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Abstract

This casestudy presentsa medicalweb servicefor the automatic
analysisof CTA (ComputerTomographyAngiography)datasets.
It aims at the detectionand evaluation of intracranialaneurysms
which are malformationsof cerebralblood vessels. To obtaina
standardize®D visualizationdigital videosareautomaticallygen-
erated.The time-consumingideo productioncausedy the man-
ual delineatiorof structuressoftwarebasedsolumerenderingand
theinteractve de nition of anoptimizedcamerapathis consider
ably improvedwith a fully automaticstrateyy. Therefore a previ-
ously suggeste@pproact11] is appliedwhich usesan optimized
transferfunctionasatemplateandautomaticallyadaptst to anin-
dividual dataset.Furthermorewe introducehardware-accelerated
morphologicltering in orderto detecthelocationof mid-sizeand
giantaneurysms.The actualgeneratiorof thevideois nally in-
tegratedinto a hardware accelerate@ff-screenrenderingprocess
basedon 3D texture mappingensuringfast visualizationof high
quality. Overall, clinical routine can be considerablyassistedoy
providing a web basedservicecombiningautomaticdetectionand
standardizedisualization.
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1 Motiv ation

The increasingcapabilitiesof magneticresonancémaging (MRI)
andmultislicespiralcomputedomographyMSCT)to acquirevol-
umetric datawith nearisotropic voxels makes threedimensional
postprocessing necessityespeciallyin studiesof complex struc-
tureslike intracranialvessels.

While interactve useof 3D visualizationis oftenhelpfulit holds
the dangerof beinguserdependenandthusleadingto inaccurate
results[8]. Thereforestandardizedisualizationproceduresvhich
generatevell de nedvideosequencesanbeevaluatedor sensitv-
ity andspeci city andshouldmoreandmorereplaceindividualin-
teractve 3D visualizationin thefuture. Dueto thesigni cant effort,
therequiredhigh technicalandmedicalbackgroundandthe avoid-
anceof userdependeng thevideosequenceshouldbe generated
fully automatically This relatesnot only to the video production
but alsoto thecompletepreprocessingart,includingsegmentation
andvisualization.

HardwaresupportedBD texture mappingis acommonapproach
for interactive visualizationwhich canbe usedalsofor producing
thevideosequencesThedravbackof this approachs the needfor
expensve graphicaworkstationsTo avoid thesecostsremotevisu-
alizationusingtheinternetis a necessargapproach.Oneapproach
isthatlargevolumedatasetswill berenderednthesener-sideand
astreanof resultingimagess sentbackto theclient[1, 2]. Onthe

clientsideonly a 2D viewer is requiredto displaytherecevedim-
ages.As anadwantageof this approachexpensve high-endgraph-
ics hardvareis ef ciently usedfrom differentlocations. Besides,
therearefurtherapplicationsvhich useVRML-plug-ins to render
thedatasetin awebbrowser[6, 9] wherethe usercanmanipulate
thedatasetdirectly.

In this casestudya web serviceis presentedo generataigital
video sequence$or 3D documentatiorautomatically The com-
pleteprocesss split into several subtaskslike de ning thecamera
path, sgmentation detectingthe aneurysmand rendering,which
aredescribedn Section2. After a brief overview of theusedweb
architecturen Section3, someresultsare discussedvhich shav
the usefulnesf the presentedapplicationin Section4. Finally
Section5 presentgonclusionsandideasfor futurework.

2 Automatic video generation

In this casestudy the automaticgenerationof digital video se-
guencess integratedinto awebservicein orderto avoid requiring
expensve graphicshardware on the userside. The completepro-

cesswhichis shavnin Figurel is separatethto severaltasks.The
webserviceis responsibléor mostof thetasks,ncludingsegmen-
tation, renderingandvideo generation.The physicianonly hasto

provide the medicaldatatogethemwith someparametersAll tasks
onthesenersideareperformedautomaticallywhichwill beshavn

in thefollowing section.
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Figurel: Processow of the completeweb service. The task of
theuseris reducedo providing the volumedatatogethemwith dif-
ferentparameterdjke video format andlengthof the video. The
web serviceis responsibl€for segmentation renderingand video
generation.



2.1 Segmentation

Generatinghigh quality digital video sequencesequiresa number
of sgmentatiortasks.Typically CT datasetscontainalot of noise
andirrelevantinformation. In orderto geta high quality visualiza-
tionit is necessaryo reducetheunwantedinformation. We decided
to usetransferfunctionsfor thistask.

Sggmentatioris alsousedto detecthe positionof theaneurysm.
This information is usedto de ne the camerapath. Thereare
mainly two parametergor the camerapathwhich dependon the
positionof theaneurysmOneis theview point of the camerathe
otheroneis the distancebetweencameraandaneurysm.To detect
the positionof the aneurysmwe usea simplethresholdoperation
andthe morphologicerosionoperator The following subsection
describeshetwo sggmentatiormethodsn moredetail.

2.1.1 Transfer functions

The needfor the useof transferfunctions[5] is olvious: It allows
to reducetheinformationandit enablesemi-transparemendering
of volumedatasets.Thedravbackof thistechniques thatthedef-
inition of thetransferfunctionrequireshigh technicalandmedical
experienceTo avoid theserequirementd is necessaryo integrate
anautomaticapproactor generatingptimizedtransferfunctions.
Forthis partanexistingapproactrom Kindimann[10] andamodi-
cation by Rezk-Salamél1] is used.Theideais to useareference
datasetanda transferfunction astemplateso generatean opti-
mizedtransferfunction for the speci ed volumedataset. The so
calledpositionfunction of the referencedataset,which describes
theaveragadistanceof adatapointto aboundarywill becomputed
by a non-lineardistortionfor optimal alignmentfor both position
functions. Dependingon the parametersf the transformatiordif-
ferentinformationis given (seeFigure2). Theleft imagedemon-
strateghecompletesizeof theaneurysmshaving predominantely
thethrombosiswhile therightimagedemonstratethe blood lled
partsof the aneurysm.Both aspectsare necessaryor optimized
theragy planning.
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Figure2: Automaticgeneratiorof transferfunctions. The visible
resultsdependon the differentparametergor the transformation.
Usingthetransferfunctionwithout adaptatior(A), with histogram
adaption(B) andwith adaptionbasedn gradientderivation.

2.1.2 Detection of the aneurysm

To male surethatthe video recordsthe aneurysnfrom a suitable
position (the camerashould not be inside the aneurysmand not
betoo far away) andthatit alwayspointsinto the directionof the
centerof the aneurysmjt is necessaryo detectthe intracranial
aneurysm.The detectionof intracranialaneurysmnis mainly based
on visual inspectionof the generatedrideo sequences.In some
patientsmore than one aneurysms found andthe size may vary
rangingfrom 2 mmto morethan20 mm. This makesautomatice-
tectiondif cult. In suchcasesvherea large aneurysnwith a size

of morethan15mmis presentan automaticapproachwhich nds
the positionof the aneurysnmandcalculatests size hasbeeninte-
grated.By doingsotwo imageprocessingnethodsarecombinecd
asimplethresholdingandthe morphologicerosion3, 4].

Most of the CT datasetscontainboneswhoseintensityvalues
are found in the highestintensity regions. In orderto allow the
erosionto remove the bone,a simplethresholdings usedwith the
thresholdchoserfrom a prede nedregion of high values.The ad-
vantageof thisthresholdings that,afterremaving thebone we can
assumehattheaneurysnis oneof thelargestobjectsin thevolume
dataset.However, it is requiredthattheintensityvaluesof thedata
setaretransformedy the generatedransferfunction.

In orderto reducethe completevolume datasetdown to the
aneurysima 3D erosionoperationis used.A 3D lter manipulates
the databy testingif all elementsnsidethe Iter fulll ade ned
criterion. Therebyall intensityvaluesof theimage,which arecov-
eredby the Iter mask,will beaddedto therespectie Iter value.
Theintensityvalues,which arecoveredby the centerof the mask,
aresetto the minimum of all thesevalues. The resultis thatir-
regular or small structuresareremoved by the lter. If we apply
the lter severaltimes,the largestand homogenou®bjects,with
regardto thestructurearepresered. To speedip the Itering pro-
cesswe integratethe hardware basedapproactby Hopf [7], where
the morphologicalbperationsareperformedn the framebuffer of
the graphicshardware. We usea diamondshapedlter which can
besplitinto 3 one-dimensionalters.

Assumingthatjusta smallnumberof objectsareretainedn the
datasetafterthe lItering, the objectwith the largestextent hasto
be searched.For this purposewe have to look for objectswhose
intensity valuesare above a speci ed threshold. All thesepoints
represené seedpointfor thefollowing volumegrowing methodon
theerodeddataset.

Finally, if the largestobjectandits positionhasbeenfound we
assumehat this is the aneurysm. For further processingve ad-
ditionally computethe boundingbox of this object. To obtainthe
original diameterof the objectit is necessaryo considetthe struc-
tureof the Iter andthenumberof Itering iterations.

2.2 Standardized Camera Path

To generatea video documentatiorautomatically it is necessary
to usea standardized¢amerapathto obsere the aneurysm.The
experienceof physiciands necessaryo de ne anappropriatecam-
erapath. Usually clinicians examineindividual patientdatain a
similarway. At rst, anovervien of the completedatasetis used
for the purposeof orientationandin orderto searchfor patholog-
ical regions. The camerdollows several prede nedcircular paths
aroundthe completevolume. It startswith a posterioroverview of
the aneurysnfollowed by a lateraloverview. Figure7 shaws this
idea.

To geta moredetailedview it is necessaryo take an overvien
from a closerdistance.To nd anoptimalviewing distanceto the
aneurysnmit is necessario getascloseaspossibleto theaneurysm.
At this point boundingbox as computedbeforeis used. The dis-
tancefrom the camerato the aneurysmis limited by the edgesof
the boundingbox which is somevhat larger thanthe aneurysnit-
self. We spana circular patharoundthe smallboundingbox from
whichwe obtainanoptimizedview of theaneurysm.

2.3 Hardware suppor ted rendering

Hardware supportedenderingis one of the mostprominentvari-

antsfor interactve directvolumerendering Using 3D texturemap-
ping allows interactive manipulationdue to the high frame rates
which canbe achieved by usingthis technique gvenif the limited

sizeof thetexture memorymightrequirebricking of the dataset.



In the presente@pplication3D texture mappingis usedfor the
renderingprocessaswell asfor the segmentatiorby usingmorpho-
logical operators.3D graphics however, is mainly usedin interac-
tive screerbasedapplicationsin orderto obtainhardvwareacceler
atedoff-screenrenderingfor our web serviceapproactwe employ
aspecialOpenGL/GLXextension:The phuffer.

3 Architecture

This sectiondescribesthe architectureof the completeprocess
which coversthe datatransfer the segmentatiorandrenderingand
thevideogenerationAll theseprocesseareembeddednto aweb
servicefor physicians.

First of all the userentersseveral dataparametersnto a web-
frontend,whichis built from dynamicallygeneratedHTML-pages.
For this purposelavaServePages(JSP)areusedwhich offer easy
handlingandplatformindependencandareusedvery frequently
Additionally, JSPenginesare availablefor virtually ary platform.
The e xibility of websenersandJSPengineds importantbecause
we do notwantto runthewebseneronthe SGlrendersener thus
avoiding unnecessarwebtrafc on the graphicsmachine.In our
applicationa Linux machinesenesasawebsener.

Usingtwo differentmachinegequirescommunicatiorbetween
thesetwo machines.Datais sentvia HTTPSfrom the userslocal
machineto theweb sener. The datais thenforwardedto the ren-
dersener. In orderto communicateébetweenthesetwo machines
JavaRMI (RemoteMethodinvocatior), aconsenientwayto support
communicatiorbetweerseveral processess used.Integratedinto
the JSPsthe RMI startsthe visualizationprocessrom the Linux
web sener on the SGI machine. Figure 3 shaws the communica-
tion process.

Web Server Machin@.INUX) Rendering MachineSGl)

Rendering
Process (C++

Rendel
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Figure3: Architectureof webservice

The automaticvideo generationstartswith the sggmentation,
next the camerapathhasto be adaptedo the volume datasetac-
cordingto thelocal boundingbox of theaneurysm.The following
renderingprocesss controlledby aspecialnodeof thesceneggraph
library Openliventor onwhichtheexistingrenderingool is based.
Theengineclassallowsto animatepartsof thescenen aconvenient
way. In the presente@pplicationa cameraenginewhich animates
thedescribedtamergathis used.Insidetheengineclassthesingle
positionsof the cameradependingon the elapsedime, arecalcu-
lated.Additionally thereis a specialnodein thescenegraphwhich
generatesingleimagesandcombineghemto a video stream.Af-
ter converting the singleimagesto a digital videothe userwill be
informedby emailfrom wherethevideocanbe downloaded.

4 Results

This sectionpresentomparisonith respectto the quality and
the time requirementof the presentedapplicationand describes
theevaluationin aclinical context. Theachieablequality depends
onthegeneratedransferfunctionandhow goodthe positionof the
aneurysntouldbedetectedThetime requirementdependsnainly
onthesizeof thevolumedataset.

4.1 Quality

Figured shavsa512 512 121 volumedatasetwhich contains
an aneurysmwith a diameteraround16 mm closeto the baseof
theskull. The rst image(A) of the seriesshaws the original data
set,(B) shawsit afterapplyingthe generatedransferfunction. The
reductionof noiseand unimportantinformationis clearly visible.
Thisformsthestartingpointwhichwill beusedfor renderindater.
(C) and(D) shaw the datasetafter usingsimplethresholdingand
afterthe Itering process.

For the erosionseveral lter kernelsizeshave beentestedanda
Iter of sizeof 9Qwith lter values-1640000 000 -164wasused
toremove thesmallbloodvesselandtherestof thebonestructure.
The gures 5 and6 shaw resultsin the volumerendingtool during
thevarioussegmentatiorsteps.

4.2 Time requirements

The segmentationand renderingprocesswas performedusingan
SGI Octanewith anEMXI graphicshoardand4MB texture mem-
ory.

Thefollowing tableshaws the elapsedime of the differentsub
tasksfor producinga digital videoof 600framesfrom a volumeof
256 256 64voxels.

Subtask Computationatime
Generatiorof Transferfunctions 30sec
Segymentatiorof aneurysma 30sec
Renderingimeincl. saving 330sec
Renderingime withoutsaring 50sec
Videocorversion 280sec

Table 1: Elapsedime of the differentsubtasksof the automatic
videogeneratiorprocess.

Above all, thetotaltime of theprocedurés within anacceptable
rangeandsuggestshe practicaluseof this web service. Thetime
for theindividual subtasksis alsoof interestandprovidesinforma-
tion for potentialimprovementof the algorithms.

To generat@andsegmentthedatasetonly 60 secondsireneeded.
This comparesvell to the manualadjustmenbf transferfunctions
whichusuallyneedssigni cantly moretime thanour automaticap-
proach.

The actualrenderingtime itself is relatively shortwhich indi-
catesa high renderingperformance. This hasbeenachieved by
usinghardware supportedechniquesiot only for the volumeren-
deringbut alsopartly for the sggmentation.Obviously the overall
processingime is dominatedby writing and readingdatato and
from thedisk. We will try to reducethisin thefutureby converting
theimageddirectly from thememory

4.3 Evaluation

Ourclinical cooperatiorpartneratthe University of Erlangencom-
paredtheir existinginteractve visualizationtool to ourwebservice
for several patientdatasets. The mostimportantfeaturefor them
wasthe reproducibilityof the diagnosisticevaluationof the radio-
logicalstructuresUntil now thecomparisorof diagnosisn clinical
studiesis dif cult dueto the differentproceduresUsingthe auto-
matedapproactiheresultsarecomparabléetweerdifferentusers.
Theapproachrepresentanextremelytime andcostsaving process
whichsupportghephysiciansn variousways. Theproducedrideo
sequencearealsoeasilyintegrableinto the existing environment.
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Figure4: (A) shavstheoriginal dataset,(B) afterapplyingthegeneratedransferfunction,(C) afterthresholdingand(D) aftererosion

5 Conclusions and Future Work

Thepresentedpproachs a rst steptowardsthe standardizeand
reproducible3D visualizationof medicalvolumentricdata. Theap-
proachis integratedinto a web serviceto avoid the needof expen-
sive graphicshardware. The fully automatedapproachjncluding
segmentationyenderingandvideo generationpffers a corvenient
andfastway to producevideosequencesf large volumedatasets
with high quality andgoodresponsgimesfor the physicians.

Dueto thetimerequiredandthedif culty of manualadjustment
of transferfunctionsthe automaticgeneratiorof this implicit sey-
mentatioris agreatadwantagdor thephysicians Theautomatiade-
tectionof a certainclassof aneurysmsiotablyimprovestheoverall
procedure. Thereforeinaccurang of the automaticseggmentation
processcanbetolerated. Furthertestsshav thata minimum size
of the aneurysmis requiredfor our approach. Small aneurysms
(around7 mm) areremoved by the erosion Itering. In somecases
the aneurysnresidescloseto the skull baseandcannotbe visual-
ized clearly and segmentedby transferfunctions. We will try to
solve this problemby usinga volumegrowing methodor a water
shedtransformation.

Comparedo interactve visualizationtoolsmary parameterare
x ed by our approachand cannotbe changedby the user The
main adwantageof the standardizatiors a consistenpresentation
which canbe exchangedetweerseveral physicians.Thereforeall
parametertik e the camergpathwhich canaffect the quality of the
videosor which could occludethe view of the aneurysmor other
interestingregions have to be x ed. However the representation
of thebloodvesselqtransparenbr opaquexanbe selectedy the
user becausghis parameters noterrorprone.
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Figure5: CTA datasetl (512 512 77): (A) original datasetin the volumerenderingool, (B) after
applyingthe generatedransferfunction, (C) afterthresholdingand(D) aftererosion
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Figure6: CTA dataset2 (512 512 121):(A) originaldatasetin thevolumerenderingool, (B) after
applyingthe generatedransferfunction, (C) afterthresholdingand(D) aftererosion
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Figure7: Standardizegrocedurdor theanalysisof intracranialaneurysms(A) shavs anoverview of
theentirepath,(B) shavs the posteriorovervien and(C) thelateralovervien



