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Abstract

For a comprehense understandingf tomographidmagedatain
medicalroutine,interactive andhigh—qualitydirectvolumerender
ing is an essentiabrerequisite. This is provided by visualization
using3D texture mappingwhich s still limited to high-endgraph-
icshardware.n orderto makeit availablein aclinical environment,
we presenta systemwhich uniquelycombinedocal desktopcom-
putersandremotehigh-endgraphicshardware. In this contet, we
exploit the standardrisualizationcapabilitiesto a maximumwhich
areavailablein theclinical environment.For 3D representationsf
high resolutionandquality we accesghe remotespecializechard-
ware. Varioustoolsfor 2D and3D visualizationareprovidedwhich
meettherequirementsf a medicaldiagnosisThisis demonstrated
with examplesfrom the field of neuroradiologywhich shav the
valueof our strat@y in practice.

Keywords: medicaldatavisualization,volume visualization,dis-
tributedsystemsPCgraphicshardware,remoterendering

1 Introduction

Interactve visualizationis oneof the mostimportantmeandor the
investigationof tomographiadataresultingfrom CT andMR scan-
ners. Thisrequiresbotha 2D analysisto realizethelocal informa-
tion within singlesliceimagesanda 3D representatioicornveying
the spatialinformationof lesionsandrelatedstructuresCompared
to indirect stratgies [7] which rely on polygonalmodels, direct
volumerenderinghasproved to be superiorin this contet [5]. It
integratesall the available informationand providesimplicit seg-
mentationof the imagedatausingtransferfunctionswhich assign
color andopacityto all datavalues. This avoids time—consuming
preprocessingn mary casef practicalrelevance. Therefore,in-
teractve manipulationrandhigh-qualityrenderingareessentiafea-
turesfor the applicationin a clinical environment[10, 14]. How-
ever, amajordravbackfor clinical applicationis the availability of
systemawhich provide the necessargraphicscapacity High-end
seners, supercomputerandworkstationswith special3D graph-
ics acceleratiorhardware,numericalcomputatiorpover andhigh-
performancdO bandwidthprovide the necessaryneansto handle
large scientific datasets. On the other handthe computationand
renderingcapabilitiesof moderndesktopPCsarequickly increas-
ing asdemonstrateth [8].

In this casestudy remotevolume renderingbasedon 3D tex-
ture mappingandlocal visualizationusing JAVA was madeavail-
able and examinedwithin a clinical ervironment. After an brief
overview in section2 explaining fundamentalssuesof the applied
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renderingalgorithms, the establishedvisualizationsystemis de-

scribedin section3. Subsequentfydifferentclinical examplesare
discussedn section4 which shav the usefulnes®f our approach
in practice. Finally, section5 illustratessometechnicalresultsof

our system.

2 Rendering Algorithms

ModerndesktopPC graphicsadaptersprovide sufiicient rasteriza-
tion power to renderhigh resolutionvolume datasetswith inter-
active frameratesusing 2D texture mapping. 3D texture mapping
hardware is still only available on mid-size and high-endgraph-
ics workstations. Becauseof this fact two differenttexture-based
renderingalgorithmswerechosenfor the local andremotevisual-
ization.

2.1 Object Aligned Slices

Thelocal approactfor 3D visualization,whichis similarto Shear
Warpalgorithm[6], is basedn 2D texture mappingwhichis now a
standardeatureof low-costgraphicsadaptersTherectilinearvol-

umedatais tripledinto threeperpendiculastacksof objectaligned
textureslices(seefigure1). For renderinghetextureslicesarepro-
jectedonto threestacksof squareslice polygons. The slice stack
mostperpendiculato theline of sightof theviewer is selectecand
blendedback-to-frontinto the framebuffer. During the procesof

texturemappingthevolumedatais bilinearlyinterpolatecbnaslice
polygon.Theattainedframerateis limited by therasterizatiorrate
of the graphicshardware. A geometryenginewhich is often not
availableon low-costgraphicsadaptergloesnotincreaseheframe
rateconsiderably

Figurel: Objectalignedslice stacksasappliedfor volumerender
ing with 2D texture mapping.

2.2 View Aligned Slices

The useof 3D texture mappinghardware hasbecomea powerful
visualizationoptionfor interactve high-qualitydirect volumeren-
dering[1, 13]. Therectilinearvolumedatais first corvertedto a3D
texture. Then,anumberof planegperpendiculato theviewers’line
of sightareclippedagainstthe volumeboundingbox. The texture



coordinatesn parametricobject spaceare assignedo eachver-
tex of the clippedpolygons. During rasterizatiorfragmentsn the
slicearetrilinearly interpolatedrom the 3D texture. Theresulting
polygonsareprojectedontotheimageplaneusingadequatdlend-
ing operationgo realizeback-to-frontor front-to-backcompositing
(seefigure 2). Sincethis processs supportedy specializedyraph-
ics hardware, the time it consumegdecreasesonsiderablycom-
paredto a softwareimplementation.Thus, interactive framerates
canbeachieved.

Figure2: View alignedslice stacksasappliedfor volumerendering
with 3D texture mapping.

3 Visualization System

In order to exploit the capabilitiesof the high-endvisualization
sener a native implementatiorfor the sener applicationwascho-
sen. Sincemary platformsmustbe supportedon the client side,
JAVA was selected. Despite JAVAS' performancedisadwantages
comparedo natively compiledsoftwareour experienceshavs that
it suppliesquite efficient classedor image manipulationand 3D
volumevisualization.

The systemconsistsof a JAVA/JAVA2D/JAVA3D basedclient
and a sener which is basedon C++ and Openlwentor (seefig-
ure 3). On the client sidefirst a datasetobtainedby the scanner
is loadedinto a slicing tool which allows oneto inspectslicesin
axial, coronalandsagittaldirections. A subrgjion canbe selected
andlocally visualizedusinga JAVA3D viewer which usesobject-
alignedtexturesfor the visualization.High quality visualizationis
availableby transferringthe volumedatato the sener application.

Thesener application,which utilizes 3D texture mappinghard-
warewasdevelopedbasedon a stand-alonapplication[12] which
was adaptedusing the framework introducedin [3]. The sener
rendersimagesoff-screeninto the PBuffer which is a non-visible
framebuffer. Thentheimagedatais compressedransferredo the
client. The client decodeghe dataanddisplaysthe imagesin the
clientsrenderarea. Mouseand GUI eventsare sentto the sener
andare processedy Openliventor which schedulese-rendering
whenneeded.

3.1 Slicing Tool

Thefirst stepof visualizationconsistof loadingDICOM datafrom
the scanneiinto theslicing tool (seefigure 4). Thetool allows for
the interactize inspectionof the datain axial, coronaland sagittal
directions.It wasimplementedisingJAVA2D which suppliegpow-
erful andefficient classegor renderingandmanipulationof image
data.Thefollowing featuresaresupported:

Slicing andZooming: Slicing in axial, coronalor sagittaldi-

rectionin threesynchronizeganels.Selectinga volume po-
sition on oneslice panelwill shav the correspondenslices
in the othertwo panels.While zoominginto the volumedata
nearest-neighbar bilinearfiltering canbe applied.

TransferFunctionControlandSubregion Selection:Themap-
ping of volume datato RGB valuescanbe interactively ma-
nipulatedusingthe transferfunction control panel. A rectan-
gular subrgyion of the volume datafor 3D inspectionis se-
lectable.
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Figure3: Generahrchitectureof the visualizationsystem.Volume
datafrom the scannerss first loadedinto the slicing tool. Then
a mediumquality visualizationof a subvolumeusingthe JAVA3D
renderercanbe performediocally. For high-qualityrenderingthe
datais uploadedo thevisualizationsener. The JAVA3D renderer
requestsa singlefull frame from the sener after local interaction
by sendingnew view parametersTheremoterenderelgenerates.
new frameaftereachmouseinteraction thusresultingin animage
streamfrom the sener.

3.2 Local Renderer

After selectinganinterestingsubreyion of thevolumedatausingthe
slicing tool, a 3D visualizationusinglocally available3D graphics
hardware canbe performed.JAVA3D suppliessupportfor 2D and
3D texture mapping. Sincelow-cost graphicsadapterscurrently
do not supply hardware supportfor 3D texture mapping,object-
alignedslicesand2D texture mappingareusedfor rendering.The
following featuresaresupported:

Transformationsand Transfer Function Control: The 3D
transformationsotation, translationand zoomare available.
New transferfunctionscanbe appliedto the visualizationby
changingvolumedatato RGBA mapping.

OrthogonalClipping and Isosurfice Reconstruction:Since
JAVA3D doesnot supportarbitrary clipping planesin cur
rently availablereleasethetool only supportorthogonaklip-
ping. Thetechniqueusedherewasintroducedn [2].

Synchronizatiorwith the slicing tool: The 3D visualization
andtheslicingtool supporsynchronizatiofn bothdirections.
Whenslicing throughthe volumedatathe corresponderypo-
sition of thesliceis shavn in the 3D view. Onthe otherhand
a slice probe can be moved in the 3D view and the corre-
spondent2D slice is displayedin the slicing tool. Because
of thelimited amountof texture memoryon low-price graph-
ics adaptersiovnsamplingof the volumedatafrom the slic-
ing tool canbe applied. Selectinga threshold,anisosurbce
is locally reconstructe@ndintegratedinto the texture-based
volumevisualization.

3.3 Remote Renderer

In orderto useremotelyavailable high-endgraphicshardware on
theinternet3D datafrom theslicingtool is transferredo the sener
application. The sener rendersthe volume datausing 3D texture
mappinghardware off screeninto the PBuffer. The renderedm-
agesareencodedandtransferrecbackto the JAVA client. Herethe
datais decodedanddrawnn into theremoterenderareaof the client.
UsingaJAVA userinterfacetheclient offersthe sameook andfeel



Figure4: Slicing tool shaving orthogonaimagesof CTA volume.
A vessemalformationis indicatedwith the cross-cursor

asthe sener applicationbasedon Openlventor In this way there
is nodifferencewith respecto theinterfacewhetherocal or remote
3D graphicshardvareis used.Besidesall featureof thesenerap-
plication[11] areaccessibleln consequenceawo basicscenarios
arederived:

RemoteRendering:The client applicationdoesnot perform
3D visualizationitself. Remotelygeneratedmagesare de-
codedanddrawn into the clientsrenderareausing JAVA2D
Bufferedimage class. Locally generatedmouseand GUI
events are transportedto the sener and are processedy
Openlventor In thiswaythestandardnanipulatorof Open-
Inventor are remotelyavailable. The frameratein this sce-
nario is limited by a numberof factors: frame rate on the
sener, encodingtime, transfertime, decodingtime and dis-
play time. Due to the transferof dataover the network for
eachframesomelateng is introduced.

Hybrid Rendering:During interactionthe local JAVA3D ren-
dereris used.Whentheuserstopsinteractingwith thevolume
datathe view and other visualizationparametersare trans-
ferredto the sener. The parametergareappliedto the sener

applicationandthe nenly renderedmageis transferrecback
to the client. The client draws the receved imageinto the
framebuffer andoverwritestherepresentatiomhichwasren-
deredocally. Thescenarigeducedateny duringinteraction,
becauseo network transferis needed.Using the manipula-
torsof Openliventoris currentlynot possiblein this scenario
becausethey are locally not available. However, a virtual

trackball is supported.

4 Clinical Application

Thevisualizationmethodis of majorimportancefor thediagnostic
valueof an envisaged3D analysis.Sincethe clinical ervironment
is restrictedto equipmentwith low-end graphicscapabilitiesthe
examinationof the imagedatawas exclusively basedon standard
stratgies. In orderto performan improved diagnosis,up to now
selecteddatasetsweretransferredo the departmenbf computer
science. Thereby 3D texture mappinghardware for high quality
volumerenderingwasexploitedwhich is provided within aninter-
active visualizationandnavigationtool [12]. As amajordravback,

Figure5: Local volumerenderingwith JAVA3D shaving a coarse
representatioof theintracranialaneurysmin figure 4.

this stratgy waslimited to a smallergroupof patientsandto cases
which madedirectvolumerenderingindispensablesuchasthe vi-
sualizationof tiny andcomplex anatomicaktructures.

Sofarthe presenteagystemof local andremotevolumerender
ing wasinvestigatedfor the diagnosisof 8 caseswith intracranial
aneurysmsTherespectie CTA datawasacquiredwith a Semens
Somaton Plus 4 spiral-CT scanner Additionally, the investiga-
tion of 3 caseswith dural arteriorenousmalformationswas per
formed. Thesearepathologicconnectiondbetweerarterialandve-
nousblood vesselswvithin the vertebralcolumn. The requiredMR
datawas obtainedwith a SiemensMR Vision 1.5 Teslascanner
which providesthe necessaryesolutionto resole tiny nerve and
vesselstructuresappropriately Subsequent|ytwo casesare pre-
sentedvhich demonstratéhe valueof our approach.

In thefirst examplethe examinationof anintracranialaneurysm
is demonstratedaccordingusing the visualization stratgyy pre-
sentedn [4]. Initially, the informationcontainedwithin thetomo-
graphicsliceimagess investigatedseefigure 7). Then,local visu-
alizationis performedwith the approachtbasedon JAVA3D which
providesa crudespatialorientation(seefigure 8). For a 3D repre-
sentatiorof high quality thewholevolumeor aselectedsubvolume
is renderedvith 3D texture mappingon the remotegraphicshard-
ware (seefigure 9). This stratey is alsoindispensabléf the fu-
sionof differentdatasetsis performedo achiee betteranatomical
understandingseefigure 10). In this casememoryrequirements
prohibita comparableanalysison thelocal system.

The exampleshawn in figures11 and 12 illustrate the analysis
of tiny nenesandintracranialvesselssurroundingthe brain stem.
Additionally, the semi-lunarcanalsof theinnerearareclearly visi-
ble atthe outerleft andright side. As presentedn [9], only coarse
regionsof the dataaresegmentedxplicitly. Thedelineationof the
detailsis thenperformedby implicit sgmentatiorbasedntransfer
functions. Dueto the limited spatialresolutionof the target struc-
turesthe local visualizationis basedon slice imagesexclusiely.
For a meaningful3D representatiodirectvolumerenderingusing
3D texture mappingis essential.

5 Results

In all casesvolumesconsistingof 100—300sliceswith a512 ma-
trix were used. In orderto guaranteehigh frame ratesthe con-
secutve remote3D—visualizationwas exclusively performedon a



Figure 6: Remoterenderingwith 3D texture mappingof the in-
tracranialaneurysnshawn in figure 4. The samelook-and-feelis
availableaswith the stand-alonepplicationby providing a deco-
rationsimilarto Openinventor

SGI Onyx2 (R10000,195MHz) with BaseRealitygraphicshard-
ware providing 64MB of texture memory Besides,a Pentium
Il (500MHz, 128MB RAM) with NVidia GForce DDR graphics
adapterasclientwasused.The SGI Onyx waslocatedat the Com-
puter GraphicsGroupin Erlangenwhereaghe client waslocated
atthe Departmenbdf Neurosugeryin Erlangen.Theclientandthe
sener were connectedvia a local areawireless34 MBit TCP/IP
network connection.

In afirst stepthe volume datawasloadedinto the slice viewer
application.Dueto thefactthatthe JAVA2D classesvereexplicitly
developedfor 2D imageoperationstherewasno differencein per
formancebetweenthe JAVA slicing tool and a native C++ slicing
application.In consequenceslicing throughlarge scaledatasetsis
performednteractively. For thelocal visualizationusing JAVA3D,
subvolumeswith a 256 matrix and 64 sliceswere selectedusing
the slice viewer. A performanceof 5-10 framesper secondwas
attainedfor local volumerendering.

The full volume datasetsweretransferredo the sener for the
remotevisualization. We usedrun length encodingfor the com-
pressiorof theimagestreanover the network. Theframeratefor a
viewport with 704 pixelswidth and576 pixels heightwas2-3 fps.
Whenreducingtheimagesizeby a factorof 4 duringinteractiona
framerateof about15 fps wasattained.Dueto dataencodingand
network transmissiorthe lateng of the applicationwasnoticeably
higher However, it did notrestraininteractvity.

Thislateng is avoidedby thehybridapproachlt combinedocal
interactionandsmall lateng with high-quality visualizationfrom
the sener after interaction. Due to the trilinear interpolationpro-
videdwith 3D texture mappingon the sener, theimagequality is
considerablybettercomparedo local rendering.

6 Conclusion

In this casestudy we demonstratedhow to utilize local desktop
PCsandremotelyavailable high-endgraphicshardwarefor inter-

active visualizationof tomographidmagedata. We shaved differ-

ent possibilitiesto combinethesecapabilitiesusing local, remote
and hybrid renderingtechniques. The resultsare most promis-
ing and shav how to effectively combinelocal interactvity and
high-quality visualizationprovided by remotelyavailable special-
izedgraphicsseners. Applying the presentedpproachn practice

amuchlargergroupof patientdenefitfrom amorecomprehense
diagnosis.Furtheron, the easeof usingthe renderingcapabilities
increaseshe acceptancef volumevisualizationin clinical routine
in general.
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Figure7: Slicesof CTA datashawing intracranialaneurysm. Figure8: Local renderingof CTA volumewith JAVA 3D shaving
intracranialaneurysm.

Figure9: Remoterenderingof CTA volumewith 3D texturesshaw- Figure 10: Remoterenderingwith 3D texturesshaving fusion of
ing intracranialaneurysm. CTA andMR data.

Figure 11: Remoterenderingof MR volumewith 3D texturesshaving Figure12: Slicesof MR-CISSdatashaving nenesandintracra-
nenes(yellow), intracranialvesselqred) andspinalcord (green). nial vesselsn relationto the spinalcord.



