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Abstract

In this paper we presenta fast visualizationtechnique for volumetricdata, which is basedon a recentnon-
photoealisticrenderingtechnique Our new approacd enableslternativeinsightsinto 3D data-set§compaedto
traditional approacessud asdirectvolumerenderingor iso-surfacerendering).Objectcontous, which usually
are characterizedby locally high gradientvalues,are visualizedregardlessof their densityvalues.Cumbesome
tuning of transferfunctions,as usually neededfor settingup DVR views, for example is avoided.Instead,a
small numberof parametes is available to adjustthe non-photoealistic display Basedon the magnitude of
local gradientinformationas well as on the angle betweenviewing direction and gradientvector data-values
are mappedto visual properties(color, opacity), which thenare combinedto form the rendeed image (MIP is
proposedasthe defaultcompositingstragtegy her). Dueto the fastimplementatiorof this alternativerendering
apprad, it is possibletointeractivelyinvestigatehe 3D data,andquidkly learnaboutinternal structues.Several
further extensionf our new approad, sud aslevel linesare alsopresentedn this paper
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1. Introduction

Oneimportantreasorfor visualizationto actuallybe a use-
ful tool for investigatinglarge andcomplex data-setss that
it allows to view the dataof interestby meansof different
display methods.Especiallyin the field of volume visual-
ization, wherethe useraimsto peerinside 3D objects,this
ability to vary the ways of visualizingthe interior of a 3D
data-setis very useful.

Traditionally, so called photorealisticapproacheslomi-
natethefield of volumevisualization.The representationf
objectswithin a 3D data-setoy meansof iso-surfices,for
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example which themselesareapproximatedy alargecol-
lection of polygonseach(cf. marchingcube$?), aswell as
the useof transferfunctionsto mapdensityvaluesto visual
propertieswhich in turn are composedo the final image
by the useof alpha-blendingalongviewing rays (cf. direct
volumerendering 13), arejust two prominentexamples.

One special challengeof most volume rendering ap-
proachesis the specificationof parameterssuch that the
resultingimagesare in fact providing useful insightsinto
the objectsof interest.With iso-surfice rendering,for ex-
ample,the specificationof properiso-valuesis crucial for
thequality of thevisualization Whendirectvolumerender
ing (DVR) is used,the specificatiorof usefultransferfunc-
tions hasbeenunderstoodasthe mostdemandinganddiffi-
cult parfl 6 7.1 Thereforetechniqueswhich do notrequire
a lot of parametertuning, while still conveying useful in-
formationaboutthe data-sebf interest,proofedto be use-
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ful, especiallywhenappliedduringthe explorationphaseof
datainvestigationj.e., whenthe datashouldbe understood
in general.

An interestingexperiencefrom working with applications
in the field of volume rendering,which is especiallyim-
portantfor the work presentedn this paper is that (dur-
ing investigation)volumetricdataoftenis interpretedasbe-
ing composeaf distinctobjects for example,organswithin
medicaldata-sets-or ausefuldepictionof 3D objects pften
boundarysurfacesareusedasa visual representationf the
objects.Thisis mostlydueto theneedto avoid visualclutter
asmuchaspossible Evenin directvolumerenderingwhen
transferfunctionsare usedwhich also dependon gradient
magnitude®, visible structuresare significantly relatedto
objectboundariesThis is a direct consequencef the fact
thatvoxels,which belongto objectboundariestypically ex-
hibit relatively highvaluesof gradientmagnitudei.e.,values
of first-orderderiative information.

In contrastto photorealisticapproacheswhich stick to
(moreor lessaccuratejnodelsof theillumination of translu-
centmedid®, non-photorealisticechniquesallow to depict
userspecifiedfeatures,like regions of significant surface
curvature,for example,regardlessof ary physically-based
rendering.Recently alsonon-photorealisticenderingtech-
niques,which originally have beenproposedor computer
graphicsin generdal® 125, have beenproposedfor volume
rendering 21, definitely extending the abilities for the in-
vestigationof 3D data.EbertandRheingang for example,
give a broadspectrumof various non-photorealisticvisual
cues(boundaryenhancemensketchlines, silhouettesfea-
ture halos, etc.) to be easily integratedwithin the volume
visualizationpipeline. Also very interesting,other special-
izedtechniquegor therepresentationf objectsurfaceshave
beenproposedecentlylike 3D LIC which is basedon an
eigemvalue/-\ectoranalysisof surfacecunatureasproposed
by Interranté?, or therepresentatioof surfacepointsby the
useof smallgeometricobjectsasproposedy Saitd®.

In this paper we presenta non-photorealisticendering
techniquefor volumetric data, which doesnot dependon
data-alues,but on the magnitudeof gradientinformation,
instead.Thereby 3D structureswhich arecharacterizedy
regions exhibiting significant changesof data-alues, be-
comevisible without being obstructedby visual represen-
tationsof rathercontinuousregionswithin the 3D data-set.
We discussthe importanceof high-quality gradientrecon-
struction,which in our caseis performedby a sophisticated
methodbasedon linearregressioA.

2. Contour Rendering

In this sectionwe presentthe non-photorealisticendering
(NPR) modelwhich we useto display the contoursof the
objectswithin the volumetric data-setThe following char

acteristicof therenderingmodelin usearecrucial:
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Figure 1: Theg(|V|) windowingfunction.

e noapriori knovledgeaboutthe datavalues

e enhancementf internaldetails

e justafew renderingparameterdastfine tuning

e supportof optimizationfor fastpreviewing

Sincewe needamodel,whichisindependentf data-alues,
asageneratool for volumesof variousorigins,thedataval-
uesthemselesshouldnot directly contribute to thefinal re-
sult. Insteadof theoriginal data-alues afunctiong(| V|) of
gradientmagnitudess used(note, thatfor the sale of sim-
plicity V' is usedhereasa shortcutfor ‘Vdatg’) in order
to characterizehe“surfacenessbf a voxel.

This function can be definedas a windowing function
by default determiningthe rangeof interestin the domain
of gradientmagnitudegFigure1). Our modelenhanceshe
voxelswith highervalue of functiong emphasizinghe sur
facesof differentobjects.

The traditionalway of iso-surbiceenhancemeris to use
atransferfunction, wherethe opacitiesareweightedby the
gradientmagnitudeX. Thissolutionhasthefollowing draw-
backs:

time consumingransferfunction specification

limited numberof iso-suricesrenderedat the sametime
internaldetailslik e cavities canbe easilymissed
ray-casting-basenderings computationallyexpensve

Consideringthesedisadwantagesve do not follow the idea
of renderingseveral iso-surbces.Insteadof this we pro-
poseanon-photorealistiwisualizationmodel.Our goalis to
give a first 3D impressionaboutthe contentof the volume
preferablywithout missing important features.Therefore,
only thesilhouettdinesof iso-surbicesarerenderedn order
to avoid the hiding of importantdetails.Previously thisidea
hasbeenusedonly for singleiso-surbicesdefinedby a den-
sity thresholdandreconstructetby the“marchingcubes’al-
gorithm. The silhouetteenhancemertanbe adaptedo vol-
umeswherethecontoursof all theobjectscanberenderedat
thesametime providing imageswhich arerich in details.In
our modelwe usea view-dependentunction s(P, V) which
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a) projection:MIP

d) opacitymodulated

b) projection:MIP, plusdepthcueing

e) pluslevel lines

c) projection:LMIP

f) frontview

Figure 2: Differentoptionsof usingnon-photoealistic renderingfor the visualizationof objectcontous within volumes.

assignsigherweightsto voxelsbelongingto anobjectcon-
tour:

s(PV) (1 |V(P) V), @)

whereP is the positionof a givenvoxel andvectorV is the
viewing directionandn is anexponentcontrollingthesharp-
nessof the contour

Thereare several opportunitiesof usingweightingfunc-
tionsg andsin calculatingthe pixel colorscorrespondingo
theviewing rays.For example,anintensityvaluefor asam-
ple positionP canbecalculatedusingthefollowing formula:

I(RV)  g(V(P)) s(RV)
a(Iv(P)) (1 [V(P) V)" @

After having theseview-dependenintensitiescalculatedat
thesamplepointsalongaviewing ray we canusemaximum
intensityprojection(MIP), thusthe highestsamplentensity
is assignedo the givenray. Note that, the classificationac-
cordingto function I (P,V) resultsa sparsevolume signif-
icantly reducingthe numberof voxels which contrikute to
thefinal image.This approactastwo adwantagesThereis
no visualoverload(unlike in directvolumerenderingwhen
several iso-surbicesarerenderedat the sametime) andthis
propertycanalsobeexploitedin the optimizationof theren-

deringprocessaaswe will shaw it in the further discussion.
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Figure 2(a) shaws the CT scanof a humanheadrendered
usingthe contourenhancemerfunction| (P,V), whereyou
canseethe contoursof the skull, the skin, andthe brain at
thesametime.

If simplemaximumintensityprojectionis useddepthin-
formationis not appearenin theimage.The spatialimpres-
sion canbe improved by using simple depthcueingwhere
the intensitiesof samplepoints are weightedaccordingto
their distancefrom the viewpoint. Figure2(b) shovs anim-
agegeneratedvith this depth-cueingxtension Herefor in-
stancethe contoursof the earsarebetterrecognizabléhan
in Figure2(a).

Even if depthcueingis usedit can happenthat some
higherintensitycontourshidethewealer contoursvhichare
closerto the viewer. This might be confusingin correctin-
terpretationof the image.ln medicalimaging practiceusu-
ally local maximumintensity projection(LMIP) is applied
insteadof traditionalMIP in orderto avoid suchproblems°.
Theideais to projectthefirst local maximumintensityonto
theimageplane whichis higherthana predefinedhreshold
(Figure3).

Thistechniquecanbe adaptedilsoto theview-dependent
intensitiesdefinedin our method.Figure2(c) shavs anim-



