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1 Objectives

1.1 Why OpenSourceMedical ImageAnalysis (OSMIA)?

Imageanalysisis now anestablishedandinvaluablefield of medicaltechnology. Advancesin magneticresonance,absorbsion
andemissiontomographiesandultrasoundimaginghave transformedmany areasof medicaldiagnosisandtreatment.Today
medicalimagingis a multi-billion dollar world wide businesswith someof the worlds largestcompanies(GeneralElectric,
SiemensandPhilips)gainingsubstantialrevenuefrom salesof scannerandsupportingservices.A recentstudyof computed
tomography(CT) salesshowedthat in 1997approximately3,300scannersweresoldworld-widewith a revenuerepresenting
1.5Billion US dollars.Thequantitiesof imagedatabecomingavailablefor diagnosisalreadyexceedwhatrealisticallycanbe
interpretedby a clinician. Developingtechniquesto analysesucha wealthof imagedataandpresentclinicianswith themost
usefuldiagnosticresultsrequiresa concertedeffort by theinternationalcommunityof medicalimageanalysts.

Thedevelopmentof medicalimagingsoftwarefor leadingedgeclinical researchis almostexclusively acommercialendeavour,
resultingin proprietarycodewhichhasa low visibility (restrictedaccessto sourcecode).This is inhibitsdisseminationanddu-
plicationof experimentalresults,whicharetheverycornerstonesof scientificresearch.Failing to understandtheconsequences
of usingalternativepackagesprohibitscomparativeevaluationof results.Fortunatelyin a field suchasmedicalimageanalysis
theentireexperimentalapparatusis encapsulatedwithin thesoftwareanddata.Thus,thefreedistribution of codewould give
otherresearcherstheopportunityto recreateexperimentsandevaluatetechniquesunderfair circumstances.Un-hinderedavail-
ability would alsopromotetheuseof a consistentenvironmentwithin which researcherscouldbenefitfrom andcontributeto,
thework of others.Opensourcesoftwaredevelopmentandcommunitybasedinteractionareconceptswhich resonatewith the
idealsof scientificresearch.

A lot of researchis conductedwith shortor mediumtermobjectives(3 years).All toooftenpracticalresultsarelostbecausethe
expertiseis not retained(suchasPh.D.students)or cannotbeutilisedby othersin smalleror isolateduniversitydepartments.
Thepotentialfor commercialdevelopmentof techniqueshasa very smallwindow of opportunityeventhoughtheapproaches
themselvesmayrepresentthestateof theart for many years.Encapsulatingthework of individual projectsin a widely used,
openenvironmentwould greatlyimprove therobustnessof 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 also facilitate the co-operative achievementof long term objectivesdespitethe transientnatureof the
fundingandpersonnel.

If the rate at which researchtechniquesbecomeavailable to clinical groupsis to improve then the barrierswhich inhibit
commercialexploitation of researchtechnologiesneedto be removed. Freelydistributing researchsoftwareundera public
license,within a commonenvironment,wouldensurethatthework of contributorsenjoys thegreatestpossibleexposureto the
widestof audiences.This would enablecommercialorganisationsto review andevaluatesuchtechniquesmorerapidly and
efficiently felping to overcometheconventionalobstaclesin commercialup-takeof new technologies.

A recentarticle in the British Medical Journal(BMJ 2000;321:976)by an associatededitorhighlightedmany of the benefits
of employing theopensourcemodelin medicalsoftware. Thehigh visibility of opensourcesoftwarebeingpraisedin terms
of improving medicalknowledge(fewer softwaresecrets)andalsoin reducingcostsby ensuringthat thesystemsinstalledin
clinical environmentscancontinueto bedevelopedregardlessof thesupportingcompany.

1.2 The task

Theaimof thisprojectto provideanopensourcesoftwaredevelopmentenvironmentfor medicalimageanalysisresearchwhich
facilitatesthe free andopenexchangeof ideasandtechniques(dissemination)with a minimum of effort. An infrastructure
within whichlongtermresearchobjectivescanbeachieved,co-operativelyvia incrementalstages.Mechanismswill existwhich
enableclinical endusers(non-developers)to accessthesestate-of-the-arttechniquesatearlystages,usinginterfacesappropriate
to their level of expertise.Thesemechanismswill alsoprovidecommerciallyinterestedpartieswith theopportunityto rapidly
assessthepotentialof researchtechnologiesfor customintegrationinto applications,without theneedto re-implement.This
representsaco-operativemodelfor opensourceandcommercialdevelopersto collaboratewithoutrestrictingeithercommunity.

1.3 Background

Medical imageanalysissoftware may be broadly categorisedas either a solution or an envir onment. Solutionsfocus on
deliveringarelatively completepackagetargetedatenablingtheuserto tackleparticularanalysistasks,oftenproviding arange
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of supportingtools (integrationinto patientdatabases,supportfor commonfile formats,online help,etc) but with a specific
(limited) setof analysistechniques.In comparison,environmentsaretypically lessfunctionalasstandard.Insteadthey provide
alanguageandsetof toolswith whichtheuseris expectedto developapplicationsthemselves.Althoughthisencouragesawide
varietyof applicationsto arise,they rarelyform a coherentsuiteandusuallyrequirefamiliarity with theprocessesof software
developmentin orderto beused.

In the past15 yearsTINA (an existing medical imageanalysisenvir onment describedlater in section3) hasbeenused,
developedandcontributedto by over 50 developersat severalsiteswithin theUK. It hasprovidedthesoftwarebasisto many
fundedresearchprojectsmostrecentlyonNOVICE (EP26342),IERAPSI(IST-1999-12175)andtheUK national4 siteMedical
ResearchCouncilmultidisciplinaryIRC project.Thealgorithmswithin TINA haveformedthebasisof over200peerreviewed
publications.All this work hasbeenachievedat just a few institutionsaround50 developers.With thesupportof this project
this consortiumexpectsthe full potentialof anopensourceapproachto researchto benefitthe entirecommunity, potentially
thousandsof developersandfor themto benefitit.

It is importantto identify the categoriesof individualswho will benefitfrom this work. Table1 summariesbroadlyhow the
differentcategoriesof userrelateto the softwaretypesdescribedearlierandhow this enablesus to identify membersof the
opensourcecommunity groupandof the commercial group(someindividualsmay fall into both). The Contrib ution field
showshow thatcategoryof userutilisesthatclassof software,oftenasbothauserandasupplier(thedominantmethodis given
first).

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

Table1: Usercategoriesfor medicalimagesoftwaredevelopment

1.4 The project aims

UsingTINA asabasistheconsortiumaimsto establishOSMIA astheenvironmentof choicefor researchersinto medicalimage
analysis.This will bedonein a way which facilitatesthegreaterup-take of researchalgorithmsby commercialorganisations
whilst allowing eachareaof work, researchandbusiness,to continueworking in its currentmodel.

Thecurrentdistributionof TINA doesnothavesomeof theimportantattributesexpectedof opensourcesoftware.In particular
it lacksfeaturessuchasauto-configuration,repositoryservicesfor distribution andcontribution, automatedtestschemesand
completedocumentation.This consortiumwill addresstheseissuesin order to increasethe easeof adoption,to attractthe
largestpossiblenumberof usersto OSMIA. Specificallyit shall;

� Setupa centralisedaccesspoint for sourcecodedistribution andcontribution, supportinga numberof accessprotocols
including HTTP, FTP, CVS andRSYNC. ISBE will also reducethe manualconfigurationneedsof the software to a
minimum,streamlinethe softwareinto a moreefficient codebaseandproducea packageddemonstrationsof particular
algorithms.

� Establisha communityframework for externaldevelopersto contributeto thelibrariesandprovide infrastructure(email
lists,messagingsystems,etc)to allow effectivecommunication.Also to maintainup to datedocumentationandsupport
material,suchasexampledatasets.

� PromoteanddisseminateOSMIA both electronically(indexing to varioussearchandcatalogueweb sites)andat aca-
demicandindustrialconferencesandexhibitionsthroughoutEurope(suchastheEuropeanCongressof Radiology).

To promotealgorithmswithin OSMIA to commercial organisationsthepartnersshalldevelopa genericinterfacemechanism
which will allow accessby third partyapplicationsandfacilitatedatatransferbetweenthem. This work will bedonein con-
junctionwith commercialpartnerVoxar, who will producea compatiblesystemfor theirmedicalimagevisualisationsoftware,
Plug n View 3D (PnV). Theseinterfaceswill enablePnV to becomea clinical front-endto functionality in an opensource

IST-2001-34512



OSMIA : PartB 5

researchenvironment. Oncein place,this interfacemechanismwill provide PnV userswith accessto currentandfuture de-
velopments.Thespecificationsandcodefor theOSMIA interfacewill beintegratedasopensourceandwill thusbeavailable
to otherorganisationswho wish to developsimilar interfaces.Voxarwill usethis mechanismto evaluateexisting algorithms
within TINA for full customintegrationinto their software. Further, Voxarwill promotetheuseof OSMIA asa development
environmentto appropriatecustomersby includingdistributionswith specialreleasesof their software.

To ensurethattheproceduresadoptedareappropriatefor thewidercommunitytheacademicpartnersattheVisionSystemsLab,
Dublin City University (VSL) andthe ComputerScienceDept.,Universityof WesternOntario(UoWO) will actasexample
community developers. They will assessthesoftware,includingall aspectsof thecommunityreleasesundertypical working
practices.This will involving integratingexisting softwarefrom thepartners,providing functionalitycurrentlynot presentin
TINA. They will provide regularfeedbackwhichwill beusedto refinethecommunityreleaseof thesoftware.

Theprojectmanagerwill alsoorganisea usergroupwith bothparticipantsandrepresentativesfrom otheralgorithmicdevel-
opers,clinical endusersandmanufacturersof othersoftwaresystems.This usergroupwill assistin reviewing documents
andadvicein establishingthespecificsof theOSMIA opensourcelicense.It will alsoassistin establishingthenon-exclusive
licensemechanismsfor algorithmsidentifiedaspotentiallyuseful,ensuringthey canbe exploited at reasonablecostwithout
lossto theopensourcedistribution. Ultimately this usergroupwill form thebasisof theOSMIA opensourcecommunity.

Thetablebelow summarisestheobjectivesof this projecttogetherwith thecriteriafor assessingeachobjective.

Objective AssessmentCriteria

- Opensourcereleaseof OSMIA basedon TINA Deliveryof distribution

- PromoteOSMIA asa platformfor medicalimageanalysis Numbersof enquiries

- Demonstrateresearchuseof OSMIA Outputfrom communityevaluationprojects

- Demonstratecommercialuseof OSMIA Increasedsalesof PnV

- Establishdevelopercommunity Numberof developers

IST-2001-34512



OSMIA : PartB 6

2 Contrib ution to KeyAction Objectives

Thestrategic objectiveof theIST programmeis to realisethe benefitsof an information societyfor Europeboth by acceler-
ating its emergenceand by ensuring that the needsof individuals and enterprisesaremet. Thisprojectdirectlyaddresses
this objective by supportingan environmentwithin which new medicalimageanalysisresearchtechniquescanbe developed
co-operatively. It providesnew accessroutesinto suchtechniquesallowing morerapidandefficient commercialexploitation
andclinical exposure.

The work in this proposalclearly constitutesa trial by enhancingthe effectsof RTD work . In fact it achievesthis at two
levels.Firstly, it supportsthedevelopmentof anenvironmentfor algorithmicresearchwhich improvesthepotentialfor take-up
by commercialorganisationsof currentandfutureRTD work. Secondly, themechanismsusedin this projectrepresenta trial
of a moregenericmodelof opensource/proprietarypartnershipswhichmaybeapplicableto otherareasof business.

TINA is a proventechnologyin thefield of machinevision andmedicalimageanalysisandalreadyprovidesextensive func-
tionality for medicalimageanalysisresearch.However, until now it hasbeenunderutilisedwithin thefield dueto thelimited
resourcesavailablefor infrastructuredevelopment.Thequality of thealgorithmswhich alreadyexist shouldencourageother
developersin thecommunitygroupto work with, andcontributeto its continuingsuccess.Fundingthisproposalwill enableus
to establishOSMIA asthe opensourcemedical imageanalysispackage, anareawhich is poorly servedin theopensource
softwarecommunity. Oncethis projectis completedthehundredsof othermedicalimageanalysisresearchgroupsthroughout
Europewill have continuing,sharedaccessto this premieredevelopmentenvironment. This directly addressesthe primary
objectiveof this actionline, fostering in Europedevelopmentof a much neededfr eesoftwareenvir onment.

Thisproposalmainly targetstheTrials of fr eesoftwaredevelopmentfocusin particlarthefieldsof co-operativeinformation
production and sharing andusability. A consistentdevelopmentframework facilitatestheco-operativeworking of research
groups,throughoutEuropeand the rest of the world, which is becomingvital in performinglarger scaletrials of medical
imaging techniques,often involving several remotesites. Unifying a dispersedarray of communitydeveloperswithin one
environmentenablesthesoftwareto acquireacritical masswhich is easierto supportandto facilitatefor. This is importantin
opensourcesoftwareandcritical in research,wherethecommunityis asimportantasthecode.A commonenvironmentalso
supportsthedisseminationof scientific resultsin a practicalfashionwhichcomplementsthetraditionalpublicationmethod.

Providing aninterfacewhich enablestheoftencomplex imageanalysisalgorithmsto bedrivenfrom a familiar systemgreatly
improvesusability andbroadensthebaseof potentialusers.In turnthiswill enablethoseacademicclinical andhospitalclinical,
who do not have thesupportof algorithmicdevelopers,to gainaccessto state-of-the-artalgorithmsearlierin developmentand
to work in areasotherwiseoutsidetheir availability. This improvesopportunitiesfor co-operative information production
and sharing in wayswhich allows largerandmorevariedgroupsof clinical usersto participate.

Theopeninterfacemechanismwill permitcommercialorganisationsinvolvedin medicalimageanalysissoftwaredevelopment
to evaluateabroaderrangeof algorithmsmorerapidly thanwouldotherwisebepossible.Thiswouldbeof particularbenefitto
SME’s(of whichtherearemany in thisfield) for whomspeculativemarketanalysisis oftenaprohibitivelyexpensiveendeavour.
The ability to acquire‘alpha quality’ examplesof softwarefreely would enablecompaniesto assesseitherthemselvesor in
collaborationwith customers(whoalsohaveaccessto thesoftware)whichalgorithmsareworth focusingdevelopmenton. The
combinationof freely availableresearchsoftwaredrivenfrom commerciallyestablishedfront-endsshouldwidentheappealof
bothplatforms;commercialandopensourcemethodsworking synergistically.

Commercialexploitationof algorithmswouldbeachievedunderlicenseswhichdonotaffect theopensourcenatureof OSMIA
(northelossof algorithms).Thiswouldproviderevenueto thecontributorswhowouldbein apositionto negotiatedevelopment
asexternalcontractorsor act as consultantsin the processof recoding. In this way developmentwithin OSMIA becomes
a promotionaltool, presentingthe techniquesdevelopedby researchgroups. Successin this would, in turn, attractothers
developers.

In summary, by establishingOSMIA astheopensourcemedicalimageanalysisenvironmenttheCommissionwouldbemaking
available a Europeanbasedsupport service for medical image research fr eesoftware projectswithin oneenvironment,
which fulfils thesecondobjectiveof this actionline.
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3 Innovation

3.1 Statusof the technology

Developmentof TINA1 [http://www.tina-vision.net]beganin 1986at the Artificial IntelligenceVision ResearchUnit at the
University of Sheffield, UK. Developmentcontinuestodayat the Division of ImagingScienceandBiomedicalEngineering
(ISBE)at theUniversityof Manchester, UK.

EssentiallyTINA is a collection of over 150K lines of ‘C’ codeorganisedinto libraries providing the facilities necessary
for developingimageanalysisalgorithms.Theseinclude;datastructuresfor images,mathematical,statisticalandgeometric
constructs;higherlevel visionprimitives;functionsto read/writedatain many formats;GUI for building ‘tools’ usedto operate
algorithmsanddisplay, modify andanalysedata;anextensivearrayof imageprocessing,numericalandstatisticaloperations,
including a rangeof familiar aswell asmany novel patternrecognitionanddataanalysistechniques;solutionsto low-level
(featureextraction,primitive fitting) andhigh-level (objectrecognition,depthestimation)vision problems.In the last4 years
TINA hasbeendevelopedatISBE,aninterdisciplinary5* rated(highestresearchratingin UK) universityresearchgroup,where
it hasbeenusedto tacklemany problemsin medicalimaging,particularlyin magneticresonanceimaging(MRI). Functionality
hasbeenintroducedto supportthiswork atboththelow-level,suchasfile readersandwritersfor popularmedicalimageformats
suchasDICOM andANALYZE, andat thehigherlevel including;automatedrigid bodyvolumeco-registrationtogetherwith
fastreslice;fMRI BOLD signalanalysiswith motion artifactanalysis;singleandmulti-spectraltissuesegmentation;arterial
bloodflow, tissueperfusionandpermeabilityanalysis;semi-automatedbrainstructuresegmentation.

TINA is currentlyprovided asopensourceunderthe lesser-GPL license. It is known to work on several UNIX platforms
including SolarisandLinux usingeitherthe Xview or Motif (Lesstif 1.2) GUI toolkits. The codeis currentlydistributedas
snapshotsof theISBEdirectorytreecapturedirregularly. Documentationis providedin theform of 3 postscriptmanualswhich
provide usersupport(how to drive someof the tools to do usefulwork), the programmersguideandthe algorithmsguide(a
collectionof papers).

Plug N View 3D (PnV) is a high performancemedical imagevisualisationpackagewhich runs on desktopPC hardware.
Originally releasedin January2000PnV hasgainedinternationalrecognitionfor bothtechnicalsuperiority(quality andspeed
of rendering)andcosteffectivenessrequiringonly a standardPC(asopposedto a dedicatedworkstation).PnV providesfull
DICOM supportincludingretrieval andtransmissionto standardhospitalpatientaccesssystems;2D multi-planarreformatted
viewsof volumedata;3D iso-surfaceandvolumerenderingof datawith presetmappingsfor analysissuchascolonicscreening;
supportingfunctionsfor radiologicalreportcreation.In thelastfinancialyearVoxarsalesof Plugn View 3D reached1.5million
dollars.Projectionsfor thecomingfinancialyearare4.5million dollars.

NeatVision [http://www.neatvision.com/]is aJavabasedimageanalysisandsoftwaredevelopmentenvironment.Developedby
theVision SystemsLab. at theDublin City Universityit providesover 200imageandgeneraldataprocessingalgorithmsin a
visualprogrammingenvironment.It is primarily intendedasa resourcefor constructingsystemsolutionsfrom setsof existing
analysiscomponents.thuswould greatlybenefitfrom the inclusionof OSMIA functionality, augmentingthis resourcewith
many new advancedfunctionsspecificallythe medicalimageanalysistechniquesdescribedearlier. NeatVision is currently
providedasshareware.

3.2 Competition

Theenvironmentswhichcouldberegardedasbeingin competitionwith thisprojectfall into two categories.Full envir onments
which defineboth a languageandthe functionality availableto the userand libraries which augmentan existing operating
systemandcompilersetup.

Theclassicfull environmentexampleis Matlab[http://www.mathworks.com]. Somemedicalimagesoftwarehasbeenproduced
usingMatlab, a goodexamplebeingSPM [http://www.fil.ion.bpmf.ac.uk/spm/spm99.html]a systemdesignedfor functional
neuro-imageanalysis. IDL [http://www.rsinc.com]is anotherenvironmentwhich is often usedin medical imageanalysis.
Both arecommercialpackages.Costasidethis introducesa dependenceon a commercialsystemwhich is subjectto business
demands,i.e. modificationsnot necessarilydriven by technicalmerit. Thereare freeware/opensourcealternativessuchas
Octave [http://www.octave.org] an environment‘mostly compatiblewith’ Matlab andR [http://www.r-project.org] an open
sourcestatisticalanalysisenvironmentsyntacticallyequivalentto S [http://insightful.com]. However, theuseof a proprietary
languagegreatlyrestrictsthe direct commercialexploitation of algorithmsdemandinga completesoftwarerewrite. Further,
althoughconvenientfor initial algorithmicdevelopmentandtest,suchenvironmentshinderdevelopment,particularlyasthe

1In amannersimilar to GNU, TINA expandsto TINA Is No Acronym
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complexity of thesystemincreases.For instance,by imposingsomedevelopmentlimitation e.g. performance,or in failing to
supportimportantcoreor peripheralhardware.

TINA is an exampleof a library environmentproviding a rangeof functionality to the programmer. As suchit makesfew
assumptionsof thesystem(‘C’ canberegardedasanalmostuniversalcomputerlanguage)andimposesfew limitationsonhow
theusermakesuseof thefunctionalityasthelibrary functionscanbecalledin virtually any programminglanguage.Thereare
avarietyof librariesavailableto supportscientificdataprocessingsomeof whichhaveutility in medicalimageanalysis.These
include; handlingformatteddatainteraction(HDF [http://hdf.ncsa.uiuc.edu/], DICOM [http://www.offis.uni-oldenburg.de] );
visualisation(PLPLOT [http://plplot.sourceforge.net], VTK [http://www.kitware.com]); numericalandstatisticalanalysisrou-
tines(STATLib [http://lib.stat.cmu.edu], NETLib [http://www.netlib.org/]). However, theselibrariesprovide low-level support
to aspecificareain amannerwhich hasbroadappealto a rangeof disciplines.Muchof TINA functionalityis atahigher-level
thanis availableelsewhere,althoughtherearemany opportunitiesfor TINA to work in conjuctionwith suchsystems.

The ImageUnderstandingEnvironment(IUE) [http://www.aai.com/AAI/IUE/IUE.html]projectspecificallyaimedto produce
a packagewhich would becomethe prefferedenvironmentfor generalimageanalysisresearch.Unfortunately, the lack of
practicallyusefulalgorithmsandthe poor integrationof IUE with othersystems(othercommonlyusedsoftware)meantthe
projectwasunsuccessful.TheIUE projectrecentlymutatedintoapackagecalledVXL [http://www.robots.ox.ac.uk/vxl/], which
unfortunatelydoesnothingto addressthesedeficiencies.Also by operatinga restrictedsourcepolicy (developeracceptanceis
required),VXL remainsapackagewhich themajorityof researcherswill beunable/unwillingto exploit. In comparison,TINA
hasevolvedwithin anongoingprogrammeof researchasa mechanismto enhanceproductivity, underconstantassesmentand
modificationadaptingto theneedsof theusers.

An effort by Intel to introduceanopensourcelibrary of functionsfor computervisionoptimisedfor Intel deviceshasbeenmore
successful[http://www.intel.com]. Themotivationhowever, is to supportthedevelopmentof Intel devicesandso,althoughthe
codeis provided as ‘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 usefulcomponentsfor the next generationof
Human-ComputerInterfaces.Codewhich doesnot attendto Intel’s plan is not integratedinto thesystem(all optimisationis
doneby Intel employees).Thereareno provisionsfor medicalimageanalsysisalgorithms,what little genericfunctionaility is
providedis betterservedby othermathematicalandstatisticalfunctionlibraries(BLAS, LAPACK).

Analyze [http://www.mayo.edu/bir]a medicalimageanalysisandvisualisationsystemis the only packageknown to adopt
a similar approachto that proposedfor OSMIA. However, Analyze is a commercialpackageand is usually provided as a
GUI driven toolkit. To develop Analyzerequiresacceptanceof a submittedproposal,however this doesnot, undernormal
circumstances,includeaccessto original sourcecode.This is regardedasa severelimitation in termsof researchworthiness
asit doesnot promotetheunderstandingof algorithmsor theopenexchangeof researchideas.It alsoreducesthenumberof
contributorsto aselectfew andthusfocusesthefunctionalcontentonspecificareasin medicalimaging.Of moreconcernis the
way in which closedsourcerestrictsaccessto thespecificimplementationdetailsof algorithms.As outlinedat thestartof the
document,thelackof suchdetailscanleadresearchersworking co-operatively to form invalid assumptionsmakingsuchwork
difficult andpotentiallydangerous.Finally Analyzedoesnot benefitfrom thediversityof machinevision andgenericpattern
recognitiontechniquesalreadypresentin TINA, many of which havealreadybeenfoundusefulin medicalimageanalysis.

3.3 Innovativeaspects

Therearethreemajorinnovationswhich thisprojectpresents;

� A full opensourcereleaseof OSMIA wouldprovidea unique resourceto the medical imaging community, providinga
provenarrayof establishedandoriginalmedicalimaging,machinevisionandpatternrecognitionalgorithmsin aflexible
and consistentenvironment. Further, OSMIA will allow short term projectsto be developedin a framework which
sustainsusefulalgorithmsbeyondthe lifetime of directedfunding. Suchanapproachwill allow the largerproblemsin
medicalimagingto beaddressedin anincrementalfashion.

� The third party software interfacewould facilitate rapid prototyping of commercial grade software dir ectly fr om
research implementations. This givescommercialorganisationsaccessto a wide rangeof researchsoftware in one
situation,without the needto re-code,greatlyreducingthe leadtime in clinical up-take. In turn this would allow less
technicallyableclinical usersto experienceandevaluateresearchtechniqueswithin thesettingof afamiliarenvironment.

� Theapproachto beadoptedprovidesannovel interface betweenopensourceand commercial softwaredevelopment,
onethatdoesnotattemptto redefinehow eitherareperformed.It will usetheOSMIA library mechanismasa ‘scoop’ for
analysistechniques,presentingthemin a unifiedsystemandchannellingthemtowardscommercialexploitationandhas
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thepotentialto returnfunding to opensourcecommunity. This modelhasthepossibility to work in otherareaswhere
opensourceandcommercialsolutionsco-exist.

3.4 Businesscases

Opensourcedevelopers

In this situationopensourcedevelopersof medicalimageanalysistechniquescanbe regardedasboth usersandsuppliers
(utilising or contributingvalueto OSMIA). To theuserOSMIA will increaseresearchproductivity by providing botha robust
infrastructureuponwhich new algorithmscanbe developedaswell asproviding accessto a large resourceof pre-developed
techniques.Theopensourcenatureof OSMIA togetherwith themodularuseof a ‘C’ library structurewill provideeasyaccess
to software in a flexible manner. This is obviously attractive to userswho can integrateOSMIA into their currentworking
practicewithout largedevelopmentoverhead.It will alsobeof benefitto suppliersfor whomintegrationof codeis relatively
straightforward. Further, opensourceallows thework of suppliersto bepresentedto a wide audiencewhich is importantin
researchif ideasareto becomeadoptedby bothpeersandcommercialorganisations.

The additionof a third party software interfacemeansthat supplierscontributing codehave the potentialfor their work to
berecognisedby organisationsnot directly associatedwith theresearchcommunity. Many in researchhave constrainedtheir
working practisessoasto appealto companieswho might exploit their work. Buffering the interactionbetweenresearchand
commercialexploitationwill allow developersto embracethepractisesof opensourcedevelopmentandthefreedomit brings,
whilst retainingthepotentialfor exploitation.

Commercial organisations

The role of commercialorganisationssuchasVoxar is oneof users(next personin the valuechain)of OSMIA technology.
Many of theanalysisproblemsof interestto Voxarhavebeensolvedby algorithmsalreadypresentin TINA andthey arekeento
exploit someof thesealgorithms.Developingagenericinterfaceschemewill allow any algorithmto beevaluated,bothcurrent
andfuture. This longertermview demonstratesthedegreeof confidencethatVoxarhave in OSMIA asanresearchplatform.
OSMIA will enableVoxar to collaboratewith academicandhospitaldevelopersandgive thema competitive advantage.It
doesthis by providing Voxarwith earlyaccessto algorithmsin development,allowing Voxar to demonstratethesetechniques
to the clinical organisationsandgenerallybecominginvolved in shapingthe adoptionof new algorithms. Linking OSMIA
andPnV will helpextendsalesof PnV into academicmedicalfacilitiesby promotingPnV asa userfriendly front endto the
state-of-the-arttechniquesin OSMIA. Voxar have alreadyreceived interestfrom someof their clinical customersregarding
theopportunitiesfor developingtheir own codein PnV. VoxarenvisageOSMIA asonemechanismwith which this couldbe
achieved. Although the potentialmarket for salesto suchclinical developersis projectedto be in the region of only 10’s of
units/yearpenetratingsucha marketwill helpVoxarimprovethequality of their product.

Voxar understandthat as an opensourceresource,the algorithmsin OSMIA will be freely available to anyone, including
their competitors.Despitethis, Voxarrecognisetheneedto improve thequality of all clinical softwareandareconfidentwith
OSMIA they canbecompetitive in a moretechnicallyadvancedmarket.
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4 Project Workplan

4.1 Intr oduction

The objectivesof this projectaresummarisedby the diagramsof figure1. The diagramon the left of figure 1 demonstrates
the relationshipbetweenthe softwareenvironmentOSMIA andthe opensourceandcommercialdevelopmentcommunities.
Thegoal is to establishtwo working mechanisms,eachof which exposesOSMIA functionalityin a mannerappropriateto the
particularcommunity. To theopensourcecommunityOSMIA is presentedvia a sourcecoderepositoryservicethroughwhich
membersof theopensourcecommunitycangetaccessandcontributeto it. To commercialorganisationsOSMIA is accessed
throughansoftwareinterfacemechanism,allowing algorithmswithin OSMIA to beexecuteddirectlyfrom third partysoftware.

Repository

Interface

Open Source

Commercial

OSMIA

Clinical
Academic 

Developer
Hospital

Developer

Commercial
Developer

Hospital 
Clinical

Academic 

Repository

Interface

Commercial

Open Source
(Plug n View 3D)

Voxar

UoWO
(Optical Flow)

VSL
(NeatVision)

(TINA)
ISBE

Figure1: Overview of softwarerelationships(left), overview of partnerrelationships(right)

The diagramon the right of figure 1 describeshow eachof the projectpartnersrelatesto this objective modelandidentifies
whatsoftwarethey currentlyprovide which will beusedin this project. For severalyearsISBE hasbeenproviding TINA as
anopensourceenvironmentfor imageanalysisresearch.Until now, however, thefacilitiesandsupportnecessaryto establish
TINA within the larger communityhave never beenadequatelyprovided. This project will inject the funds necessaryfor
ISBE to reorganisethe codedistribution, introducenew accesspoints to the algorithmsandestablisha full complementof
supportmechanisms.Whentheprojectis completedOSMIA (asit will becomeknown) will bereadyto supportworld-wide
collaborationsof medicalimageanalysisresearchers.This work is thefocusof workpackage2 andis summarisedin termsof
theobjectivemodelin thediagramof figure2.

Repository

Voxar

UoWO
(Optical Flow)

VSL
(NeatVision)

(TINA)
ISBE

(Plug n View 3D)

Commercial
Interface

Open Source

Figure2: Partsof objectivemodelwhich form workpackage2

ISBE will alsobe jointly involvedin thedevelopmentof thesoftwareinterfacesystemwhich will enablethird partysoftware
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to executeOSMIA algorithmsdirectly. This will be adoptedby a leadingmedicalimagevisualisationcompany (Voxar). It
will greatlyimproving theaccessibilityof algorithmsto bothcommercialorganisationsinterestedin exploitationandclinical
userswho wish to trial state-of-the-arttechniques.This will enablethemto evaluatetechniquesdirectly, using the original
OSMIA implementationasaprototype.OncecompleteVoxarwill evaluateOSMIA asaresourcefor commercialorganisations
to exploit, identifying algorithmsVoxar would be interestedin exploiting. This work is the focusof workpackage3 andis
summarisedin termsof theobjectivemodelin thediagramof figure3

Repository

Voxar

UoWO
(Optical Flow)

VSL
(NeatVision)

(TINA)
ISBE

(Plug n View 3D)

Commercial
Interface

Open Source

Figure3: Partsof objectivemodelwhich form workpackage3

Thethird portionof theprojectinvolvesVSL andUoWO (bothleadingacademicfiguresin theimageanalysiscommunities).
They will take on the role of evaluatingthe OSMIA opensourceenvironment,reportingon the quality of the software,the
distributionmechanismsandthesupportingcommunityinfrastructure.To dothis,they will performevaluationprojects.UoWO
will contributeto OSMIA by integratingopticalflow softwarewhich they have previously developed(currentlynot presentin
TINA). VSL on theotherhandwill integratingOSMIA into their own system,NeatVision. Theseexercisesevaluatethe two
potentialmodesof operationof OSMIA, useror supplier. VSL andUoWO will alsobe instrumentalin establishingtheuser
community. This work is the focusof workpackage4 andis summarisedin termsof the objective model in the diagramof
figure4
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Open Source
Voxar

UoWO
(Optical Flow)

VSL
(NeatVision)

ISBE

(Plug n View 3D)

Commercial
Interface

(OSMIA)

Figure4: Partsof objectivemodelwhich form workpackage4

Theworkpackagesidentifiedabovewill enabletheconsortiumto implementtheobjectivesdefinedin themodelof figure1. To
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ensurethatthis work is doneto thesatisfactionof theothercategoriesof userasdefinedin section1 (thoseincludedin theleft
diagramof figure1 theconsortiumwill establisha usergroup. This groupwill includerepresentativesfrom eachmemberof
theconsortiumplusmembersrepresentingthehospitalclinical, hospitaldeveloperandacademicclinical groupsnot involved
in theimplementationof theobjectives.Thisgroupwill begiventhetaskof reviewing documentationandassessingthestages
of theprojectin orderto understandthemechanismsprovidedandto identify andcorrectpotentialproblems.Ultimately, once
thisprojectis completethisgroupwill form thebasisof thecommunitysoimportantto thesuccessof any opensourceproject.

Thedesignationsandrolesof eachof theprojectparticipantsis summarisedin table2 below.

Participant
No.

Participant Name Abbreviation Expertise Role

P1 ISBE, Universityof Manch-
ester, UK

ISBE Machinevision andmedicalimage
analysisresearchwith clinical sup-
port

Supplier

P2 VisionSystemsLab., Dublin
City University, IE

VSL Machinevision research User

P3 Computer Science Dept.,
University of Western
Ontario,CA

UoWO GenericImageanalysisresearch Supplier

P4 VoxarLtd. UK Voxar Developmentof medicalvisualisa-
tion software

User

Table2: Participants

4.2 Workpackages

Thediagramof figure5 breaksdown eachof theworkpackagesoutlinedin figures2, 3 and4 into a seriesof tasksandshows
therelationshipbetweenof eachof themajortechnicalcomponents.

Theworkpackagesaresummarisedtheworkpackagelist in table3, below.

Workpackage
No.

WorkpackageTitle Lead Con-
tractor

Person-
months

Start
Month

End
Month

Deliverable
No.

wp1 ProjectManagement ISBE 4 0 18 D1
wp2 OpenSourceDistribution ISBE 8 0 18 D2
wp3 CommercialInterface Voxar 23 0 18 D3
wp4 CommunityEvaluation VSL 32 0 18 D4
wp5 DisseminationandExploitation Voxar 8 0 18 D5

Table3: Workpackagelist

Theindividualeffort breakdown for eachpartneris summarisedin table4.

Partner ISBE Voxar VSL UoWO Total
wp1 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 breakdown

Theprojectdeliverablesaresummarisedin thedeliverable list of table5, below.
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Figure5: Diagramof technicalcomponentdependencies(PERT)

In the following sectionseachworkpackageis discussedin detail. Eachsectionbeginswith a workpackagedescriptionform
which summarisesthe actionsandobjectivesof theworkpackage.This is followedby a morein depthanalysisof thework-
packageincluding,whereappropriate,aworkpackageganttchart.

4.2.1 WP1: Project Management

Thedetailsof theprojectmanagementarediscussedin thePartC document.

4.2.2 WP2: Open SourceDistrib ution

The objective of this workpackageis to transformthe currentsoftwaredistribution into a self consistent,easilymaintained,
unclutteredcodebasewith a robust installationprocedureavailableon a wide variety of platforms. This work will be done
exclusively at ISBE. The distribution will incorporateall of the featuresexpectedof a high quality opensourceapplication,
includingsimplifiedconfigurationutilities andaccessibilitythroughseveraldistribution mechanisms(suchasFTPandCVS).
ISBEwill alsoensurethatclearandadequatedocumentationareprovidedsothatinexperienceduserscanquicklyandefficiently
start to the utilise the power of this resource.ISBE will put in placea full andcompleteframework of communicationand
collaborationmechanismsto ensurethattheestablishingcommunityis adequatelysupported.All thefacilitiesput in placewill
beevaluatedby work in WP4andthefeedbackusedto debugandimprovethedistributionandresources.

To ensurethe longevity of OSMIA asan opensourceenvironmentoncethe project is complete,it is vital that a burdenof
managementis not introduced,requiringunrealisticlevelsof time or money. ISBE have consideredtheresourcesthatwill be
availableoncethisprojectis completeandhavefocusedattentiononsimplifying workingpracticesandautomatingtasks.ISBE
will make extensive useof other, well supportedopensourcesoftwarein orderto manageandmaintainOSMIA, whilst being
carefulnot to introduceunnecessarytechnologicaldependencies.For examplein the re-developmentof the TINA website
(the focal point of the communityresource)ISBE will usethe PHPlanguage[http://www.php.net]for server-sidewebpage
generation,asopposedto developingstaticwebpages.Adopting a dynamicapproachto webpagedesignis more complex
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Deliverable
No.

DeliverableTitle Delivery
Date
(Month)

Nature Dissemination
level

D1.1 Projectreview 6 R PP
D1.2 Projectreview 12 R PP
D1.3 Projectreview 18 R PP
D2.1 Alpha open sourcedistribution of

OSMIA
2 D PP

D2.2 Releaseof repositorysystems 6 D PP
D2.3 Releaseof developerwebsite 12 D PP
D2.4 Releaseof improvedcodebase 17 D PP
D2.5 Opensourcedistributionof OSMIA 18 D PU
D3.1 Working specificationfor interface 1 R PP
D3.2 Interfacesystemfor OSMIA 13 D PU
D3.3 Interfacesystemfor Plug N View

3D
13 D PP

D3.4 Public releaseof interfacespecifi-
cation

13 R PU

D3.5 Algorithm evaluationreport 18 R PP
D4.1 Assesmentof TINA technology 2 R PP
D4.2 OSMIA integratedwith Neatvision 15 D PU
D4.3 Opticalflow techniquesin OSMIA 15 D PU
D4.4 Assessmentof OSMIA 18 R PU
D4.5 Documentationfor software 18 R PU
D5.1 Disseminationplan 2 R PP
D5.2 Disseminationreport 18 R PU

Table5: Deliverablelist

thanwriting staticwebpages,however it providesmany advantagesin semi-automatedsitemanagement.Similarly, ISBE will
not burdenourselvesor site visitors with heavy client-sidescripting or imagemapsfor navigation. ISBE shall ensurethat
theresourceis availableto the largestaudiencepossiblelimiting therequirementson sitevisitors. Simplifying processesand
consideringthebroaderissues,alsohelpsto promoterobustness,afeatureof theupmostimportancein aninformationresources
suchasthese.ISBEareconfidentthatoncethisprojectis completethey will beableto managethenew distributionof OSMIA
with aminimumof effort, potentiallyfunded,in part,from incomegeneratedby commercialtakeup of analysistechniques.

Tasks

Theganttchartin table7 in section5 shows the tasksin WP2. After acquiringthe repositoryhardwarein wp2.t1 webpages
andinformationresourceswill be installedon the systemin wp2.t2. This includesexporting the currentTINA codebaseto
new repositoriesfor useby CVS andRSYNC. The existing web pageswill alsobe moved to this server togetherwith the
manualsandotherinformationresources.This resourcewill besituatedin ISBE at theUniversityof ManchesterwhereISBE
hasthe roomsandinfrastructureto supportsuchassystem,including a Gigabit ethernetdirect fibre-optic link onto JANET
(internetbackbonein the UK) andpermanentsupportandmaintenencepersonnel.Retainingcontrol over the primary host
is alsopreferedif a professional,robust infrastructureis to be managed.Completionof this tasksignifiesthat the milestone
wp2.m1alphaopensourcereleasewill havebeenreached.Feedbackfrom communitydevelopersin WP3will beusedto debug
andimprovetherepositoryin wp2.t3.

Theobjectiveof wp2.t4 is to introducesoftwarereleasestrategiesandimprovetheclient installationprocess.Thiswill simplify
accessto OSMIA for new usersandimprovetherobustnessof installations(increasingconfidencein thesoftware). ISBE will
evaluatetechnologiessuchasGNU autoconfigureand introducemechanismsfor automatedconfigurationof the codeonce
installedon client machines.ISBE will alsoestablishprotocolsfor handlingandredistributing contributor code. In orderto
retainmanagementof the softwaretreeISBE will install a CVS layer to act asa shell. This will be separatefrom the core
directorytreeandprovide an interfacefor the communityto acquirethe latestcode. ISBE will install automatedsystemsto
reconcilethis layer with the coredistribution treeon a regular (daily) basis. However, this will alsoallow us to disseminate
informationregardingcodechangesto thecommunityin orderto promotesupportactivitiessuchasthird personcodetrawling.
AlthoughcodemanagementsystemsuchasCVScanprovidemassiveadvantagesfor multi-usercodemanagement,they cannot

IST-2001-34512



OSMIA : PartB 15

replacemanualcodeanalysis.

In wp2.t5, thedevelopmentof thesupportinginformationandaccessresourceswill bedone.SpecificallyISBEwill establisha
developerwebsitewith dedicatedfacilitiesfor communitydevelopersincludingaccessto codecontributionandexchangeareas
(basedon the protocolsdevelopedin wp2.t4), logs of contributionsto the CVS repositoriesandemail lists. Anotherareaof
developmentwill bethedocumentationwhichwill beupdatedto representthereleasestructureof OSMIA. Thedocumentation
will berepresentedin a contribution framework sothat, like thecode,it canbekeptupdatedby communitywide action. The
webpageswill beupdatedto reflecttheresourcechangesandwill bere-engineeredto increaselevelsof automation.This will
includeproviding facilities to ensurethat the latestinformation,codechangesanddevelopmentsarepresentedto theusersas
quickly andefficiently aspossible.

In wp2.t6 ISBE will implementa seriesof rationalisationexercisesaimedat simplifying andimproving therobustnessof the
existing code.ISBE shallalsointroducecodetestingstrategieswhich will allow the integrity of thecodebaseto beevaluated
automaticallywhenupdatesareperformed.As partof this taskISBE will alsoproducea seriesof focusedapplicationswhich
demonstratethecapabilitiesof OSMIA in aspecificdomains.Thesewill beusefulin demonstratingthecapabilitiesof OSMIA
(at a functionallevel) to potentialusersaswell asdeveloperswho, currently, have a particularapplicationor applicationneed
in mind. By demonstratingOSMIA in this way we may attractcreepergroups,i.e. thosewho cometo OSMIA for specific
usepurposesthenslowly make useof moreof the software. Typical applicationsincludestandaloneversionsof the image
calculatorfor prototypingimageprocessingalgorithms;the volume-to-volumeco-registrationandreslicetool for automated
co-alignmentof medicaldatasets;thetissuesegmentationtoolsfor identifying thequantitiesof differenttissuetypesin neuro-
images.Thesedemonstrationshavebeenselectedonthebasisof ourexperienceregardingquantitativeanalysisrequirementsin
clinical researchprojects.Theappealof thesedemonstratorswill beenhancedby augmentingtheexisting graphicalinterfaces
(Xview/Motif) with GTK+ [http://www.gtk.org] andTcl/Tk [http://www.scriptics.com]interfaceswhich operateon a broader
rangeof platforms.We shallusetheseinterfacesto enableOSMIA to run on nonX-Windows platformsincludingMicrosoft
Windows.

Theinterfacesystemdevelopedin WP3will beintegratedinto thecodebasein wp2.t7 Thedocumentationandwebpageswill
be updatedwith the detailsof how this systemcanbe utilised. Oncethis taskis completethe secondmilestonem2 the beta
opensourcereleasewill havebeenreached.In wp2.t8 therepositoryandcommunityresourceswill bedebugged,basedon the
assesmentandfeedbackfrom WP4. Completionof this tasksresultsin thedelivery of thefirst public releaseof thesoftware
which formsdeliverableD2.

4.2.3 WP3: Commercial Interface

Therateat which new medicalimageanalysistechniquesareadoptedby commercialsoftwarecanbeaddressedby improving
thevisibility of researchideas.Tackling this problemin OSMIA is theobjective of WP2. Theaim is to developansoftware
interfacemechanismwhich will allow algorithmsto beaccessedwithout theneedto program,setupor interactwith OSMIA
directly. Theinterfacedevelopedin this workpackagewill provideanalternativecontrolmechanismfor theexecutingtoolkits.
Toolkits are executableapplicationswhich are producedduring the developmentof the underlyingalgorithm as a way of
evaluatingandcontrolling thatareaof functionality. Much of the infrastructurethey provide is targetedat the developerand
is often confusingfor the non-expert userand, from the userpoint of view, unnecessary. The interfacesystemwill allow
functionality in anOSMIA application(a suiteof toolkits) to be invokedremotelyfrom a third partyapplication.It will also
enabledatato betransferedbetweenthetwo. Thespecificationfor this interfaceschemewill bemadeavailableandopensource
in orderto promotetheideasoothersmaymakeuseof this scheme.

Oncesuchaninterfaceis establishedVoxarwill beableto morerapidly assesstheperformanceof algorithmswithin OSMIA,
thanif they wererequiredto integratethecodedirectly. Thisis becausetheinterfacemechanismwouldwork at theveryhighest
level, exposingonly the functionality requiredto operatetheoverall system.New algorithmsin OSMIA will becomealmost
instantlyaccessiblefrom PnV, providing Voxar with a prototype. From this point Voxar would be free to assessthe general
behaviourof thealgorithmfrom within PnV. If satisfiedwith thisstage,they couldmoveonto developamoreappropriate(better
integrated,targetedatparticularusers)interfaceto theOSMIA algorithm,at thePnVside.Thiscouldinvolveintroducinglevels
of automationsuchasutilising informationregardingthedatacaptureprocessin orderto reducethenumberof configuration
parameters.At eachstageVoxar would have accessto a working model of the completedsystem. Indeedthe complete
integrationof setsof algorithmsin OSMIA couldbeassessedandprototypedwithout theneedto includeany non-PnVspecific
code,requiringonly that the interfacesbe developed.OnceVoxar aresatisfiedwith the performanceof the systemthey can
considerfull integrationof thealgorithm. Evenat this stagetheprototypehasuseasa ‘gold standard’for comparisonto the
final implementation.

The interfacemechanismwill alsoallow Voxar to distribute potentialnew techniquesto interestedthird parties(clinical or
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developer)for externalevaluation. Similarly, resourcesdevelopedby groupsassociatedwith Voxarcouldbepresentedusing
OSMIA asthetransportmechanism.

Tasks

Thefirst partof this workpackagewp3.t1 will focuson producingthespecificationof theinterfaceprotocols.A collaborative
effort betweenISBEandVoxarwill identify thetechnologieswhichwill beusedto achievethis. This includesreviewing object
brookerschemessuchasCORBA andCOM, aswell asthepotentialto useaJavaAPI to implementaclient-serversystemand
alsoobjectprotocolssuchasSOAP. At thestartof theprojectthedeveloperfrom Voxarassignedto theprojectwill beseconded
to work at ISBEfor aperiodof oneweek.During this timethepersonnelwill befamiliarisedwith thetechnologywithin TINA
in particularmechanismsrelevant to the interfacedevelopment.Thedeveloperat ISBE will thenwork for a similar periodat
Voxarbecomingfamiliar with the technologiesused.This trainingwill beusedto assistin establishingthespecificationsfor
theinterfacemechanisms.VoxarandISBEwill work togetheron identifying thetechnologyandtheprotocolsfor theinterface.
At theendof this tasktheworking specificationfor theinterfacewill bedelivered,D3.1.

In taskswp3.t2 andwp3.t4 work will commenceon realisingthe interfacesin both OSMIA andPnV. Monthly reviews, in-
cludingsitevisits by partnerswill ensurethe synchronisationof this work. During wp3.t3 andwp3.t5 both teamswill enter
thesoftwaredebuggingphase.At theendof this phasebothVoxarandISBE will provide betareleasesoftwarefor theother
partner. This will alsoincludepresentationsby eachpartneron thedetailsof thefinal implementation.This informationwill
beusedto definethefinal trials which needto beperformedbeforetheinterfacecanbereleased.In wp3.t6 thetwo teamswill
commenceaprogramof joint debugging.During thisphaseeachof thetrialsoutlinedin theprevioustaskwill becompletedto
thesatisfactionof bothpartners.Only oncethis seriesof trials is completewill theinterfacesystemsbereleased.This release
will coincidewith thepublic releaseof theinterfacespecification.

Taskswp3.t7 andwp3.t8 will beconductedby Voxar. During wp3.t7 Voxarwill survey thealgorithmscurrentlyavailablein
OSMIA in comparisonto theirproductdevelopment“roadmap”.FromthisVoxarwill selectbetweenfour andeightalgorithms
which areof interestandwhich they would considerto provide suitableextra functionality for their products. In this stage
Voxar will alsoconsidermarket suitability which will take the form of consultationswith currentclinical customers.Voxar
will thenspecifya setof requirementsfor thesealgorithmsand,usingthe newly developedinterfacesystem,evaluatethese
algorithmsin taskwp3.t8. Thefollowing generalcriteriawill beusedin their assesment;

� Stability: As a company producingcommercialclinical software,it is necessaryto ensureany codeintegratedinto each
applicationis asstableastechnicallypossible.Thiswill not focusonthestabilityof theimplementation(which in a fully
integratedversionwould bedifferent)ratherthestabilityof theresultsin relationto theinput data.

� Statisticalaccuracy: Voxar hasa responsibilityto provide clinical customersand their patientswith software that is
accurate.

� Complexity of integrationtask: Oneof Voxar’s greateststrengthsis codeoptimisation.Voxarwill investigatethecode
implementationsto assessthepotentialfor speedimprovements.They will alsoproduceestimatesof thetimescaleson
which codecouldbeintegratedinto PnV.

4.2.4 WP4: Community Evaluation Projects

To properlyassessthesuitability of theopensourcereleasesof OSMIA for communitydevelopmenttwo evaluationprojects
will berun. Bothof whichfollow thisworkpackagestructure.Thework by theVSL attheDublin City Universitywill involving
usingOSMIA algorithmsin anexistingsoftwaresystem.Thesecondwill involvecontributingexistingcodeinto OSMIA. This
combinationteststhetwo waysin which OSMIA canbeused,asa supplieranduserof OSMIA. Whilst conductingtheirwork
bothsiteswill be requiredto feedbackresultsof OSMIA trials, both softwareandprocedural.The communicationbetween
ISBEandVSL andUoWO will beconductedfrequentlyusingemailandregular(weekly)InternetRelayChat(IRC) meetings.
At many stagesof this workpackagefindingswill becommunicatedimmediatelyto ISBE in orderto improveor repairaspects
of theopensourcefacilities.

Tasks

In wp4.t1 the communitydeveloperswill evaluatethe currentTINA distribution and preparea brief summaryof the key
componentswhich needto be added,deliverableD4.1. This processwill allow the partnersto becomemore familiar with
TINA and to help prioritise the actionsto be taken in developing the supportinfrastructurein WP2. In wp4.t2 whilst the
repositorysystemis beingestablishedthe examplecommunitydeveloperswill attemptremoteinteractionwith the systemat
regular(controlled)intervals.They will performaseriesof trial download-configure-installcyclesandfeedbacktheir resultsin
orderto optimisetheperformanceof thesystem.Residualissueswill beaddressedby ISBE in thedebuggingphaseof wp2.t3
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Thenext stepwill befor theVSL andUoWO to evaluatehow they intendto integrateOSMIA with their technologies,wp4.t3
andwp4.t4. Assistancein understandingOSMIA technologywill begivenby ISBE in the form of communitysupport(IRC
meetingsandemailcommunications)aswell asproviding a two dayhandson workshopduringthis phaseof theevaluations,
wp4.m1. Thedetailsof which arediscussedin workpackage5.

Themajorcomponentof work by theexamplecommunitydeveloperswill focuson thecontribution of existing codeinto the
OSMIA systemin wp4.t5-wp4.t9. Theprocessof contributionof softwarebackinto theopensourceframework is to betested
by a medicaldataanalysisprojectrelatingto MagneticResonancedataof theheart.This projecthasbeenchosenon thebasis
of timelinessandtheinterestandexpertiseof thepartners.

Modernmagneticresonancesystemsarenow capableof generatingmoving sequencesof imagesof thechestcavity, showing
thebeatingof theheart.Thoughpotentiallyveryusefulfor clinical diagnosistheseimagesareverydifficult to understand,even
for radiologists,becauseof thecomplex physiology. Quantitative techniquesareneededin orderto extractsummaryvariables
relatingto efficiency andnormalityof heartmovement.Thevariablesgenerallyreferredto include,ejectionfraction,diastolic
volume,systolicvolume,ventricularvolumesandmasses.In additionit is potentiallypossibleto extractquitecomprehensive
variablesrelatingto heartdeformationelasticityandstrain.Computingsuchvariablesautomaticallyis averydifficult problem
whichhasbeenthefocusof many researchgroups,but shouldstill beconsideredasunsolved[Frangiet.al.].

Prof. JohnBarron,attheUoWO,hasworkedin theareaof machinevisionfor many yearsandis widely regardedasanexpertin
thisfield. Hehasdevelopedtechniquesfor thequantitativemeasurementof movementusingalgorithmsbasedupontheconcept
of opticalflow. Thesetechniquescombinetheinformationpresentin sequencesof imagestogetherwith constraintsonpossible
motion in order to resolve the problemof establishingthe mostprobablymovementgiving rise to the differencesobserved
betweentwo setsof data.Prof. Barronhasidentifiedthepossibilityof applyingthesetechniquesto magneticresonancedata
of the heartin orderto measurethe3D movementof ventricularwalls directly. The intentionon this projectis to facilitatea
contributionof existing softwarefor this taskto theopensourcesoftwarerepository. Opticalflow algorithmswill beprovided
assetof C functionswhich havebeenmodifiedto conformto aminimal setof OSMIA datastructures.

Prof. PaulWhelan,atVSL, alsohasmany yearsof experienceworkingin theareaof machinesystems,constructingentirevision
systemsfor industrialprocesses.He intendsto evaluatetheextentto which theopensourcelibrariescanbeintegratedwith his
own researchsoftwarefor thepurposesof volumetricsegmentationof heartventricles,usingthesamemagneticresonancedata
setsasProf. Barron. Again this will result in useful informationregardingthe difficulty of the softwareintegrationprocess.
In addition the intention is for JohnBarronandPaul Whelanto exchangeideasanddataanalysistechniquesthusallowing
an assesmentof the meritsof working with a joint researchenvironment. This will help us to judgethe minimum level of
integrationnecessarybetweensoftwarepackagesin orderto maintainresearchefficiency andshouldalsoinform usof possible
improvementsto theinitial process.

Thework of integratingOSMIA into NeatVision will beconductedduringwp4.t5 andwp4.t6. Theopticalflow softwarewill
beintegratedinto OSMIA duringwp4.t7 andwp4.t8. Oneextra steprequiredby theUoWO will beto actuallycontributethe
resultsof their work into thenewly establishedcoderepositories.This will alsobeusedasanopportunityto debug many of
thesesystemsin WP2. Duringwp4.t10 thegroupsat VSL andUoWO will assesssuccessof thepreviouswork by performing
collaborative dataanalysiswith the NeatVision systemusing the UoWO optical flow algorithmsall connectedvia OSMIA.
They will usethis asthe basisof assesmentreportsof OSMIA. Both VSL andUoWO will producea reportdetailingtheir
assesmentof thecapabilitiesof OSMIA whichwill form thedeliverableD4.4Finally in wp4.t11 theteamswill documentboth
thesoftwareandtheir assesments.

References

[1] A.F. Frangi,W.J. Niessen,M.A.Viergever, ThreeDimensionalModelling for FunctionalAnalysisof CardiacImages:A
Review. IEEE,Transon MedicalImaging,Vol. 20,No.1,2001.

4.2.5 WP5: Disseminationand Exploitation

Theobjectivesof thedisseminationactivities targetthreelevels.

Consortium

First thereis thedisseminationof informationamongsttheconsortiummembers.Theactivities in this areainclude;

� ISBEto providea2 dayworkshopfor othermembersof theconsortium.Theobjectiveof theworkshopis to providethe
consortiummemberswith insightinto thefundamentalsof theenvironmentwith which they will work.

Thefirst dayof thisworkshopwill involveaseriesof lecturesby themembersof ISBEresponsiblefor developingTINA.
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Theselectureswill explain thephilosophyof theenvironment(why it wasdesignedtheway it was),thebasicsof what
the systemprovides togetherwith demonstrationsof the resultsof many areasof the research.The objective of the
first day is to ensurethat the consortiummembersunderstandthe origins of OSMIA andhave a detailedoverview of
the facilities it provides. theseconddayof theworkshopwill involve handson experienceof working with thecurrent
TINA environment. Thework undertakenon this daywill bedrivenby the needsof theconsortiumbut will allow the
membersto learnaboutthepracticalrealitiesof workingwith theenvironment.Theseconddaywill alsoincludeaseries
of discussionsof how theenvironmentcouldbeimproved.

Documentationwill be provided to the consortiummembersandwill be usedasthe basisof a tutorial introductionto
OSMIA providedon thewebsite.

� Voxaran ISBE to secondpersonnel.To establishanunderstandingof eachotherstechnologytheVoxardeveloperwill
spenda periodof oneweekworking at ISBE. During this weekthe Voxar representative will be taughthow the TINA
environmentwasconstructed,whattechnologieshavebeenusedandhow theenvironmentis used.Thiswill befollowed
by aweekweretheISBEpersonnelis secondedto Voxarfor asimilar inductioninto thetechnologybehindPlugN View
3D. In both casesthis processwill focuson establishingsufficient understandingto enablethe interfacespecification
processof WP3to bebetterachieved.

� Establishingan email list. To encouragemoreinformal communicationbetweenpartnersthe useof an email list will
be introduced.This will allow discussionsto happenin an openfashion,allowing all membersof the consortiumthe
opportunityto contribute. ISBE will establishtheresourcesnecessaryfor themailing list which will beusedaspartof
thecommunityinfrastructurein WP2.

� Timetableregular(weekly)InternetRelayChat(IRC) meetings.IRC will beusedto allow moreimpromptudiscussions
betweengroupsto beconductedin realtime. A regular(weekly)IRC discussionwill betimetabledinvolving a represen-
tativefrom eachmemberof theconsortiumwill, providing theopportunityfor any mattersarisingto beaired.Thenature
of IRC technologyinsuresthatsuchmeetingscanbeconductedquickly (takingnomoretimethanaphoneconversation)
andallows text to be loggedproviding a convenientmethodof capturingtheminutesof meetings.ISBE will establish
theresourcenecessaryfor theIRC meetingsundertheguidanceof theprojectmanager.

IST Programmeand User Group

Thesecondlevel of disseminationis to otherprojectsin theIST programmeandtheusergroup. Communitysupportof open
sourcesoftwareis critical. Thedisseminationactivities at this level will focuson establishinga usercommunityfor OSMIA.
Theprojectmanagerwill establisha usergroupwhich will includetheprojectmanagerandrepresentativesfrom eachof the
projectpartners(this doesnot necessarilyhave to bethepersonfunded).This groupwill alsoincluderepresentativesfrom the
clinical endusersin theform of a representative from HopeHospitalin Manchester, UK. It will alsoincludea representative
from Philips Medical Systems,Hamburg, Germany, andotherswho developscanninghardwareandanalysissoftware. This
groupwill havethefollowing responsibilities;

� to review all thereportdeliverablesbeforesubmissionto thecommission,

� to adviseon theformulationof theopensourcelicenseusedto coverOSMIA,

� to adviseon specifyingtheconditionsunderwhich algorithmswithin OSMIA canbecommerciallyexploited.

Thisgroupwill meetonceevery6 monthsto review thestatusof theproject.Oncetheprojectis overthesizeandformatof the
usergroupwill changeallowing thegroupto beusedto bootstrap establishingtheOSMIA useranddevelopercommunity.

ISBE will presenta seminarto theclinical representativeandto therepresentative from Philipssummarisingtheobjectivesof
theprojectandthetechnologiesinvolved.

Universal

Thefinal level of disseminationis theuniversaldisseminationof resultsto all. Activities in this areawill continuethroughout
theprojectwhenappropriate.They will includebut maynot belimited to;

� ISBE andVSL to presentOSMIA at conferencesin Europesuchasthe British MachineVision Conference(BMVC),
MedicalImageUnderstanding(MIUA) andMedicalImageComputingandComputer-AssistedIntervention(MICCAI).
ISBE andVSL will providetutorial stylepresentationsat at leasttwo suchmeetings.
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� ISBE andVoxarwill presentOSMIA andPlugN View 3D at theEuropeanCongressof Radiology(ECR).TheECRis
Europe’s premieremeetingfor the disseminationof clinical andtechnicalresults. It alsorepresentsoneof the largest
exhibitionsof medicalimageanalysishardwareandsoftwarewith all themajormanufacturersexhibiting systems.The
averagedelegateattendanceis 7000over the5 days.

� UoWO will presentOSMIA to relevant conferencesand workshopsin Canadaand the NorthernUS suchas Image
ProcessingandMedicalImaging(IPMI) andComputerAssistedRadiography(CARs).

� ISBE to approachthemajorLinux distributorsto includeOSMIA with futuredistributions

� ISBE to ensureOSMIA is highly ranked on all the major web searchenginesaswell ason index sitessuchasSAL
(ScientificApplicationson Linux)

� Voxarwill distributeversionsof OSMIA freely with Plugn View 3D. This mayincludefreely distributing OSMIA with
PnVon theCD but will at leastinvolving advertisingandlinking OSMIA ontotheVoxarwebsite.
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5 Gantt Charts
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Project Overview

Weeks

W
or

kp
ac

ka
ge

s

wp2

wp3

wp4

start wp2.m1 wp2.m2wp3.m3wp4.m2 end

Task Who Title Start Week Duration (Weeks)
wp2 ISBE OSDistribution 0 78
wp3 ISBE,Voxar CommercialInterface 0 78
wp4 UoD, UoWO EvaluationProjects 0 78

Milestone Title Date (Week)
start ProjectStart 0
wp2.m1 Alpha OSMIA Release 8
wp2.m2 BetaOSMIA Release 74
wp3.m3 InterfacesReleased 56
wp4.m2 OF andNeatVision IntegrationComplete 60
end ProjectEnd 78

Table6: ProjectOverview
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WP2: Open Source Distribution

Weeks

T
as

ks

start
wp2.t1

wp2.t2

wp2.m1

wp2.t3
wp2.t4

wp2.m2

wp2.t5
wp2.t6

wp2.t7
wp2.t8

end

Task Who Title Start Week Duration (Weeks)
wp2.t1 ISBE ServerConfig. 0 4
wp2.t2 ISBE RespositoryConfig. 4 4
wp2.t3 ISBE Alpha ReleaseDebug 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 BetaReleaseDebug 74 4

Milestone Title Date (Week)
start ProjectStart 0
wp2.m1 Alpha OSMIA Release 8
wp2.m2 BetaOSMIA Release 74
end ProjectEnd 78

Table7: WP2: OpenSourceDistribution
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0 2 4 6 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71 74 77

WP3: Commercial Interface

Weeks

T
as

ks

start
wp3.t1

wp3.t2
wp3.t3

wp3.t4
wp3.t5

wp3.t6
wp3.t7

wp3.t8

wp3.m1 wp3.m2 wp3.m3 end

Task Who Title Start Week Duration (Weeks)
wp3.t1 ISBE,Voxar 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,Voxar JointDebug 44 12
wp3.t7 Voxar Algorithm Ident. 56 4
wp3.t8 Voxar Algorithm Eval. 60 18

Milestone Title Date (Week)
start ProjectStart 0
wp3.m1 Working Specification 4
wp3.m2 Trial Requirements 44
wp3.m3 InterfacesReleased 56
end ProjectEnd 78

Table8: WP3: CommercialInterface
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WP4: Community Evaluation Projects

Weeks

T
as

ks

start
wp4.t1

wp4.t2
wp4.t3
wp4.t4

wp4.t5
wp4.t6

wp4.t7
wp4.t8

wp4.t9
wp4.t10

wp4.t11

wp2.m1 wp4.m1 wp4.m2 wp2.m2 end

Task Who Title Start Week Duration (Weeks)
wp4.t1 UoD, UoWO TINA eval. 0 8
wp4.t2 UoD, UoWO Feedback 8 4
wp4.t3 UoD NeatVisionAssesment 12 8
wp4.t4 UoWO OF Assesment 12 8
wp4.t5 UoD NeatVision Integration 20 32
wp4.t6 UoWO NeatVisionDebug 52 8
wp4.t7 UoWO OF Integration 20 24
wp4.t8 UoWO OF Debug 44 8
wp4.t9 UoWO 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.m1 Alpha OSMIA Release 8
wp4.m1 OSMIA Workshop 16
wp4.m2 OF andNeatVision IntegrationComplete 60
wp2.m2 BetaOSMIA Release 74
end ProjectEnd 78

Table9: WP4: CommunityEvaluationProjects
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6 WorkpackageForms
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WorkpackageDescription

WorkpackageNo. : WP1 Start Date Month 0
Participant No. : ISBE Voxar VSL UoWO
Person-monthsper participant 4 0 0 0

Objectives

� Ensurecompliancewith contractualobligations

� Ensurethesmoothrunningof theprojectto thesatisfactionof theEU andtheprojectpartners

� Provide technicalandadministrativemanagement

� Liasewith theEU officer

Description of work
A moredetaileddescriptionof theprojectmanagementaspectof this projectappearsin thePart C docu-
mentation.

� Forma projectmanagementcommittee

� Establisha qualityplan

� Organiseregularreview meetings

� Instigatea usergroup

Deliverables

D1.1: Projectreview report(6 Month) (D
�
PP)

D1.2: Projectreview report(12Month) (D
�
PP)

D1.3: Projectreview report(18Month) (D
�
PP)

Milestonesand expectedresults
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WorkpackageDescription

WorkpackageNo. : WP2 Start Date Month 0
Participant No. : ISBE Voxar VSL UoWO
Person-monthsper participant 8 0 0 0

Objectives

� TransformtheexistingTINA codebaseinto the opensourceenvironmentfor medicalimageanaly-
sisresearch.

� Providesupportinginfrastructurefor efficientdistributionandcontributionof code.

� Providedocumentationandinformationresourcesto establishandsupporttheusercommunity

Description of work

With referenceto theWP2ganttcharttable7 themaintasksare;

wp2.t1: Install andconfigureserverhardware
wp2.t2: Install andconfigureOSMIA in the repositoriestogetherwith all existing webpagesanddocu-
mentation
wp2.m1:Alphareleaseof OSMIA
wp2.t3: Debug alphareleasewith feedbackfrom WP4
wp2.t4: Introducereleasecontrolstrategies,auto-configurationandcontributor repositoryservices
wp2.t5: Introducedeveloperwebsiteandupgradedocumentation
wp2.t6: Rationalisecodebase,introduceautomatedtestscripts,providedemonstrationsandnew GUI’s
wp2.t7: Integratecommercialinterfacesoftware
wp2.m2:Betareleaseof opensourceOSMIA
wp2.t8: Debug betareleasewith feedbackfrom WP4

Deliverables

D2.1: Alpha opensourcedistributionof OSMIA (D
�
PP)

D2.2: Releaseof repositorysystems(D
�
PP)

D2.3: Releaseof developerwebsite(D
�
PP)

D2.4: Releaseof improvedcodebase(D
�
PP)

D2.5: Opensourcedistributionof OSMIA (D
�
PU)

Milestonesand expectedresults

wp2.m1: Alphareleaseof opensourceOSMIA
wp2.m2: Betareleaseof opensourceOSMIA
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WorkpackageDescription

WorkpackageNo. : WP3 Start Date Month 0
Participant No. : ISBE Voxar VSL UoWO
Person-monthsper participant 7 16 0 0

Objectives

� Specifyan interfacelayer to OSMIA which allows the algorithmsto be accessedandcontrolled
directly from third partyapplications.

� Produceandopensourceimplementationof thecommunicationlayerin OSMIA.

� Implementa compatibleinterfacein PlugN View 3D.

� Evaluatethe potentialusabilityof several algorithmsalreadyin TINA usingthe interfacemecha-
nisms.

Description of work

With referenceto theWP3ganttcharttable8 themaintasksare;

wp3.t1: Designinterfacespecifications Voxar, ISBE @ 1MM effort
wp3.m1:Working specification

wp3.t2: Developmentof PlugN View 3D interface Voxar@ 6MM effort
wp3.t3: Debugof PlugN View 3D interface Voxar@ 3MM effort
wp3.t4: Developmentof OSMIA interface ISBE @ 3MM effort
wp3.t5: Debugof OSMIA interface ISBE @ 1 MM effort

wp3.m2:Requirementsfor evaluationtrials
wp3.t6: Jointdebugof interfacesystems Voxar, ISBE @ 2MM effort

wp3.m3:Interfacesystemreleasedto relevantusers
wp3.t7: Identificationof algorithmsof interest
wp3.t8: Evaluationof TINA algorithms

Deliverables

D3.1: Working specificationof 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.m1: Interfacesystemreleasedto relevantusers
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WorkpackageDescription

WorkpackageNo. : WP4 Start Date Month 0
Participant No. : ISBE Voxar VSL UoWO
Person-monthsper participant 0 0 16 16

Objectives

� Evaluationof opensourcereleaseof OSMIA.

� Integrationof OSMIA algorithmsinto Neatvisionsystem.

� Integrationof opticalflow techniquesinto OSMIA.

Description of work

With referenceto theWP4ganttcharttable9 themaintasksare;

wp4.t1: Download,install andevaluateexisting TINA distribution
wp4.t2: Trial andprovide feedbackfor repositorydebugging
wp4.t3: Assessmentof NeatVision integrationtask
wp4.t4: Assessmentof opticalflow integrationtask

wp4.m1OSMIAworkshop
wp4.t5: Integrationof OSMIA algorithmsinto Neatvision VSL @ 8MM effort
wp4.t6: Neatvisiondebug VSL @ 2MM effort
wp4.t7: Integrationof opticalflow techniquesinto OSMIA UoWO @ 6MM effort
wp4.t8: Opticalflow debug UoWO @ 2MM effort
wp4.t9: Opticalflow updatescontributedto repositories UoWO @ 2MM effort

wp4.m2Optical flow integration
wp4.t10: Assessmentof final techniques
wp4.t11: Documentation

Deliverables

D4.1: Assessmentof TINA technology(R
�

PP)
D4.2: OSMIA integratedwith Neatvision(D

�
PU)

D4.3: Opticalflow techniquesin OSMIA (D
�

PU)
D4.4: Assessmentof OSMIA (R

�
PU)

D4.5: Documentationfor software(R
�

PU)

Milestonesand expectedresults

wp4.m1: OSMIA workshop
wp4.m2: Opticalflow integration
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WorkpackageDescription

WorkpackageNo. : WP5 Start Date Month 0
Participant No. : ISBE Voxar VSL UoWO
Person-monthsper participant 2 2 2 2

Objectives

� Disseminateinformationto all membersof theconsortiumin orderto minimisetechnicalproblems,

� Forma usergroupto bootstrapasupportcommunity,

� Disseminateresultsthroughausergroupto improvetheworth of suchinformation,

� Filter usergroupresponsesbackto theconsortiumto improvethebenefitsof thework,

� Disseminateprojectachievementsto thewider community,

Description of work

Thework patternwill have thefollowing flow;

� Projectmanagerformsusergroup
� Projectmanagerestablishesworkingpractisefor mailing lists andIRC meetings
� Voxarsecondpersonnelto ISBE
� ISBEsecondpersonnelto Voxar
� ISBEseminarto clinical representativeonusergroup
� ISBEseminarto Philipsrepresentativeon usergroup
� ISBErun 2 dayworkshopfor consortium
� Usergroupreview evaluationreportsfrom WP3andWP4
� Usergroupassistin establishingopensourcelicense
� Usergroupassistin exploitationconditions
� ISBEandVSL OSMIA tutorialsatconferences
� ISBEandVoxarOSMIA/PnVexhibit atECR
� UoWO demonstrationsof OSMIA atconferences
� VoxarprovideOSMIA to customers

Deliverables

D5.1: Disseminationplan(R
�

PP)
D5.2: Disseminationreport(R

�
PU)

Milestonesand expectedresults

IST-2001-34512


