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Abstract

Thispaperreportsona new approach for visualizingmulti-�eld MRI or CTdatasetsin an immersiveenvironment
with medicalapplications.Multi-�eld datasetscombinemultiple scanningmodalitiesinto a single 3D, multi-
valued,dataset.In our approach, they are classi�ed andrenderedusingreal-timehardware acceleratedvolume
rendering, anddisplayedin a hybrid work environment,consistingof a dual powerwall anda desktopPC. For
practical reasonsin this environment,the designand useof the transferfunctionsis subdividedinto two steps,
classi�cationandexploration.Theclassi�cationstepis doneat thedesktop,takingadvantageof the2D mouseas
a highaccuracyinputdevice. Theexplorationprocesstakesplaceonthepowerwall.Wepresentour new approach,
describetheunderlyingimplementationissues,reporton our experienceswith different immersiveenvironments,
andsuggestwaysit canbeusedfor collaborativemedicaldiagnosisandtreatmentplanning.

CategoriesandSubjectDescriptors(accordingto ACM CCS): H.5.1[Multimedia InformationSystems]:Arti�cial,
Augmented,andVirtual Realities;I.4.10 [ImageRepresentation]:Multidimensional;I.4.10 [ImageRepresenta-
tion]: Volumetric;J.3[Life andMedicalSciences]:MedicalInformationSystems.

1. Intr oduction

Direct volumerenderingis an importantand �e xible tech-
niquefor visualizing3D volumetricdata.This techniquehas
beenusedwith greatsuccessin medical imaging applica-
tions,especiallydiagnosis[NT01, TKHS03, HWC� 03] and
treatmentplanning[LFP� 90]. Thesuccessof this technique
andits resultingpopularitycanbeattributedto several fac-
tors.First, volumerenderingdoesnot requirean intermedi-
aterepresentationof thedatafor imagegeneration,permit-
ting interactive featureextractionwith immediatefeedback.
Second,becausetheopticalmodelusedfor volumerender-
ing allows featuresto berenderedwith any degreeof trans-
parency, it can naturally provide context without obscur-
ing featuresof interestby simultaneouslyrenderingsemi-
transparentphysical or anatomicallandmarks.Finally, the
useof a transferfunction, converting datainto renderable
optical properties,allows oneto classifyandvisualizefea-
turesthat may not be capturedusingothertraditionaltech-
niquessuchas iso-surfaceextraction. In particular, multi-

dimensionaltransferfunctionsallow featuresto beclassi�ed
basedon a uniquecombinationof datavalues,which helps
to disambiguatedistinct featuresthat may sharedatavalues
with other, unimportant,features.

Immersive visualizationusingstereoscopicdisplayswith
headandhandtrackingcanenhancevisualizationanddata
analysisby providing the user with a truly three dimen-
sional view of the dataset.This is especiallyapplicableto
direct volume renderingsince multiple overlappingsemi-
transparentfeaturesmay lead to perceptualambiguitiesin
shapeanddepth.An immersiveenvironmentaddressesthese
problemsin several ways. Stereopsisand motion parallax
help the user resolve spatial featureplacementusing nat-
ural and precognitive abilities of the human visual sys-
tem. The coupling of head and hand tracking with di-
rect manipulationof the visualizationallows the user to
gain knowledge of the relative placementand scale of
featureswithin the dataset.Thesetechniquesare impor-
tant for medical imaging, diagnosis,and treatmentplan-
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ning [Sht92,SR97, RC94, GELP� 96] ashigh resolution3D
scansbecomeincreasinglymoreprevalent.

Thegoalof thiswork is todesignasystemfor volumeren-
deringin virtual reality thatallows theuserto freelyexplore
datawithout being burdenedby the traditional ergonomic
problemsof VR or the dif�culties of manipulatinga high
dimensionaltransferfunction.Suchan environmentis par-
ticularly applicablefor collaborativework wheredomainex-
pertsinteractwith eachotherandwith visualizationexperts.
Onesuchapplicationis diagnosisof tumorsthroughtheuse
of multiple imaging datasets.The immersive environment
with its high spatialacuityallows for collaborative surgical
planningamongmultipledomainexperts.

However, the manipulationof a desktop interface for
multi-dimensionaltransferfunctions is cumbersomein an
immersiveenvironment.To addressthis,wedivide thespec-
i�cation of multi-dimensionaltransferfunctionsinto two in-
dependenttasks,which we term classi�cation and explo-
ration,anddescribetheiruniqueinterfacecharacteristics.

In the next section,Section2, we describeour physical
VR environment and identify several key designchoices.
In Section3 we describea novel interfacefor manipulat-
ing high dimensionaltransferfunctionsin VR. In Section4
wedescribeimplementationaldetailsof ourinterfaceandthe
hardwarethatit involves.Section5 comparesour suggested
immersive environmentto theCAVE, andshows how it can
beusedin aclinical environment.Finally, weconcludewith
resultsandfuturework.

2. A Collaborative ImmersiveEnvir onment

Our immersive volumevisualizationsystemwasdeveloped
basedon threeprimary designcriteria.First, successfulvi-
sualizationsaretypically accomplishedvia collaborationbe-
tweenone or more domainand visualizationexperts.Vi-
sualizationsystemscanbe complicatedand requireexten-
siveknowledgeof boththehardwareandsoftwarethatcom-
prise them.This is especiallytrue for immersive environ-
mentsandmodernhardwareassistedvolumerenderingtech-
niques.Softwareandhardwareresourcesmustbe carefully
managedin order to maintaina high level of interactivity.
Second,userinterfacesmustbe carefully designedto meet
theneedsof theuser. This issueis particularlyrelevantwhen
weconsiderthedif�cult taskof transferfunctiondesign.Fi-
nally, ergonomicfactorsarean importantissuefor immer-
sive environments.Since the primary modeof user inter-
action is throughheadand handtracked input, the useris
typically encouragedto standandmove aboutthe environ-
ment using handgesturesto manipulatethe visualization.
This is in dramaticcontrastto desktopcon�gurationswhere
theuserviews thevisualizationin a comfortablesitting po-
sition andinteractswith it via minimal handmotionsusing
a2D mouse.Fatiguefrom standingandpointing(gesturing)
for long periodscandiscouragetheuserfrom spendingthe
time to thoroughlyinvestigate,andthusgainmaximalbene-
�t from, thevisualizationsession.

Our systemis designedto accommodatemultiple users
either sitting or standingusing two large stereoscopicdis-
playsanda traditionaldesktopdisplay. Figure1 illustrates
thecon�guration.Two sideby sideverticaldisplays(A and
B) are eachcon�gured using two projectorswith comple-
mentarypolarization�lters for passive stereo.A traditional
desktopdisplay(C) is locatedin front of oneof thelargever-
tical displays.The left display(A) is setupto provide head
tracked3D stereoscopicimagery. Theright display(B) can
becon�guredasanextensionof theleft displaymakingthe
3D environmentlarger, or asaseparate3D displayproviding
differentviews of thedataandinteractiontools. It canalso
becon�guredasa 2D displayreplicatingthedesktop's out-
put for an audience.The entireworkspacehas3D position
andorientationtracking.

Standing
Sittin

g

Dual Projectors:

Left & Right eyes

C) Desktop:

2D display

A) 3D display
B) 3D/2D display

Figure 1: Immersivevolumerenderingworkspace. Thetop
illustration showstheworkspacecon�guration. Thebottom
image showsstandinginteraction using the immersive 3D
display.

This workspaceallows usersto interactwith the visual-
izationusingthemostappropriatemodality. In a typicalses-
sion,a visualizationexpertdrivesthevisualizationandpro-
vides assistanceusing the 2D display. The domainexpert
is allowed to freely exploreandinteractwith thevisualiza-
tion on any of the threedisplays.We found that interacting
with thevirtual environmentwhile sitting not only reduced
fatiguebut alsoimproved the accuracy of interactionswith
immersive toolsandvisualization.Thepreferredpostureus-
ing the3D mousehadone'selbow resting�rmly onthetable
providing additionalstability for �ne movements.

3. ImmersiveVolumeRendering
The use of multi-dimensionaltransfer functions for vol-
ume renderingapplicationshas been shown to dramati-
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cally improve one's ability to classify featuresof inter-
est in volume data [KKHar]. The visualizationof nearly
all datasetscan bene�t from multi-dimensional transfer
functions, even scalardatasets.Unfortunately, manipulat-
ing high-dimensionaltransferfunctionsis dif�cult andhasa
steeplearningcurve. In our experiments,we foundthat this
dif�culty is further compoundedin an immersive environ-
mentdueto low accuracy in one's ability to selectrelatively
small control pointsandmake �ne movementswith 3D in-
put devices.Although recentstudiesdemonstratethat im-
provedaccuracy for someinteractionscanbeaccomplished
by mappingsmallmovementsto wrist rotations[SWWL01],
we have found the designof goodtransferfunctionsin an
immersive environmentto bea tediousandtime consuming
task.

Our solutionto this problemstemsfrom the observation
thattheroleof transferfunctiondesignfor volumerendering
is essentiallytwo independenttasks,classi�cation andop-
tical propertyspeci�cation.The classi�cationstepinvolves
identifying theregionsof thedatadomain,or featurespace,
that correspondto uniquematerialsor materialboundaries.
Oncetheseregionshave beendetermined,all that remains
for the userto do is assigncolor and opacity, making the
classi�edmaterialscorrespondingto featuresof interestvisi-
bleandunimportantmaterialstransparent.With thisin mind,
oursystemis designedwith two distinctinterfacesfor trans-
fer functiondesign.

3.1. Classi�cation
Theclassi�cationinterface,seenin FigureI A (seecolorsec-
tion for Romannumbered�gures), is designedprimarily for
the visualizationexpert. It is mostsimilar to that proposed
in [KKHar], with the additionof an interfacefor assigning
a nameto eachclassi�ed feature.Initially, classi�cation is
carriedout asa preprocessingstepprior to thevisualization
sessionusinga 2D desktopcon�guration.Thevisualization
expertattemptsto classifyany andall relevantfeaturesusing
a varietyof toolssuchasdual-domaininteractionandjoint
histogramanalysis.Oncefeatureshave beenclassi�ed and
named,the visualizationexpert can specify the initial op-
tical propertiesandsave the classi�cation speci�cation for
lateruse.

A classi�cationinterface,seenin FigureI B, hasalsobeen
developedfor usein theimmersive3D display. Theintentof
this interfaceis to allow the userimmediateaccessto clas-
si�cation parametersfor re�nementduringthevisualization
session.As notedearlier, direct manipulationof classi�ca-
tion elementsmay not be appropriatewhenusing3D input
devices.To addressthis,we alsoprovide theuserwith a set
of rotaryknobsfor manipulatingeachdegreeof freedomlin-
earlyandindependently. An exampleof theimmersiveclas-
si�cation tool canbeseenin FigureI B.

3.2. Optical Properties
During the visualizationsession,the saved classi�cation is
loadedwith the datasetandthe domainexpert is presented

with the initial opticalpropertiesspeci�ed in theclassi�ca-
tion step.Ratherthanbeingpresentedwith thecomplicated
classi�cation interface,the useris provided with a simpli-
�ed materialmixer, seenin FigureI C, which allows oneto
adjustthe optical propertiesassociatedwith eachclassi�ed
feature.Eachclassi�ed featureis identi�ed by name.The
feature's opacity is speci�ed by rotatinga knob widget, its
color is setusingastandardcolorpicker tool.

Themainadvantageof this interfaceis thattheuseris not
burdened,or worsedistracted,by the complicatedandab-
stractnatureof thehigh dimensionalfeaturespacein which
materialsareclassi�ed.Rather, usersareprovidedwith the
relevant degreesof freedom,namely;what featureis being
manipulated,how opaqueit is, andits color.

3.3. Collaboration
While it is expectedthat the visualizationexpert carry out
the classi�cationstep,it mustoften be donewith the guid-
anceof thedomainexpert.It is frequentlythecasethat fea-
ture classi�cation must be re�ned during the visualization
session.The visualizationexpert canchooseto manipulate
thetransferfunctionusingeitherthe2D desktopinterfaceor
assistthedomainexpertin theimmersiveenvironment.

4. Implementation
4.1. Hardware
Ourhybrid work environmentconsistsof two rearprojected
passivestereodisplays,anda tablein front of them.A video
switchingunit is usedto selectwhich PC's output is used
for eachprojectorand desktopdisplay. Our software also
works in CAVE-like environments[CNSD93] like the four
screenCUBE at HLRS. Both environmentsare driven by
COTSPCswith NV25 basedNVidia graphicscards.

4.2. Software
Our immersive volumerenderingapplicationis built on top
of several existing visualizationand scienti�c computing
frameworks,namelyOpenGL,OpenGLPerformer, COVER,
COVISE, Simian,andusingLinux astheoperatingsystem.
Figure2 illustratesconceptuallyhow thesesoftwarecompo-
nentsinteract.

CPU & NetworkGr ap h i c s 3D Tracking

OpenGL

Performer

Co v er
Si m i an

Cov i se

Immersive Volume Rendering

Figure2: Softwareframeworkfor immersivevolumerender-
ing.

Simian[KKH01] is a volumerenderingtool designedto

c
 TheEurographicsAssociation2004.



Kniss,Schulze, Wössner, Winkler, Lang, Hansen/ Multi-�eld VolumeRenderingandVRTechniques

supportmulti-�eld volumerendering.It hasbeendeveloped
at the University of Utah. The entire tool is usedfor clas-
si�cation at thedesktop,andits renderingcodeis extracted
for usein thevirtual environments,whichrunwith COVISE.
Theoriginal Simiansoftwarelacked thecapabilityof pass-
ing the transferfunction widgetson to otherprograms.We
addedtheoptionto write thewidgetparametersto a �le.

COVISE is a visualization and scienti�c com-
puting framework developed at the University of
Stuttgart [RLR96]. Its virtual reality renderer COVER
[RFL� 98] is a standalone,OpenGL Performer based
programthat supportsarbitrary virtual environmentsand
inputdevices.Theuserinterfacesoftwareusedin thevirtual
environmentsis basedon the volumerenderingapplication
presentedin [SWWL01] and [WSWL02]. Performersup-
ports parallel application,culling, and draw processeson
multiprocessormachines.For the integrationof Simian,the
user interface and renderingroutineshad to be separated
and integrated into the application and draw processes,
respectively.

4.2.1. Material Mixer
The materialmixer (seeFigureI C) is madeup entirely of
standardCOVER menuitems,in thiscaselabelsfor material
namesandrotaryknobsfor theopacity. Thevaluerangeof
theknobsis from “fully transparent”to “fully opaque”.

4.2.2. VR Classi�cation Interface
The classi�cation interface (see Figure I B) consistsof
several groupsof elements.The main rectangularregion
shows the histogram.Here the transfer function widgets
are located,similar to the Simian transferfunction editor
[KKH01]. They canbe moved by pointing andclicking at
them with the 3D wand. Widgetsare createdand deleted
with the greeniconsat the left of the window. The “Hist”
button togglesthe displayof the histogram.The color disk
andthe“Bright” knobde�ne thecolor of theactive widget.
Therotaryknobsat thebottomof thewindow changeawid-
get's geometryandopacity. All thewidgetsarelistedat the
right edgeof thewindow.

5. Results
5.1. ImmersiveComparison
As previously stated,we have implementedthis systemfor
botha CAVE immersive environmentanda power wall im-
mersive environment.A comparisonof the two immersive
environmentsfor collaborative exploration tasksinvolving
medicaldiagnosisand surgical planning(describedin the
next sub-sections)wasuseful.While theCAVE environment
is anattractive optionfor many immersive visualizationand
graphicsapplications,we found it dif�cult to meetour sys-
temdesigngoalsin this workspace.TheCAVE is designed
to functionprimarily asa singleuserenvironment.Because
of limited spaceandtheuseof all four displaysasa single
integratedview of thevisualization,closecollaborationbe-
tweenthe domainandvisualizationexpertsis dif�cult. We

cannotplacea deskor usechairs inside this environment
sinceit would interferewith the immersiongestalt,further
limit the available space,and potentially damagethe deli-
cateprojectionsurfaces.Weconsideredhaving thevisualiza-
tion expertassistin thisenvironmentusinga laptopPCwith
wirelessnetworking.Althoughthisallowedthevisualization
expert to participatein thesessionfrom within theenviron-
ment,its usewasquite limited. Sincethe laptop's userhas
to carry the unit, it is dif�cult to make �ne adjustmentsin
theclassi�cationinterface,andtheuserquickly becomesfa-
tigued.Thus,thepower wall environmentwasbettersuited
to ourapplications.

5.2. A Multi-spectral MRI CaseStudy: Preliminary
Results

We are currently investigating the use of our immersive
volume renderingsystemfor medical diagnosisand sur-
gical planning in a collaborationwith the Olgahospitalin
Stuttgart. The Olgahospitalis a childrens'hospitalwherea
numberof patientsare treatedfor seizurescausedby cor-
tical neurons.In patientswith intractableepilepsy, the de-
tection of lesions in areasof interestcan help to decide
whethersurgery to remove the lesionshasa chanceto stop
theseizureswithoutcreatingsigni�cant damage.Thedetec-
tion of theselesionsis typically doneusingMRI. Unfortu-
natelythelesionsareoftendif�cult to identify in thesescans
becausethey arecharacterizedby subtledifferencesin con-
trast,thickness,andsharpnessof the borderbetweenwhite
and gray matter. Today, theselesionsare diagnosedusing
severalhighresolutionandhighcontrastMRI sequencesthat
arevisually inspectedusingsoftwaredesignedto dealwith
theacquireddataonasliceby slicebasis.

The focus of this study is two fold. First, we intend to
demonstratetheeffectivenessof multi-modalMRI dataclas-
si�cation using multi-dimensionaltransfer functions.Our
hopeis that the tissuecharacteristicscapturedby different
MRI scanningsequencescanbecombinedto betteridentify
tissuetypesand lesions.Second,we intend to identify the
waysin whichour immersivevisualizationsystemcanassist
in diagnosisandtreatmentplanning.By providing acollabo-
rativeenvironmentthatallowsmultiplephysiciansandvisu-
alizationexpertsto gain spatialawarenessof theanatomical
features,surgerycanbeplannedasacollaborativeprocess.

5.2.1. Registration
Figure II shows an exampleof threeMRI scanmodalities
usedin traditionaldiagnosisandthisstudy. Thebottomright
imageis a multi-modalvisualization,createdby assigning
eachmodalityto acolorchannel.In many cases,thesescans
areacquiredat differentresolutionsandtimes.Thus,anini-
tial co-registrationpre-processingstepis required.Thereare
several approachesfor intermodaldataregistrationranging
from completelymanualto fully automatic.Thereare two
widely availableandfreeregistrationtoolsAutomaticImage
Registration (AIR) [AIR] and StatisticalParametric Map-
ping (SPM)[SPM]. A comparisonof thesepackagescanbe
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foundin [KAPF97]. Althoughthesetoolsareautomatic,we
discoveredthatsubstantialmanualregistrationwasrequired,
andthat AIR performedbestwhenthe datasetswereregis-
teredto within 2 voxelsand3 degreesof rotationalongany
axis.

5.2.2. Classi�cation
Oncetheregistrationparametershave beendetermined,the
scansare resampledand combined into a single multi-
valued dataset.In addition to the scan intensities, we
addmulti-gradientmagnitudemeasure,which is discussed
in [Sap97, KKHar]. Classi�cation is performedmanually,
guidedprimarily by joint histogramanalysis.Figure3 shows
anexampleof joint histogramsof co-registeredprotonden-
sity (PD) andT2 MRI scans.Figure3 A, left, shows how
consideringthe uniquecombinationsof datavaluesin these
scans,using a joint histogram,can help identify features
moreclearlythanthe1D histogramsof eachdataset,seenat
the left andtop.Figure3 B, right, shows how theexclusion
of high multi-gradientmagnitudescanfurtherdisambiguate
homogeneousmaterials,i.e., B shows a joint histogramof
valuesrepresentingrelatively homogeneousmaterials.The
labeledmaterialsare:a cerebro-spinal�uid, b gray matter,
c white matter, d fat, e background,f bonemarrow. Con-
versely, a joint histogramof valueswith highmulti-gradient
magnitudeallows usto identify boundariesbetweenmateri-
alsor materialmixtures.

PD

T2 A B a

b

c

d

e
f

Figure 3: Examplejoint-histogram of T2 and Proton Den-
sity (PD) MRI scans.A showsthe log-scalejoint histogram
with thecorrespondingscalarhistogramsfor each scanseen
at theleft andtop.B showsa joint histogramcreatedby ex-
cludingvalueswith highmulti-gradientmagnitudes.Thela-
beledmaterialsare: a cerebro-spinal�uid, b gray matter, c
whitematter, d fat, ebackground,f bonemarrow.

The desktopclassi�cation interface, describedin Sec-
tion 3.1, allows the visualizationexpert to usethe mouse
and placeclassi�cation widgetsat all locationsin the 2D
histogramwherematerialshavebeenidenti�ed.

For the datasetusedin Figure3 B the classi�cationpro-
cessis trivial for materialsa,d,e,andf, but it requirescareful
re�nementandsomeexperienceto correctlydistinguishma-
terialsb andc (grayandwhitematter).Thetransferfunction

widgetscanoptionallybeassignednamesfor thematerials
they represent.

Notethatin theclassi�cationstepthedomainexpertdoes
notneedto bepresent.This is importantbecausethedomain
expert, typically a radiologistor physician,shouldnot have
to spendtime dealingwith technicaldetailsthat do not re-
quirehisexpertise.

5.2.3. Exploration
A completeclassi�cation is often composedof a dozen
or more individual classi�ed features,which canmake the
classi�cation interfacecomplicatedand dif�cult to manip-
ulate.This emphasizesthe needfor the simpli�ed material
mixer interface.Our initial resultssuggestthat our classi-
�cation/explorationapproachis appropriatefor this typeof
medicaldataand the immersive visualizationcanassistin
understandingthespatialrelationshipsamongimportant3D
structures.

During exploration,the domainexpert usesthe material
mixer andthe color picker to changethe parametersof the
previouslyde�nedmaterials.Dependingonhow well thevi-
sualizationexpert wasableto setthe transferfunction, this
will beall thedomainexpertneedsto work with. In ambigu-
ouscases,e.g.,the differentiationof gray andwhite matter
in Figure3 B, thecomplex transferfunctioneditorin thevir-
tual environmentallows thedomainexpert to further re�ne
the transferfunctionparameters,which hemight beableto
do betterthanthevisualizationexpert,givenhis greaterdo-
mainknowledge.

In contrastto the classi�cationstep,the focusof the ex-
plorationis notonthede�nition of thetransferfunctions,but
ratheron �nding spatialfeaturesin thedatasetthatmaylead
to the diagnosisof a patient's illness.For this purpose,the
usercanrotatethedataset,zoomin onarbitraryregions,use
clipping planes,or look at thedatasetfrom differentangles
just by moving thehead.All of this having real-timevisual
feedback,including any changesof the transferfunctions,
providesdoctorsanovel methodto work with theirMRI and
CT datasets.

6. Conclusion
This paper presents a new immersive visualization
workspacelayout that emphasizestight collaborationbe-
tweendomainandvisualizationexperts.We achieve this by
providing aworkspacethatcombinestraditionaldesktopand
immersive modesof interaction,emphasizingcomfort and
ergonomics.

Wedescribeanovel interfacefor volumerenderingmulti-
�eld volumedatasetsin immersiveenvironments.For appli-
cationareaslike medicaldata,in which thedatasetsconsist
of acombinationof severaldistinctmaterials,weadvocatea
two stepapproachto transferfunctiondesign,classi�cation
and optical propertyspeci�cation, which can signi�cantly
increasetheusabilityof thesystemfor doctors.

Thecombinationof theproposedworkspaceanduserin-
terfacedesignshasdemonstratedusefulnessin applications
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like the analysisof both scalarandmulti-�eld volumedata
from MRI or CT scanners.Becausetransferfunctiondesign
is divided into a classi�cation,which bene�ts from thefea-
turesof the desktopPC, and an exploration phase,which
takes advantageof the virtual environment, the ability to
rapidly switchbetweenthetasksandplatformsallows users
to moreef�ciently achieve their visualizationgoals.

7. Futur eWork
We intend to continueour multi-spectralMRI collabora-
tion. The preliminaryresultssuggestseveral waysour sys-
tem could be improved. The co-registrationstepis tedious
and time consumingin our currentvisualizationpipeline.
This is dueto the fact that datasetsmustbe relatively well
coregisteredbeforeautomaticmethodssucceed.As such,we
aredevelopinginteractiveandimmersive toolsto assistwith
the initial registrationstep.While manualhistogramanaly-
sis aids in materialclassi�cation, automatingthis stepus-
ing statisticalmethodsandsegmentationwould improve the
quality of classi�cation.Suggestedexplorationandinterac-
tion tool improvementsinclude interactive local histogram
analysisthat allows the userto investigatevaluesin a sub-
setof thedata,andaninteractive manualsegmentationtool
thatallowstheuserto markor maskoff localizedfeaturesof
interestsothey canbevisualizedin isolation.

Onefrustratingaspectof our classi�cation interface,for
boththedesktopandimmersiveversions,is thatwecanonly
visualizethefeaturespaceas2D projections.We areinves-
tigatinganimmersive interfacethatpermitsclassi�cationin
3D, that is, the systemallows usersto re�ne the classi�ca-
tion usingthreeaxesof the transferfunctionat once,rather
thanjust two.

8. Acknowledgments
This work wasfundedin partby theDepartmentof Energy
VIEWSprogram,theDOEComputationScienceFellowship
program,andthe collaborative researchcenters(SFB) 374
and382 of the GermanResearchCouncil (DFG). We also
acknowledgetheTeemToolkit (teem.sourceforge.net).

References
[AIR] AIR: Automatic Image Registration, Lab-

oratory of Neuro Imaging, UCLA. URL:
http://www.loni.ucla.edu/NCRR/Software/AIR.html.

[CNSD93] CRUZ-NEIRA C., SANDIN D., DEFANTI T.:
Surround-Screen Projection-BasedVirtual Reality:
TheDesignand Implementationof the CAVE. ACM
SIGGRAPH93Proceedings,pp.135–142,1993.

[GELP� 96] GRIMSON W., ETTINGER G., LOZANO-PEREZ S.
W. S. T., WELLS W., K IK INIS R.: An Automatic
RegistrationMethodfor FramelessStereotaxy, Image
GuidedSurgery, andEnhancedReality Visualization.
Proceedingsof IEEE ComputerVision and Pattern
RecognitionConference(1996),129–140.

[HWC� 03] HATA N., WADA T., CHIBA T., TSUTSUMI Y.,
OKADA Y., DOHI T.: Three-dimensionalVolume
Renderingof Fetal MR Imagesfor the Diagnosisof

CongenitalCysticAdenomatoidMalformation. Jour-
nal of AcademicRadiology10 (2003),309–312.

[KAPF97] K IEBEL S., ASHBURNER J., POLINE J.-B., FRISTON

K.: MRI and PET coregistration - A Crossvalidation
of SPMandAIR. Neuroimage5, 1997.

[KKH01] KNISS J., K INDLMANN G., HANSEN C.: Interactive
VolumeRenderingUsingMulti-DimensionalTransfer
FunctionsandDirectManipulationWidgets. IEEEVi-
sualization'01 Proceedings,pp.255–262,2001.

[KKHar] KNISS J., K INDLMANN G., HANSEN C.: Multi-
DimensionalTransferFunctionsfor Interactive Vol-
umeRendering.TVCG(2002to appear).

[LFP� 90] LEVOY M., FUCHS H., PIZER S., ROSENMAN J.,
CHANEY E., SHEROUSE G., INTERRANTE V., K IEL

J.: Volume Renderingin RadiationTreatmentPlan-
ning. Proc. First Conference on Visualization in
BiomedicalComputing(1990),4–10.

[NT01] NISHIHARA M., TAMAKI N.: Usefulnessof Volume-
renderedThree-dimensionalComputedTomographic
Angiography for SurgicalPlanningin TreatingUnrup-
turedParaclinoidInternalCarotidArtery Aneurysms.
KobeJournalof MedicalScience47 (2001),221–230.

[RC94] ROBB R., CAMERON B.: VRASP: Virtual Reality
AssistedSurgery Program. Symposiumon Computer
AidedSurgery (1994).

[RFL� 98] RANTZAU D., FRANK K., LANG U., RAINER D.,
WÖSSNER U.: COVISEin theCUBE:AnEnvironment
for AnalyzingLarge and Complex SimulationData.
Proceedingsof 2nd Workshopon Immersive Projec-
tion Technology(IPTW '98), Ames,Iowa,1998.

[RLR96] RANTZAU D., LANG U., RÜHLE R.: Collabora-
tive and Interactive Visualization in a Distributed
High PerformanceSoftware Environment. Proceed-
ings of InternationalWorkshopon High Performance
Computingfor GraphicsandVisualization,Swansea,
Wales,'96, 1996.

[Sap97] SAPIRO G.: ColorSnakes.CVIU (1997),247–253.
[Sht92] SHTERN F.: Imaging-GuidedStereotacticTumorDi-

agnosisand Treatment. Proceedingsof Medicine
MeetsVirtual Reality(1992).

[SPM] SPM: Statistical Parametric Mapping, Wellcome
Departmentof Imaging Neuroscience, London, UK.
URL: http://www.�l.ion.ucl.ac.uk/spm/.

[SR97] SATAVA R., ROBB A.: Virtual Endoscopy: Applica-
tionsof 3D Visualizationto MedicalDiagnosis.Pres-
ence(1997),179–197.

[SWWL01] SCHULZE J., WÖSSNER U., WALZ S., LANG U.:
Volume Renderingin a Virtual Environment. Pro-
ceedingsof theFifth ImmersiveProjectionTechnology
Workshop(IPTW'01) andEurographicsVirtual Envi-
ronments(EGVE'01), SpringerVerlag,pp. 187–198,
2001.

[TKHS03] TSUCHIYA K., KATASE S., HACHIYA J., SHIOKAWA:
Volume-Rendered3D DisplayOf MR Angiogramsin
the Diagnosisof CerebralArteriovenousMalforma-
tions. ActaRadiologica44 (2003),675.

[WSWL02] WÖSSNER U., SCHULZE J., WALZ S., LANG U.:
Evaluationof a Collaborative VolumeRenderingAp-
plication in a DistributedVirtual Environment. Pro-
ceedingsof theEigth EurographicsWorkshopon Vir-
tual Environments(EGVE'02), ACM Press,pp. 113–
122,2002.

c
 TheEurographicsAssociation2004.



Figure I: Dual transferfunctionspeci�cationinterfaces.
The left images (A and B) show the classi�cation in-
terfaces.A is is the interfaceusedfor classi�cation on
thedesktop,B is theextendedinterfacefor classi�cation
in an immersiveenvironment.C showsthe the material
mixer.

Figure II: Scanswith differentmodalities.Top left: Fluid
AttenuationInversion Recovery (FLAIR), top right: T2,
bottomleft: PD. At thebottomright is a multi-modalvi-
sualization,createdbyassigningeach modalityto a color
channel.


