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Abstract

For a comprehensive understandingof tomographicimagedatain
medicalroutine,interactiveandhigh–qualitydirectvolumerender-
ing is an essentialprerequisite.This is provided by visualization
using3D texturemappingwhich is still limited to high-endgraph-
icshardware.In orderto makeit availablein aclinical environment,
we presenta systemwhich uniquelycombineslocal desktopcom-
putersandremotehigh-endgraphicshardware. In this context, we
exploit thestandardvisualizationcapabilitiesto a maximumwhich
areavailablein theclinical environment.For 3D representationsof
high resolutionandquality we accesstheremotespecializedhard-
ware.Varioustoolsfor 2D and3D visualizationareprovidedwhich
meettherequirementsof amedicaldiagnosis.This is demonstrated
with examplesfrom the field of neuroradiologywhich show the
valueof ourstrategy in practice.

Keywords: medicaldatavisualization,volumevisualization,dis-
tributedsystems,PCgraphicshardware,remoterendering

1 Introduction

Interactive visualizationis oneof themostimportantmeansfor the
investigationof tomographicdataresultingfrom CT andMR scan-
ners.This requiresbotha 2D analysisto realizethelocal informa-
tion within singleslice imagesanda 3D representationconveying
thespatialinformationof lesionsandrelatedstructures.Compared
to indirect strategies [7] which rely on polygonalmodels,direct
volumerenderinghasproved to be superiorin this context [5]. It
integratesall the available informationandprovides implicit seg-
mentationof the imagedatausingtransferfunctionswhich assign
color andopacityto all datavalues. This avoids time–consuming
preprocessingin many casesof practicalrelevance.Therefore,in-
teractivemanipulationandhigh-qualityrenderingareessentialfea-
turesfor the applicationin a clinical environment[10, 14]. How-
ever, a majordrawbackfor clinical applicationis theavailability of
systemswhich provide the necessarygraphicscapacity. High-end
servers,supercomputersandworkstationswith special3D graph-
ics accelerationhardware,numericalcomputationpower andhigh-
performanceIO bandwidthprovide thenecessarymeansto handle
large scientificdatasets. On the otherhandthe computationand
renderingcapabilitiesof moderndesktopPCsarequickly increas-
ing asdemonstratedin [8].

In this casestudy remotevolume renderingbasedon 3D tex-
ture mappingandlocal visualizationusingJAVA wasmadeavail-
able and examinedwithin a clinical environment. After an brief
overview in section2 explainingfundamentalissuesof theapplied
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renderingalgorithms,the establishedvisualizationsystemis de-
scribedin section3. Subsequently, differentclinical examplesare
discussedin section4 which show theusefulnessof our approach
in practice. Finally, section5 illustratessometechnicalresultsof
oursystem.

2 Rendering Algorithms

ModerndesktopPCgraphicsadaptersprovide sufficient rasteriza-
tion power to renderhigh resolutionvolumedatasetswith inter-
active frameratesusing2D texturemapping.3D texturemapping
hardware is still only available on mid-sizeand high-endgraph-
ics workstations.Becauseof this fact two different texture-based
renderingalgorithmswerechosenfor the local andremotevisual-
ization.

2.1 Object Aligned Slices

Thelocal approachfor 3D visualization,which is similar to Shear-
Warpalgorithm[6], is basedon2D texturemappingwhichis now a
standardfeatureof low-costgraphicsadapters.Therectilinearvol-
umedatais tripled into threeperpendicularstacksof objectaligned
textureslices(seefigure1). For renderingthetextureslicesarepro-
jectedonto threestacksof squareslice polygons. The slice stack
mostperpendicularto theline of sightof theviewer is selectedand
blendedback-to-frontinto the framebuffer. During theprocessof
texturemappingthevolumedatais bilinearly interpolatedonaslice
polygon.Theattainedframerateis limited by therasterizationrate
of the graphicshardware. A geometryenginewhich is often not
availableon low-costgraphicsadaptersdoesnot increasetheframe
rateconsiderably.

Figure1: Objectalignedslicestacksasappliedfor volumerender-
ing with 2D texturemapping.

2.2 View Aligned Slices

The useof 3D texture mappinghardwarehasbecomea powerful
visualizationoptionfor interactive high-qualitydirectvolumeren-
dering[1, 13]. Therectilinearvolumedatais first convertedto a3D
texture.Then,anumberof planesperpendicularto theviewers’ line
of sightareclippedagainstthevolumeboundingbox. The texture



coordinatesin parametricobject spaceare assignedto eachver-
tex of theclippedpolygons.During rasterizationfragmentsin the
slicearetrilinearly interpolatedfrom the3D texture. Theresulting
polygonsareprojectedontotheimageplaneusingadequateblend-
ing operationsto realizeback-to-frontor front-to-backcompositing
(seefigure2). Sincethisprocessis supportedby specializedgraph-
ics hardware, the time it consumesdecreasesconsiderablycom-
paredto a softwareimplementation.Thus,interactive framerates
canbeachieved.

Figure2: View alignedslicestacksasappliedfor volumerendering
with 3D texturemapping.

3 Visualization System

In order to exploit the capabilitiesof the high-endvisualization
server a native implementationfor theserver applicationwascho-
sen. Sincemany platformsmustbe supportedon the client side,
JAVA was selected. DespiteJAVAs’ performancedisadvantages
comparedto natively compiledsoftwareour experienceshows that
it suppliesquite efficient classesfor imagemanipulationand 3D
volumevisualization.

The systemconsistsof a JAVA/JAVA2D/JAVA3D basedclient
and a server which is basedon C++ and OpenInventor (seefig-
ure 3). On the client sidefirst a datasetobtainedby the scanner
is loadedinto a slicing tool which allows oneto inspectslicesin
axial, coronalandsagittaldirections.A subregion canbeselected
andlocally visualizedusinga JAVA3D viewer which usesobject-
alignedtexturesfor thevisualization.High quality visualizationis
availableby transferringthevolumedatato theserver application.

Theserver application,which utilizes3D texturemappinghard-
warewasdevelopedbasedon a stand-aloneapplication[12] which
was adaptedusing the framework introducedin [3]. The server
rendersimagesoff-screeninto the PBuffer which is a non-visible
framebuffer. Thentheimagedatais compressed,transferredto the
client. The client decodesthe dataanddisplaysthe imagesin the
clientsrenderarea. MouseandGUI eventsaresentto the server
andareprocessedby OpenInventorwhich schedulesre-rendering
whenneeded.

3.1 Slicing Tool

Thefirst stepof visualizationconsistsof loadingDICOM datafrom
thescannerinto theslicing tool (seefigure4). The tool allows for
the interactive inspectionof the datain axial, coronalandsagittal
directions.It wasimplementedusingJAVA2D whichsuppliespow-
erful andefficient classesfor renderingandmanipulationof image
data.Thefollowing featuresaresupported:

� Slicing andZooming: Slicing in axial, coronalor sagittaldi-
rectionin threesynchronizedpanels.Selectinga volumepo-
sition on oneslice panelwill show the correspondentslices
in theothertwo panels.While zoominginto thevolumedata
nearest-neighboror bilinearfiltering canbeapplied.

� TransferFunctionControlandSubregionSelection:Themap-
ping of volumedatato RGB valuescanbe interactively ma-
nipulatedusingthetransferfunctioncontrolpanel.A rectan-
gular subregion of the volumedatafor 3D inspectionis se-
lectable.

volume data

single  images

image stream

mouse events

visualization paramters

remote
computer

RENDER
offscreen

PBuffer

local
computer

slicing

RENDER
JAVA 3D

REMOTE
VIEWER
JAVA 2D

MR
scanner

CT
scanner

Figure3: Generalarchitectureof thevisualizationsystem.Volume
datafrom the scannersis first loadedinto the slicing tool. Then
a mediumquality visualizationof a subvolumeusingtheJAVA3D
renderercanbe performedlocally. For high-qualityrenderingthe
datais uploadedto thevisualizationserver. TheJAVA3D renderer
requestsa singlefull framefrom the server after local interaction
by sendingnew view parameters.Theremoterenderergeneratesa
new frameaftereachmouseinteraction,thusresultingin animage
streamfrom theserver.

3.2 Local Renderer

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

� Transformationsand Transfer Function Control: The 3D
transformationsrotation,translationandzoomareavailable.
New transferfunctionscanbeappliedto thevisualizationby
changingvolumedatato RGBA mapping.

� OrthogonalClipping and Isosurface Reconstruction:Since
JAVA3D doesnot supportarbitrary clipping planesin cur-
rentlyavailablerelease,thetool only supportorthogonalclip-
ping. Thetechniqueusedherewasintroducedin [2].

� Synchronizationwith the slicing tool: The 3D visualization
andtheslicingtoolsupportsynchronizationin bothdirections.
Whenslicing throughthevolumedatathecorrespondentpo-
sition of thesliceis shown in the3D view. On theotherhand
a slice probecan be moved in the 3D view and the corre-
spondent2D slice is displayedin the slicing tool. Because
of thelimited amountof texturememoryon low-pricegraph-
ics adaptersdownsamplingof thevolumedatafrom theslic-
ing tool canbe applied. Selectinga threshold,an isosurface
is locally reconstructedandintegratedinto the texture-based
volumevisualization.

3.3 Remote Renderer

In orderto useremotelyavailablehigh-endgraphicshardwareon
theinternet3D datafrom theslicing tool is transferredto theserver
application. The server rendersthe volumedatausing3D texture
mappinghardwareoff screeninto the PBuffer. The renderedim-
agesareencodedandtransferredbackto theJAVA client. Herethe
datais decodedanddrawn into theremoterenderareaof theclient.
UsingaJAVA userinterfacetheclientoffersthesamelook andfeel



Figure4: Slicing tool showing orthogonalimagesof CTA volume.
A vesselmalformationis indicatedwith thecross-cursor.

astheserver applicationbasedon OpenInventor. In this way there
is nodifferencewith respectto theinterfacewhetherlocalor remote
3D graphicshardwareis used.Besides,all featuresof theserverap-
plication [11] areaccessible.In consequence,two basicscenarios
arederived:

� RemoteRendering:The client applicationdoesnot perform
3D visualizationitself. Remotelygeneratedimagesare de-
codedanddrawn into the clientsrenderareausingJAVA2D
BufferedImage class. Locally generatedmouseand GUI
events are transportedto the server and are processedby
OpenInventor. In thiswaythestandardmanipulatorsof Open-
Inventorare remotelyavailable. The framerate in this sce-
nario is limited by a numberof factors: frame rate on the
server, encodingtime, transfertime, decodingtime anddis-
play time. Due to the transferof dataover the network for
eachframesomelatency is introduced.

� Hybrid Rendering:During interactionthelocal JAVA3D ren-
dereris used.Whentheuserstopsinteractingwith thevolume
data the view and other visualizationparametersare trans-
ferredto theserver. Theparametersareappliedto theserver
applicationandthenewly renderedimageis transferredback
to the client. The client draws the received imageinto the
framebuffer andoverwritestherepresentationwhichwasren-
deredlocally. Thescenarioreduceslatency duringinteraction,
becauseno network transferis needed.Using themanipula-
torsof OpenInventoris currentlynotpossiblein this scenario
becausethey are locally not available. However, a virtual
trackball is supported.

4 Clinical Application

Thevisualizationmethodis of majorimportancefor thediagnostic
valueof anenvisaged3D analysis.Sincetheclinical environment
is restrictedto equipmentwith low-end graphicscapabilitiesthe
examinationof the imagedatawasexclusively basedon standard
strategies. In order to performan improved diagnosis,up to now
selecteddatasetsweretransferredto the departmentof computer
science. Thereby, 3D texture mappinghardware for high quality
volumerenderingwasexploitedwhich is providedwithin aninter-
activevisualizationandnavigationtool [12]. As amajordrawback,

Figure5: Local volumerenderingwith JAVA3D showing a coarse
representationof theintracranialaneurysmin figure4.

thisstrategy waslimited to a smallergroupof patientsandto cases
which madedirectvolumerenderingindispensablesuchasthevi-
sualizationof tiny andcomplex anatomicalstructures.

Sofar thepresentedsystemof local andremotevolumerender-
ing wasinvestigatedfor the diagnosisof 8 caseswith intracranial
aneurysms.Therespective CTA datawasacquiredwith a Siemens
Somaton Plus 4 spiral–CTscanner. Additionally, the investiga-
tion of 3 caseswith dural arteriovenousmalformationswas per-
formed.Thesearepathologicconnectionsbetweenarterialandve-
nousbloodvesselswithin thevertebralcolumn. TherequiredMR
datawas obtainedwith a SiemensMR Vision 1.5 Teslascanner
which providesthe necessaryresolutionto resolve tiny nerve and
vesselstructuresappropriately. Subsequently, two casesare pre-
sentedwhich demonstratethevalueof ourapproach.

In thefirst exampletheexaminationof anintracranialaneurysm
is demonstratedaccordingusing the visualization strategy pre-
sentedin [4]. Initially, the informationcontainedwithin thetomo-
graphicsliceimagesis investigated(seefigure7). Then,localvisu-
alizationis performedwith theapproachbasedon JAVA3D which
providesa crudespatialorientation(seefigure8). For a 3D repre-
sentationof highquality thewholevolumeor aselectedsubvolume
is renderedwith 3D texturemappingon theremotegraphicshard-
ware (seefigure 9). This strategy is also indispensableif the fu-
sionof differentdatasetsis performedto achieve betteranatomical
understanding(seefigure 10). In this casememoryrequirements
prohibit a comparableanalysison thelocal system.

The exampleshown in figures11 and12 illustratethe analysis
of tiny nervesandintracranialvesselssurroundingthebrainstem.
Additionally, thesemi-lunarcanalsof theinnerearareclearlyvisi-
ble at theouterleft andright side.As presentedin [9], only coarse
regionsof thedataaresegmentedexplicitly. Thedelineationof the
detailsis thenperformedby implicit segmentationbasedontransfer
functions.Dueto the limited spatialresolutionof the targetstruc-
turesthe local visualizationis basedon slice imagesexclusively.
For a meaningful3D representationdirectvolumerenderingusing
3D texturemappingis essential.

5 Results

In all casesvolumesconsistingof 100–300sliceswith a 512� ma-
trix were used. In order to guaranteehigh frame ratesthe con-
secutive remote3D–visualizationwasexclusively performedon a



Figure 6: Remoterenderingwith 3D texture mappingof the in-
tracranialaneurysmshown in figure 4. The samelook-and-feelis
availableaswith thestand-aloneapplicationby providing a deco-
rationsimilar to OpenInventor.

SGI Onyx2 (R10000,195MHz) with BaseRealitygraphicshard-
ware providing 64MB of texture memory. Besides,a Pentium
III (500MHz, 128MB RAM) with NVidia GForceDDR graphics
adapterasclient wasused.TheSGI Onyx waslocatedat theCom-
puterGraphicsGroupin Erlangenwhereasthe client was located
at theDepartmentof Neurosurgeryin Erlangen.Theclient andthe
server were connectedvia a local areawireless34 MBit TCP/IP
network connection.

In a first stepthe volumedatawasloadedinto the slice viewer
application.Dueto thefactthattheJAVA2D classeswereexplicitly
developedfor 2D imageoperations,therewasno differencein per-
formancebetweenthe JAVA slicing tool anda native C++ slicing
application.In consequence,slicing throughlargescaledatasetsis
performedinteractively. For thelocal visualizationusingJAVA3D,
subvolumeswith a 256� matrix and64 sliceswereselectedusing
the slice viewer. A performanceof 5-10 framesper secondwas
attainedfor local volumerendering.

The full volumedatasetsweretransferredto the server for the
remotevisualization. We usedrun length encodingfor the com-
pressionof theimagestreamover thenetwork. Theframeratefor a
viewport with 704pixelswidth and576pixelsheightwas2-3 fps.
Whenreducingtheimagesizeby a factorof 4 duringinteractiona
framerateof about15 fps wasattained.Dueto dataencodingand
network transmissionthelatency of theapplicationwasnoticeably
higher. However, it did not restraininteractivity.

Thislatency is avoidedby thehybridapproach.It combineslocal
interactionandsmall latency with high-qualityvisualizationfrom
the server after interaction. Due to the trilinear interpolationpro-
videdwith 3D texturemappingon theserver, the imagequality is
considerablybettercomparedto local rendering.

6 Conclusion

In this casestudy we demonstratedhow to utilize local desktop
PCsandremotelyavailablehigh-endgraphicshardwarefor inter-
active visualizationof tomographicimagedata.We showeddiffer-
ent possibilitiesto combinethesecapabilitiesusing local, remote
and hybrid renderingtechniques. The resultsare most promis-
ing and show how to effectively combinelocal interactivity and
high-qualityvisualizationprovided by remotelyavailablespecial-
izedgraphicsservers.Applying thepresentedapproachin practice

amuchlargergroupof patientsbenefitsfrom amorecomprehensive
diagnosis.Furtheron, the easeof usingthe renderingcapabilities
increasestheacceptanceof volumevisualizationin clinical routine
in general.
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Figure7: Slicesof CTA datashowing intracranialaneurysm. Figure8: Local renderingof CTA volumewith JAVA 3D showing
intracranialaneurysm.

Figure9: Remoterenderingof CTA volumewith 3D texturesshow-
ing intracranialaneurysm.

Figure10: Remoterenderingwith 3D texturesshowing fusion of
CTA andMR data.

Figure11: Remoterenderingof MR volumewith 3D texturesshowing
nerves(yellow), intracranialvessels(red) andspinalcord(green).

sagittalcoronal

Figure12: Slicesof MR-CISSdatashowing nervesandintracra-
nial vesselsin relationto thespinalcord.


