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1 Obijectives

1.1 Why Open Source Medical Image Analysis (OSMIA)?

Imageanalysisis now anestablishedndinvaluablefield of medicaltechnology Advancesn magnetiacesonanceabsorbsion
andemissiontomographiesndultrasoundmaging have transformedmary areasof medicaldiagnosisandtreatment.Today
medicalimagingis a multi-billion dollar world wide businesswith someof the worlds largestcompaniegGeneralElectric,
Siemensand Philips) gaining substantiatevenuefrom salesof scannemandsupportingservices.A recentstudyof computed
tomography(CT) salesshovedthatin 1997 approximately3,300scannersveresold world-wide with a revenuerepresenting
1.5Billion US dollars. The quantitiesof imagedatabecomingavailablefor diagnosisalreadyexceedwhatrealisticallycanbe
interpretedoy a clinician. Developingtechniquego analysesucha wealthof imagedataandpresentlinicianswith the most
usefuldiagnostiaesultsrequiresa concerteceffort by theinternationatcommunityof medicalimageanalysts.

Thedevelopmenbf medicalimagingsoftwarefor leadingedgeclinical researchis almostexclusively acommerciakende&our,
resultingin proprietarycodewhich hasalow visibility (restrictedaccesso sourcecode).Thisis inhibits disseminatioranddu-
plicationof experimentakesults which arethevery cornerstonesf scientificresearchFailing to understandhe consequences
of usingalternatve packageprohibitscomparatie evaluationof results.Fortunatelyin afield suchasmedicalimageanalysis
the entireexperimentalapparatuss encapsulatedithin the softwareanddata. Thus,the free distribution of codewould give
otherresearcherthe opportunityto recreateexperimentsandevaluatetechniquesinderfair circumstancedJn-hinderedavail-
ability would alsopromotethe useof a consistenervironmentwithin which researchersould benefitfrom andcontributeto,
thework of others.Opensourcesoftwaredevelopmentandcommunitybasednteractionareconceptahich resonatevith the
idealsof scientificresearch.

A lot of researclis conductedvith shortor mediumtermobjectives(3 years).All too oftenpracticalresultsarelostbecauséhe
expertiseis not retained(suchasPh.D.students)r cannotbe utilised by othersin smalleror isolateduniversity departments.
The potentialfor commercialdevelopmentof techniquediasa very smallwindow of opportunityeventhoughthe approaches
themselesmay representhe stateof the art for mary years.Encapsulatinghe work of individual projectsin a widely used,
openernvironmentwould greatlyimprove the robustnes®of suchprojectwork by virtue of a supportcommunity Researchers
utilising sucha resourcewould have a greaterchanceof increasingthe longevity of their work beyond the lifetime of the
funding. This would alsofacilitate the co-operatie achiavementof long term objectives despitethe transientnatureof the
fundingandpersonnel.

If the rate at which researchtechniqueshecomeavailable to clinical groupsis to improve thenthe barrierswhich inhibit
commercialexploitation of researchtechnologiesneedto be removed. Freelydistributing researchsoftware undera public
license within acommonervironment,would ensurethatthework of contributorsenjoys the greatespossibleexposureto the
widestof audiences.This would enablecommercialorganisationgo review and evaluatesuchtechniquesnorerapidly and
efficiently felping to overcomethe corventionalobstaclesn commercialup-take of new technologies.

A recentarticle in the British Medical Journal(BMJ 2000;321:976)y an associateeditor highlightedmary of the benefits
of employing the opensourcemodelin medicalsoftware. The high visibility of opensourcesoftwarebeingpraisedin terms
of improving medicalknowledge(fewer softwaresecretsapndalsoin reducingcostsby ensuringthatthe systemsdnstalledin
clinical environmentscancontinueto be developedregardlesof the supportingcompary.

1.2 Thetask

Theaim of this projectto provide anopensourcesoftwaredevelopmenervironmentfor medicalimageanalysigesearchwhich
facilitatesthe free and openexchangeof ideasandtechniquegdissemination)ith a minimum of effort. An infrastructure
within whichlongtermresearclobjectvescanbeachieved,co-operatiely viaincrementaktagesMechanismsvill existwhich
enableclinical endusergnon-developers}o accesshesestate-of-the-artechniquest early stagesusinginterfacesappropriate
to their level of expertise. Thesemechanismsvill alsoprovide commerciallyinterestegartieswith the opportunityto rapidly
assesshe potentialof researchiechnologiegor customintegrationinto applicationswithout the needto re-implement.This
representaco-operatve modelfor opensourceandcommercialdeveloperdo collaboratevithoutrestrictingeithercommunity

1.3 Background

Medical image analysissoftware may be broadly categorisedas either a solution or an environment. Solutionsfocus on
deliveringarelatively completepackagdargetedat enablingthe userto tackleparticularanalysisasks oftenproviding arange
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of supportingtools (integrationinto patientdatabasessupportfor commonfile formats,online help, etc) but with a specific
(limited) setof analysigechniquesln comparisonenvironmentsaretypically lessfunctionalasstandardinsteadthey provide
alanguagendsetof toolswith whichtheuseris expectedo developapplicationghemseles.Althoughthisencourageawide
variety of applicationgo arise,they rarelyform a coherensuiteandusuallyrequirefamiliarity with the processesf software
developmentn orderto beused.

In the past15 yearsTINA (an existing medicalimage analysisenvironment describedater in section3) hasbeenused,
developedandcontributedto by over 50 developersat several siteswithin the UK. It hasprovidedthe softwarebasisto mary
fundedresearciprojectsmostrecentlyon NOVICE (EP26342)|ERAPSI(IST-1999-12175andtheUK nationald siteMedical
ResearclCouncilmultidisciplinarylRC project. Thealgorithmswithin TINA have formedthebasisof over200peerreviewed
publications.All this work hasbeenachievedat just a few institutionsaround50 developers.With the supportof this project
this consortiumexpectsthe full potentialof an opensourceapproacho researcho benefitthe entirecommunity potentially
thousand®f developersandfor themto benefitit.

It is importantto identify the categyoriesof individualswho will benefitfrom this work. Table1l summariesroadlyhow the
differentcategoriesof userrelateto the software typesdescribedearlierand how this enableaus to identify membersof the
opensourcecommunity groupandof the commercial group (someindividualsmay fall into both). The Contrib ution field
shavshow thatcategory of userutilisesthatclassof software,oftenasbotha userandasupplier(thedominantmethodis given
first).

Category Softwaretype Classof Software Contrib ution
Academicdeveloper Environment OpenSource Supplier/User
Hospitaldeveloper Environment/Solution| OpenSource/Commercial User/Supplier
Commerciaddeveloper | Solution Commercial Supplier
Academicclinical Environment/Solution| OpenSource/Commercial User
Hospitalclinical Solution Commercial User

Tablel: Usercategoriesfor medicalimagesoftwaredevelopment

1.4 The projectaims

Using TINA asabasistheconsortiumaimsto establisStOSMIA astheervironmentof choicefor researchermto medicalimage
analysis.This will bedonein away which facilitatesthe greaterup-take of researchalgorithmsby commercialorganisations
whilst allowing eachareaof work, researclandbusinessto continueworking in its currentmodel.

Thecurrentdistribution of TINA doesnot have someof theimportantattributesexpectedof opensourcesoftware.In particular
it lacksfeaturessuchasauto-configurationrepositoryservicesfor distribution andcontribution, automatedestschemesand
completedocumentation.This consortiumwill addresgheseissuesin orderto increasethe easeof adoption,to attractthe
largestpossiblenumberof usersto OSMIA. Specificallyit shall;

e Setupa centralisecaccesgpoint for sourcecodedistribution and contritution, supportinga numberof accessprotocols
including HTTPR, FTR CVS and RSYNC. ISBE will alsoreducethe manualconfigurationneedsof the softwareto a
minimum, streamlinethe softwareinto a more efficient codebasend producea packagedlemonstrationsf particular
algorithms.

¢ Establisha communityframework for externaldevelopergo contrituteto thelibrariesand provide infrastructurglemail
lists, messagingystemsetc)to allow effective communication Also to maintainup to datedocumentatiomndsupport
material,suchasexampledatasets.

e PromoteanddisseminatéeOSMIA both electronically(indexing to varioussearchand catalogueweb sites)and at aca-
demicandindustrialconferencesndexhibitionsthroughoutEurope(suchasthe EuropearCongres®f Radiology).

To promotealgorithmswithin OSMIA to commercial organisationsthe partnersshall developa genericinterfacemechanism
whichwill allow accesdy third party applicationsandfacilitate datatransferbetweernthem. This work will be donein con-
junctionwith commerciapartnernVoxar, who will producea compatiblesystenfor their medicalimagevisualisationsoftware,
Plug n View 3D (PnV). Theseinterfaceswill enablePnV to becomea clinical front-endto functionality in an opensource
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researctervironment. Oncein place,this interfacemechanisnwill provide PnV userswith accesgo currentandfuture de-
velopmentsThe specification@ndcodefor the OSMIA interfacewill beintegratedasopensourceandwill thusbe available
to otherorganisationsvho wish to develop similar interfaces.Voxar will usethis mechanismo evaluateexisting algorithms
within TINA for full customintegrationinto their software. Further Voxarwill promotethe useof OSMIA asa development
ervironmentto appropriatecustomerdy includingdistributionswith specialrelease®f their software.

To ensurghattheprocedureadoptedareappropriatdor thewider communitytheacademigartnersattheVision Systemd ab,
Dublin City University (VSL) andthe ComputerScienceDept., University of WesternOntario (UoWO) will actasexample
community developers They will assesghe software,includingall aspectof thecommunityreleasesindertypical working
practices.This will involving integratingexisting softwarefrom the partners providing functionality currentlynot presentin
TINA. They will provide regularfeedbackvhichwill be usedto refinethe communityreleaseof the software.

The projectmanagemill alsoorganisea usergroupwith both participantsandrepresentatiesfrom otheralgorithmicdevel-
opers,clinical endusersand manuficturersof other software systems. This usergroupwill assistin reviewing documents
andadvicein establishinghe specificsof the OSMIA opensourcelicense. It will alsoassistin establishinghe non-ecclusive
licensemechanismgor algorithmsidentified as potentially useful,ensuringthey canbe exploited at reasonabl&ostwithout
lossto the opensourcedistribution. Ultimately this usergroupwill form the basisof the OSMIA opensourcecommunity

Thetablebelonv summariseghe objectivesof this projecttogethemwith the criteriafor assessingachobjective.

Obijective AssessmenCriteria
- Opensourcereleaseof OSMIA basedn TINA Delivery of distribution

- PromoteOSMIA asa platformfor medicalimageanalysis Numbersof enquiries

- Demonstrateéesearchuseof OSMIA Outputfrom communityevaluationprojects
- Demonstrateommerciauseof OSMIA Increasedalesof PnV
- Establishdevelopercommunity Numberof developers
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2 Contribution to Key Action Objectives

Thestratayic objective of theIST programmeas to realisethe benefitsof an information societyfor Europeboth by acceler
ating its emergenceand by ensuring that the needsof individuals and enterprisesare met. This projectdirectly addresses
this objective by supportingan environmentwithin which new medicalimageanalysisresearchechniquesanbe developed
co-operatiely. It providesnew accessoutesinto suchtechniquesllowing morerapid andefficient commercialexploitation
andclinical exposure.

The work in this proposalclearly constitutesa trial by enhancingthe effectsof RTD work. In factit achievesthis at two
levels. Firstly, it supportghedevelopmenbf anenvironmentfor algorithmicresearctwhichimprovesthe potentialfor take-up
by commercialorganisation®f currentandfuture RTD work. Secondlythe mechanismsisedin this projectrepresena trial
of amoregenericmodelof opensource/proprietarpartnershipsvhich maybeapplicableto otherareasf business.

TINA is a proventechnologyin thefield of machinevision andmedicalimageanalysisandalreadyprovidesextensve func-
tionality for medicalimageanalysisresearchHowever, until now it hasbeenunderutilised within the field dueto thelimited
resourceswvailablefor infrastructuredevelopment. The quality of the algorithmswhich alreadyexist shouldencouragether
developerdn thecommunitygroupto work with, andcontributeto its continuingsuccessFundingthis proposabwill enableus
to establishOSMIA asthe open source medical image analysispackage anareawhich is poorly senedin the opensource
softwarecommunity Oncethis projectis completedhe hundredof othermedicalimageanalysisresearctgroupsthroughout
Europewill have continuing,sharedaccesgo this premieredevelopmentervironment. This directly addressethe primary
objective of this actionline, fostering in Europedevelopmentof a much neededfr eesoftware environment.

This proposaimainlytargetsthe Trials of fr eesoftware developmentfocusin particlarthefieldsof co-operativeinformation
production and sharing andusability. A consistentlevelopmentframawork facilitatesthe co-operative working of research
groups,throughoutEuropeand the rest of the world, which is becomingvital in performinglarger scaletrials of medical
imaging techniquespften involving several remotesites. Unifying a dispersedarray of community developerswithin one
ervironmentenableghe softwareto acquirea critical masswhichis easierto supportandto facilitatefor. Thisis importantin
opensourcesoftwareandcritical in researchywherethe communityis asimportantasthe code. A commonernvironmentalso
supportghe disseminationof scientific resultsin a practicalfashionwhich complementshetraditionalpublicationmethod.

Providing aninterfacewhich enableghe often complex imageanalysisalgorithmsto be drivenfrom a familiar systemgreatly
improvesusability andbroadenshebaseof potentialusers.In turnthiswill enablehoseacademiclinical andhospitalclinical,
who do not have the supportof algorithmicdevelopersto gainaccesdo state-of-the-aralgorithmsearlierin developmentand
to work in areasotherwiseoutsidetheir availability. This improvesopportunitiesfor co-operative information production
and sharing in wayswhich allows largerandmorevariedgroupsof clinical usersto participate.

Theopeninterfacemechanisnwill permitcommerciabrganisationsnvolvedin medicalimageanalysissoftwaredevelopment
to evaluatea broaderrangeof algorithmsmorerapidly thanwould otherwisebe possible.This would be of particularbenefitto
SME's(of whichtherearemary in thisfield) for whomspeculatie marketanalysids oftenaprohibitively expensiveende&our.
The ability to acquire'alpha quality’ examplesof software freely would enablecompaniegdo asses®itherthemselesor in
collaborationwith customergwho alsohave accesgo the software)which algorithmsareworth focusingdevelopmenbon. The
combinationof freely availableresearctsoftwaredrivenfrom commerciallyestablishedront-endsshouldwidenthe appealof
bothplatforms;commercialandopensourcemethodsworking synenpistically.

Commerciakxploitationof algorithmswould be achievedunderlicensesvhich do notaffecttheopensourcenatureof OSMIA
(northelossof algorithms).Thiswould provide revenueto the contributorswhowould bein apositionto negotiatedevelopment
as external contractorsor act as consultantsn the processof recoding. In this way developmentwithin OSMIA becomes
a promotionaltool, presentingthe techniquesdevelopedby researchgroups. Successn this would, in turn, attractothers
developers.

In summaryby establishingd SMIA astheopensourcemedicalimageanalysienvironmentthe Commissiorwould bemaking
available a Europeanbasedsupport sewice for medical image reseach fr eesoftware projects within oneervironment,
whichfulfils thesecondbjective of this actionline.
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3 Innovation

3.1 Statusof the technology

Developmentof TINA? [http://wwwtina-vision.net]beganin 1986 at the Artificial IntelligenceVision ResearctUnit at the
University of Shefield, UK. Developmentcontinuestoday at the Division of Imaging Scienceand BiomedicalEngineering
(ISBE) atthe Universityof ManchesterUK.

EssentiallyTINA is a collection of over 150K lines of ‘C’ code organisedinto libraries providing the facilities necessary
for developingimageanalysisalgorithms. Theseinclude; datastructuredor images,mathematicalstatisticaland geometric
constructshigherlevel vision primitives;functionsto read/writedatain mary formats;GUI for building ‘tools’ usedto operate
algorithmsanddisplay modify andanalysedata;an extensive arrayof imageprocessingnumericalandstatisticaloperations,
including a rangeof familiar aswell asmary novel patternrecognitionand dataanalysistechniquessolutionsto low-level
(featureextraction, primitive fitting) andhigh-level (objectrecognition,depthestimation)vision problems.In the last4 years
TINA hasbeendevelopedatISBE, aninterdisciplinarys* rated(highestesearchatingin UK) universityresearclyroup,where
it hasbeenusedto tacklemary problemsn medicalimaging,particularlyin magnetiacesonancémaging(MRI). Functionality
hasbeenintroducedo supporthiswork atboththelow-level, suchasfile readerandwritersfor populamedicalimageformats
suchasDICOM andANALYZE, andat the higherlevel including; automatedigid bodyvolumeco-regyistrationtogetherwith
fastreslice;fMRI BOLD signalanalysiswith motion artifactanalysis;singleand multi-spectraltissuesegmentation;arterial
bloodflow, tissueperfusionandpermeabilityanalysis;semi-automatebrain structuresggmentation.

TINA is currently provided as opensourceunderthe lessefGPL license. It is known to work on several UNIX platforms
including Solarisand Linux usingeitherthe Xview or Motif (Lesstif 1.2) GUI toolkits. The codeis currentlydistributedas
shapshotsf theSBE directorytreecapturedrregularly. Documentatioris providedin theform of 3 postscripimanualsvhich
provide usersupport(how to drive someof the toolsto do usefulwork), the programmerguide andthe algorithmsguide (a
collectionof papers).

Plug N View 3D (PnV) is a high performancemedicalimage visualisationpackagewhich runs on desktopPC hardware.
Originally releasedn January2000PnV hasgainedinternationakecognitionfor bothtechnicalsuperiority(quality andspeed
of rendering)and costeffectivenesgequiringonly a standard®C (asopposedo a dedicatedvorkstation). PnV providesfull
DICOM supportincludingretrieval andtransmissiorio standarchospitalpatientaccessystems2D multi-planarreformatted
views of volumedata;3D iso-surficeandvolumerenderingof datawith presemappingdor analysissuchascolonicscreening;
supportingunctionsfor radiologicalreportcreation.In thelastfinancialyearVoxarsalesof Plugn View 3D reached..5million
dollars.Projectiongor thecomingfinancialyearare4.5million dollars.

Neat\Msion [http://wwwneatvision.com/is a Javabasedmageanalysisandsoftwaredevelopmenernvironment.Developedby
the Vision Systemd_ab. at the Dublin City Universityit providesover 200imageandgeneraldataprocessinglgorithmsin a
visualprogrammingervironment.lt is primarily intendedasa resourcdor constructingsystemsolutionsfrom setsof existing
analysiscomponents.thuswould greatly benefitfrom the inclusion of OSMIA functionality, augmentinghis resourcewith
mary new advancedfunctionsspecificallythe medicalimageanalysistechniquesdescribedearlier NeatMsion is currently
providedassharavare.

3.2 Competition

Theernvironmentsvhich couldberegardedasbeingin competitionwith this projectfall into two categories.Full environments
which defineboth a languageand the functionality available to the userandlibraries which augmentan existing operating
systemandcompilersetup.

Theclassidull ervironmentexampleis Matlab[http://wwwmathworks.com]Somemedicalimagesoftwarehasbeenproduced
using Matlab, a good examplebeing SPM [http://wwwfil.ion.bpmfac.uk/spm/spm99.htmd] systemdesignedor functional
neuro-imageanalysis. IDL [http://wwwrsinc.com]is anotherenvironmentwhich is often usedin medicalimage analysis.
Both arecommercialpackagesCostasidethis introducesa dependencen a commercialsystemwhich is subjectto business
demandsj.e. modificationsnot necessarilydriven by technicalmerit. Thereare freeware/opensourcealternatvessuchas
Octave [http://www.octaveorg] an ervironment‘mostly compatiblewith’ Matlab and R [http://www.r-project.og] an open
sourcestatisticalanalysiservironmentsyntacticallyequivalentto S [http://insightful.com] However, the useof a proprietary
languagegreatly restrictsthe direct commercialexploitation of algorithmsdemandinga completesoftware rewrite. Further
althoughcorvenientfor initial algorithmic developmentandtest, suchervironmentshinderdevelopment,particularlyasthe

1in amannersimilarto GNU, TINA expandsto TINA Is No Acrorym
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compleity of the systemincreasesFor instance by imposingsomedevelopmentimitation e.g. performanceor in failing to
supportimportantcoreor peripherahardware.

TINA is an exampleof a library ervironmentproviding a rangeof functionality to the programmer As suchit makes few

assumptionsf thesystem(‘C’ canberegardedasanalmostuniversalcomputedanguagepndimposesew limitationson how

theusermakesuseof the functionalityasthelibrary functionscanbe calledin virtually any programmindanguage Thereare
avarietyof librariesavailableto supportscientificdataprocessingomeof which have utility in medicalimageanalysis.These
include; handlingformatteddatainteraction(HDF [http://hdf.ncsa.uiuc.edu/]DICOM [http://www.offis.uni-oldeniorg.dd);

visualisation(PLPLOT [http://plplot.sourcefoge.net], VTK [http://wwwKkitware.com]); numericalandstatisticalanalysisrou-

tines(STATLIb [http:/lib.stat.cmu.edyNETLIib [http://www.netlib.org/]). However, theselibrariesprovide low-level support
to a specificareain amannemwhich hasbroadappeato arangeof disciplines.Much of TINA functionalityis atahigherlevel

thanis availableelsavhere,althoughtherearemary opportunitiefor TINA to work in conjuctionwith suchsystems.

The ImageUnderstandindenvironment(IUE) [http://wwwaai.com/AAI/IUE/IUE.htmljprojectspecificallyaimedto produce
a packagewhich would becomethe preffered ervironmentfor generalimageanalysisresearch.Unfortunately the lack of

practicallyusefulalgorithmsandthe poor integrationof IUE with othersystemgqothercommonlyusedsoftware) meantthe
projectwasunsuccessfullThelUE projectrecentlymutatednto apackagealledVXL [http://wwwrobots.ox.ac.uk/vxI{which

unfortunatelydoesnothingto addresshesedeficiencies Also by operatinga restrictedsourcepolicy (developeracceptances

required) VXL remainsa packagavhichthe majority of researcherwill be unable/unwillingto exploit. In comparisonTINA

hasevolvedwithin anongoingprogrammeof researctasa mechanisnto enhancgroductvity, underconstantassesmerand
modificationadaptingto the needsof the users.

An effort by Intel to introduceanopensourcdibrary of functionsfor computewision optimisedfor Intel deviceshasbeenmore
successfulhttp://wwwintel.com] The motivationhowever, is to supportthe developmenbf Intel devicesandso,althoughthe
codeis providedas‘C’ sourceit is optimizedfor this family of processors.More importantly the functionality within the
library is limited to a subsetof algorithmswhich Intel believe would provide useful componentdor the next generationof
Human-Computeinterfaces.Codewhich doesnot attendto Intel’s planis notintegratedinto the system(all optimisationis
doneby Intel employees).Thereareno provisionsfor medicalimageanalsysisalgorithms whatlittle genericfunctionaility is
providedis bettersenedby othermathematicahndstatisticafunctionlibraries(BLAS, LAPACK).

Analyze [http://www mayo.edu/birJa medicalimage analysisand visualisationsystemis the only packageknown to adopt
a similar approachto that proposedfor OSMIA. However, Analyzeis a commercialpackageandis usually provided as a

GUI driventoolkit. To develop Analyzerequiresacceptancef a submittedproposal,however this doesnot, undernormal
circumstancedncludeaccesgo original sourcecode. This is regardedasa severelimitation in termsof researctworthiness
asit doesnot promotethe understandingf algorithmsor the openexchangeof researchdeas. It alsoreduceghe numberof

contritutorsto a selectfew andthusfocuseghefunctionalcontenton specificareasn medicalimaging. Of moreconcerris the

way in which closedsourcerestrictsaccesgo the specificimplementatiordetailsof algorithms.As outlinedat the startof the

documentthelack of suchdetailscanleadresearchera/orking co-operatiely to form invalid assumptionsnakingsuchwork

difficult andpotentiallydangerousFinally Analyzedoesnot benefitfrom the diversity of machinevision andgenericpattern
recognitiontechniqueslreadypresenin TINA, mary of which have alreadybeenfound usefulin medicalimageanalysis.

3.3 Innovative aspects

Therearethreemajorinnovationswhich this projectpresents;

o A full opensourcereleasef OSMIA would providea unigue resouiceto the medicalimaging community, providing a
provenarrayof establishedndoriginal medicalimaging,machinevision andpatternrecognitionalgorithmsin aflexible
and consistentervironment. Further OSMIA will allow shortterm projectsto be developedin a framework which
sustainausefulalgorithmsbeyondthe lifetime of directedfunding. Suchan approachwill allow thelarger problemsin
medicalimagingto beaddresseth anincrementafashion.

e The third party software interfacewould facilitate rapid prototyping of commercial grade software dir ectly from
reseach implementations This givescommercialorganisationsaccesdo a wide rangeof researctsoftwarein one
situation,without the needto re-code greatlyreducingthe leadtime in clinical up-take. In turn this would allow less
technicallyableclinical usergo experienceandevaluateresearchiechniquesvithin thesettingof afamiliarervironment.

e Theapproacho beadoptedrovidesannovelinterface betweenopensourceand commercial software development
onethatdoesnot attemptto redefinehow eitherareperformed It will usethe OSMIA library mechanisnasa ‘scoop’ for
analysistechniquespresentinghemin a unified systemandchannellingthemtowardscommercialkexploitationandhas
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the potentialto returnfunding to opensourcecommunity This modelhasthe possibilityto work in otherareaswhere
opensourceandcommerciakolutionsco-exist.

3.4 Businesscases

Opensourcedevelopers

In this situationopensourcedevelopersof medicalimageanalysistechniquesan be regardedas both users and suppliers
(utilising or contrituting valueto OSMIA). To theuserOSMIA will increaseesearctproductiity by providing botha robust
infrastructureuponwhich new algorithmscanbe developedaswell asproviding accesgo a large resourceof pre-developed
techniquesThe opensourcenatureof OSMIA togethemwith themodularuseof a‘C’ library structurewill provide easyaccess
to softwarein a flexible manner This is obviously attractive to userswho canintegrate OSMIA into their currentworking
practicewithout large developmentoverhead.lt will alsobe of benefitto suppliersfor whomintegrationof codeis relatively
straightforward. Further opensourceallows the work of suppliersto be presentedo a wide audiencewhich is importantin
researclif ideasareto becomeadoptedby both peersandcommercialorganisations.

The addition of a third party software interface meansthat supplierscontributing code have the potentialfor their work to
be recognisedy organisationsot directly associatedavith the researclcommunity Many in researchhave constrainedheir
working practiseso asto appeatto companiesvho might exploit their work. Buffering theinteractionbetweerresearctand
commerciakxploitationwill allow developerso embracehe practiseof opensourcedevelopmentandthe freedomit brings,
whilst retainingthe potentialfor exploitation.

Commercial organisations

The role of commercialorganisationsuchasVoxar is oneof users (next personin the value chain)of OSMIA technology
Many of theanalysigoroblemsof interesto Voxarhave beensolvedby algorithmsalreadypresentn TINA andthey arekeento
exploit someof thesealgorithms.Developinga genericinterfaceschemewill allow ary algorithmto be evaluated pothcurrent
andfuture. This longertermview demonstratethe degreeof confidencethat Voxar have in OSMIA asanresearciplatform.
OSMIA will enableVoxarto collaboratewith academicand hospitaldevelopersand give thema competitive advantage. It
doesthis by providing Voxarwith early accesdo algorithmsin developmentallowing Voxarto demonstratéhesetechniques
to the clinical organisationsand generallybecominginvolved in shapingthe adoptionof new algorithms. Linking OSMIA
andPnV will help extendsalesof PnV into academianedicalfacilities by promotingPnV asa userfriendly front endto the
state-of-the-artechniqguesn OSMIA. Voxar have alreadyreceved interestfrom someof their clinical customergegarding
the opportunitiesfor developingtheir own codein PnV. Voxar ervisageOSMIA asone mechanisnwith which this could be
achieved. Although the potentialmarket for salesto suchclinical developersis projectedto bein the region of only 10’s of
units/yeampenetratingsucha marketwill help Voxarimprove the quality of their product.

Voxar understandhat as an opensourceresource the algorithmsin OSMIA will be freely available to anyone, including
their competitors.Despitethis, Voxarrecognisehe needto improve the quality of all clinical softwareandare confidentwith
OSMIA they canbe competitive in a moretechnicallyadvancedmarket.
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4 Project Workplan

4.1 Intr oduction

The objectivesof this projectare summarisedy the diagramsof figure 1. The diagramon the left of figure 1 demonstrates
the relationshipbetweenthe software ervironmentOSMIA andthe opensourceand commercialdevelopmentcommunities.
Thegoalis to establishtwo working mechanismsgachof which exposeSOSMIA functionalityin a mannerappropriatdo the
particularcommunity To the opensourcecommunityOSMIA is presentedia a sourcecoderepositoryservicethroughwhich
memberof the opensourcecommunitycangetaccessandcontributeto it. To commercialorganisation®©SMIA is accessed
throughansoftwareinterfacemechanismallowing algorithmswithin OSMIA to beexecuteddirectly from third party software.

Repository Reposi tory

Acadeni ¢

¢ > Devel oper — - .\
’ ' ! (NeatVision)
: Hospi t al
> Bevel oper -
: Uowo ;
i \ ’ . (Optical Flow);
Cormer ci al \ Academic Commer ci al .\ )
" dinical / — ;
Commer ci al / / /
Devel oper . B ) )
QJe‘HrSEurce Voxar | S
(Plug n View 3D) ! Qpen Source
Hospi t al ;
Cdinical

Figurel: Overview of softwarerelationshipgleft), overview of partnerrelationshipgright)

The diagramon the right of figure 1 describeshow eachof the projectpartnersrelatesto this objectve modelandidentifies
what softwarethey currentlyprovide which will be usedin this project. For several yearsISBE hasbeenproviding TINA as
anopensourceernvironmentfor imageanalysisresearchUntil now, however, the facilitiesandsupportnecessaryo establish
TINA within the larger community have never beenadequatelyprovided. This projectwill inject the funds necessaryor
ISBE to reomganisethe codedistribution, introducenew accesgointsto the algorithmsand establisha full complemenbof
supportmechanismsWhenthe projectis completedOSMIA (asit will becomeknown) will be readyto supportworld-wide

collaboration®f medicalimageanalysisresearchersThis work is the focusof workpackage? andis summarisedn termsof
the objective modelin thediagramof figure 2.

Repository

Figure?2: Partsof objective modelwhich form workpackage?
ISBE will alsobejointly involvedin the developmentof the softwareinterfacesystemwhich will enablethird party software
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to executeOSMIA algorithmsdirectly. This will be adoptedby a leadingmedicalimagevisualisationcompaly (Voxar). It
will greatlyimproving the accessibilityof algorithmsto both commercialorganisationsnterestedn exploitation andclinical
userswho wish to trial state-of-the-artechniques.This will enablethemto evaluatetechniquedirectly, usingthe original
OSMIA implementatiorasa prototype.OncecompleteVoxarwill evaluateOSMIA asaresourcdor commerciabrganisations
to exploit, identifying algorithmsVoxar would be interestedn exploiting. This work is the focus of workpackage3 andis
summarisedn termsof the objectve modelin thediagramof figure 3

Commer ci al

Voxar
(Plug n View 3D)

Figure3: Partsof objective modelwhich form workpackage3

Thethird portion of the projectinvolvesVSL andUoWO (both leadingacademidiguresin theimageanalysiscommunities).
They will take on the role of evaluatingthe OSMIA opensourceervironment,reportingon the quality of the software, the
distribution mechanismandthesupportingcommunityinfrastructure To dothis, they will performevaluationprojects.UoWO

will contributeto OSMIA by integratingoptical flow softwarewhich they have previously developed(currentlynot presenin

TINA). VSL onthe otherhandwill integratingOSMIA into their own system Neat\Msion. Theseexercisesevaluatethe two

potentialmodesof operationof OSMIA, useror supplier VSL andUoWO will alsobeinstrumentaln establishinghe user
community This work is the focus of workpackaget andis summarisedn termsof the objectve modelin the diagramof

figure4

Repository

VSL |
(Neat Vi sion)
UoWWO

(Optical FI ow),"’

Open Sour ce

Figure4: Partsof objective modelwhich form workpackaget

Theworkpackage&dentifiedabore will enablethe consortiumto implementthe objectvesdefinedin themodelof figurel. To
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ensureghatthis work is doneto the satishctionof the othercategoriesof userasdefinedin sectionl (thoseincludedin theleft
diagramof figure 1 the consortiumwill establisha usergroup. This groupwill includerepresentatiesfrom eachmemberof
the consortiumplus membergepresentinghe hospitalclinical, hospitaldeveloperandacademicclinical groupsnot involved
in theimplementatiorof the objectives. This groupwill be giventhetaskof reviewing documentatiomndassessinthe stages
of the projectin orderto understandhe mechanismgrovidedandto identify andcorrectpotentialproblems.Ultimately, once
this projectis completethis groupwill form thebasisof thecommunitysoimportantto the succes®f ary opensourceproject.

Thedesignationgndrolesof eachof the projectparticipantds summarisedn table2 below.

Participant Participant Name Abbreviation | Expertise Role
No.
P1 ISBE, University of Manch- | ISBE Machinevision andmedicalimage | Supplier
ester UK analysisresearchwith clinical sup-
port
P2 Vision Systemd.ab., Dublin | VSL Machinevisionresearch User
City University, IE
P3 Computer Science Dept., | UoWO Genericlmageanalysisresearch Supplier
University of  Western
Ontario,CA
P4 VoxarlLtd. UK Voxar Developmentof medicalvisualisa- | User
tion software

Table2: Participants

4.2 Workpackages

Thediagramof figure 5 breaksdown eachof the workpackagesutlinedin figures2, 3 and4 into a seriesof tasksandshaws
therelationshipbetweerof eachof the majortechnicalcomponents.

Theworkpackagesresummarisedheworkpackagelist in table3, below.

Workpackage| WorkpackageTitle Lead Con- | Person- Start End Deliverable
No. tractor months| Month | Month | No.
wpl ProjectManagement ISBE 4 0 18 D1
wp2 OpenSourceDistribution ISBE 8 0 18 D2
wp3 Commercialnterface \oxar 23 0 18 D3
wp4 CommunityEvaluation VSL 32 0 18 D4
wp5 DisseminatiorandExploitation Voxar 8 0 18 D5

Table3: Workpackagdist

Theindividual effort breakdavn for eachpartneris summarisedn table4.

Partner ISBE Voxar VSL UowoO Total
wpl 4 0 0 0 4
wp2 8 0 0 0 8
wp3 7 16 0 0 23
wp4 0 0 16 16 32
wp5 2 2 2 2 8
Total: 22 18 18 18 76

Table4: Effort breakdevn

Theprojectdeliverablesaresummarisedn thedeliverable list of table5, below.
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Figure5: Diagramof technicalcomponentiependencie@ERT)

In the following sectionseachworkpackagés discussedn detail. Eachsectionbegins with a workpackagedescriptionform
which summariseshe actionsandobjectivesof the workpackage.This is followed by a morein depthanalysisof the work-
packagencluding,whereappropriateaworkpackageyanttchart.

4.2.1 WP1: Project Management

Thedetailsof the projectmanagemendrediscussedn the Part C document.

4.2.2 WP2: Open SourceDistrib ution

The objective of this workpackagss to transformthe currentsoftware distribution into a self consistenteasily maintained,
unclutteredcodebasavith a robustinstallationprocedureavailable on a wide variety of platforms. This work will be done
exclusively at ISBE. The distribution will incorporateall of the featuresexpectedof a high quality opensourceapplication,
including simplified configurationutilities andaccessibilitythroughseveral distribution mechanismgsuchasFTP andCVS).
ISBEwill alsoensurghatclearandadequatelocumentatiomreprovidedsothatinexperiencediserscanquickly andefficiently
startto the utilise the power of this resource.ISBE will putin placea full andcompleteframenork of communicatiorand
collaboratiormechanism#o ensurethatthe establishinggommunityis adequatelgupportedAll thefacilitiesputin placewill
be evaluatedby work in WP4 andthefeedbaclkusedto dehug andimprove the distribution andresources.

To ensurethe longevity of OSMIA as an opensourceervironmentoncethe projectis complete,it is vital that a burdenof
managemernis notintroduced requiringunrealisticlevels of time or money. ISBE have consideredheresourceshatwill be
availableoncethis projectis completeandhave focusedattentionon simplifying working practicesandautomatingasks.ISBE
will make extensive useof other well supportecbpensourcesoftwarein orderto manageandmaintainOSMIA, whilst being
careful not to introduceunnecessaryechnologicaldependenciesFor examplein the re-developmentof the TINA website
(the focal point of the communityresource)SBE will usethe PHP languagehttp://wwwphp.net]for sener-sidewebpage
generationas opposedo developing static webpages.Adopting a dynamicapproachto webpagedesignis more complex
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Deliverable Deliverable Title Delivery Nature | Dissemination
No. Date level
(Month)
D11 Projectreview 6 R PP
D1.2 Projectreview 12 R PP
D1.3 Projectreview 18 R PP
D2.1 Alpha open sourcedistribution of | 2 D PP
OSMIA
D2.2 Releasef repositorysystems 6 D PP
D2.3 Releasef developerwebsite 12 D PP
D2.4 Releasef improvedcodebase 17 D PP
D2.5 Opensourcedistributionof OSMIA | 18 D PU
D3.1 Working specificatiorfor interface | 1 R PP
D3.2 Interfacesystemfor OSMIA 13 D PU
D3.3 Interface systemfor Plug N View | 13 D PP
3D
D3.4 Public releaseof interface specifi- | 13 R PU
cation
D3.5 Algorithm evaluationreport 18 R PP
D4.1 Assesmendf TINA technology 2 R PP
D4.2 OSMIA integratedwith Neatvision | 15 D PU
D4.3 Opticalflow techniquesn OSMIA | 15 D PU
D4.4 Assessmenf OSMIA 18 R PU
D4.5 Documentatiorior software 18 R PU
D5.1 Disseminatiorplan 2 R PP
D5.2 Disseminatiorreport 18 R PU

Table5: Deliverablelist

thanwriting staticwebpageshoweverit providesmary advantagesn semi-automatedite managementSimilarly, ISBE will
not burdenourseles or site visitors with heavy client-sidescripting or imagemapdgor navigation. ISBE shall ensurethat
theresourcds availableto the largestaudiencepossiblelimiting the requirement®n site visitors. Simplifying processesand
consideringhebroadeiissuesalsohelpsto promoterobustnessafeatureof theupmostimportancean aninformationresources
suchasthese ISBE areconfidentthatoncethis projectis completethey will beableto managehenew distribution of OSMIA
with aminimum of effort, potentiallyfunded,in part,from incomegeneratedy commerciakake up of analysigechniques.

Tasks

The ganttchartin table 7 in section5 shows the tasksin WP2. After acquiringthe repositoryhardwarein wp2.t1 webpages
andinformationresourcesill be installedon the systemin wp2.t2. This includesexporting the currentTINA codebaseo
new repositoriesfor useby CVS and RSYNC. The existing web pageswill alsobe movedto this sener togetherwith the
manualsandotherinformationresourcesThis resourcewill besituatedin ISBE at the University of ManchestewherelSBE
hasthe roomsandinfrastructureto supportsuchas system,including a Gigabit ethernetdirect fibre-opticlink onto JANET
(internetbackbonein the UK) and permanensupportand maintenencegersonnel. Retainingcontrol over the primary host
is alsopreferedif a professionalrobustinfrastructureis to be managed.Completionof this tasksignifiesthatthe milestone
wp2.mlalphaopensourcereleasawvill have beenreachedFeedbackrom communitydeveloperan WP3will beusedto dehug
andimprove therepositoryin wp2.t3.

Theobjective of wp2.t4is to introducesoftwarereleasestratgyiesandimprovetheclientinstallationprocessThiswill simplify
accesso OSMIA for new usersandimprove therobustnes®f installations(increasingconfidencen the software). ISBE will
evaluatetechnologiessuchas GNU autoconfigureand introducemechanismgor automatedconfigurationof the codeonce
installedon client machines.ISBE will alsoestablishprotocolsfor handlingandredistrituting contributor code. In orderto
retainmanagementf the softwaretree ISBE will install a CVS layerto actasa shell This will be separatdrom the core
directorytree and provide an interfacefor the communityto acquirethe latestcode. ISBE will install automatedsystemso
reconcilethis layer with the coredistribution tree on a regular (daily) basis. However, this will alsoallow usto disseminate
informationregardingcodechangeso thecommunityin orderto promotesupportactiities suchasthird personcodetrawling.
AlthoughcodemanagemergystemsuchasCVS canprovide massive advantagegor multi-usercodemanagementhey cannot
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replacemanualcodeanalysis.

In wp2.t5, thedevelopmenbf the supportingnformationandaccessesourcesvill bedone.SpecificallylISBE will establisha
developerwebsitewith dedicatedacilitiesfor communitydeveloperdncludingaccesso codecontributionandexchangeareas
(basedon the protocolsdevelopedin wp2.t4), logs of contributionsto the CVS repositoriesandemail lists. Anotherareaof
developmenwill bethedocumentationvhichwill beupdatedo representhereleasestructureof OSMIA. Thedocumentation
will berepresenteth a contribution framawork sothat, like the code,it canbe keptupdatedoy communitywide action. The
webpagewvill be updatedo reflectthe resourcechangesandwill bere-engineeretb increasdevels of automation.This will
include providing facilitiesto ensurehatthe latestinformation,codechangesinddevelopmentsare presentedo the usersas
quickly andefficiently aspossible.

In wp2.t6 ISBE will implementa seriesof rationalisationexercisesaimedat simplifying andimproving the robustnes®f the
existing code. ISBE shallalsointroducecodetestingstratgieswhich will allow theintegrity of the codebaseo be evaluated
automaticallywhenupdatesareperformed.As partof this taskISBE will alsoproducea seriesof focusedapplicationswhich
demonstraté¢he capabilitiesof OSMIA in aspecificdomains.Thesewill beusefulin demonstratinghe capabilitiesof OSMIA
(atafunctionallevel) to potentialusersaswell asdeveloperswho, currently have a particularapplicationor applicationneed
in mind. By demonstratingSMIA in this way we may attractcreepergroups,i.e. thosewho cometo OSMIA for specific
usepurposeghenslowvly make useof more of the software. Typical applicationsinclude standaloneversionsof the image
calculatorfor prototypingimageprocessingalgorithms;the volume-to-wlumeco-reggistrationandreslicetool for automated
co-alignmenbf medicaldatasetsthe tissuesggmentatiortoolsfor identifying the quantitiesof differenttissuetypesin neuro-
images.Thesedemonstrationbave beenselectednthebasisof our experiencaegardingquantitatve analysisequirementdn
clinical researctprojects.The appealof thesedemonstratorsiill be enhancedy augmentinghe existing graphicalinterfaces
(Xview/Motif) with GTK+ [http://wwwgtk.og] and Tcl/Tk [http://www scriptics.com]interfaceswhich operateon a broader
rangeof platforms. We shall usetheseinterfacesto enableOSMIA to run on non X-Windows platformsincluding Microsoft
Windows.

Theinterfacesystemdevelopedin WP3will beintegratedinto the codebasén wp2.t7 The documentatiorandwebpagewill
be updatedwith the detailsof how this systemcanbe utilised. Oncethis taskis completethe secondmilestonem?2 the beta
opensourcereleasewill have beenreachedIn wp2.18 therepositoryandcommunityresourcesvill bedehugged basednthe
assesmerandfeedbackirom WP4. Completionof this tasksresultsin the delivery of the first public releaseof the software
which formsdeliverableD2.

4.2.3 WP3: Commercial Interface

Therateatwhich new medicalimageanalysistechniquesreadoptecby commercialsoftwarecanbe addressetly improving

the visibility of researchdeas. Tackling this problemin OSMIA is the objective of WP2. The aimis to develop an software
interfacemechanisnwhich will allow algorithmsto be accesseavithout the needto program,setupor interactwith OSMIA

directly. Theinterfacedevelopedin this workpackagewill provide analternative controlmechanisnior the executingtoolkits.

Toolkits are executableapplicationswhich are producedduring the developmentof the underlyingalgorithm as a way of

evaluatingand controlling that areaof functionality. Much of the infrastructurethey provide is targetedat the developerand
is often confusingfor the non-expert userand, from the userpoint of view, unnecessary The interface systemwill allow

functionalityin an OSMIA application(a suite of toolkits) to be invoked remotelyfrom a third party application. It will also
enabledatato betransferedetweerthetwo. Thespecificatiorfor thisinterfaceschemewill bemadeavailableandopensource
in orderto promotetheideaso othersmay make useof this scheme.

Oncesuchaninterfaceis established/oxarwill be ableto morerapidly assesshe performancef algorithmswithin OSMIA,
thanif they wererequiredto integratethe codedirectly. Thisis becauseheinterfacemechanismvouldwork atthevery highest
level, exposingonly the functionality requiredto operatethe overall system.New algorithmsin OSMIA will becomealmost
instantlyaccessibldrom PnV, providing Voxar with a prototype. From this point Voxar would be free to assesshe general
behaiour of thealgorithmfrom within Pn\. If satisfiedwith thisstagethey couldmoveonto developamoreappropriatébetter
integrated targetedat particularusersjnterfaceto the OSMIA algorithm,atthePnV side. This couldinvolveintroducinglevels
of automationsuchasutilising informationregardingthe datacaptureprocessn orderto reducethe numberof configuration
parameters.At eachstageVoxar would have accessto a working model of the completedsystem. Indeedthe complete
integrationof setsof algorithmsin OSMIA couldbe assessedndprototypedwithoutthe needto includeary non-PnVspecific
code,requiringonly thatthe interfacesbe developed. OnceVoxar are satisfiedwith the performanceof the systemthey can
considerfull integrationof the algorithm. Even at this stagethe prototypehasuseasa ‘gold standardfor comparisorto the
final implementation.

The interfacemechanismwill alsoallow Voxar to distribute potentialnew techniquedo interesteahird parties(clinical or
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developer)for externalevaluation. Similarly, resourceglevelopedby groupsassociatedvith Voxar could be presentedising
OSMIA asthetransporimechanism.

Tasks

Thefirst part of this workpackagevp3.t1 will focuson producingthe specificatiorof the interfaceprotocols.A collaboratve
effort betweerlSBE andVoxarwill identify thetechnologiesvhichwill beusedto achiesethis. Thisincludesreviewing object
brooker schemesuchasCORBA andCOM, aswell asthe potentialto usea Jara API to implementa client-sener systemand
alsoobjectprotocolssuchasSQAP. At the startof the projectthedeveloperfrom Voxarassignedo the projectwill beseconded
to work at ISBE for a periodof oneweek.During thistime the personneWill befamiliarisedwith thetechnologywithin TINA
in particularmechanismselevantto the interfacedevelopment.The developerat ISBE will thenwork for a similar periodat
Voxar becomingfamiliar with the technologiesised. This training will be usedto assistin establishinghe specificationgor
theinterfacemechanismsvoxarandISBE will work togetheronidentifyingthetechnologyandthe protocolsfor theinterface.
At theendof this tasktheworking specificatiorfor theinterfacewill bedelivered,D3.1.

In taskswp3.t2 andwp3.t4 work will commenceon realisingthe interfacesin both OSMIA and PnV. Monthly reviews, in-
cluding site visits by partnerswill ensurethe synchronisatiorof this work. During wp3.t3 andwp3.t5 bothteamswill enter
the softwaredehuggingphase.At the endof this phaseboth VoxarandISBE will provide betareleasesoftwarefor the other
partner Thiswill alsoinclude presentationby eachpartneron the detailsof the final implementation.This informationwill
beusedto definethefinal trials which needto be performedbeforetheinterfacecanbereleasedin wp3.t6 thetwo teamswill
commence programof joint detugging. During this phasesachof thetrials outlinedin the previoustaskwill be completedo
the satisactionof both partners.Only oncethis seriesof trials is completewill theinterfacesystemsereleasedThisrelease
will coincidewith the public releaseof the interfacespecification.

Taskswp3.t7 andwp3.t8 will be conducteday Voxar. During wp3.t7 Voxarwill surwey the algorithmscurrentlyavailablein

OSMIA in comparisorto their productdevelopmentroadmap”. Fromthis Voxarwill selectbetweerfour andeightalgorithms
which are of interestandwhich they would considerto provide suitableextra functionality for their products. In this stage
Voxar will also considermarket suitability which will take the form of consultationswith currentclinical customers.Voxar
will thenspecifya setof requirementdor thesealgorithmsand, usingthe newly developedinterfacesystem evaluatethese
algorithmsin taskwp3.t8. Thefollowing generakriteriawill beusedin theirassesment;

e Stability: As acompaly producingcommerciaklinical software,it is necessaryo ensureary codeintegratedinto each
applicationis asstableastechnicallypossible.Thiswill notfocusonthestability of theimplementatior{(whichin afully
integratedversionwould be different)ratherthe stability of theresultsin relationto theinput data.

e Statisticalaccuray: Voxar hasa responsibilityto provide clinical customersand their patientswith software thatis
accurate.

o Compleity of integrationtask: Oneof Voxar’s greatesstrengthss codeoptimisation. Voxarwill investigatethe code
implementationgo assesshe potentialfor speedmprovements.They will alsoproduceestimatef thetimescaleon
which codecouldbeintegratedinto PnV.

4.2.4 WP4: Community Evaluation Projects

To properlyassesshe suitability of the opensourcerelease®f OSMIA for communitydevelopmenttwo evaluationprojects
will berun. Both of whichfollow thisworkpackagestructure. Thework by theVSL atthe Dublin City Universitywill involving
usingOSMIA algorithmsin anexisting softwaresystem.Thesecondwill involve contributing existing codeinto OSMIA. This
combinationteststhetwo waysin which OSMIA canbeused,asa supplieranduserof OSMIA. Whilst conductingtheir work
both siteswill be requiredto feedbackresultsof OSMIA trials, both software and procedural. The communicatiorbetween
ISBEandVSL andUoWO will beconductedrequentlyusingemailandregular (weekly)InternetRelayChat(IRC) meetings.
At mary stagesf this workpackagdindingswill becommunicatedmmediatelyto ISBE in orderto improve or repairaspects
of theopensourcefacilities.

Tasks

In wp4.t1 the community developerswill evaluatethe current TINA distribution and preparea brief summaryof the key
componentsvhich needto be added,deliverableD4.1 This processwill allow the partnersto becomemore familiar with
TINA andto help prioritise the actionsto be taken in developingthe supportinfrastructurein WP2. In wp4.t2 whilst the
repositorysystemis beingestablishedhe examplecommunitydeveloperswill attemptremoteinteractionwith the systemat
regular(controlled)intervals. They will performa seriesof trial download-configure-instattyclesandfeedbackheirresultsin
orderto optimisethe performancef the system.Residualissueswill beaddressedly ISBE in thedehuggingphaseof wp2.t3
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Thenext stepwill befor theVSL andUoWO to evaluatehow they intendto integrateOSMIA with their technologieswp4.t3

andwp4.t4. Assistancen understandin@ SMIA technologywill be givenby ISBE in the form of communitysupport(IRC

meetingsandemailcommunicationsaswell asproviding a two day handson workshopduring this phaseof the evaluations,
wp4.mL1 Thedetailsof which arediscussedn workpackageb.

The major componenbf work by the examplecommunitydeveloperswill focuson the contribution of existing codeinto the
OSMIA systemin wp4.t5-wp4.t9. Theprocesf contribution of softwarebackinto the opensourceframenork is to betested
by a medicaldataanalysisprojectrelatingto MagneticResonanceéataof the heart. This projecthasbeenchoseron the basis
of timelinessandtheinterestandexpertiseof the partners.

Modernmagneticresonanceystemsarenow capableof generatingnoving sequencesf imagesof the chestcavity, shaving

thebeatingof theheart. Thoughpotentiallyvery usefulfor clinical diagnosigheseémagesarevery difficult to understandgven
for radiologists becaus®f the complex physiology Quantitatve techniqguesireneededn orderto extractsummaryariables
relatingto efficiency andnormality of heartmovement.The variablesgenerallyreferredto include,ejectionfraction, diastolic
volume,systolicvolume,ventricularvolumesandmassesin additionit is potentiallypossibleto extractquite comprehensie

variablesrelatingto heartdeformationelasticityandstrain. Computingsuchvariablesautomaticallyis a very difficult problem
which hasbeenthefocusof mary researctyroups,but shouldstill be consideredasunsolhed[Frangiet.al.].

Prof. JohnBarron,atthe UoWO, hasworkedin theareaof machinevisionfor mary yearsandis widely regardedasanexpertin
thisfield. He hasdevelopediechniquegor thequantitatve measuremerdf movementusingalgorithmsbasedupontheconcept
of opticalflow. Thesetechniquezombinetheinformationpresentn sequencesf imagesogethemwith constrainton possible
motionin orderto resohe the problemof establishinghe most probablymovementgiving rise to the differencesobsened
betweentwo setsof data. Prof. Barronhasidentifiedthe possibility of applyingthesetechniquedo magneticresonancelata
of the heartin orderto measureghe 3D movementof ventricularwalls directly. Theintentionon this projectis to facilitatea
contrikution of existing softwarefor this taskto the opensourcesoftwarerepository Opticalflow algorithmswill be provided
assetof C functionswhich have beenmodifiedto conformto a minimal setof OSMIA datastructures.

Prof. PaulWhelan,atVSL, alsohasmary yearsof experiencevorkingin theareaof machinesystemsgonstructingentirevision
systemdor industrialprocessedHe intendsto evaluatethe extentto which the opensourcdibrariescanbeintegratedwith his
own researclsoftwarefor the purpose®f volumetricsegmentatiorof heartventricles usingthe samemagnetiacesonancelata
setsas Prof. Barron. Again this will resultin usefulinformationregardingthe difficulty of the softwareintegrationprocess.
In additionthe intentionis for JohnBarronand Paul Whelanto exchangeideasand dataanalysistechniqueghusallowing
an assesmendf the merits of working with a joint researctervironment. This will help us to judge the minimum level of
integrationnecessarpetweersoftwarepackagedn orderto maintainresearctefficiency andshouldalsoinform usof possible
improvementdo theinitial process.

Thework of integratingOSMIA into NeatMsion will be conductedduringwp4.t5 andwp4.t6. The optical flow softwarewill

beintegratedinto OSMIA duringwp4.t7 andwp4.t8. Oneextra steprequiredby the UoWO will beto actuallycontributethe
resultsof their work into the newly establishedoderepositories.This will alsobe usedasan opportunityto detug mary of
thesesystemsn WP2. Duringwp4.t10the groupsat VSL andUoWO will assessucces®f the previouswork by performing
collaboratve dataanalysiswith the NeatMsion systemusing the UoWO optical flow algorithmsall connectedria OSMIA.
They will usethis asthe basisof assesmenteportsof OSMIA. Both VSL and UoWO will producea reportdetailingtheir
assesmerdf thecapabilitiesof OSMIA whichwill form thedeliverableD4.4 Finally in wp4.t11theteamswill documenboth
the softwareandtheir assesments.

References

[1] A.F. Frangi,W.J. NiessenM.A.Viergever, ThreeDimensionalModelling for FunctionalAnalysisof Cardiacimages:A
Review. IEEE, Transon MedicallImaging,Vol. 20,No.1,2001.

4.2.5 WP5: Disseminationand Exploitation

Theobjectivesof the disseminatioractvities targetthreelevels.
Consortium

Firstthereis the disseminatiorof informationamongsthe consortiummembersTheactvities in this areainclude;

e ISBEto provide a2 dayworkshopfor othermemberf the consortium.The objective of theworkshopis to provide the
consortiummemberswith insightinto the fundamental®f the environmentwith which they will work.

Thefirst dayof thisworkshopwill involve aseriesof lecturesby thememberof ISBE responsibldor developingTINA.
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Theselectureswill explain the philosophyof the ervironment(why it wasdesignedhe way it was), the basicsof what
the systemprovidestogetherwith demonstration®f the resultsof mary areasof the research. The objective of the
first day is to ensurethat the consortiummembersunderstandhe origins of OSMIA and have a detailedoverview of

thefacilitiesit provides. the secondday of the workshopwill involve handson experienceof working with the current
TINA ervironment. The work undertalen on this day will be drivenby the needsof the consortiumbut will allow the
membergo learnaboutthe practicalrealitiesof working with theervironment.The seconddaywill alsoincludeaseries
of discussion®f how the ervironmentcouldbeimproved.

Documentatiorwill be providedto the consortiummembersandwill be usedasthe basisof a tutorial introductionto
OSMIA providedon thewebsite.

¢ VoxaranISBE to secondpersonnel.To establishan understandingf eachotherstechnologythe Voxar developerwill
spenda period of oneweekworking at ISBE. During this weekthe Voxar representatie will be taughthow the TINA
ervironmentwasconstructedwhattechnologiehave beenusedandhow the ervironmentis used.This will befollowed
by aweekwerethelSBE personnels secondedo Voxarfor asimilarinductioninto thetechnologybehindPlugN View
3D. In both casesghis processwill focuson establishingsufiicient understandingo enablethe interfacespecification
procesof WP3to bebetterachieved.

o Establishingan email list. To encouragemoreinformal communicatiorbetweenpartnersthe useof an email list will
be introduced. This will allow discussiongo happenin an openfashion,allowing all membersof the consortiumthe
opportunityto contribute. ISBE will establishtheresourcesiecessaryor the mailing list which will be usedaspart of
thecommunityinfrastructureén WP2.

¢ Timetableregular(weekly) InternetRelayChat(IRC) meetingsIRC will be usedto allow moreimpromptudiscussions
betweergroupsto be conductedn realtime. A regular(weekly) IRC discussiomwill betimetablednvolving arepresen-
tative from eachmemberof the consortiumwill, providing the opportunityfor ary mattersarisingto beaired. Thenature
of IRC technologyinsureghatsuchmeetingscanbe conductedjuickly (takingno moretime thana phonecorversation)
andallows text to be loggedproviding a corvenientmethodof capturingthe minutesof meetings.ISBE will establish
theresourcenecessaryor the IRC meetingaunderthe guidanceof the projectmanager

IST Programmeand User Group

Thesecondevel of disseminatioris to otherprojectsin the IST programmeandthe usergroup. Communitysupportof open
sourcesoftwareis critical. The disseminatioractivities at this level will focuson establishinga usercommunityfor OSMIA.
The projectmanagemill establisha usergroupwhich will includethe projectmanageandrepresentatiesfrom eachof the
projectpartnergthis doesnot necessariljhave to bethe personfunded). This groupwill alsoincluderepresentatiesfrom the
clinical endusersin the form of a representatie from HopeHospitalin ManchesterUK. It will alsoincludea representatie
from Philips Medical SystemsHamlurg, Germairy, and otherswho develop scanninghardware andanalysissoftware. This
groupwill havethefollowing responsibilities;

o toreview all thereportdeliverablesbeforesubmissiorto the commission,
¢ to adviseontheformulationof theopensourcelicenseusedto cover OSMIA,

¢ to adviseon specifyingthe conditionsunderwhich algorithmswithin OSMIA canbe commerciallyexploited.

Thisgroupwill meetonceevery 6 monthsto review the statusof the project. Oncethe projectis overthesizeandformatof the
usergroupwill changeallowing the groupto be usedto bootstrap establishinghe OSMIA useranddevelopercommunity

ISBE will presenta seminarto theclinical representatie andto the representatie from Philips summarisinghe objectivesof
theprojectandthetechnologiesnvolved.

Universal

Thefinal level of disseminations the universaldisseminatiorof resultsto all. Activitiesin this areawill continuethroughout
theprojectwhenappropriateThey will includebut maynot belimited to;

e ISBE andVSL to presentOSMIA at conferencesn Europesuchasthe British MachineVision Conferencg BMVC),
MedicalImageUnderstandingMIU A) andMedicalImageComputingandComputerAssistedntervention(MICCAI).
ISBE andVSL will providetutorial style presentationat atleasttwo suchmeetings.
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e ISBE andVoxarwill presentOSMIA andPlugN View 3D atthe EuropearCongres®f Radiology(ECR). The ECRis
Europes premieremeetingfor the disseminatiorof clinical andtechnicalresults. It alsorepresent®ne of the largest
exhibitions of medicalimageanalysishardwareandsoftwarewith all the major manuficturersexhibiting systems.The
averagedelggateattendancés 7000overthe5 days.

¢ UoWO will presentOSMIA to relevant conferencesand workshopsin Canadaand the NorthernUS suchas Image
ProcessingndMedical Imaging(IPMI) andComputerAssistedRadiography(CARS).

¢ ISBEto approachthe major Linux distributorsto include OSMIA with futuredistributions

e |SBE to ensureOSMIA is highly ranked on all the major web searchenginesaswell ason index sitessuchas SAL
(ScientificApplicationson Linux)

o Voxarwill distributeversionsof OSMIA freely with Plugn View 3D. This mayincludefreely distributing OSMIA with
PnVontheCD but will atleastinvolving adwertisingandlinking OSMIA ontothe Voxarwebsite.
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5 Gantt Charts

Workpackages

Project Overview

'start wjp2.m1 wjp3.m&p4.m2 wp2.m2 end
|wp2 . . . | |
| wp3 L |
| wp4 ! I L]
EEEEEEEEEEEEEEEEEEEEEEEE RN R
02 46 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77

Task | Who Title Start Week | Duration (Weeks)
wp2 | ISBE OSDistribution 0 78
wp3 | ISBE,Voxar | Commercialnterface | 0 78
wp4 | UoD, UoWO | EvaluationProjects | O 78
Milestone | Title Date (Week)
start ProjectStart 0
wp2.m1l Alpha OSMIA Release 8
wp2.m2 BetaOSMIA Release 74
wp3.m3 InterfacesReleased 56
wp4.m2 OF andNeat\Msion IntegrationComplete| 60
end ProjectEnd 78

Table6: ProjectOverview
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WP2: Open Source Distribution
Estart w:p2.m1 W:p2.m25end
FpZ.T1 | : :
: WpZ.12 : :
2 : ppzm Lo
9 - N A S— Coo
= g g rat ) b
. \ WpZ.16 ] ) \
: : WpZ1d :
E : oz
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02468 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77
Weeks
Task | Who | Title Start Week | Duration (Weeks)
wp2.t1 | ISBE | SenerConfig. 0 4
wp2.t2 | ISBE | RespositoryConfig. 4 4
wp2.t3 | ISBE | AlphaReleasdelug | 8 4
wp2.t4 | ISBE | ReleaseMechanisms | 12 12
wp2.t5 | ISBE | CommunityResources 24 18
wp2.t6 | ISBE | CodeUpdate 42 28
wp2.t7 | ISBE | Integration 70 4
wp2.t8 | ISBE | BetaReleasédelug 74 4
Milestone | Title Date (Week)
start ProjectStart 0
wp2.m1l Alpha OSMIA Release| 8
wp2.m2 BetaOSMIA Release | 74
end ProjectEnd 78

Table7: WP2: OpenSourceDistribution
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Tasks

WP3: Commercial Interface

istartwp3.m1

W:p3.m2 wp3.m3 Eend
3.0 : : :
. 'WDd.tz ] . . .
' ' Wpst8———— ] ' '
' wp3.14 | ' ' '
b [0k A o — | |
b /s A — :
- 5 b =
. . . . Wp318 ]
L O O
02468 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77
Weeks
Task | Who Title Start Week | Duration (Weeks)
wp3.t1 | ISBE,\Woxar | Specification 0 4
wp3.t2 | Voxar PnV InterfaceDev. 4 28
wp3.t3 | Voxar PnV InterfaceDebug 32 12
wp3.t4 | ISBE OSMIA InterfaceDev. 4 28
wp3.t5 | Voxar OSMIA InterfaceDebug | 32 12
wp3.t6 | ISBE,\bxar | JointDelug 44 12
wp3.t7 | Voxar Algorithm Ident. 56 4
wp3.t8 | Voxar Algorithm Eval. 60 18
Milestone | Title Date (Week)
start ProjectStart 0
wp3.m1l Working Specification| 4
wp3.m2 Trial Requirements | 44
wp3.m3 InterfacesReleased | 56
end ProjectEnd 78

Table8: WP3: Commercialnterface
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WP4: Community Evaluation Projects

:start w'p2.m1 W:p4.m1 W:p4.m2 w:p2.m25end
T e 5 -
. :  pad ) : L
% : : D s ' ' o
© . . . WA | |
= ! ' ' wpat7 ] 1 ] i
. . . [t o2 < Sm—| . . .
) ) ) WAt X |
' ' ' ' A i o< 30 ot r— |

L I O
02 46 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77

Weeks
Task Who Title Start Week | Duration (Weeks)
wp4.tl | UoD,UoWO | TINA eval. 0 8
wp4.t2 | UoD,UoWO | Feedback 8 4
wp4.t3 | UoD NeatMsion Assesment| 12 8
wp4.t4 | UowO OF Assesment 12 8
wp4.t5 | UoD Neat\Msion Integration | 20 32
wp4.t6 | UowO NeatMsion Delug 52 8
wp4.t7 | UoWwO OF Integration 20 24
wp4.t8 | UowO OF Delug 44 8
wp4.t9 | UoWwO OF Contribution 52 8
wp4.t10 | UoD, UoWO | Assesment 60 8
wp4.t11 | UoD, UoWO | Documentation 68 10
Milestone | Title Date (Week)
start ProjectStart 0
wp2.m1l Alpha OSMIA Release 8
wp4.ml OSMIA Workshop 16
wp4.m2 OF andNeat\Msion IntegrationComplete| 60
wp2.m2 BetaOSMIA Release 74
end ProjectEnd 78

Table9: WP4: CommunityEvaluationProjects
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6 WorkpackageForms
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Workpackage Description
WorkpackageNo. : WP1 Start Date Month 0
Participant No. : ISBE Voxar VSL UowO
Person-monthsper participant 4 0 0 0

Objectives

e Liasewith the EU officer

e Ensurecompliancewith contractuabbligations

o Provide technicalandadministratve management

¢ Ensurethe smoothrunningof the projectto the satishctionof the EU andthe projectpartners

Description of work

mentation.

e Formaprojectmanagementommittee
o Establisha quality plan
¢ Organiseregularreview meetings

e Instigatea usergroup

A moredetaileddescriptionof the projectmanagemenaspecbf this projectappearsn the Part C docu-

Deliverables

D1.1: Projectreview report(6 Month) (D\PP)
D1.2: Projectreview report(12 Month) (D\PP)
D1.3: Projectreview report(18 Month) (D\PP)

| Milestonesand expectedresults
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Workpackage Description
WorkpackageNo. : WP2 Start Date Month 0
Participant No. : ISBE Voxar VSL UowO
Person-monthsper participant 8 0 0 0
Objectives

o Transformtheexisting TINA codebasénto the opensourceernvironmentfor medicalimageanaly-
sisresearch.

¢ Provide supportingnfrastructurefor efficient distribution andcontribution of code.

e Provide documentatiomndinformationresourceso establisrandsupportthe usercommunity

Description of work
With referenceo the WP2 ganttcharttable7 the maintasksare;

wp2.t1: Installandconfiguresener hardware

wp2.t2: Install andconfigureOSMIA in the repositoriegogethemwith all existing webpagesnddocu-
mentation

wp2.m1l:Alphareleaseof OSMIA

wp2.t3: Delug alphareleasewith feedbackrom WP4

wp2.t4: Introducereleasecontrol stratgies,auto-configuratiormndcontributor repositoryservices
wp2.t5: Introducedeveloperwebsiteandupgradedocumentation

wp2.t6: Rationalisecodebasentroduceautomatedestscripts,provide demonstrationandnev GUI's
wp2.t7: Integratecommerciainterfacesoftware

wp2.m2:Betareleaseof opensouice OSMIA

wp2.t8: Delug betareleasawith feedbackrom WP4

Deliverables

D2.1: Alphaopensourcedistribution of OSMIA (D\PP)
D2.2: Releasef repositorysystemgD\PP)

D2.3: Releasef developerwebsitéD\PP)

D2.4: Releasef improvedcodebasg\ PP)

D2.5: Opensourcedistribution of OSMIA (D\PU)

Milestonesand expectedresults

wp2.m1l: Alphareleaseof opensourceOSMIA
wp2.m2: Betareleasef opensourceOSMIA
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Workpackage Description
WorkpackageNo. : WP3 Start Date Month 0
Participant No. : ISBE Voxar VSL UowO
Person-monthsper participant 7 16 0 0

Objectives
e Specifyaninterfacelayerto OSMIA which allows the algorithmsto be accesse@nd controlled
directly from third partyapplications.
¢ Produceandopensourcemplementatiorof thecommunicatiodayerin OSMIA.
e Implementacompatibleinterfacein PlugN View 3D.

e Evaluatethe potentialusability of several algorithmsalreadyin TINA usingthe interfacemecha-
nisms.

Description of work

With referenceo the WP3ganttcharttable8 the maintasksare;

wp3.tl: Designinterfacespecifications Voxar, ISBE @ 1MM effort
wp3.m1:Working specification

wp3.t2:  Developmenif PlugN View 3D interface Voxar @ 6MM effort

wp3.t3:  Dehugof PlugN View 3D interface Voxar @ 3MM effort

wp3.t4:  Developmeniof OSMIA interface ISBE @ 3MM effort

wp3.t5:  Debugof OSMIA interface ISBE@ 1 MM effort
wp3.m2:Requiementdor evaluationtrials

wp3.t6: Jointdelug of interfacesystems Voxar, ISBE @ 2MM effort

wp3.m3:Interfacesystenreleasedo relevantuses
wp3.t7: ldentificationof algorithmsof interest
wp3.t8:  Evaluationof TINA algorithms

Deliverables

D3.1: Working specificatiorof interface(R\PP)
D3.2: Interfacesystemfor OSMIA (D\PU)

D3.3: Interfacesystemfor PlugN View 3D (D\PP)
D3.4: Publicreleaseof interfacespecification(R\ PU)
D3.5: Algorithmsevaluationreport(R\PP)

Milestonesand expectedresults

wp3.m1l: Interfacesystenreleasedo relevantusers
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Workpackage Description
WorkpackageNo. : WP4 Start Date Month 0
Participant No. : ISBE Voxar VSL UowO
Person-monthsper participant 0 0 16 16

Objectives

o Evaluationof opensourcereleaseof OSMIA.
¢ Integrationof OSMIA algorithmsinto Neatvisionsystem.

¢ Integrationof opticalflow techniquesnto OSMIA.

Description of work
With referenceo the WP4 ganttcharttable9 the maintasksare;

wp4.tl:  Download,installandevaluateexisting TINA distribution

wp4.t2:  Trial andprovide feedbackor repositorydehugging

wp4.t3:  Assessmerf NeatMsion integrationtask

wp4.t4:  Assessmenf opticalflow integrationtask
wp4.m1OSMIAworkshop

wp4.t5:  Integrationof OSMIA algorithmsinto Neatvision

wp4.t6:  Neatvisiondehug

wp4.t7:  Integrationof opticalflow techniquesnto OSMIA

wp4.t8:  Opticalflow dehug

wp4.t9:  Opticalflow updatesontributedto repositories
wp4.m20ptical flow integration

wp4.t10:  Assessmenmnf final techniques

wp4.t1l: Documentation

VSL @ 8MM effort
VSL @ 2MM effort
UoWO @ 6MM effort
UoWO @ 2MM effort
UoWO @ 2MM effort

Deliverables

D4.1: Assessmentf TINA technologyR\ PP)
D4.2: OSMIA integratedwith Neatvision(D\ PU)
D4.3: Opticalflow techniquesn OSMIA (D\ PU)
D4.4: Assessmentf OSMIA (R\ PU)

D4.5: Documentatiorfor software(R\ PU)

Milestonesand expectedresults

wp4.m1: OSMIA workshop
wp4.m2: Opticalflow integration
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Workpackage Description
WorkpackageNo. : WP5 Start Date Month 0
Participant No. : ISBE Voxar VSL UowO
Person-monthsper participant 2 2 2 2
Objectives

Forma usergroupto bootstrapa supportcommunity

Disseminaterojectachievementgo thewider community

Disseminaténformationto all memberof theconsortiunin orderto minimisetechnicalproblems,

Disseminatgesultsthrougha usergroupto improve theworth of suchinformation,

Filter usergroupresponsebackto the consortiumto improve the benefitsof thework,

Description of work
Thework patternwill have thefollowing flow;

> Projectmanageformsusergroup

> Projectmanageestablishesvorking practisefor mailing lists andIRC meetings
> Voxarsecondpersonneto ISBE

> ISBE secondpersonneto Voxar

> ISBE seminarto clinical representatie on usergroup

> ISBE seminarto Philipsrepresentatie on usergroup

> ISBE run 2 dayworkshopfor consortium

> Usergroupreview evaluationreportsfrom WP3andWP4
> Usergroupassistin establishingppensourcelicense

> Usergroupassistin exploitationconditions

> ISBE andVSL OSMIA tutorialsatconferences

> ISBE andVoxarOSMIA/PnV exhibit at ECR

> UoWO demonstrationef OSMIA atconferences

> Voxar provide OSMIA to customers

Deliverables

D5.1: Disseminatiorplan(R\ PP)
D5.2: Disseminatiomreport(R\ PU)

Milestonesand expectedresults
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