice: In thesecond
passthefunctionvalueat theinterior vertex is exchanged(seeFigure2).
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Fig. 2. Thescalarfunctioncanbereconstructedacrossthefrontandback facesbyrenderingthe
ST-triangulationtwicewith differentscalarvaluesat theinterior vertex

Although we alreadyemploy graphicshardwareto reconstructthe scalarfield at
eachpixel that is coveredby theprojectionof the tetrahedrontwo problemsstill need
to beaddressed.Thedatashouldonly bedrawn to thosepixelsthatarecoveredby the
sectionalregionbetweentheslicingplaneandthetetrahedronandvaluesneedto belin-
earlycombinedin orderto obtaintheinterpolateddatasamples.Both problemscanbe
solvedefficiently by meansof a2D texturemapthatstorespre-computedweightsnec-
essaryto performthelinearinterpolation.During rasterizationthescalarvaluesissued
aspolygoncolor aremodulatedwith the texture color that representsthe appropriate
interpolationweights.

Let 8:9<;=8?> be thesizeof the texture.Eachtextureelementis describedby a lu-
minanceandanalphavalue.Then,by using@BADCFEHGI8J9LKNM and OPAQCSRTGI8?>UKVM the



luminancevaluesin thetexture WYX areinitializedasfollows:

WYX[Z \^]`_badc egffihkj l \nmpo:qsr[tvu _wmpoLxyrzt{ l}|�~�������� \�� �
Alpha valuesaresetto onewheretheluminancevaluesaredifferentfrom zero,other-
wisethey aresetto zeroaswell. In additionasecond2D texturemap,W�t , is created.It
is similar to W�X but non-zerovaluesW�X[Z \^]`_�a arereplacedby X���WYXzZ \^]`_ba .

Before we analyzethe assignmentof texture coordinatesto verticesof the ST-
triangulationin more detail we shouldnote that texture coordinatesare going to be
transformedto the rangeof (0,1) beforerenderingby meansof the OpenGLtexture
matrix.As a consequencetextureentry � {���� ] {����[� is referencedby issuinga textureco-
ordinate� { ] {�� . Thusonly for positivecoordinatesnon-zerotexturevaluesaremapped.

For everyexteriorvertex the � coordinatecorrespondsto thesigneddistanceof that
vertex to the currentslicing plane.Valuesarepositive if a vertex is locatedin front
of theslicing planewith respectto thepoint of view. The � coordinateis equalto the� coordinatebut its sign is flipped. At the interior vertex, however, the � coordinate
equalsthe signeddistanceof the front facevertex to the slicing plane,while in the �
coordinatethe negatedsigneddistanceof the backfacevertex to the slicing planeis
kept.Theprincipalassignmentis illustratedin Figure3.
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Fig. 3. Sectionalviews of different ST-triangulationsshowthe principal assignmentof texture
coordinatestovertices.Notethattexturecoordinatesareproperlytransformedin orderto address
theappropriatetexture values.

Figure 3 tells us that � and � sum up to the thicknessof the elementalong the
viewing direction.Since � is just the thicknessminus the distancefrom the slicing
planeto the backfaces,factors X»�p�dr��¼�?½¾� � and �dr¿�¼�?½V� � exactly correspondto
the weightsneededto modulatethe scalarvaluesat the front and at the back faces,
respectively. Theseareexactly the factorsthat arepre-computedin the texturemaps.
As long asoneof the texture coordinatesis lessthanzero,both entry point andexit
point lie eitherbehindor in front of theslicingplane.Sincenegativetexturecoordinates
index alphavaluesnot equalto one,thegeneratedfragmentscanbe discardedbefore
they affect thecolor buffer by meansof theOpenGLalphatest.As a resultonly those
fragmentsaregoingto bedisplayedandblendedthatarecoveredby theslicingplane.



In order to obtain for eachpixel the accuratelyinterpolatedscalarvaluesthe ST-
triangulationis renderedtwice. In thefirst passthescalarvalueat thefront facingedge
is issuedat the interior vertex andfragmentcolor is modulatedwith the texture ÀÂÁ .
Blendingis disabledin thispass.In thesecondpassthetrianglesarerenderedusingthe
scalarvalueat the backfacingedgeat the interior vertex andtexture À�Ã is activated.
The blendingfunction is chosensuchasto addincomingfragmentsto pixels, which
finally resultsin theaccuratelyinterpolatedscalarvalues.

Weshouldnoteherethesimilarity of ourmethodto theoneproposedin [7], where
a 2D texturewasemployed to codethe interpolationweightsneededto rendershaded
iso-surfaceson a per-pixel basis.In [14] a differentalternative using the stenciland
thedepthtestwasdemonstrated.Usingthis approach,however, it is necessaryto read
thecolor buffer for every singleslicing in orderto computethecorrectlyinterpolated
values.In the currentimplementationthesevaluesaredirectly obtainedby hardware
acceleratedtexturemappingandblending.

3 Tetrahedral grids

Now thatweknow how to exploit hardwareassistedgraphicsoperationsfor theresam-
pling of scalarvalueson an arbitraryslice througha singletetrahedrontheprocedure
caneasilybe extendedto tetrahedralgrids.First of all, for eachslice thoseelements
have to bedeterminedthatmayintersectthatslice.For this purposewe take advantage
of anactiveelementdatastructure[3,19] thatconsiderablylimits thenumberof visited
andprocessedelementsperslice.

3.1 Implementation details

In orderto performtheslicingof tetrahedralgridsasefficientaspossiblesomebenefi-
cial extensionshave beenintegratedinto our approach.Sincein theproposedscenario
elementsmight getdrawn several timesdependingon thenumberof slicesthey over-
lap, oneimportantrequirementis to optimizetherenderingof eachof theconstructed
trianglesets.Therefore,in thecurrentimplementationwe directly createtrianglefans
for eachST-triangulation[18] thusgreatlyimproving theoverall performance.

In additionweexploit coherencesbetweenslicingplanesthusminimizing thenum-
ber of numericalcalculationsto be performed.Although for a certainelementthe
distanceof eachvertex to the currentslice hasto be computed,the geometryof the
triangulationaswell as the scalarvaluesremainunchanged.As a matterof fact the
ST-triangulationfor every tetrahedrononly hasto bedeterminedonce.As soonasan
elementis insertedinto theactiveelementlist thetrianglefanandthedistanceof each
vertex to thecurrentslicearecomputedandstored.For every new slice thedistances
cannow beupdatedincrementally.

In order to determinethe ST-classificationandto calculatethe resultingtriangu-
lationswe strictly avoid storingadditionalinformation.In his way we minimize the
memoryoverhead,but evenmoreimportantlyweguaranteethatthedelayis asshortas
possibleoncethegrid is temporallymodified.



3.2 Resampling vs. rendering

In orderto visualizetheresampleddatawe canreadthepixel datainto mainmemory
andrenderit by meansof any known volumerenderingtechnique.However, in order
to avoid the expensive memorytransferwe useOpenGLto directly convert thepixel
datainto a 2D texturemapor into a particularslice of a 3D texturemap.This allows
usto successively constructastackof 2D texturesor onesingle3D texturethatcanbe
usedlateron for renderingpurposes.Althoughin thecurrentapproachwe exclusively
exploit 3D texturemaps,impressiveimagequalityandperformancecanbeachievedby
meansof 2D textures[6]. In thiscase,however, thedatahasto beresampledthreetimes
in orderto generatethe2D texturestacksnecessaryto accountfor arbitrarychangesof
theviewing direction.

Additionally ourmethodcanbeemployedto directly renderthevolumedata.Each
sliceis first renderedinto a temporarybuffer. Thentheresultsarecopiedinto thecolor
buffer wherethey areblendedappropriately. Pre-shadingor post-shadingworksequally
well usingthis approach.Pre-shadedcolorsaredirectly issuedaspolygoncolor at the
trianglevertices.Post-shading,on theotherhand,is achievedby selectinganappropri-
atelookuptablethataffectspixel valuesoncethey arecopiedinto thecolorbuffer.

Note thatperspective projectionscannot be realizedsincetexturecoordinatesare
computedwith respectto anorthographicprojection.Evenif two differentST-triangu-
lationsarecomputedrepresentingthefront facesandthebackfaces,respectively, and
perspectively correctedtexturemappingis performed,wronginterpolationweightswill
becomputeddueto theperspectivedistortion.

4 Texture combiners

Our approachcan be improved considerablyby exploiting the functionality of cur-
rentPCgraphicshardware,i.e. theNvidia GeForcefamily GPUs.On thesechipspro-
grammablefragmentarithmeticis availablethat allows oneto computecombinations
betweenthecolor of incomingfragmentsandtexturesamplesduringrasterization[5].
Thehardwareis capableof simultaneouslyperformingcomponent-wiseproductsand
dot-productsbetweenthefragmentcolor, texturesamplesor user-definedconstantRGB
values.Oneof thekey featuresof this chip is that two textureunits areavailablethat
allow for thesimultaneousmappingof differenttexturesto onesingletriangle.At first
glancethis functionalitydoesn’t seemto bedifferentto whatwecanachievewith mul-
titexturesas provided in the OpenGL1.2 function set. In addition,however, texture
combinersoffer thepossibilityto multiply texturesampleswith differentpolygoncol-
orsbeforethey arecombined.

In orderto takeadvantageof this functionalitytexturesÄYÅ andÄ�Æ arebecomingthe
multitexturesto becombinedduringrasterization.At eachvertex of theST-triangulation
a primary anda secondarycolor is issuedwhich only differ at the interior vertex. At
thisvertex thescalarvalueat thefront facingedgeandat thebackfacingedgeis coded.
In the first registercombinertexture samplesaresimply modulatedwith the primary
andthe secondarycolor, respectively, andthe resultsareaddedin orderto obtainthe
interpolatedscalarvalues.The correctlyinterpolatedscalarvaluesarethusgenerated
andrenderedinto thecolorbuffer in onesinglerenderingpass.
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Fig. 4. Theregistercombinersetupfor onepassdataresampling.

Obviously thesameprocedurecanbeemployedusingpre-shadedcolor samplesas
primaryandsecondarycolor. Sincethe interpolationis performedin the texturecom-
binerresultscanbedirectlyblendedwith pixelsalreadyin thecolorbuffer. Neitherdoes
thepixel datahasto becopiednordo wehave to useany additionalbuffer.

5 Results

In this sectionwe analyzethemainmodulesandfeaturesof oursystem.All testswere
runonaSGIOnyx IR2 equippedwith oneR12000,300MHz processor, 64MB texture
memoryand256MB mainmemory.

Two tetrahedraldatasetswereused:A finite-elementdatasetof 180Kelementsand
the bluntfin datasetconvertedto 225K elements.In our first testboth datasetswere
resampledontodifferentlysizedCartesiangrids.

Wedistinguishbetweenthetimeneededto initializeandsetuptheactiveelementlist
(Ael), theelapsedtimeconsumedby thegraphicssubsystem(Rnd), thetime it took to
readthepixel datainto mainmemory(ToR) andthetimeusedto readandbuild the3D
texture(ToT). Sincein all ourexamplesweexclusively use3D texturebasedrendering
thetotal time is thesumof Ael, Rnd andToT. Notethatby usingourapproachfor the
direct renderingof unstructuredgridstheoverall timeswill beslightly fastersincethe
colorbuffer only hasto becopiedandthepixel datadoesn’t have to beconvertedinto a
texturemap.

In all experimentsthe z-coordinateof the Cartesiangrids correspondto the num-
berof slicesthatwereprocessed.No connectivity informationwasusedandspacewas
partitionedinto 40 slabsin orderto minimizethenumberof elementsto bevisitedper
slice.Table1 showsexplicit timingsusinghardwareassistedcolor interpolationand2D
texturemapping.All imagesonthecolorpagebelow show theresampleddatasetsren-
deredvia 3D textures.In all casestheframeratewasfasterthan8 fps.As canbeseen,
thetime neededto renderthetetrahedralelementsdominatestheoverall performance.
Sinceeachelementhasto berenderedtwicefor everysliceit overlapstheoverallpoly-
gon count increasesconsiderably. In total, the numberof trianglesrenderedfor both
datasetswasof abouta factorof 24-39timeshigherthanthenumberof elements.On
theotherhand,asour timingsshow theadditionaloverheadthat is introducedcanbe
absorbedvery effectively by thegraphicshardware.Sincewe swapexpensive calcula-
tionsinto thegraphicssubsystemwe reachimpressive frameratesthatarecompetitive
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Fig. 5. Timings(seconds)for theheat-sink(left) and thebluntfin(right) datasetanddifferently
sizedCartesiangrids.

to thosepresentedin the literature.Although our timings areslower than thosepro-
posedin [18], ourmethodkeepsthememoryoverheadlow andallowsfor topologically
correctrenderingof unstructuredgrids.

Comparedto themostrecentlypublishedapproach[2] we arefasterandwe need
lessmemoryandentirely avoid expensive pre-processingof the data.Particularly for
time-dependentdatasetsweexpectourmethodto besuperiorto othersbecauseconstant
frameratesareguaranteedevenif largepartsof thegrid aremodified.

We have also implementedthe proposedmethodon the nVidia GTS 2 graphics
GPU. Using pre-shadedsamplesit took 2.3 secondsto directly renderthe heat-sink
dataseton a 512x512pixel rasterusing256 slices.We didn’t realizethe resampling
into 2D texturesdueto theimmenseamountof texturememorynecessaryto storethree
copiesof thevolume.

6 Conclusion

In thispaperwehaveemphasizedanovel approachto achieveinteractivedisplayof un-
structuredgrids.Themajorcontributionhereis thatweefficientlyexploit standardAPIs
likeOpenGLto performhardwareassistedresamplinganddirectvolumerendering.

In particularwe haveshown thatour resamplingapproachin combinationwith tex-
ture basedvolumerenderingallows for interactive exploration of large unstructured
grids. For direct volumerenderingarbitrary transferfunctionscan be appliedto the
scalarfield.

Our resultshave shown that the presentedmethodis asfastasany othermethod
that allows for the topologicallycorrectrenderingof unstructuredgrids. Particularly
for time-dependentdatasetswe expectour methodto besuperiorbecauseit doesnot
rely on any pre-computedtopologicalinformation.Any updateof thegrid cansimply
be realizedby insertingnew elementsinto the edgelist and by removing non-valid
elementsfrom this list.

Furthermore,theusercanspecifyarbitrarily sizedregionsto be resampledin any
desiredresolution.Thisallowsoneto selecttheresolutionthatcanjustberesampledat
interactiverates.Oncethedatahasbeenconvertedinto a 3D Cartesiangrid interactive
renderingcanbeachievedusingany known algorithm.

Wehavealsoshown how to efficiently exploit consumergraphicscardsfor theren-
deringof unstructuredgrids.Taking advantageof per-fragmentarithmeticandmulti-
texturesdirect renderingof tetrahedralgrids using pre-shadedcolor samplescan be
achieved.Our timingshave shown thatwe comecloseto theperformancethatcanbe
reachedusingCellFast [18]. Althoughwe considerablyraisethe load in thegeometry



unit, at the sametime we reducethe load in the CPU andminimize memoryaccess.
Overall, this leadsto a very efficientalternative for thetopologicallycorrectrendering
of largetetrahedralgrids.
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Fig. 6. Theheat-sinkdata setwas resampledon a àbá�âzã (left) and on a ázä�å[ã (right)
Cartesiangrid andrenderedvia 3D textures.

Fig. 7. Bothimagesshowthebluntfindatasetresampledon a 256x128x64(left) anda
512x256x128(right) Cartesiangrid andrenderedvia 3D textures.

Fig. 8. On the left the bluntfin data set was resampledon a 512x256x128grid. On
the right our methodwasemployedto resamplethe data on an arbitrary slice. The
resamplingtimewas0.18seconds.


