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Abstract
In this paper we presenta fast visualizationtechniquefor volumetricdata, which is basedon a recentnon-
photorealisticrenderingtechnique. Our new approach enablesalternativeinsightsinto 3D data-sets(comparedto
traditionalapproachessuch asdirectvolumerenderingor iso-surfacerendering).Objectcontours,which usually
are characterizedby locally high gradientvalues,are visualizedregardlessof their densityvalues.Cumbersome
tuning of transferfunctions,as usually neededfor settingup DVR views, for example, is avoided.Instead,a
small numberof parameters is available to adjust the non-photorealistic display. Basedon the magnitudeof
local gradient informationas well as on the anglebetweenviewing directionand gradientvector, data-values
are mappedto visual properties(color, opacity),which thenare combinedto form the rendered image (MIP is
proposedasthedefaultcompositingstragtegy here). Dueto thefast implementationof this alternativerendering
approach, it is possibleto interactivelyinvestigatethe3D data,andquickly learnaboutinternalstructures.Several
further extensionsof our new approach, such aslevel linesare alsopresentedin thispaper.

Key words: interactive volumerendering,non-photorealisticrendering,shear-warpprojection.

1. Introduction

Oneimportantreasonfor visualizationto actuallybea use-
ful tool for investigatinglargeandcomplex data-setsis that
it allows to view the dataof interestby meansof different
display methods.Especiallyin the field of volume visual-
ization,wherethe useraimsto peerinside3D objects,this
ability to vary the waysof visualizingthe interior of a 3D
data-set,is very useful.

Traditionally, so called photorealisticapproachesdomi-
natethefield of volumevisualization.Therepresentationof
objectswithin a 3D data-setby meansof iso-surfaces,for
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example,which themselvesareapproximatedby alargecol-
lectionof polygonseach(cf. marchingcubes14), aswell as
theuseof transferfunctionsto mapdensityvaluesto visual
properties,which in turn are composedto the final image
by the useof alpha-blendingalongviewing rays(cf. direct
volumerendering3 
 13), arejust two prominentexamples.

One special challengeof most volume rendering ap-
proachesis the specificationof parameterssuch that the
resulting imagesare in fact providing useful insights into
the objectsof interest.With iso-surfacerendering,for ex-
ample,the specificationof properiso-valuesis crucial for
thequality of thevisualization.Whendirectvolumerender-
ing (DVR) is used,thespecificationof usefultransferfunc-
tionshasbeenunderstoodasthemostdemandinganddiffi-
cult part11
 6 
 7
 1. Therefore,techniques,whichdonot require
a lot of parametertuning, while still conveying useful in-
formationaboutthe data-setof interest,proofedto be use-
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ful, especiallywhenappliedduringtheexplorationphaseof
datainvestigation,i.e., whenthedatashouldbeunderstood
in general.

An interestingexperiencefrom workingwith applications
in the field of volume rendering,which is especiallyim-
portant for the work presentedin this paper, is that (dur-
ing investigation)volumetricdataoftenis interpretedasbe-
ing composedof distinctobjects,for example,organswithin
medicaldata-sets.For ausefuldepictionof 3D objects,often
boundarysurfacesareusedasa visual representationof the
objects.This is mostlydueto theneedto avoid visualclutter
asmuchaspossible.Evenin directvolumerendering,when
transferfunctionsare usedwhich also dependon gradient
magnitudes13, visible structuresare significantly relatedto
objectboundaries.This is a direct consequenceof the fact
thatvoxels,whichbelongto objectboundaries,typically ex-
hibit relatively highvaluesof gradientmagnitude,i.e.,values
of first-orderderivative information.

In contrastto photorealisticapproaches,which stick to
(moreor lessaccurate)modelsof theilluminationof translu-
centmedia15, non-photorealistictechniquesallow to depict
user-specifiedfeatures,like regions of significant surface
curvature,for example,regardlessof any physically-based
rendering.Recently, alsonon-photorealisticrenderingtech-
niques,which originally have beenproposedfor computer
graphicsin general18
 12
 5, have beenproposedfor volume
rendering4 
 21, definitely extending the abilities for the in-
vestigationof 3D data.EbertandRheingans4, for example,
give a broadspectrumof variousnon-photorealisticvisual
cues(boundaryenhancement,sketchlines,silhouettes,fea-
ture halos,etc.) to be easily integratedwithin the volume
visualizationpipeline.Also very interesting,otherspecial-
izedtechniquesfor therepresentationof objectsurfaceshave
beenproposedrecentlylike 3D LIC which is basedon an
eigenvalue/-vectoranalysisof surfacecurvatureasproposed
by Interrante10, or therepresentationof surfacepointsby the
useof smallgeometricobjectsasproposedby Saito19.

In this paper, we presenta non-photorealisticrendering
techniquefor volumetric data,which doesnot dependon
data-values,but on the magnitudeof gradientinformation,
instead.Thereby, 3D structures,which arecharacterizedby
regions exhibiting significant changesof data-values,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 linearregression2.

2. Contour Rendering

In this sectionwe presentthe non-photorealisticrendering
(NPR) modelwhich we useto display the contoursof the
objectswithin the volumetricdata-set.The following char-
acteristicsof therenderingmodelin usearecrucial:
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Figure 1: Theg �
� ��� � windowingfunction.

� no a priori knowledgeaboutthedatavalues� enhancementof internaldetails� just a few renderingparameters,fastfine tuning� supportof optimizationfor fastpreviewing

Sinceweneedamodel,whichis independentof data-values,
asageneraltool for volumesof variousorigins,thedataval-
uesthemselvesshouldnot directly contributeto thefinal re-
sult. Insteadof theoriginaldata-values,a functiong �
� ��� � of
gradientmagnitudesis used(note,that for thesake of sim-
plicity ‘ � ’ is usedhereasa shortcutfor ‘ � datai ’) in order
to characterizethe“surfaceness”of a voxel.

This function can be definedas a windowing function
by default determiningthe rangeof interestin the domain
of gradientmagnitudes(Figure1). Our modelenhancesthe
voxelswith highervalueof functiong emphasizingthesur-
facesof differentobjects.

The traditionalway of iso-surfaceenhancementis to use
a transferfunction,wheretheopacitiesareweightedby the
gradientmagnitudes13. Thissolutionhasthefollowing draw-
backs:
� time consumingtransferfunctionspecification� limited numberof iso-surfacesrenderedat thesametime� internaldetailslike cavitiescanbeeasilymissed� ray-casting-basedrenderingis computationallyexpensive

Consideringthesedisadvantageswe do not follow the idea
of renderingseveral iso-surfaces.Insteadof this we pro-
poseanon-photorealisticvisualizationmodel.Ourgoalis to
give a first 3D impressionaboutthe contentof the volume
preferablywithout missing important features.Therefore,
only thesilhouettelinesof iso-surfacesarerenderedin order
to avoid thehiding of importantdetails.Previously this idea
hasbeenusedonly for singleiso-surfacesdefinedby a den-
sity thresholdandreconstructedby the“marchingcubes”al-
gorithm.Thesilhouetteenhancementcanbeadaptedto vol-
umes,wherethecontoursof all theobjectscanberenderedat
thesametime providing imageswhicharerich in details.In
our modelwe usea view-dependentfunctions� P� V � which
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a) projection:MIP b) projection:MIP, plusdepthcueing c) projection:LMIP

d) opacitymodulated e) pluslevel lines f) front view

Figure 2: Differentoptionsof usingnon-photorealistic renderingfor thevisualizationof objectcontours within volumes.

assignshigherweightsto voxelsbelongingto anobjectcon-
tour:

s� P� V ����� 1 ��� ��� P��� V � � n � (1)

whereP is thepositionof a givenvoxel andvectorV is the
viewing directionandn is anexponentcontrollingthesharp-
nessof thecontour.

Thereareseveral opportunitiesof usingweightingfunc-
tionsg ands in calculatingthepixel colorscorrespondingto
theviewing rays.For example,anintensityvaluefor a sam-
plepositionP canbecalculatedusingthefollowing formula:

I � P� V ��� g �
� ��� P��� ��� s� P� V �
� g �
� ��� P��� ����� 1 ��� ��� P��� V � � n (2)

After having theseview-dependentintensitiescalculatedat
thesamplepointsalongaviewing raywecanusemaximum
intensityprojection(MIP), thusthehighestsampleintensity
is assignedto thegivenray. Note that,theclassificationac-
cording to function I � P� V � resultsa sparsevolume signif-
icantly reducingthe numberof voxels which contribute to
thefinal image.This approachhastwo advantages.Thereis
no visualoverload(unlike in directvolumerendering,when
several iso-surfacesarerenderedat thesametime) andthis
propertycanalsobeexploitedin theoptimizationof theren-
deringprocessaswe will show it in the furtherdiscussion.

Figure2(a) shows the CT scanof a humanheadrendered
usingthecontourenhancementfunction I � P� V � , whereyou
canseethe contoursof the skull, the skin, andthe brain at
thesametime.

If simplemaximumintensityprojectionis used,depthin-
formationis not appearentin theimage.Thespatialimpres-
sion canbe improved by usingsimpledepthcueingwhere
the intensitiesof samplepoints are weightedaccordingto
their distancefrom theviewpoint.Figure2(b) shows anim-
agegeneratedwith this depth-cueingextension.Herefor in-
stance,thecontoursof theearsarebetterrecognizablethan
in Figure2(a).

Even if depth cueing is used it can happenthat some
higherintensitycontourshidetheweakercontourswhichare
closerto theviewer. This might beconfusingin correctin-
terpretationof the image.In medicalimagingpracticeusu-
ally local maximumintensityprojection(LMIP) is applied
insteadof traditionalMIP in orderto avoid suchproblems20.
Theideais to projectthefirst localmaximumintensityonto
theimageplane,which is higherthanapredefinedthreshold
(Figure3).

This techniquecanbeadaptedalsoto theview-dependent
intensitiesdefinedin our method.Figure2(c) shows an im-
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