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Abstract

The InsightToolkit initiative from theNationalLibrary of Medicinehasprovideda suite
of state-of-the-artsegmentationandregistrationalgorithmsideally suitedto volumevisu-
alizationandanalysis.A volumevisualization

applicationthateffectively utilizesthesealgorithmsprovidesmany bene�ts:it allowsac-
cessto ITK functionalityfor non-programmers,it createsavehiclefor sharingandcompar-
ing segmentationtechniques,andit servesasa visualdebuggerfor algorithmdevelopers.
This paperdescribesthe integrationof imageprocessingfunctionalitiesprovided by the
InsightTookit (ITK) into VolView , a visualizationapplicationfor high performancevol-
umerendering.A freeversionof this visualizationapplicationis publicly availableandis
includedontheCDROM accompanying this issue.Theprocessfor developingITK plugins
for VolView accordingto thepublicly availableAPI is describedin detail,andanappli-
cationof ITK VolView pluginsto thesegmentationof AbdominalAortic Aneurysmsis
presented.
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Fig. 1. Volumerenderingof theVisibleWomandatasetgeneratedwith VolView .

1 Intr oduction

Throughthe Insight Toolkit initiative from the NationalLibrary of Medicine,ex-
pertsin the �eld of imageprocessinghave createda suiteof state-of-the-artseg-
mentationand registrationalgorithmsideally suitedto volume visualizationand
analysis.Sincethis functionalityis providedasatoolkit ratherthananend-userap-
plication,accessis limited to researcherswith fairly advancedprogrammingskills.

Volumevisualizationandanalysisis a key tool in a variety of healthcareappli-
cations.It is widely usedin radiationoncology, surgical planning,confocalmi-
croscopy, andeducation.In many of theseapplications,propersegmentationand
registrationof medicaldatais critical to producingthe most ef�cacious results.
This taskis alsogenerallyconsideredto be themostchallengingstepin effective
volumevisualization.

1.1 Goals

Theoverallgoalof thiseffort is to aid in thedevelopment,deployment,andre�ne-
mentof segmentationandregistrationalgorithmsto bene�t heathcaredelivery, ed-
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ucation,andresearch.Ourmethodfor achieving this is to provideaccessto theITK
algorithmsfrom VolView , anend-uservolumevisualizationapplication.It bene-
�ts practitionersby allowing themto make useof The InsightToolkit's advanced
algorithmswith a low learningcurve. It assistsalgorithmdevelopersby proving a
simpleapplicationinto which they caninserttheir algorithms,allowing for quick
performanceevaluationson a numberof differentdatasetsand in comparisonto
otheralgorithmsalreadyin theapplication.It bene�ts theresearchcommunityby
providing a meansof disseminatingnew algorithmsto augmentthe technicalde-
scriptionsprovided in journalsandconferenceproceedings.Finally, it servesasa
visualdebuggerby allowing visual inspectionof theresultsof a technique,which
aids developersin the evaluationandveri�cation of new algorithms,andassists
practitionersin creatingmorecomplex methodsfrom availablebuilding blocks.

1.2 Bene�ts

Therearea numberof speci�c bene�ts to integratingITK segmentationandreg-
istrationtechniqueswith VolView asplugins.For thepractitioner, educator, and
algorithmdeveloperthedetailedbene�ts include:

For thePractitionerandEducator:

� Expandaccess- Enablepractitionersandeducatorsto easilyandroutinelymake
useof Insight'salgorithmswith little to no learningcurve from within a turnkey
application.As opposedto direct useof the Insight toolkit, no programming
experiencewouldberequired.

� Facilitatecommunication- Mostendusertoolsprovidenolink betweentheend-
usersandthe algorithmdevelopers.Ideally a practitionerusingan application
shouldbeableto contacttheauthorof a particularalgorithmsheis using.This
promotescommunication,validation,and integrationof algorithmsinto health
caredelivery.

� Promoteevaluation- Provide a mechanismwherea practitionerandresearcher
can collaborateto evaluatenew algorithms.Algorithms shouldbe capableof
beingemailedto thepractitioner(or downloadedfrom a website)andinserted
into thepractitioner'sapplication.

For theAlgorithm Developer:

� Facilitatedeployment- Theapplicationwill becreatedsuchthatnew algorithms
canbeeasilydeployedtouserswithoutrequiringnew versionsof theapplication.
This removesthelimitation of mostturnkey systemsthatprovide new function-
ality atscheduledreleasesthatoccuronly onceor twiceayear, andit encourages
bothearlyandrapidfeedbackresultingin shorterdevelopmentcycles.

� Increasedissemination- Researcherscaneasilyprovide a link to a turnkey ap-
plicationthatallowsreadersto evaluateatechniquedescribedin atechnicalpub-
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lication.
� Improve testing- Many segmentationandregistrationalgorithmsarecomplex

andcanbedif�cult to evaluateandtest.Oftenvalidationcanbestbeperformed
by visualinspectionof theresultsof thealgorithm.

Thebene�tsbuild onandleveragethepowerful featuresof bothITK andVolView .
ITK includesa wide rangeof segmentationand registrationtechniqueswith the
ability to processmany differentdatatypes.Segmentationtechniquesincludeboth
regiongrowing techniquessuchascon�denceconnected,isolatedconnected,RGB
con�denceconnected,aswell aslevel settechniquessuchasfastmarching,shape
detection,watershed,andgeodesicactive contours.ITK' s registrationtechniques
includeintensitybasedregistrationfor a variety of transformationsrangingfrom
rigid throughfully deformablewith a rangeof optimizersincluding gradientde-
scent,conjugategradient,andevolutionaryalgorithms.Finite-elementtechniques
can also be usedas the basisof deformableregistrationtechniques(Ibanezand
Schroeder,2003).

1.3 VolView Features

VolView's featuresa wide rangeof functionality to facilitate viewing and inter-
acting with volumetricdata.It wasdevelopedas an enduserapplicationon top
of the VisualizationToolkit VTK (Schroederet al., 1998). The developmentof
VolView beganin early 1999,and the �fth versionof the software,VolView
2.0,wasreleasedin September2003.During this time VolView hasmaturedto a
full-featuredvolumevisualizationandimageprocessingpackagefeaturing:

� highperformancevolumerenderingon standardPChardware
� supportfor a wide varietyof datatypesfrom singlecomponentshortto RGBA

volumes
� apowerful editorfor materialclassi�cation
� adjustablelighting parametersto enhancestructuralunderstanding
� interactiveannotationelementsfor markingpositions,measuringanglesanddis-

tances,croppingthevolume,etc.
� compositeandMIP projectionsin parallelor perspective
� orthogonal,MPR,andlightbox imageviews
� a rich setof imageprocessingfunctionalitythatis extensible
� collaborationbetweenremotesiteswith transferablecontrol

[LISA:] Volumerenderingcitation: (KaufmanandSobierajski,1995).
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Internet

Fig. 2. Peerto peercommunicationin VolView . Two distantsitescanalternatecontrolof
thevisualizationandimageprocessingparameters.VolView will presentthesamedisplay
atbothsitesandtransferdataasneededfrom onesiteto theother.

1.3.1 CollaborativeMode

Thecollaborativefunctionalityin VolView wasdevelopedaspartof aresearchef-
fort with theUniversityHospitalof Trondheimin Norway. Patientsrequiringstents
for abdominalaortic aneurysmswould travel to the main hospitalfor treatment.
Thesepatientsrequiremonitoringafter the procedure,that also involved the pa-
tient traveling, sometimesmany hundredsof miles, to the Universityhospitalfor
a follow-up CT scan.UsingVolView , theregionalhospitalsareableto perform
the follow-up scans,with a collaborative VolView session(Fig. 2) betweenthe
radiologistat theregionalhospitalandtheexpertat theuniversityhospitalusedto
analyzethescan.This reducesthecostof careof thepatient,minimizestheimpact
on thepatient's life, andincreasestheknowledgein theregionalhospitals.

1.3.2 Additionof Plugins

By developinga plug-in using the public API, researcherscan accesstheir new
imageprocessingalgorithmsfrom within a full-featuredvisualizationapplication.
Thisallowsalgorithmdevelopersto quickly verify andimprovetheirnew process-
ing techniques.SinceVolView is ableto renderavarietyof datatypes,thisallows
theresearchergreatfreedomin designingthenew algorithm.VolView canrender
any singlecomponentdatatypefrom 8 bit integersthrough64bit �oating pointval-
ues,andcanalsorendermulti-componentdatasuchasregisteredMR/CT studies
or processedcolor (RGBA) volumes.

Thesepluginsareevenmoreusefulwithin acollaborativesetting.Thisallowsaseg-
mentationresearcherto seekanexpertopinionduring thealgorithmdesignphase
whereboth theresearcherandclinician caninteractandevaluatetheperformance
of thesegmentationon avarietyof datasets.
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Image Segmentation P : Plugin 

Image Segmentation R : Plugin 

Image Segmentation X : Plugin 

Image Segmentation Y : Plugin 

Image Segmentation Z : Plugin 
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Fig. 3. Sharingalgorithmswith VolView . Pluginscanbedevelopedfor VolView . These
plugins implementimageprocessingmethodsuchassegmentationandregistration.The
pluginscanbesharedbetweendistantsites,they couldbesentby email,or storedin web
accessiblepages.Oncetransferred,they can be loadedin VolView at run-time without
having to restarttheapplication.

2 Plugin Ar chitecture

Thissectiondescribesthemajorissuesandrequirementsinvolvedin theintegration
of ITK algorithmsinto VolView 1 . Beforediscussingthedesignconsiderhow such
pluginsmaybeused.

� A researcheris looking for an algorithm to segmenta tumor from within the
liver. A searchon theInternetyieldsa webpagethatdiscussesa new algorithm
within the InsightToolkit that looksapplicable.Theresearchercanthendown-
loada plug-in for this algorithmandrun the freely availablevolumerendering
andanalysisapplication.Theapplicationwill provide additionaldocumentation
on how to usethe algorithm,what parameterscanandshouldbe adjusted,and
who to contactwith questionsandfeedback.Theresearcherusesthealgorithm
but �nds acasefor which it fails.He thencancontactthealgorithmdeveloperto
discussthisfailureandpossiblyprovideinsightintoasolution.Thealgorithmde-
velopermodi�es thealgorithmandproducesanew plug-inwhichis thenemailed
to theresearcher. Theresearchercanthenevaluatethemodi�ed algorithmonthe
datathatcausedtheearlierfailure.

� Experimentlocally with ITK algorithmsfor which new pluginsarewritten on-
site. The numberof plugins currently distributed is limited. However, all the
elementsrequiredfor creatingnew plugins are publicly available, this makes
possiblefor anyoneto createnew pluginsin their in-housedevelopment.

� Createpluginsfor new imageprocessingmethodsandsendthemto othersites
for evaluationwithout having to exposethesourcecode,nor requiringtheother
site to exposetheir data.In the casesin which local developmentscannot be
publicly shared,thepluginsmakestill possibleto provideportionsof executable
codethatcanbeevaluatedby othersites.

� Provide implementationsfor methodsbeingpublished.It orderto facilitatethe
veri�cation of reproducibilityfor work publishedin scienti�c andtechnicaljour-

1 A freeversionof VolView is now availableaspartof a projectsponsoredby theNa-
tionalLibrary of Medicine(NLM). Thisversionis includedin theCDROM accompanying
this issue.
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nals,authorswould beableto postpluginsimplementingtheir publishedmeth-
ods.In thisway, theirpeersin thecommunitywouldbeableto rapidlyreproduce
their resultswithout beingconfrontedto the discouragingbarrierof having to
implementanalgorithmdescribedin pseudo-codein apaper.

� Facilitatedeployment.New releasesof algorithmscanbedeployedwithouthav-
ing to wait for full releasesof theapplication.Themodularseparationbetween
VolView andthepluginsfacilitateto updatethepluginswithouthaving tomake
any changesin theapplication.

� Distributespecializedpluginsascommercialproducts.Currentpluginshasbeen
written for very genericimageprocessingtasks.However, very specializedplu-
gins could be written for speci�c applicationsandcould be distributed in the
form of commercialproducts.Thegreatadvantageof beingVolView plugins
is that all the visualizationanduserinteractionfunctionalitiesareobtainedfor
free.Theplugin developercanthenfocusonly on theimageprocessingaspects
of herwork.

� Hostingpluginsrepositories.Specializedpluginsthat arein the public domain
couldbemadeavailablein binaryform. In combinationwith adequatequerying
protocolsthey couldserveassupportresourcesfor grid-likecomputation.

TheseUse-Casesimply a numberof requirements.The following list illustrates
someof thefundamentalrequirementsfor asuccessfulpluginarchitecture.

� Pluginsmustbe�e xible sothatthey canbecompiledon onecomputerandthen
emailed(or downloaded)to anotherresearcher.

� Most segmentationtechniquesrequirethattheclinician specifya numberof pa-
rametersor seedpointsfor thesegmentation.Thisdictatesthatthepluginmech-
anismmust provide for a graphicaluser interfaceso that the usercan select
parametersandadjustvaluesor seedpoints.

� Pluginsmust provide built-in documentationdescribinghow to usethem and
whatthedifferentparameterscontrol.

� For computationallyexpensivepluginstheremustbesomeindicationof progress
andtheability to cancelthecomputationif it is takingtoo long.

� For memoryintensive pluginsVolView must be able to estimatehow much
memorywill be requiredto run the plugin. Somesegmentationtechniquesre-
quirea largeamountmemoryfor intermediateresultswhich for a largemedical
datasetcaneasilyexceedthecomputer'smemory.

� The plugin must receive a full descriptionof the input dataincluding aspects
suchasdimensions,spacing,datatype,units aswell asspecifyingthosesame
propertiesfor theoutputit will produce.

� Thearchitecureshouldsupportpluginsthatcanprocesstheir datain-placeor in
piecesfor lowermemoryconsumptionaswell aspluginsthatcannot.

� Somepluginsmayproducesurfaces(or meshes)insteadof anoutputvolume.
� A plugin mayrequiremorethanonevolumeof input data.This is commonfor

many level setsegmentationtechniquesthat requirea featureimageaswell as
aninitial segmentationto operate.
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VolView ITK Plugin

ProcessData()

GetGUIProperty()

SetGUIProperty()

SetProperty()

GetProperty()

UpdateGUI()

Initialize()

Fig.4.UML SequenceDiagramillustratingthebasicinteractionsbetweenVolView andthe
Plugin.

2.1 Plugin - VolView Interactions

Themostinterestingaspectof themechanismusedfor integratingITK capabilities
into VolView is thedecouplingbetweenbothsystems.ITK methodsdo not have
to beexposedto theinternalstructureof VolView , nor is VolView exposedatall
to theexistenceof ITK methods.A plain C-languageinterfacehasbeende�ned in
VolView , thatallowsverygenericmethodsto interfacewith theinternaldatarep-
resentation.Anotherinterestingaspectof theintegrationis thatit is implementedin
theform of run-timeplugins.Thismeansthatany numberof ITK methodsandpro-
cedurescanbeaddeddynamically. Theonly requirementis thatthesharedlibraries
in which theITK methodsareimplementedmustbeplacedin a speci�c directory
whereVolView will look for them.

Theexecutionof apluginconsistsof threekey functions:Initialization,UpdateGUI,
andProcessData. Uponloadingtheplugin theInitializationfunctionis calledonce
to specifythestaticpropertiesof theplugin.Thisincludestheplugin'sterseandfull
documentation,name,supportof in-placeor in-piecesprocessing,if it only gener-
atesasurface,andnumberof GUI elements.Most of thesepropertiesaresetusing
agenericinterfacethancanbeeasilyextendedfor futurecapabilities.For example:

info->SetProperty(info, VVP_NAME, "Threshold");
info->SetProperty(info, VVP_GROUP,"Utility");
info->SetProperty(info, VVP_SUPPORTS_IN_PLACE_PROCESSING,"1");
info->SetProperty(info, VVP_SUPPORTS_PROCESSING_PIECES, "1");
info->SetProperty(info, VVP_NUMBER_OF_GUI_ITEMS, "3");

ThentheUpdateGUIfunctionis calledto handlethedynamicelementsof theplu-
gin suchascreatingandupdatingtheuserinterfaceandde�ning thepropertiesof
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Fig. 5. GUI entriesshown on VolView asde�ned by thePluginUpdateGUI()method.At
left, parametersfor theITK FastMarchinglevel setsegmentationmethod.At right, param-
etersfor theITK GeodesicActiveContourlevel setsegmentationmethod.

theoutputdata.Thesearedynamicbecauseastheinputdatachanges(or new data
is loaded)thepropertiesmaychange.UpdateGUImaybeinvokedmany timesand
it is guaranteedto beinvokedat leastonceafterany new datasetis loadedor when
the input datais changed(by a plugin for example).Constructionof theGUI ele-
mentsis alsoperformedthrougha genericAPI to facilitatefuturecapabilities.For
example

info->SetGUIProperty(info, 1, VVP_GUI_LABEL, "Threshold Value");
info->SetGUIProperty(info, 1, VVP_GUI_TYPE, VVP_GUI_SCALE);
info->SetGUIProperty(info, 1, VVP_GUI_DEFAULT , "0");
info->SetGUIProperty(info, 1, VVP_GUI_HELP,

"The value to compare against");
/* set the range of the slider based on the input volume */
sprintf(tmp, "%f %f %f",

info->InputVolumeScalarRange[0],
info->InputVolumeScalarRange[1], 1.0);

info->SetGUIProperty(info, 1, VVP_GUI_HINTS , tmp);

It is worth notingthatin theexampleabove therangeof theGUI scale(a slider)is
basedon theactualscalarrangeof thecurrentvolume.If a new volumeis loaded
thenthe rangeof thescalewill changeto matchthenew volume.Figure5 shows
someof theGUI dynamicallycreatedby ITK plugins.

The ProcessDatafunction is invoked when the user requeststhat the plugin be
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vtkVVPlugin
GUI Description

Input
Data

GUI
Parameters

Filter A Filter B Filter C ExportImport

Internal PipelineITK Plugin
vtkVVProcess
Data Structure

Export
Data

vtkVVProcess
Data Structure

Volview Binary

Fig. 6. Data ¯ow diagramof the volview plugin. Data is exportedfrom VolView in a
plain C-Languagestructure.This structureis importedinto anITK pipelineandprocessed
usingparameterstransferredfrom VolView 's GUI. The result is exportedinto theplain
C-Languagestructureandimportedbackinto VolView .

executed.Thisfunctionprocessestheinputvolumeto producetheresultingsurface
and/oroutput volume. It receives a pointer to a C structurecontainingpointers
to the input and outputbuffers. If the plugin supportsprocessingin piecesthen
theprocessdatafunctionmaybe invokedmany times,oncefor eachpiece.In the
ProcessDatafunctionthevaluesof theGUI elementsaretypically usedto control
theprocessing.For example:

/* obtain the upper threshold from the GUI */
double v1 = atof(info->GetGUIProperty(info, 1, VVP_GUI_VALUE));

The ProcessDatafunction fully encapsulatesan ITK pipeline for performingthe
desiredimageprocessingand analysisfunctionalities.The pipeline is createdat
thebeginningof thefunctionanddestroyedat theendof thefunction'sscope.This
functionshouldtakecareof thedetailsinvolvedin transferringdatafromVolView
to theITK pipelineandfrom theoutputof thepipelinebackto VolView .

Figure6 shows thedata�o w betweenVolView andtheITK plugin.Within Pro-
cessDataanITK pipelineis instantiatedandthedatais processedusingtheparam-
etersprovided by the GUI. During the processing,ITK eventsaretranslatedinto
VolView refreshcallsthatdisplaymessagesandupdateaprogressbarontheGUI.
At theendof theprocessing,theresultingdatasetis exportedinto a C-Language
structureandpassedbackto VolView .

Theplugin hasa coupleof mechanismsfor displayinginformationin VolView 's
GUI. It canfor example,displayamessageonthestatusbar, updateaprogressbar,
reporterrorsandreport �nal dataon the executionof the plugin (e.g.numberof
iterationsof a �lter , �nal errormetric).Pluginexecutioncanalsobeabortedfrom
theGUI.
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InstallationDir

/Plugins
/bin

+ ProcessData()
+ UpdateGUI()
+ vvFilterFooInit()

vtkVVPluginAPI.h

FilterFooPlugin
Shared Library

FilterFooPlugin
Source Code

VolView
Binary

User Developer

Fig. 7. Life cycle of aVolView plugin.A singleheader�le de�nestheinterfacebetween
VolView andtheplugins.This headerprovidestheplain C-languagedatastructuresfor
importingandexportingdata,andde�nesthesignatureof thefunctionsto beimplemented
by everyplugin.

2.2 PluginLife Cycle

The processof developinga VolView plugin is depictedin Figure7. A single
public header�le de�nes theplain C-Languagedatastructuresusedfor exporting
and importing data,and for transferringGUI parametersbetweenthe VolView
GUI andtheplugin.A plugindevelopermustimplementasetof C-Languagefunc-
tionsthatwill beinvokedby VolView duringits interactionswith theplugin.The
sourcecodeof theplugin is compiledandpackagedin theform of asharedlibrary.
No librariesfrom VolView arerequiredduring this process.The sharedlibrary
containingthe plugin is �nally copiedinto a speci�c directoryof the VolView
binary installation.This particulardirectory is searchedby VolView at start-up
time.Any sharedlibrariesfoundin this directorywill bedynamicallyloaded.The
nameof thelibrary shouldconformto thenameof theplugininitializationfunction.

Thedevelopmentcycle of a plugin is totally decoupledfrom VolView 's internal
code.Thesinglecommunicationbridgebetweenthepluginsandtheapplicationis
theheader�le de�ning thedataandGUI structures.A developerof a new plugin,
mustsimply implementthemethodsde�ned in thepublicheader�le.

3 Writing a Plugin

Thissectiondescribesthebasicstepsrequiredfor writing anew plugin.Theexam-
plehereillustratestheimplementationof asimple�lter having only oneparameter
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to besetfrom theGUI.

3.1 De�ning thepluginname

Thepluginnamewill determinethenameof thesharedlibraryusedfor deployment.
It will alsodeterminethe nameof the initialization function.For examplea plu-
gin namedvvITKGradientMag ni tu de will bedeployedin a sharedlibrary with
namelibvvITKGradie nt Magni tu de.s o in Unix, andvvITKGradientMa gni tu de.d ll
onMS-Windows.Its initializationfunctionwill becalledvvITKGradientMa gnit udeI nit () .

3.2 Theinitialization function

Theinitialization functionof thepluginmustconformto thefollowing API

extern "C" {
void VV_PLUGIN_EXPORTvvITKGradientMagnitudeInit(vtkVVPluginInfo *info)
{
}

}

wherethe symbolVV PLUGIN EXPORTandthe structurevtkVVPluginInfo are
bothde�ned in thepublicheader�le vtkVVPluginInfo .h .

This initialization function is invokedby VolView at start-uptime, just after the
sharedlibrary hasbeendynamicallyloaded.

Thetypical contentof this functionis shown below.

{
vvPluginVersionCheck();

// setup information that never changes
info->ProcessData = ProcessData;
info->UpdateGUI = UpdateGUI;
info->SetProperty(info, VVP_NAME, "Gradient Magnitude IIR (ITK)");
info->SetProperty(info, VVP_GROUP,"Utility");
info->SetProperty(info, VVP_TERSE_DOCUMENTATION,

"Gradient Magnitude Gaussian IIR");
info->SetProperty(info, VVP_FULL_DOCUMENTATION,

"This filter applies IIR filters to compute the equivalent of convolving
the input image with the derivatives of a Gaussian kernel and then
computing the magnitude of the resulting gradient.");

info->SetProperty(info, VVP_SUPPORTS_IN_PLACE_PROCESSING,"0");
info->SetProperty(info, VVP_SUPPORTS_PROCESSING_PIECES, "0");
info->SetProperty(info, VVP_NUMBER_OF_GUI_ITEMS, "1");
info->SetProperty(info, VVP_REQUIRED_Z_OVERLAP, "0");
info->SetProperty(info, VVP_PER_VOXEL_MEMORY_REQUIRED, "8");

}
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First,themacrovvPluginVersio nChec k( ) mustbecalledin orderto verify that
theplugin API conformsto thecurrentversionof VolView 's binarydistribution.
Whentheversionsdonotmatch,theplugin is notexecutedandanerrormessageis
reportedto theuserat run-time.

Oncetheversionnumberhasbeenvalidated,the info structureis initialized.The
ProcessData is setto thepointerof thefunctionthatwill performthecomputation
on theinputdata.Settingthefunctionasa functionpointerallowsa lot of freedom
on theimplementationof thefunction.

TheUpdateGUI pointerin the info structureis alsosetto a functionpointer. The
roleof thisUpdateGUI functionis to initialize theGUI parametersfromthePlugin.
In this functionwe specifyall thepropertiesof all theGUI widgetsrelatedto the
parametersof theplugin.

The function SetProperty() is usedto de�ne generalpropertiesof the plugin.
Someof thesepropertiesaredisplayedontheGUI asinformativetext. For example,
the textual nameof the plugin, a tersedocumentationandan extendeddocumen-
tation.The propertiesareidenti�ed by tags.This enforcesfurther the decoupling
betweenthe internalrepresentationof informationin VolView andthestructure
of codein theplugin.For examplethetagVVP NAMEspeci�esthatthestringbeing
passedasthird argumentof the SetProperty() methodshouldbe usedfor the
text labelof theplugin in theGUI.

Othernon-GUIpropertiesarealsosetwith this method.For example,we specify
whetherthis �lter is capableof performingin-placeprocessingor not, whetherit
allows to processdatain pieces(streaming)or not.We alsoprovide anestimation
of the memoryconsumptionthat will result from the executionof the �lter . This
last informationis providedin theform of anestimationof numberof bytesto be
usedperpixel of the input dataset.Memoryconsumptionestimationis of funda-
mentalimportancefor thesuccessfulcouplingbetweenVolView andtheplugin.
VolView will usethis factorfor makingsurethethatsystemhasenoughmemory
for completingtheprocessingof theplugin. Notethat this estimationis not based
on thesizeof the�nal datasetproducedasoutputbut on thetotalamountof mem-
ory requiredfor intermediateprocessing.In otherwords,it shouldprovidethepeak
of memoryconsumptionduring the plugin execution.The initialization function,
in this casevvITKGradientM agnit udeI ni t( ) , will becalledonly onceduring
thestart-upprocessof VolView .

3.3 TheProcessDatafunction

ThefunctionProcessData() is theonethatactuallyperformsthecomputations
on thedata.Thesignatureof this functionis

13



static int ProcessData(void *inf, vtkVVProcessDataStruct *pds)

wherethe�rst argumentis actuallyapointerto avtkVVPluginInfo structureand
canbedowncastedto it by doing

vtkVVPluginInfo *info = (vtkVVPluginInfo *)inf;

The secondargumentto ProcessData() is the vtkVVProcessDa taS tr uc t .
Thisstructurescarriestheinformationonthedatasetto beprocessed,includingthe
actualbufferof pixel data,thenumberof pixelsalongeachdimensionsin space,the
pixel spacingandthepixel typeamongothers.Of particularinterestin thisstructure
arethemembersinData thatis apointerto thedatabuffer of theinputdataset,and
the outData that is a pointerto theoutputdatasetbuffer. TheProcessData()
function is expectedto extract the datafrom the inData pointer, processit and
storethe�nal resultsin theoutData buffer.

Thetypical startingcodeof this functioninvolvesextractingthemetainformation
aboutthe dataset.The following codeshows for example,how to extract the di-
mensionsandspacingof the datasetfrom the vtkVVProcessDa ta St ruc t and
vtkVVPluginInfo structures.

SizeType size;
IndexType start;

double origin[3];
double spacing[3];

size[0] = info->InputVolumeDimensions[0];
size[1] = info->InputVolumeDimensions[1];
size[2] = pds->NumberOfSlicesToProcess;

for(unsigned int i=0; i<3; i++)
{
origin[i] = info->InputVolumeOrigin[i];
spacing[i] = info->InputVolumeSpacing[i];
start[i] = 0;
}

Using this information,the imagedatacanbe importedinto an ITK imageusing
the itkImportImage Fi lte r .

RegionType region;

region.SetIndex( start );
region.SetSize( size );

m_ImportFilter->SetSpacing( spacing );
m_ImportFilter->SetOrigin( origin );
m_ImportFilter->SetRegion( region );

m_ImportFilter->SetImportPointer( pds->inData, totalNumberOfPixels, false );

Theoutputof theimport�lter is thenconnectedastheinputof theITK datapipeline
andthepipelineexecutioncanbetriggeredby calling Update() on thelast�lter .

m_FilterA->SetInput( m_ImportFilter->GetOutput() );

14



m_FilterB->SetInput( m_FilterA->GetOutput() );
m_FilterC->SetInput( m_FilterB->GetOutput() );
m_FilterD->SetInput( m_FilterC->GetOutput() );

m_FilterD->Update();

Finally theoutputdatacanbecopiedinto thepointerprovidedby VolView . This
is typically doneusinganITK imageiteratorthatwill visit all thepixels.

outputImage = m_Filter->GetOutput();

typedef itk::ImageRegionConstIterator< OutputImageType > OutputIteratorType;

OutputIteratorType ot( outputImage, outputImage->GetBufferedRegion() );

OutputPixelType * outData = static_cast< OutputPixelType * >( pds->outData );

ot.GoToBegin();
while( !ot.IsAtEnd() )

{
*outData = ot.Get();
++ot;
++outData;
}

Whenmemoryconsumptionis critical, it is moreconvenientto actuallyconnect
the outputmemorybuffer provided by VolView to the output imageof the last
�lter in theITK pipeline.Thiscanbedoneby invoking thefollowing linesof code
beforeexecutingthepipeline.

m_FilterD->GetOutput()->SetRegions(region);
m_FilterD->GetOutput()->GetPixelContainer()-> SetImpo rtPoin ter(

static_cast< OutputPixelType * >( pds->outData ),
totalNumberOfPixels, false);

m_Filter->GetOutput()->Allocate( );

Thecurrentdistribution of ITK providessupportfor not having to write this same
codefor eachnew plugin. A templatedclassis availablefor providing thesebasic
services.New pluginsonly needto de�ne their own ITK pipelinesandinvoke the
methodsof thebaseclassin theappropriateorder.

3.4 RefreshingtheGUI

Given that the executionof most imageprocessingalgorithmstake considerable
timeon3D datasets,it is importantto providesomefeedbackto theuserasto how
theprocessingis progressing.Thisalsogivesachanceto theuserfor cancellingthe
operationif theexpectedtotal executiontime is excessively long.

Thisnoti�cation canbedonefromtheProcessData() bycallingtheUpdateProgress()
methodof thevtkVVPluginInfo structure.

float progress = 0.5; // 50% progress
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info->UpdateProgress( info, progress, "half data set processed");

This functionwill updatetheprogressbaronVolView 'sGUI andwill setthelast
string asa messagein the statusbar. Thereis a balanceto be found concerning
the frequency with which this functionshouldbe invoked.If invokedtoo often, it
will negatively impacttheperformanceof theplugin sincea considerableamount
of time will bespentin GUI refreshing.If not calledoftenenough,it will produce
the impressionthat theprocessingis failing andtheapplicationis not responding
to theusercommandsanymore.

This concludesour descriptionof the integrationbetweenITK andVolView in
the form of plugins.Although a goodnumberof detailshave beenomittedhere,
this descriptionshouldprovide a goodstartingpoint for guidingdevelopersin the
processof writing new plugins.You arealwaysencouragedto postany questions
to the ITK users-listwherewe anticipatethat the topic of VolView pluginswill
becomeacommonsubject.

4 Plugins Avaliable

Thefollowing list detailstheITK pluginsthatareavailableat thetime of submis-
sionof thisdocument2 . Themodularityof thepluginsfacilitatesthegrowth of the
numberof pluginsbecauseanybodycanwrite new pluginsandmake themavail-
ableto thepublic.Theentriesin this list specifyif they arebuild usingcomponents
from theVisualizationToolkit (VTK), theInsightToolkit (ITK) or they arewritten
in plainC. It is entirelypossibleto combineITK andVTK componentsin thesame
plugin. The groupingof plugins in the list below is alsore�ected in the GUI by
settingthemin menusandsubmenus.

� NoiseSuppression
� Gaussiansmooth(VTK)
� MedianFilter (VTK)
� MedianFilter (ITK)
� Dilate Filter (ITK)
� ErodeFilter (ITK)
� CurvatureFlow Filter (ITK)
� CurvatureAnisotropicDiffusionFilter (ITK)
� GradientAnisotropicDiffusionFilter (ITK)

� SegmentationModels
� Deformablemodel(ITK)

� EdgeDetection

2 Weanticipatethatthis list will grow rapidly in thetimefollowing thereleasesof ITK 1.4
andthefreeversionof VolView .
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� Canny edgedetection(ITK)
� Utility

� GradientMagnitude(VTK)
� GradientMagnitude(ITK)
� GradientMagnitudeIIR (ITK)
� Crop(C)
� Threshold(C)
� MergeVolumes(C)
� Boundary(C)
� ComponentArithmetic (C)

� Level SetsSegmentation
� GeodesicActiveContourFilter (ITK)
� GeodesicActiveContourModule(ITK)
� WatershedModule(ITK)
� ShapeDetectionModule(ITK)
� FastMarchingFilter (ITK)
� FastMarchingModule(ITK)
� Canny SegmentationLevel SetModule(ITK)

� RegionGrowing Segmentation
� Con�denceConnected(ITK)
� IsolatedConnected(ITK)
� ConnectedThreshold(ITK)
� RGB Con�denceConnected(ITK)

� IntensityTransformations
� Sigmoid(ITK)
� IntensityWindowing (ITK)

� SurfaceGeneration
� Iso-surface(VTK)
� Anti-Alias (ITK)

The termModuleis usedin this list to indicatethecasesin which pre-processing
andpost-processing�lters werepackagedin singlepluginwith theaimof providing
aself-containedspeci�c functionality.

5 Application to Abdominal Aortic Aneurysm Segmentation

Thecapabilitiesof ITK pluginsfor solvingrealscalemedicalimageproblemsare
demonstratedin this sectionin an applicationto the segmentationof Abdominal
Aortic Aneurysms(AAA) from CT scans.Thedatafor this experimentswaspro-
vided by SINTEF, Unimed,Norway. The segmentationprocedurewasdeveloped
in a collaborationbetweenKitwareandSINTEF.

AAAs areachronicdegenerativediseasewith life-threateningimplications.While
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Fig. 8. Visualizationof a typical AAA CT datascanin VolView . Theaortais enhanced
with theuseof acontrastagent.Theimageontheupper-right illustratesavolumerendering
of the aorta.The kidneys are visible on the upperpart of this volume rendering,while
thespineis visible behindtheaorta.The imageson the left aresucessive slicesalongthe
inferior-superioraxis.The imageon the lower-right illustratesan obliquereslicingof the
data.Theplaneusedfor reslicingis presentedwith greenspheresontheupper-right image.

AAAs arethoughtto arisethrougha localizedform of arterialwall injury super-
imposedon variouspredisposingfactors,their naturalhistoryis oneof progressive
structuraldeterioration,gradualexpansion,andeventualrupture.Pathologicpro-
cessescontributing to the changesobserved in AAAs includechronic in�amma-
tion, destructive remodelingof theextracellularmatrix, anddepletionof vascular
smoothmusclecells.Thesechangesresultin progressiveaorticdilatationaccompa-
niedby alterationsin vesselgeometry, redistributionof hemodynamicwall stresses,
anddiminishedtensilestrength(Steinmetzetal., 2003).

A commontreatmentfor AAA consiston the insertionof a vasculargraft that
createsa barrier betweenthe blood �o w and the weakenedvascularwall of the
aneurysms.Imagingthepatientbeforeandafter thegraft insertionis fundamental
for controlingtheef�cacy of theprocedure.Theimagesconsideredherecorrespond
to CT scansacquiredafterthegraft hasbeenimplanted.Figure8 showsa CT scan
of theabdominalregion.Thenetwork-likestructureof thegraft is visible onslices
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Fig. 9. Resultsof thesegmentationof AAA data.Theupper-right imagepresentsacombi-
nationof volumerenderingandpolygonalrendering.Theregionsin redcorrespondto the
volumerenderingof theoriginalCT data.Thepolygonaldatais thesurfaceof thesegmen-
tationobtainedwith ITK plugins.Thethreeimageson thebottomshow thesuperposition
of the segmentationboundaryon top of the original data.The boundarywidth hasbeen
increasedin orderto enhanceits visibility.

on thebottomof the�gure.

The aortaandthe aneurysmweresegmentedusingexclusively a sequenceof op-
erationscombiningITK pluginsandVolView native plugins.We anticipatethat
theentireprocedurewill berewrittenasaveryspecializedplugin in whichmostof
the �lter parameterswill bepre-de�nedto valuestailoredfor this particularmed-
ical applicationandonly the remainingrelevant free parameterswill be exposed
to theuser. This is indeedanexampleof how thepluginscanbeusedfor rapidly
prototypingan imageanalysisapplicationandthenproceedto a fully customized
implementation.

Figure10 illustratestheprocedurefor segmentingtheaortaandtheaneurysmpre-
sentedin Figure9. Detailson the operationsperformedin this procedurearepe-
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Fig. 10. Procedureusedfor segmentingthe abdominalaortaandthe aneurysmfrom CT
scandatasetusingITK plugins.

sentedbelow.

Crop region of interest. The original datasetcovereda large region aroundthe
aortaandthe aneurysm.In orderto speedup computationsthis original datawas
cropped.A region of interestwasselectedusingtheinteractivecroppingoptionin
VolView andthenexecutingtheCropplugin in theUtility group.Figure8 shows
a renderingof thedatasetafterthecroppingoperation.

Smoothingwith Gradient Anistr opic Difussion.Theoriginal CT datahasa sig-
ni�cant amountof texture that canbe classi�ed asnoise.Sincethe segmentation
methodsto be usedin the following stepsrely on the homogeneityof the image,
it is desirableto attenuatethenoisepresentin theimage.TheGradientanisotropic
diffusion�lter implementedin ITK performsedge-preservingsmoothing.Thistype
of �ltering is decribedin (PeronaandMalik, 1990;Whitaker andXue,2001).The
advantageof this smoothingis that noiseis attenuatedin homogeneousregions
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withoutsigni�cantly degradingtheedgesof anatomicalstructures.Theparameters
usedfor this imagewere:Iterations=5,Conductance=3.0,TimeStep=0.05.

Manual selectionof seedpoints in the Aorta UsingtheMarkers menuinterface
de�ned in VolView we selecteda numberof seedpointsalongthe medial line
of the Aorta, including the bifurcationon the inferior region. Approximately15
seedpointswereselectedfor thissegmentation.Pluginshaveaccessto theinternal
VolView datastructureusedfor representing3D markers.Somesegmentation
�lters usethemarkersasseedpoints.This is thecasefor bothof thesegmentation
�lters usedhere,the region growing methodCon�denceConnectedandthe level
setmethodFastMarching.

Con�dence ConnectedRegion Growing �lter . This ITK plugin was executed
using as input the imagesmoothedwith anisotropicdiffusion and a set of seed
points(3D markers)placedalongthemedialline of theaorta.Thealgorithmuses
theseedpointsto initialize aregiongrowing processin which theinclusionof new
pixelsontheregionis regulatedby thestatisticalcharacteristicsof thegraylevelsin
theregion.Thefollowingparameterswereselectedfor runningthisplugin:Number
of iterations=2,Variancemultiplier=1.5,Initial neighborhood=2.

Median Filter Thebinary imageresultingfrom the region growing segmentation
hasabundantnoisein the boundariesaswell asmultiple small internalholes.In
order to smoothit while still having a binary image,the Median �ltering plugin
was used.When a median�lter is appliedon a binary imageit behaves like a
majorityvotingcellularautomataandits effectsaresimilar to acurvatureweighted
front propagation(Wolfram, 1994).Thus,it canbeusedfor fusingstructuresand
removing smalldetails.

Manual selectionof seedpoints in the Aneurysm Given that in this dataseta
graft stenthasalreadybeenimplantedin thepatient,blood�o w is minimumin the
region betweentheaneurysmwall andthegraft.Thereforethecontrastagentdoes
not penetratethis region andthe intensitylevel underCT is lower thantheoneof
theblood �o wing in theaorta.Thesegmentationof theaneurysmshouldbedone
independentlyof the segmentationof theaortadueto the large differencein they
intensitydistributions.A level setmethodis usedhereto segmenttheAneurysm.
This level setmethodrequiresthede�nition of an initial setof seedpoints.Using
the Markers menuinterfacede�ned in VolView we selecteda numberof seed
points in the region betweenthe aneurysmwall andthe graft. Approximately10
seedpointswereselectedfor this segmentation.

FastMar ching Level Set. Thefastmarchinglevel setmethodis describedin Adal-
steinssonandSethian(1995)andSethian(1996).It wasselectedfor performing
the segmentationof the aneurysmbecauseit hasvery low computationaltimes.
The �lter wasrun with parameters:Maximumvalue80, Lower basin=0.1,Lower
boundary=20.0,Sigma=1.0.This segmentationmethodwasappliedusingtheFast
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Marching Moduleplugin, which providesthe necessarypre-processingandpost-
processingfor this �lter . As partof thepre-processing,theimageis smoothedwith
aGaussiankernel,its gradientmagnitudeis computed,andits intensityis reversed
usinga Sigmoid�lter . Thetime-crossingmapproducedby thefastmarching�lter
is post-processedusingsimpleintensitywindow in ordertoproducehighintensities
insidethesegmentedobjectandlower intensitieselsewhere.Thesegmentationof
theaneurysmis very underestimatedon theregionsof high curvature.This defect
is correctedafterfusingthis segmentationwith theoneof theaorta.

Maximum Intensity. Theresultof theAortasegmentationandtheAneurysmseg-
mentationwerefusedtogetherusinga Max �lter . This �lter computesthe output
pixels as the maximumvalueof the homologouspixels in the two input images.
Theresultin this caseis a single-componentdatasetcombiningthesegmentation
of theaortaandtheaneurysm.In termsof Fuzzylogic, thiscanbeseenasanAND
operation.

GeodesicActiveContours level set.After bothsegmentationhavebeencombined,
they needto beblendedtogether. This canbedoneby generatinga level setfrom
thesegmentationandmakingit evolveusingthegeodesicactivecontouralgorithm.
Thisalgorithmallowsto de�ne aweightingfor thecurvaturetermon thecomputa-
tion of thefront propagationspeed,aswell asanadvectiontermbasedon a vector
�eld (Sethian,1996).In theITK implementation,thevector�eld is computedusing
thegradientof thegradientmagnitude.Thisvector�eld pointsalwaysto theedges
of theinput image.Thismodulewasexecuteddonewith a curvaturescaling= 4.0,
iterations=400andmaximumRMSerror= 0.01.

ThresholdingTheresultingLevel setis thresholdedin orderto producea binary
imagerepresentingthezeroset.

Median Filter Threeiterationsof Median�lter areappliedwith kernelsize5x5x5
in ordertosmoothandfusethetwostructures.By controlingthenumberof iteration
thatthis �lter is run,we cancontrolhow muchsmoothingandfusionis performed
in theimage.

The binary datasetresultingfrom this medial �lter is presentedhereasthe �nal
segmentationof theaortaplusaneurysmsystem.

Figure8 presentsa visualizationof thecroppedAAA CT scanusedasinput to the
segmentationprocess.The region of interesthasbeenreducedto the abdominal
sectionbetweenthekineysandthehip. Figure9 presentsthesamedatasetwith the
overlayof thesegmentationobtainedwith ITK plugins.

In orderto supportevaluationof segmentationandregistrationdataVolView al-
lows to mergetwo or moredatasetsinto asingledatasetof multiple-components.
With this mechanismit is possibleto simultaneouslyvisualizetheresultsof a seg-
mentationmethodoverlayedon top of the original data,or visualizea registered
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imagesuperimposedto theimageusedasa reference.This multi-componentvisu-
alizationfeatureis exploitedin Figure9 in orderto presentthesegmentationof the
aortaandtheaneurysmsuperimposedto theoriginalCT scandataset.

6 Future Work

Futurework onVolView will befocusedon thefollowing aspects

Createsupportfor anopencommunity. Thiswill includeanopenrepositoryfor new
plugins.They wouldbemadeavailablein theformsof sourcecodeand/orcompiled
sharedlibraries.A commonrepositoryof Datawill becreatedfor providing basic
examplesof commonlyusedimagemodalities.A periodic,probablyweekly, event
will beorganizedin whichuserswill beabletosubmitmedicalimageproblemsand
thoseproblemswill bediscussedby membersif theITK andVTK communities.

Provide tutorialsfor creatingnew plugins

Createpluginsfor imageregistration.Currentpluginsarefocusedonsegmentation.

Developpluginsascommercialproducts

Extendthe remotecollaborationcapabilitiesof VolView. In particularthe option
of broadcastingwill beadded.Currentlyonly peer-to-peercommunicationis sup-
ported.Supportfor chatexchangewill alsobeadded.
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