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ABSTRACT

Segmentationisakeystepinbrainimagingwhereclusteringtechniquesarewidelyused,particularly
thefuzzyapproachwhichoffersactiveandrobustmethodsagainstnoiseandpartialvolumeeffect
(PVE).Toaddress those imperfections, this article suggests anautomatic segmentationofbrain
tissuesformagneticresonanceandfunctionalimagesofAlzheimer’spatients,basedonanefficient
androbustgenetic-fuzzy-possibilisticclusteringschemefor theassessmentofwhitematter,gray
matterandcerebrospinalfluidvolumes.Theproposedhybridclusteringprocessbasedon:1)Afuzzy
possibilisticc-meansalgorithmthatmodelsthedegreeofrelationshipbetweeneachvoxelandagiven
tissue.2)Afuzzyc-meansalgorithmtoinitializetheclusterscenters,withsubsequentoptimization
by agenetic algorithm.Each stageof theproposed clusteringprocess is validatedon real brain
dataandsyntheticimagesofanAlzheimer’sDiseaseNeuroimagingInitiative(ADNI)phantom.A
performancecomparisonismadewiththeusualfuzzytechniques.Thevisualandquantitativeresults
obtainedwiththeproposedapproachusingvarioussignal-to-noiseratiosproveitseffectivenessto
quantifythetissuevolumeofimagesofdifferentmodalitiestypesinthepresenceofnoiseandPVE.
Theeffectivenessintermsofcomputationalrateisalsodemonstrated.
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1. INTRoDUCTIoN

Becauseoftheimperfectionofmedicalinformation,thefieldofmedicinehasbecomeaveryattractive
domainfortheapplicationoffuzzysettheory.ThisisduetothelargeimprecisioncausedbythePartial
VolumeEffect(PVE)andtheuncertaintyduetonoise(Behroozi&Daliri,2012).Recently,therehas
beenconsiderableinterestintheuseoffuzzyclusteringmethodsformedicalimagesegmentation,
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whichretainmore informationfromtheoriginal image thanhardclusteringmethods(Vasuda&
Satheesh,2010).Inhardclustering,eachvoxeloftheimagebelongstoexactlyoneclusterorspecific
tissue,andamembershipvalueofzerooroneisassignedtoit;infuzzyclustering,eachvoxelbelongs
toeverycluster,withitsmembershiptoeachonevaryingbetween0and1(El-Melegy,Zanaty,Abd-
Elhafiez&Farag,2007).Inmedicalimagesthecomplexityoftissueboundariescausesmanyvoxels
tocontainamixtureoftissues(Links,Beach,L.Subramanaetal.,1998).Fuzzymethodsarebetter
suitedforthiskindofsituation.

Intheliteratureonfuzzyclustering,theFuzzyC-Means(FCM)clusteringalgorithm,proposed
byDunn(Dunn,1974)andextendedbyBezdek(Bezdek,J.C.1981)isthebestknownandmost
usedmethod.AlthoughFCMisausefulclusteringmethod,itsmembershipresultsdonotalways
correspondaccuratelytothedegreesofbelongingofthedata,anditmaybeinaccurateinanoisy
environment(Krishnapuram&Keller,1993).TohelpaddressthoseweaknessesofFCM,methods
stemmingfrompossibilisticlogicappeared.

PossibilisticlogicwasintroducedbyZadeh(Zadeh,1978)followingitsformerworksinfuzzy
logic (Zadeh, 1965) in order to simultaneously represent imprecise and uncertain knowledge.
Possibilisticlogicisaweightedlogicdevelopedintherealmofartificialintelligence,withaview
todevelopasimpleandrigorousapproach toautomated reasoning fromuncertainorprioritized
incompleteinformation.Itenjoyspropertiesthatkeepitclosetoclassicalfuzzylogic,althoughthe
introductionofweights (ofdifferentkinds) substantially increases its representationcapabilities,
especiallyforinconsistencyhandling(Dubois&Prade,2004).Particularly,ithasgainedpopularity
recentlyinmodelingandpropagatinguncertaintyandprecisioninimagingapplications(Pal,Pal,
Keller&Bezdek,2005).

To overcome the weakness of FCM against noise and PVE, Krishnapuram and Keller
(Krishnapuram&Keller,1993)proposedtorelaxtheconstraintoffuzzinessandproducememberships
thathaveagoodexplanationof thedegreesofbelongingfor thedata.Theyestablished thefirst
PossibilisticC-Meansalgorithm(PCM)whichusedapossibilistictypeofmembershipfunctionto
describethedegreeofbelonging.Theyshowedthatalgorithmswithpossibilisticmembershipsare
morerobusttonoiseandoutliersthanFCManditsvariants(Krishnapuram&Keller,1993).However,
Barnietal. (Barni,Cappellini&Mecocci,1996)showedthat thePCMalgorithmissensitive to
initializationandgeneratescoincidentclusters.Timmetal.(Timm,Borgelt,Doring&Kruse,2004)
proposedthenthepossibilisticfuzzyclustering,andPaletal. (Pal,Pal,Keller&Bezdek,2005)
proposedanotherFuzzyPossibilisticC-Means(FPCM)thatcanavoidthecoincidentclustersofPCM
whilebeinglesssensitivetonoisethanFCM.

Brain images are characterized by noise, intensity inhomogeneity, and weak boundaries.
Therefore,theaccuratesegmentationofbraintissuesisstillchallenging.Theaimofthispaperis
toevaluatetheeffectivenessoffuzzylogic,especiallypossibilistictheory,atmanaginguncertainty
andimprecision.TheFPCMalgorithm(Pal,Pal,Keller&Bezdek,2005)wasthenchosenforthe
volumetricmeasurementofWhiteMatter(WM),GrayMatter(GM),andCerebrospinalFluid(CSF)
braintissues,andforthecomputationoffuzzytissuemapsinimages.Thevolumemeasurementof
CSF,GM,andWMtissueplaysanimportantroleincomputeraidedneurosurgery,diagnosis(Yogita
&Milind,2016)andtreatmentofpathologies,anditmaybeofmajorinterestinneurodegenerative
disorderssuchasAlzheimer’sDisease(AD),Parkinson’srelatedsyndromes,inWMmetabolicor
inflammatorydisease, incongenitalbrainmalformationsorperinatalbraindamage,and inpost-
traumaticsyndrome(Saha&Bandyopadhyay,2007).

Moreover, we propose a genetic-fuzzy process for the centers initialization of clusters. For
thispurpose,weusetheFCMalgorithm(Bezdek,1981)togettheinitialpartition,andtheGenetic
Algorithms(GA)(Goldberg,1996)toachieveoptimization,beforechoosingthebestscoreamongall
attheend.Theintegrationofthegeneticprocessallowstodeterminetheappropriateclustercenters
and the fuzzycorrespondingpartitionmatrix.This initializationprocess thenallows to train the
FPCMalgorithmwiththecenterspartitionempiricallyobtainedasopposedtorandomlyset,which
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