
Case Stud y: Medical Web Service for the Automatic
3D Documentation for Neuroradiological Diagnosis

S.Iserhardt-Bauer1, P. Hastreiter2, T. Ertl1, K. Eberhardt3 andB. Tomandl3

1VisualizationandInteractiveSystemsGroup,Universityof Stuttgart,Germany
2Neurocenter, Universityof Erlangen-Nuremberg,Germany

3Divisionof Neuroradiology, Universityof Erlangen-Nuremberg,Germany
Email: Sabine.Iserhardt-Bauer@informatik.uni-stuttgart.de

Abstract

This casestudypresentsa medicalweb servicefor the automatic
analysisof CTA (ComputerTomographyAngiography)datasets.
It aims at the detectionand evaluationof intracranialaneurysms
which are malformationsof cerebralblood vessels. To obtain a
standardized3D visualizationdigital videosareautomaticallygen-
erated.Thetime-consumingvideoproductioncausedby theman-
ualdelineationof structures,softwarebasedvolumerendering,and
the interactive de�nition of anoptimizedcamerapathis consider-
ably improvedwith a fully automaticstrategy. Therefore,a previ-
ouslysuggestedapproach[11] is appliedwhich usesanoptimized
transferfunctionasa templateandautomaticallyadaptsit to anin-
dividual dataset.Furthermore,we introducehardware-accelerated
morphologic�ltering in orderto detectthelocationof mid-sizeand
giant aneurysms.The actualgenerationof the video is �nally in-
tegratedinto a hardware acceleratedoff-screenrenderingprocess
basedon 3D texture mappingensuringfast visualizationof high
quality. Overall, clinical routinecanbe considerablyassistedby
providing a webbasedservicecombiningautomaticdetectionand
standardizedvisualization.
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1 Motiv ation

The increasingcapabilitiesof magneticresonanceimaging(MRI)
andmultislicespiralcomputedtomography(MSCT)to acquirevol-
umetric datawith nearisotropicvoxels makes threedimensional
postprocessinga necessity, especiallyin studiesof complex struc-
tureslike intracranialvessels.

While interactiveuseof 3D visualizationis oftenhelpful it holds
thedangerof beinguserdependentandthusleadingto inaccurate
results[8]. Therefore,standardizedvisualizationprocedureswhich
generatewell de�nedvideosequencescanbeevaluatedfor sensitiv-
ity andspeci�city andshouldmoreandmorereplaceindividual in-
teractive3D visualizationin thefuture.Dueto thesigni�cant effort,
therequiredhigh technicalandmedicalbackgroundandtheavoid-
anceof userdependency, thevideosequencesshouldbegenerated
fully automatically. This relatesnot only to the video production
but alsoto thecompletepreprocessingpart,includingsegmentation
andvisualization.

Hardwaresupported3D texturemappingis acommonapproach
for interactive visualizationwhich canbe usedalsofor producing
thevideosequences.Thedrawbackof thisapproachis theneedfor
expensive graphicsworkstations.To avoid thesecostsremotevisu-
alizationusingtheinternetis a necessaryapproach.Oneapproach
is thatlargevolumedatasetswill berenderedontheserver-sideand
astreamof resultingimagesis sentbackto theclient [1, 2]. On the

clientsideonly a 2D viewer is requiredto displaythereceivedim-
ages.As anadvantageof this approachexpensive high-endgraph-
ics hardware is ef�ciently usedfrom different locations. Besides,
therearefurtherapplicationswhich useVRML-plug-ins to render
thedatasetin a webbrowser[6, 9] wheretheusercanmanipulate
thedatasetdirectly.

In this casestudya webserviceis presentedto generatedigital
video sequencesfor 3D documentationautomatically. The com-
pleteprocessis split into severalsubtasks,like de�ning thecamera
path,segmentation,detectingthe aneurysmandrendering,which
aredescribedin Section2. After a brief overview of theusedweb
architecturein Section3, someresultsarediscussedwhich show
the usefulnessof the presentedapplicationin Section4. Finally
Section5 presentsconclusionsandideasfor futurework.

2 Automatic video generation

In this casestudy the automaticgenerationof digital video se-
quencesis integratedinto awebservicein orderto avoid requiring
expensive graphicshardwareon the userside. The completepro-
cess,whichis shown in Figure1 is separatedinto severaltasks.The
webserviceis responsiblefor mostof thetasks,includingsegmen-
tation, renderingandvideogeneration.The physicianonly hasto
provide themedicaldatatogetherwith someparameters.All tasks
ontheserversideareperformedautomaticallywhichwill beshown
in thefollowing section.
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Figure1: Process�o w of the completeweb service. The taskof
theuseris reducedto providing thevolumedatatogetherwith dif-
ferentparameters,like video formatandlengthof the video. The
web serviceis responsiblefor segmentation,renderingandvideo
generation.



2.1 Segmentation

Generatinghigh quality digital videosequencesrequiresa number
of segmentationtasks.Typically CT datasetscontaina lot of noise
andirrelevantinformation.In orderto geta highquality visualiza-
tion it is necessaryto reducetheunwantedinformation.Wedecided
to usetransferfunctionsfor this task.

Segmentationis alsousedto detectthepositionof theaneurysm.
This information is usedto de�ne the camerapath. There are
mainly two parametersfor the camerapathwhich dependon the
positionof theaneurysm.Oneis theview point of thecamera,the
otheroneis thedistancebetweencameraandaneurysm.To detect
the positionof the aneurysmwe usea simplethresholdoperation
and the morphologicerosionoperator. The following subsection
describesthetwo segmentationmethodsin moredetail.

2.1.1 Transf er functions

Theneedfor theuseof transferfunctions[5] is obvious: It allows
to reducetheinformationandit enablessemi-transparentrendering
of volumedatasets.Thedrawbackof this techniqueis thatthedef-
inition of thetransferfunctionrequireshigh technicalandmedical
experience.To avoid theserequirementsit is necessaryto integrate
anautomaticapproachfor generatingoptimizedtransferfunctions.
For thispartanexistingapproachfrom Kindlmann[10] andamodi-
�cation by Rezk-Salama[11] is used.Theideais to useareference
dataset anda transferfunction as templatesto generatean opti-
mizedtransferfunction for the speci�ed volumedataset. The so
calledpositionfunctionof the referencedataset,which describes
theaveragedistanceof adatapointto aboundary, will becomputed
by a non-lineardistortionfor optimal alignmentfor both position
functions.Dependingon theparametersof thetransformationdif-
ferentinformationis given (seeFigure2). The left imagedemon-
stratesthecompletesizeof theaneurysm,showing predominantely
thethrombosis,while theright imagedemonstratestheblood�lled
partsof the aneurysm.Both aspectsarenecessaryfor optimized
therapy planning.

Figure2: Automaticgenerationof transferfunctions. The visible
resultsdependon the differentparametersfor the transformation.
Usingthetransferfunctionwithoutadaptation(A), with histogram
adaption(B) andwith adaptionbasedon gradientderivation.

2.1.2 Detection of the aneur ysm

To make surethat thevideo recordstheaneurysmfrom a suitable
position (the camerashouldnot be inside the aneurysmand not
be too far away) andthat it alwayspointsinto thedirectionof the
centerof the aneurysm,it is necessaryto detectthe intracranial
aneurysm.Thedetectionof intracranialaneurysmis mainly based
on visual inspectionof the generatedvideo sequences.In some
patientsmorethanoneaneurysmis found andthe sizemay vary
rangingfrom 2 mmto morethan20mm. Thismakesautomaticde-
tectiondif�cult. In suchcaseswherea largeaneurysmwith a size

of morethan15mmis present,anautomaticapproachwhich �nds
thepositionof the aneurysmandcalculatesits sizehasbeeninte-
grated.By doingsotwo imageprocessingmethodsarecombined:
asimplethresholdingandthemorphologicerosion[3, 4].

Most of the CT datasetscontainboneswhoseintensityvalues
are found in the highestintensity regions. In order to allow the
erosionto remove thebone,a simplethresholdingis usedwith the
thresholdchosenfrom a prede�nedregion of high values.Thead-
vantageof thisthresholdingis that,afterremoving thebone,wecan
assumethattheaneurysmis oneof thelargestobjectsin thevolume
dataset.However, it is requiredthattheintensityvaluesof thedata
setaretransformedby thegeneratedtransferfunction.

In order to reducethe completevolume dataset down to the
aneurysma 3D erosionoperationis used.A 3D �lter manipulates
the databy testingif all elementsinsidethe �lter ful�ll a de�ned
criterion.Therebyall intensityvaluesof theimage,whicharecov-
eredby the �lter mask,will beaddedto therespective �lter value.
Theintensityvalues,which arecoveredby thecenterof themask,
areset to the minimum of all thesevalues. The result is that ir-
regular or small structuresareremoved by the �lter . If we apply
the �lter several times, the largestandhomogenousobjects,with
regardto thestructure,arepreserved.To speedup the�ltering pro-
cesswe integratethehardwarebasedapproachby Hopf [7], where
themorphologicaloperationsareperformedin theframebuffer of
thegraphicshardware. We usea diamondshaped�lter which can
besplit into 3 one-dimensional�lters.

Assumingthatjust asmallnumberof objectsareretainedin the
datasetafter the �ltering, the objectwith the largestextenthasto
be searched.For this purposewe have to look for objectswhose
intensityvaluesareabove a speci�ed threshold. All thesepoints
representaseedpointfor thefollowing volumegrowing methodon
theerodeddataset.

Finally, if the largestobjectandits positionhasbeenfoundwe
assumethat this is the aneurysm.For further processingwe ad-
ditionally computetheboundingbox of this object. To obtainthe
originaldiameterof theobjectit is necessaryto considerthestruc-
tureof the�lter andthenumberof �ltering iterations.

2.2 Standar dized Camera Path

To generatea video documentationautomatically, it is necessary
to usea standardizedcamerapath to observe the aneurysm.The
experienceof physiciansis necessaryto de�ne anappropriatecam-
erapath. Usually, cliniciansexamineindividual patientdatain a
similar way. At �rst, anoverview of thecompletedatasetis used
for thepurposeof orientationandin orderto searchfor patholog-
ical regions. Thecamerafollows severalprede�nedcircularpaths
aroundthecompletevolume. It startswith a posterioroverview of
theaneurysmfollowedby a lateraloverview. Figure7 shows this
idea.

To geta moredetailedview it is necessaryto take anoverview
from a closerdistance.To �nd anoptimalviewing distanceto the
aneurysmit is necessaryto getascloseaspossibleto theaneurysm.
At this point boundingbox ascomputedbeforeis used. The dis-
tancefrom the camerato the aneurysmis limited by the edgesof
theboundingbox which is somewhat larger thanthe aneurysmit-
self. We spana circularpatharoundthesmallboundingbox from
whichweobtainanoptimizedview of theaneurysm.

2.3 Hardware suppor ted rendering

Hardwaresupportedrenderingis oneof the mostprominentvari-
antsfor interactivedirectvolumerendering.Using3D texturemap-
ping allows interactive manipulationdue to the high frame rates
which canbeachievedby usingthis technique,even if the limited
sizeof thetexturememorymight requirebrickingof thedataset.



In thepresentedapplication3D texturemappingis usedfor the
renderingprocessaswell asfor thesegmentationby usingmorpho-
logicaloperators.3D graphics,however, is mainly usedin interac-
tivescreenbasedapplications.In orderto obtainhardwareacceler-
atedoff-screenrenderingfor our webserviceapproachwe employ
aspecialOpenGL/GLXextension:Thepbuffer.

3 Architecture

This sectiondescribesthe architectureof the completeprocess
whichcoversthedatatransfer, thesegmentationandrenderingand
thevideogeneration.All theseprocessesareembeddedinto a web
servicefor physicians.

First of all the userentersseveral dataparametersinto a web-
frontend,which is built from dynamicallygeneratedHTML-pages.
For thispurposeJavaServerPages(JSP)areused,whichoffer easy
handlingandplatformindependenceandareusedvery frequently.
Additionally, JSPenginesareavailablefor virtually any platform.
The�e xibility of webserversandJSPenginesis importantbecause
wedonotwantto run thewebserveron theSGI renderserver thus
avoiding unnecessaryweb traf�c on thegraphicsmachine.In our
applicationaLinux machineservesasawebserver.

Using two differentmachinesrequirescommunicationbetween
thesetwo machines.Datais sentvia HTTPSfrom theuserslocal
machineto thewebserver. Thedatais thenforwardedto the ren-
der server. In orderto communicatebetweenthesetwo machines
JavaRMI (RemoteMethodInvocation), aconvenientwaytosupport
communicationbetweenseveralprocesses,is used.Integratedinto
the JSPs,the RMI startsthe visualizationprocessfrom the Linux
webserver on the SGI machine.Figure3 shows the communica-
tion process.
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Figure3: Architectureof webservice

The automaticvideo generationstartswith the segmentation,
next the camerapathhasto be adaptedto thevolumedatasetac-
cordingto thelocal boundingbox of theaneurysm.Thefollowing
renderingprocessis controlledby aspecialnodeof thescenegraph
library OpenInventor, onwhichtheexistingrenderingtool is based.
Theengineclassallowstoanimatepartsof thescenein aconvenient
way. In thepresentedapplicationa cameraenginewhich animates
thedescribedcamerapathis used.Insidetheengineclassthesingle
positionsof thecamera,dependingon theelapsedtime, arecalcu-
lated.Additionally thereis aspecialnodein thescenegraphwhich
generatessingleimagesandcombinesthemto a videostream.Af-
ter converting thesingleimagesto a digital videotheuserwill be
informedby emailfrom wherethevideocanbedownloaded.

4 Results

This sectionpresentscomparisonswith respectto the quality and
the time requirementsof the presentedapplicationand describes
theevaluationin aclinical context. Theachievablequalitydepends
on thegeneratedtransferfunctionandhow goodthepositionof the
aneurysmcouldbedetected.Thetimerequirementdependsmainly
on thesizeof thevolumedataset.

4.1 Quality

Figure4 shows a 512 � 512 � 121 volumedatasetwhich contains
an aneurysmwith a diameteraround16 mm closeto the baseof
theskull. The�rst image(A) of theseriesshows theoriginal data
set,(B) shows it afterapplyingthegeneratedtransferfunction.The
reductionof noiseandunimportantinformationis clearly visible.
This formsthestartingpointwhichwill beusedfor renderinglater.
(C) and(D) show the datasetafterusingsimplethresholdingand
afterthe�ltering process.

For theerosionseveral �lter kernelsizeshave beentestedanda
�lter of sizeof 9 with �lter values-1640 0 0 0 0 0 0 -164wasused
to removethesmallbloodvesselsandtherestof thebonestructure.
The�gures 5 and6 show resultsin thevolumerendingtool during
thevarioussegmentationsteps.

4.2 Time requirements

The segmentationandrenderingprocesswasperformedusingan
SGI Octanewith anEMXI graphicsboardand4MB texturemem-
ory.

Thefollowing tableshows theelapsedtime of thedifferentsub
tasksfor producingadigital videoof 600framesfrom avolumeof
256 � 256 � 64voxels.

Subtask Computationaltime
Generationof Transferfunctions 30sec
Segmentationof aneurysma 30sec
Renderingtime incl. saving 330sec
Renderingtimewithoutsaving 50sec
Videoconversion 280sec

Table1: Elapsedtime of the differentsubtasksof the automatic
videogenerationprocess.

Aboveall, thetotal timeof theprocedureis within anacceptable
rangeandsuggeststhepracticaluseof this webservice.Thetime
for theindividualsubtasksis alsoof interestandprovidesinforma-
tion for potentialimprovementof thealgorithms.

Togenerateandsegmentthedatasetonly60secondsareneeded.
This compareswell to themanualadjustmentof transferfunctions
whichusuallyneedssigni�cantly moretimethanourautomaticap-
proach.

The actualrenderingtime itself is relatively shortwhich indi-
catesa high renderingperformance.This hasbeenachieved by
usinghardwaresupportedtechniquesnot only for thevolumeren-
deringbut alsopartly for thesegmentation.Obviously the overall
processingtime is dominatedby writing andreadingdatato and
from thedisk. Wewill try to reducethis in thefutureby converting
theimagesdirectly from thememory.

4.3 Evaluation

Ourclinical cooperationpartnerat theUniversityof Erlangencom-
paredtheirexisting interactivevisualizationtool to ourwebservice
for several patientdatasets.The mostimportantfeaturefor them
wasthe reproducibilityof thediagnosisticevaluationof the radio-
logicalstructures.Until now thecomparisonof diagnosisin clinical
studiesis dif�cult dueto thedifferentprocedures.Usingtheauto-
matedapproachtheresultsarecomparablebetweendifferentusers.
Theapproachrepresentsanextremelytimeandcostsaving process
whichsupportsthephysiciansin variousways.Theproducedvideo
sequencesarealsoeasilyintegrableinto theexistingenvironment.
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Figure4: (A) shows theoriginaldataset,(B) afterapplyingthegeneratedtransferfunction,(C) afterthresholdingand(D) aftererosion

5 Conc lusions and Future Work

Thepresentedapproachis a �rst steptowardsthestandardizedand
reproducible3D visualizationof medicalvolumentricdata.Theap-
proachis integratedinto a webserviceto avoid theneedof expen-
sive graphicshardware. The fully automatedapproach,including
segmentation,renderingandvideogeneration,offersa convenient
andfastway to producevideosequencesof largevolumedatasets
with highqualityandgoodresponsetimesfor thephysicians.

Dueto thetimerequiredandthedif�culty of manualadjustment
of transferfunctionstheautomaticgenerationof this implicit seg-
mentationisagreatadvantagefor thephysicians.Theautomaticde-
tectionof acertainclassof aneurysmsnotablyimprovestheoverall
procedure.Thereforeinaccurancy of the automaticsegmentation
processcanbe tolerated.Furthertestsshow that a minimum size
of the aneurysmis requiredfor our approach. Small aneurysms
(around7 mm)areremovedby theerosion�ltering. In somecases
theaneurysmresidescloseto theskull baseandcannotbevisual-
ized clearly andsegmentedby transferfunctions. We will try to
solve this problemby usinga volumegrowing methodor a water-
shedtransformation.

Comparedto interactivevisualizationtoolsmany parametersare
�x ed by our approachand cannotbe changedby the user. The
main advantageof the standardizationis a consistentpresentation
whichcanbeexchangedbetweenseveralphysicians.Thereforeall
parameterslike thecamerapathwhich canaffect thequalityof the
videosor which could occludethe view of the aneurysmor other
interestingregions have to be �x ed. However the representation
of thebloodvessels(transparentor opaque)canbeselectedby the
user, becausethisparameteris noterror-prone.
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Figure5: CTA dataset1 (512 � 512 � 77): (A) originaldatasetin thevolumerenderingtool, (B) after
applyingthegeneratedtransferfunction,(C) afterthresholdingand(D) aftererosion

(A) (B) (C) (D)

Figure6: CTA dataset2 (512 � 512 � 121): (A) originaldatasetin thevolumerenderingtool, (B) after
applyingthegeneratedtransferfunction,(C) afterthresholdingand(D) aftererosion
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Figure7: Standardizedprocedurefor theanalysisof intracranialaneurysms.(A) shows anoverview of
theentirepath,(B) shows theposterioroverview and(C) thelateraloverview


