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Abstract

Hybrid renderingof volume and polygonalmodelis an interestingfeatureof visualizationsystems,
sinceit helpsusersto betterunderstandhe relationshipsbetweeninternal structuresof the volume and
fitted surfacesaswell as external surfaces. Most of the existing bibliographyfocusesat the problemof
correctlyintegratingin depthboth typesof information. The renderingmethodproposedn this paperis
built on theseprevious results. It is aimedat solving a different problem: how to efficiently accesgo
selectednformationof a hybrid model. We proposeto constructa decisiontree (the RenderingDecision
Tree),which togethemwith an auxiliary run-lengthrepresentationf the modelavoids visiting unselected
suriacesandinternalregionsduringatraversalof the model.

Keywor ds VolumeRenderingHybrid RenderingDecisionTree,Run-lengthencoding.

1 INTRODUCTION

Therearetwo mainapproachesf the visualizationof voxel models:renderingthe volumeasa wholeand
renderingisosurfices. The former approachs achieved by Direct VolumeRendering(DVR), which com-
putesthe contribution of all thevoxelsto theimage.IndirectVolumeRenderingIVR) canperformthelatter
approach.Isosurhcesarefirst extractedfrom the volumedatawith the popularMarchingCubesalgorithm
[LC87], or by contouringandslicing [MSS97. Then,they arerenderedwith the standarchardware-assisted
polygon-renderingpipeline. Alternatively, Direct Volume Rendering(DVR) [Lev9(] canalsorendersur
facesby computingthecontributionto theimageof thevolumecellsthatcontaintheisosurficesandapply-
ing a surfaceshadingwithout needof intermediateepresentationd’ hemajoradvantageof IVR to visualize
surfaceds that,oncethe polygonalmodelis extracted its renderings generallyfastethanDVR, evenif its
numberof facesis large. In addition,ary level of zoomcanbe appliedduringIVR renderingwhereaghe
lack of anactualpolygonalmodelin DVR reducests suitability whenthe surfaceis very nearthe obserer.
However, DVR doesnot requirearny preprocessingtepand,thus,it providesmoreflexibility to visualize
differentisosuraces.

Combiningthe two approachesi,e. mixing surfaceand volume renderingis an interestingfeatureof
volumevisualization.It corveys moreinformationthanonly surfaceshut in a neateway thanvolumeonly.
Thereforejt providesabettermperceptiorof therelationshipbetweenhedifferentregionsof thedata.Mixing
surfacesandvolumescanalsobe usedto shaw the interactionof externalsyntheticsurfaceswith a volume,
asfor exampleCAD modelsof ascalpelboneprosthesior aradiationbeamwith MR dataor CT data.

DVR providesa naturalway to mix surfaceandvolumerenderingby applyingdifferentshadingmodels
to the cells dependingon if they belongto the boundaryof a featureor to its interior. In this paper we
call hybrid shading this renderingmodality Moreover, hybrid shadingcanbe extendedto externalsurfaces
by voxelizing themin a pre-proces$Kau87). A similar approacthasbeenusedfor realisticrenderingof
complex scenesith ahugenumberof facesandrepetitve patternsuchasforests,n whichtreesandleaves
canberepresenteavith geometricaimodelsif they arenearor asa voxelizationstoringBRDF’s if they are



far[Nom95 [Ney98]. However, thistype of renderingrequiresa low ratio imagepixel pervoxel, becausét
doesnot have a polygonalmodelof thesurfaces.

An alternatve to thevoxelizationis to keepseparateepresentationsf the volumeandthe surfacedfitted
aswell asexternal)or ahybrid modelrepresentingpothtypesof data,andto mix themduringrendering We
will call hybrid rendering this approacho distinguishit from hybrid shading. Existingmethodsfollowing
thisapproacharebasednraycastingLev9(Q] [Fru91) [MK92] [SK94], Z-Buffer andBack-to-Frontraversal
[GMO89] [KYC90] [Eck99 [TPN93 and3D texture-mappindKK99] [BNO3]. They arereviewedin the
next section.

Most of the existing hybrid renderingmethodsfocus mainly at solving the problemof correctlydepth
sortingthe volume samplesandthe polygons. They assumehatall the volume andthe surfacesmustbe
renderedandthus,they essentiallyvisit all thedata. Thisis inefficientwhennotall thevolumeandnotall the
surfacesmustberenderedwhichis oftenthe casein the explorationof a datasetln fact,a desirabldfeature
of hybrid renderingis the flexibility to renderspecificregionsof the data,eithertheir surface,their internal
volumeor both,while hiding others.

Trying to restrictthe traversalof a volumedatasetto the relevantcellsis a generalproblemin volume
visualization.It hasbeemaddressetbr theacceleratiomf isosuricing(octree§WG92), spanspacdLSJ9q)
aswell asfor speedingip volumerenderingkd-treedSF9Q, octreeqWG94], run-lengthencodingLL94]).
However, asmentionedabove, this problemhasbeenlittle addresseth hybrid renderingLev9qQ).

This paperaddressethe problemof the fastexplorationof hybrid models. Our primary goalis provide
meanf performingefficiently variousvisualizationof themodels changingheselectiorof thefeatureso
berenderedWe assumehattheoriginalmodelhasbeenclassified. Therefore pur methodis not suitablefor
afirst explorationof a datasetbut ratherto efficiently manipulatét onceits internalstructureis known. The
mainapplicationof our methodis teachingby renderingatlasor casestudymodels.It is suitablefor hybrid
shading with low ratio pixel/voxel aswell asfor hybrid rendering whenzoomingonthesurfacess required.

In the next section,we review the previouswork on hybrid rendering. Next, we describethe proposed
modelandthe traversalalgorithmassociatedo it. Finally, we shaw the resultsof the simulationsandthe
conclusions.

2 PREVIOUSWORK

Raycastingcanhandlesimultaneouslgifferentmodelsby tracingtheray againseachof themandmerging
their contribution alongthe ray. Basedon this strat@y, the hybrid ray tracerproposecdby Levoy [Lev9(]
reduceshealiasingproblemsearthesuracedy performinganadaptve samplingof thevolume.Miyazawa
andKoyamaddMK92] improvedtheantialiasingy first classifyingthe surfaceinsidethevolume.For each
voxel, they computea list of intersectingpolygons.Therefore the voxelswith a non-emptlist of polygons
canbe over sampledwhenraysare cast. Fruhauf[Fru91] alsoproposeghe useof ray castingfor volume,
combinedwith ary renderingalgorithmfor the geometricprimitivescapableof outputtinganimagespace
sortedlist of elementsthat can be megedalongthe rays. Sobierajskiand Kaufman[SK94] designeda
generakay tracercapableof handlingvarioussuriacesandvolumemodels.They proposea classificatiorof
theintersectiortypesthat,togethemwith the useof boundingboxesfor the objects avoid uselessntersection
testsandvolumesamplingof occludedregions.

Z-Buffer hasalsobeenextendedio mixed surlaceGM0O89), [KYC90]: two independenk-buffer pro-
cessearerealizedandthen,theimagebuffersarecombinedaccordingto their associatedepths.A similar
ideais usedin Volumizer [Eck99. Thedisadwantageof theseapproacheis thatthey cannothandlecorrectly
semi-transparenblumesandtransparensurfacesimultaneouslyin adifferentapproacfTPN93, thesyn-
theticsurfaceis corvertedinto a face-octre@epresentatioaccordingo the orientationandresolutionof the
voxel model. Theface-octreds traversedback-to-frontsimultaneouslwith the voxel modelpreservinghe
correctdepthorderandthusallowing transparengof boththe volumeandthe surface.

More recently a 3D texture-map-baseslolume renderingapproachhasbeenproposedableto render



opaqueand translucenipolygonstogetherwith semi-transparentolume at interactve rates[KK99]. The
volume s processedn a slice-by-slicebasis. The volume slicesand the translucentpolygonsclipped at
the boundaryof the slabsdefinedby two consecutie slicesarerenderedalternatvely, preservinga correct
depthcompositionIn orderto avoid costlyclipping operation®f the polygonsagainstheslices theauthors
proposeto usea bucket sort of the translucentpolygonsaccordingto the slabsthat they traverse. This
strat@y hasalsobeenused[BNO3] in orderto rendera hybrid octreewhich encodeghe volume aswell
asthe surface. The major advantageof the hybrid octreeis that the texture associatedo the volume can
be generatedat differentlevels of resolutiondependingon the variation of the scalarfield in the nodeor
its relative importanceto the visualization.This characteristigimplifiesthe sortingof the surfacepolygons
betweerslices,andit canbeusedto obtainmultiresolutionhybrid visualizations.

Levoy addressethe problemof avoiding irrelevantdataduring hybrid renderingin the papermentioned
above [Lev9(]. Levoy proposedo usean octreerepresentationf the volumeto efficiently skip over empty
regions. However, asthe surfacemodelis keptseparatelfrom the volume,this methoddoesnot provide a
fastway of accessinglirectly to voxelstraversedy anexternalsurfaceor containinga givenisosurice.The
faceoctreeproposedn [TPN9J grantsa fastaccesgo the codifiedsurfacevoxelsbut it is restrictedto the
codificationof only oneexternalsurfaceandit doesnot classifythe volumeinto regions. The hybrid octree
describey Boadaat al. [BNO3] providesalsoa fastaccesgo surfacenodes.In addition,similarly to the
BON structurdWG92), it storeshemaximumandminimumvaluesof eachnodeandthus,it providesmeans
of skippingover non-relasantnodesof the volume. However, it is restrictedto onefitted surface. Finally,
sortingintersectiorelementasproposedy Sobierajskiatal. [SK94] canavoid traversingoccludedvoxels
or computingunnecessarintersectionsay surfacesbut it doesnoteliminateunwantecdtraversals.

3 THE PROPOSED METHOD

3.1 TheRendering Decision Tree (RDT)

Our work is inspiredon the Decision Trees, well known in the Information Theoryfield [GS88. When
renderingascenejn generahswell in volumeandhybrid renderinguseramustselectandspecifyproperties
of theobjects(or voxels)thatshouldactuallybevisualized.This selectioncanbe viewed asfeature vector of
amultidimensionafeaturespacein whichtheobjectsof a scengvoxelsin avolumemodel)canbeclassified
into semantiaegions. Renderingqueriesarehardly arbitrarybut ratherfollow the semanticstructureof the
scenelf thisstructurds known, it canbeusedo construcadecisiortree theRendering Decision Tree(RDT)
thatwill allow usto quickly determinehesetof selectedbjectsor voxels.

In theinitial explorationof a voxel model,usersselectrelevantrangeof valuesby corvenientlyspecify-
ing transferfunctions[KKHO01] thatsetto zerothe opacityof the othervaluerangesThus,in therendering,
althoughall the volumeis traversed,non-relavantregionsare hidden. Let n be the numberof voxels of a
volumemodel.In orderto renderthe model,only a subsebf k voxelsactuallycontributeto theimage:those
thatfulfill therenderingspecificationsi.e. thosethatbelongto the selectedtlass.Oncethe modelhasbeen
classified successie visualizationswill drive to the selectionof subsetswithin this classification.Travers-
ing all the volumewhentheseclassediave alreadybeencharacterizedesultsin unnecessaryisits to n— k
remainingvoxels. Theaim of the RDT is provide adirectaccesgo the selectedsubsetgorrespondingo the
differentclasses.

Figurel shawsanexampleof aRDT for amodelof thebrain. It classifieghebraininto threeregions:the
right andleft hemisphereeortex andthecerebellumEachof theseregionsis subdvidedinto two categories:
boundaryandinterior. The internalregionsof the hemispherearein turn classifiedinto otherstructures,
which againseparat¢heboundaryfrom theinterior. If, asanexample theuserwantsto renderthesurfaceof
the cerebellunof theright hemisphergéogethemwith the volumeof theleft hemispherethetreeis traversed
andvoxels that belongto theseclassesare selectedor rendering. In the next sectionwe discusshow to
associatéo eachnodeof suchatreethe correspondingnformationof the model.
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Figurel: RDT Examplefor amodelof thebrain. Selectedaireago berenderedarecoloredin blue.

3.2 Therun-length encoding

Our methodis suitablefor hybrid shadingaswell ashybrid rendering.In both caseswe take asinput the
originalvoxel model. We usethe classificatiorstepto construcanRDT thatclassifieghevoxelsinto regions
andinto internalandboundaryvoxels. For hybrid shading,we first extract the relevant isosuriicesfrom
the voxel modelby applyinga Marching Cubesalgorithm. Eachboundaryvoxel pointsto asmatry lists of
polygonsasextractedsosuracesrossit. Furthermoreif asyntheticsurfacemustbemixedwith thevolume,
we classifyandclip it with thevolumecellsasif it is afitted surface.

A naive approachin orderto associatd¢o the RDT nodesthe setof correspondingoxelsis to keepa
simplelist of voxelspernode.This approactpresentseriousdrawbacks.First, beingeachlist independent
from the order this modelwould not presere the spatialorderinginherentto the voxel modelbetweerthe
differentclassesMoreover, this structurewould have hugememoryoccupang, asit would requirefor each
non-emptyoxel onepointerperregionto whichit belongs.

We proposdo construcanauxiliary voxel modelthatlabelseachvoxel accordingo theleave of theRDT
to which it belongs.We usea Run-Length(RL) codificationof this model. Eachleave of the RDT stores
the label of its associatealassin the RL model. Therefore whena renderingselectionis done,the RDT
is traversedin orderto computethe labelsof the selectedtlassesIf aterminalnodematchegherendering
criterion, its associatedlassis selectedor rendering If it is a non-terminahodethatmatchesherendering
criterion, all its descendentlasseareselected The RL modelis thentraversedskippingover non-selected
classeaandaccessingo the actualscalaror surfacevaluesof the voxels belongingto the selectectlasses
only.

Figure? illustratesthis procesawith a color codification. The voxel modelhasbeenclassifiedaccording
to theRDT treeshawn attheright of thefigure. The RL is depictedogethemwith theclassifiedvoxel model.
It shouldbe obsenedthat, for clarity, the voxel modeldepictedis the classifiedone,althoughin the voxel
array we actuallykeepthe original gray valuesof the data. The traversalof the RDT selectshe blue and
redvoxels. Therun-lengthtraversalskipsovertheothercolors,andaccesseto the actualscalarandsurface
valuesof only theblueandredvoxels.

Thetraversalof the RL preserestheorderof thevoxel model,soit canbeusedfor BTF andFTB traver
salsof themodel,for splatting,sheatwarp,or in orderto compute3D-texture mapsof the model. However,
it is not corvenientfor ray casting,asit doesnot provide a directaccesgo the voxelsindividually. As its
primary goalis to speedup rendering,andbeingray castinga slow method,this is not a major drawback.
It shouldbe obsenedthat, if the camerarotatesaroundthe model, threerun-lengthcodificationsmustbe
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Figure2: RL modelbasedon the RDT labeling. At right, the RDT is depictedlabelingthe internalnodes
with a letterandtheleaveswith a color. At bottomleft, the classifiedvoxel modelis shown, andattop left
top, its RL codification.

computedcorrespondingo thethreeaxesorderpermutations.

It shouldbe obseredthat, if a uniquerun-lengthmodelis constructedeachvoxel mustbelongto only
oneleave of theRDT. This meanghatthe classificatiorprocesaustpartitionthe datainto disjoint regions
or into regionsenclosedneinto eachotherfollowing thehierarchyof theRDT. This cannothe guaranteeif
theclassificatioreriterionseparatetheboundarywoxelsof eachsurfaceinto differentclassessinceboundary
voxelsmaybecrossedy morethanoneisosurhice.However, this problemecanbeavoidedif theRDT classi-
fiesvoxelsinto differentgroupsaccordingo the combinatiorof surfaceghatcrossthem. As aconsequence,
nodesof atreecansharedescendentspecifically nodesepresentingdjacensemantiaegionscansharea
descendentoderepresentinghe voxelscrossedy theboundarie®f theseregions.Figure3 illustratessuch
a structure.TheRDT classifieghe voxelsinto 9 regions: interior voxels (11, 12, I3), voxelscrossecy only
onesurface(B1, B2, B3) andvoxelscrossedy morethanonesurface(B1/B2,B1/B2/B3). Thedrawbackof
this solutionis thatit increaseshe numberof classeand,thereforeit mayresultin a higherfragmentation
of theRL andthus,highermemoryrequirementsin orderto solve this problem,insteadof oneRL model,
severalRL couldbecreatedassociatedo the intermediatenodesof theRDT andtraversedsimultaneously
We arecurrentlyworking on thesetypesof structure but the resultsshawn in the next sectioncorrespond
only to theformerone.
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Figure3: Exampleof anRDT labelingwith multiple surfacescrossingvoxels. The RDT treeis depictedat
theleft; theregionsin the voxel modelatthe middleandthelabelingof the voxelsin the RL attheright.



3.3 Rendering

As mentionedabove, our modelis suitablefor sortedtraversalsof thedata.In our simulationswe have used
it to renderthe modelusingthe splattingstratgy. The traversalof the run-lengthmodelsaccesseto the
selectedvoxels, which canfall into threecateyories,dependingon the visualizationquery: interior voxels,
surfacevoxels and hybrid voxels. The former onesare purely volumetric. They are splattedaccordingto
their emissionand absorption. When a surfacevoxel is reachedthe polygonsinsideit are projected. It
shouldbe notedthatif morethanonesurfacecrosseshevoxel andthe surfacesaretranslucidethe orderof
theprojectionof thepolygonsis relevant. We usetheapproactproposedy KreegerandKaufman[KK99] to
solve this problem,usingthe GL z-tests Finally, for thethird typeof voxels,we first projectthe surfaceand
next splatttheinterior. Asin otherpreviousapproacheghis actuallycomposerroneoushthe surfaceand
thevolume.Remwing thiserrorwould requireknowledgeof thedecompositiomf thevoxel into subvolumes
accordingo the surfaceshatcrossit. We do notaddresshis problemin this paper

4 RESULTS

All the simulationshave beencarriedout on a SunUltra 60 360MHz usingour multimodalrenderingsoft-
wareplatformHipo [PTF0J. For all the simulationswe have first executeda non-optimizedversionof the
traversalalgorithmusingthe original voxel modelwithout RDT andRL. Thisrenderingsenesusasthe unit
of CPUcost.All theCPUcostsshawn in thetablesarerelative to thisunit costin orderto effectively measure
theimprovementrovidedby the proposednethod.

Two datasetdhave beenused: a 32x32x32,0nebyte intensity phantommodeland a real datasetom-
poseddf 190x220x178VIR (MagneticResonanceajataof thebrain. Thephantormmodelis composedf two
disjoint voxelizedspheresThe surfacesof thesespherediave beenextractedusinga MarchingCubesalgo-
rithm. The RDT subdvidesthe volumeinto thesetwo regionsat the first level of the tree,andinto interior
andboundaryregionsat the secondevel. Figure4 shaws several renderedmagesof this model,selecting
eitherthetwo surfacesthetwo internalregionsor mixing surfacesandvolume.Tablel givesinformationon
thesizeof themodel,its internalregionsandthe numberof trianglesof the surfaces.

(b) (©) (d)

Figure4: Differentimagesof the phantommodel: (a) Triangle mesheof the extractedfitted surfaces(b)
Volumerendering(c) Hybrid renderingf thevolumeof two regionsandthewireframesurfaceof oneregion,
(d) Hybrid renderingof oneregion of the volumeandthe shadedsurfaceof the otherregion framedinto the
voxel model.

| | SubtreeSpherel | SubtreeSphere2 [ Globalmodel |

Interior voxels 2.705 437 3.142
Boundaryvoxels | 1.440 464 1.904
Emptyvoxels 27.722
Surfacetriangles | 3.704 1.352 5.056

Tablel: Descriptionof thePhantonhybrid model.




Table2 shawsthecostof differenttraversalsof theproposednodelin comparisorto full traversalof the
structure.The simulationscorrespondo theimagesshown in Figure4.

[ Subtreel | Subtree | kvol | ksur [ khyb | occupang ratio | renderingatio |

Surface Surface 0 1904 | O 0.0581 0.2831
Volume Volume 5046 | O 0 0.0958 0.3595
Volume Both 437 1440 | 464 0.0714 0.3253
Surface Volume 4145 | 464 0 0.1406 0.3629

Table2: Simulationresultsonthe Phantommodel. Thefirst two columnsindicatethebranchof eachsubtree
thathasbeenvisualized(volume,surfaceor both). The next threecolumnsindicatethe numberof selected
voxelsfor eachcatgory: volumevoxels (kvol), surfacevoxels (ksur) andhybrid voxels (khyb). Column6
indicategherelative occupany of the selectedeaturesij.e. kvol+ksur+khybdividedby thetotal occupang
of themodel32768. Column7 shows the relative costof the renderingin relationto the costof the same
renderingwithoutusingthe proposedstructure.

Similar simulationshave beenperformedon the MR modelof a humanheadasshown in 5 and6. In
somefigures,we have renderedheregionswith a constantolor, andin someotherswe have usedthe gray
valueof themodel. In theformercasejt is only necessaryo traversethe RL model,sinceit is notrequired
to accesdo theactualvoxel array However, in orderto have comparableesultsin the simulationswe have
performedhis accesdor all selectedioxels. TheRDT is composedf two mainbranchesthebrain,which
is subdvidedinto regionsasdepictedin the RDT of Figure 1 andthe restof the head. The fitted surfaces
correspondo theregionslabeledas: right cerebrakortex, right cerebrawhite matter left andright caudate,
left cerebralcortex andleft andright cerebellumcortex. Table 3 shaws the occupanyg of theseregionsin
termsof numberof voxelsandsurfacetriangles.Thesimulationresultsarelistedin Table4.

@ (b) (c)

Figure5: Renderedmagesof the brainmodel. (a) volumeof the left caudateyolumeof the right cerebral
cortex andthe right cerebrawhite matterandsurfaceof the left cerebellumcortex, (b) surfacesof the left

andright cerebralcortex andof the left andright caudate(c) samesurfacesas(b) plus surfaceandvolume
of theright cerebrawhite matter

[ Region | Interiorvoxels | Boundaryvoxels | Surfacetriangles |
Rightcerebrakorte 511036 77792 382609
Rightcerebrawhite matter | 165956 103513 256691
Rightcaudate 1462 2693 7056
Rightcerebelluncorte 60600 16410 52430
Left cerebrakortex 509588 83890 388824
Left caudate 1588 2576 6609
Left cerebelluntortex 60484 16664 53871
Non-brainheadregion 4423855 464540 958439

Table3: Descriptionof the MR labeledmodelof the brain.

The relative costof our method,in comparisorto full traversal,rangeshbetween20% and 30% for the
phantormodeland20%and70%for theheadmodel. Thisis animportantspeedumf therendering.Taking
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Figure 6: Renderedmagesof the brain model. (a) surfaceand volume of the right andthe left cerebral
cortex andsurfacesf theright andtheleft cerebelluncortex, (b) volumeof theright cerebrakortex andthe
right cerebelluncortex andsurfaceandvolumeof the left cerebrakortex andtheleft cerebelluncortex, (c)

volumeof the non-brainvoxels of the headandof the right cerebralcortex, volumeof the left caudateand
surfaceof theleft cerebrakortex.

[ Figure | kvol | ksur | khyb [ Occupang ratio | Renderingostratio |
5.a 879125 0 0 0.118 0.294
5.b 0 166951 | 0 0.224 0.194
5.c 332907 0 103513 | 0.058 0.291
6.a 1020624 | 106301 | 161682 | 0.172 0.469
6.b 1235910| O 100554 | 0.179 0.447
6.c 4936479 | 83890 0 0.674 0.867

Table4: Simulationresultsfor the MR headdataset. The first columnindicatesthe correspondindigure;
the threenext columnsshaw the numberof volumevoxels (kvol), surfacevoxels (ksur) and hybrid voxels
(khyb); Column5 shawstheratio of occupanyg of theselectedeaturesn termsof numberof selectedioxels
divided by the size of the model190x220x178Column6 shows theratio of costof our implementatiorin
relationto full traversalof the modelfor the sameselection.

into accountthat the costof creationof the structurein relationto the basicrenderingcostis 0.49, the
proposednethodspeedsip the renderingevenfor only onetraversal.lt shouldbe notedthatthis reduction
in the costis attributableto the efficieng of the proposedraversal,sincethe renderingeostitself (shading,
projectingandcompositingn the selectedroxels)is the samein our methodasa in full traversal. However,

the renderingcostinfluencesthe overall improvementof the method,asit is part of the total cost. This

explainsthe variation of the costratio, dependingon the number type of selectedvoxels and numberof

trianglesper voxels. The efficiency of our methodis dueto the factthat the occupanyg ratios are low, at

most30%in the five first simulationson the headmodel,which is not a biaseddata,sincethe simulations
correspondo realphysicians queries . Theworstefficiengy is obtainedn thelastsimulationin whichalmost
70%of thevoxelsareselectedWe expectthe occupanyg of relevantfeaturego below in otherapplications.
This obsenationwasthe primary motivationof our work.

5 CONCLUSIONS

Themethodproposedn thispapetis aimedatspeedinghetraversalof hybrid classifiednodels. TheRender
ing DecisionTree(RDT) togethewith theauxiliaryRun-LengtrencodingRL) of themodelprovidesmeans
of accessinglirectly to theregionsandthesurfacesselectedor renderingavoiding unnecessaryraversalsof
theentiremodel. The simulationsperformedshow thatthe methodecanimprove the efficiency of thetraver
salin 60 to 70 % percent. Several developmentstemfrom this work. First, we would like performmore
measurementsf therelative efficiengy of our structurein comparisorto substitutingheauxiliary RL model
by multiple overlappinglessfragmentedRL atdifferentlevelsof thetree. Comparisorof its efficiency with
octreestructureqarealsodesirableIn addition,morework shouldbedoneto enhancehedepthcomposition



for zoomingon boundaryvoxels crossecby one or more surfaces. Finally, we are currently investigating
meanf reducingthe |O operationgor successie renderingwith a similar renderingselection.

Acknowledgments: This work hasbeenfundedby the projectMAT2002-04297-C032 from the Min-
isteriodeEducacbny Ciencia.
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