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Figure1: Left: Volumerenderingof MRI headwith a 1-D transferfunction. Middle: 2-D transferfunction. Right: 10-D classi�cation
function.

Abstract

In the traditional volume visualizationparadigm,the userspeci-
�es a transferfunction that assignseachscalarvalue to a color
andopacityby de�ning anopacityanda color mapfunction. The
transferfunction hastwo limitations. First, the usermust de�ne
curvesbasedon histogramandvalueratherthanseeingandwork-
ing with thevolumeitself. Second,thetransferfunctionis in�e xi-
ble in classifyingregionsof interest,wherevaluesat a voxel such
asintensityandgradientareusedto differentiatematerial,not tak-
ing into accountadditionalpropertiessuchastextureandposition.
Wedescribeanintuitiveuserinterfacefor specifyingtheclassi�ca-
tion functionsthatconsistsof theuserspaintingdirectly on sample
slicesof the volume. Thesepaintedregionsareusedto automat-
ically de�ne high-dimensionalclassi�cation functionsthat canbe
implementedin hardwarefor interactive rendering.Theclassi�ca-
tionof thevolumeis iteratively improvedastheuserpaintssamples,
allowing intuitiveandef�cient viewing of materialsof interest.
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1 Intro duction

Directvolumerenderinghasbecomeapopulartechniquein visual-
ization,which allows scientiststo gain insightsinto their datasets
throughthe display of materialsof varying opacitiesand colors.
Volumetricdatasetsoftenhave a singlescalarvaluepervoxel, so
classi�cationof thesevoxels to assigncolor andopacityis critical
in obtainingusefulvisualizationsthat help to provide understand-
ing into adataset.Withoutaproperclassi�cationfunctionto show
interestingfeaturesor remove obscuringdata, it is impossibleto
correctlyinterpretthevolumetriccontent.

Thetransferfunctionis typically usedto performthis classi�ca-
tion. Thetraditionalone-dimensionaltransferfunctionfor volume
renderingonly considersavoxel'sscalarvalue;thatis, thereis adi-
rectmappingof transparency to scalarvalue.Designingthistypeof
transferfunctionis oftennot intuitive for theuserssincethey must
work in somederived transferfunctionspace(show in thebottom
left of Figure1), wheretheusersmight specifya curve de�ning a
mappingbetweenscalarvaluesandopacity. In addition, the tra-
ditional transferfunction is of limited effectivenessin performing
the actualclassi�cation. For example,for the MRI headdataset
(alsoshown in Figure2), it is dif�cult to specifyaone-dimensional
transferfunctionthatdifferentiatesthebrainandtheregionnearthe
skull sincethescalarvaluesof thetwo regionsaresimilar. As such,
theusercanonly show bothmaterialstogetherasshown on theleft
of Figure2, in which casetheouterlayermight obscurethebrain
materialof interest.Theusercouldreduceopacityof theouterlayer
to make thebrainmorevisible,but thebrainwouldsimultaneously
becomemoretransparentanddif�cult to seeasshown on theright
of Figure2. Theuseroftenneedsto iteratively try to �nd a transfer
functionthatis acompromisebetweenthetwo,asshown ontheleft
of Figure1 which still hassomematerialobscuringthebrain,with
thebrainto somedegreetransparentaswell.


