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Advancedtechniquesinimageprocessinghaveledtomanyinventionsandprovidevaluablesupport
especiallyinmedicalfieldstoidentifyandanalyzethediseases.Biomedicalimagingisanessential
partofearlydiagnosis,detectionand treatment forassorteddiseases,as it isconsideredas thefirst
stepforpropermanagementofmedicalpathologicalconditions.Therefore,theroleofmedicalsignal/
imageprocessingaugments the ability to improve thevisibilityof significant features in amedical
image which facilitate the diagnosis process and remove/ reduce unwanted information. Thus, the
need forpowerful instruments fordetecting, sorting, transmitting,analyzing,anddisplaying images
becomesamust.Miscellaneousmodalities suchhasEchoCardiograph,MagneticResonance Imag-
ing(MRI),ComputedTomography(CT)andX-rayareencompassedvariousparadigmsdedicatedto
diagnosingthediseases.Theseinstrumentsgreatlysupportbiologists,medicalscientists,biochemists,
and physicians as they produce the required signals and images ambulated to extract the required
features. Non-invasive diagnostic imaging schemes for patients’ pathological condition diagnosis
is increasingly developed due to the promising results and follows up in several clinical trials for
treatment. The accuracy of the diagnosis depends on the experience and knowledge of physicians.
Insuchscenario, theneedforquantitativemeasuresfordetailssuchasshapeandsizeof tissuecan
assistphysiciansforbetter intuitiveunderstandingof tissueand itspathologies.Computeraideddi-
agnosis (CAD) tool incorporatingmethods for segmentation, textureanalysis andareacomputation
canincreasetheaccuracyofthediagnosisbyprovidingquantitativeanalysisoftheimage.

The basic processes such as filtering, enhancement, clustering, classification, and combining
images different modalities, can assist scanning, diagnosis, research, and treatment. Thus, pattern
recognition techniquesplayacrucial role.Automated imageprocessing facilitiesaccuratedetection
withlesscomputationaltime.Oftenthisinvolvesidentifyingstructuressuchasatumororlesions.

Clustering and classification are the foremost subdivisions of pattern recognition techniques.
Using these techniques,samplescanbeclassifiedaccording toaprecisepropertybymeasurements
indirectly related to the property of interest. Numerous computational and cognitive applications,
especially medical imaging requires objects to be grouped into disjoint sets and classification for
furtherprocessing.Clusteringisastatisticaltechniquebywhichobjectsofsimilarnaturearegrouped
together. Similarity means that the objects have similar shape, dimensions, magnitude, direction
(vectors) and color. Clustering achieved its importance as it is the preprocessing step in numerous
procedures.Thus,thereisanincreasingnecessitytosimplifytheprocessanditsmathematicalinter-
pretations.Afterward, theclassificationrulecanbeused topredict theproperty insamples thatare
notpartoftheoriginaltrainingset.Moreover,thereisasignificantincreaseintheuseofregistration,
retrievalandregistrationbasedretrievalofmedicalimagesinhealthcare.
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Consequently, there is an urgent need for edited wide collection of the major techniques of
clusteringandclassification in thebiomedical field. It compactswithmethodsandapproaches that
involve clustering, classification and pattern recognition. Additionally, these methods are use to
supportcomputer-aideddiagnosissystems.Also,itwillspecifytheprincipalsofpatternrecognition
andmedicalimageapplications.

OBJECTIVE OF THE BOOK

This book elaborates the foremost techniques of classification and clustering. It deals, principally,
withmethodsandapproachesthatinvolvemedicalsignals/imageandsignalanalysis,imageretrieval,
biomedicalimagesfeatureextraction,etc.andtheiralgorithms.Aswellas,itincludesmiscellaneous
techniques of various modalities in medical imaging techniques and the computer-aided diagnosis
(CAD)systems.Thisbookendeavorstoendowwithsignificantframeworksandthemostrecentempirical
researchfindingsinthearea.Itiswrittenforprofessionalswhodesiretoimprovetheirunderstanding
anddevelopingautomatedsystemsformedicalimagingclassificationandclustering.Progressionsof
thisfieldwillassisttointensifyinterdisciplinarydiscoveryinmedicalimageprocessing,CADsystems,
medicaldeviceimprovements,aiddoctorsandphysiciansindiagnosis,earlydetectionofdiseases.

ORGANIZATION OF THE BOOK

Thebookconsistsofandintroductorychapterfollowedbysixteenchaptersthatareorganizedinsix
sectionsasshownbelow.Thefirsttwochaptersfocusontheconceptandapplicationsforthemedical
imageprocessingwithmorefocuson theclassificationandclustering.Thesecondsection,consists
ofChapters3and4,relatestothefilteringandthresholdingformedicalimagequalityimprovement.
Thethirdsectionofthebookenclosestwochaptersthatintroducedtheclassificationandclustering
ofMagneticResonance Imaging.The fourth sectioncontains twochapters concerningmedical im-
agedatabase retrieval. FromChapter 9 tillChapter 13, the fifth section introduces several medical
imaging applications based classification. The last three chapters are included in section 6, which
focusesonwirelesssystemsforhealthcare.

Introduction Chapter:Includesthemainconceptofimageanalysisandprocessinginthemedicaldomain
isintroduced,withreferringtothedifferentnon-invasiveautomatedmedicalimagemodalities.The
authorselaboratedtheclassificationandclusteringvariousapplicationsinthebiomedicalarea.The
intentionistostatethebiomedicalimageclassificationandclusteringinitscontext.

Section 1: Introduction to Classification and Clustering

Thissectionelaboratesthefundamentalconceptsoftheimageprocessinginthebiomedicaldomain
withvariousapplications.Theintentionistostatethebiomedicalimageclassificationandclustering
initscontext.Since,theclassificationprocesshasseveraltechniquesthatsupportvarious.Thus,the
aimistoemphasizetheroleoftheclassifierselectionontheclassificationaccuracyandperformance.

xviii



 Preface 

Chapter 1:Thischapterincludedanoverviewonseveralclassificationtechniquesemployedinmicro-
scopicimageclassificationtoguidethereadertoadvancedaspectsconcerningimageclassifica-
tionapproaches.Additionally,anappliedexamplewasintroducedtoclassifydifferentAlbinorats’
samplescapturedusinglightmicroscopetakenfromthreedifferentorgans,namelyhippocampus,
renalandpancreas.TheBag-of-Features (BoF) techniquewasusedfor featuresextractionand
selection,whichthenclassifiedusingthemulticlasslinearsupportvectormachineclassifier.The
proposedclassifierrealized94.33%averageclassificationaccuracyforthethreeclasses.Forbinary
classificationofthehippocampusandpancreassets,theattainedaverageaccuracywas100%.

Chapter 2:Healthinformaticsisarelativelynewareawhichdealstomininglargeamountsofdatato
gainusefulinsights.Theauthorsprovidedanoverviewofmachinelearningapplications.Medical
imagingproblemsusingmachinelearningarethemainconcernofthischapter.Someofthecom-
monchallengesinhealthinformaticswerebrieflydiscussed.

Table 1. Organization of the book

Section 1: Introduction to Classification and Clustering

Chapter 1
Bag-of-FeaturesinMicroscopicImagesClassification

Chapter 2
AnoverviewofMachineLearninginMedicalImageAnalysis:Trends
inhealthinformatics

Section 2: Filtering and Thresholding for Medical Image Quality Improvement

Chapter 3
TheCombinationofAdaptiveFilterstoImprovetheQuality
ofMedicalImagesinNewWaveletDomain

Chapter 4
Intensity–basedclassificationandrelatedmethodsinbrainMRimages

Section 3: Classification and Clustering of Magnetic Resonance Imaging

Chapter 5
GPUbasedLevelSetMethodforMRIBrainTumor
SegmentationUsingModifiedProbabilisticClustering

Chapter 6
ClassificationofMagneticResonanceimageandsegmentationofbrain
tissuesfortumordetection

Section 4: Medical Image Retrieval

Chapter 7
AnalysaisandComparaisonofDeveloped2DMedicalImage
DatabaseDesignUsingRegistrationScheme,Retrieval
SchemeandBag-of-Visual-Words

Chapter 8
Multimodalindexingandinformationretrievalsystembasedon
mammographicimageanalysis:GabormodelindigitalLearning

Section 5: Assortment of Medical Imaging Applications Based Classification

Chapter 9
EffectofSlow
andFastMusic
ontheAutonomic
NervousSystem
andCardiacHealth:
APreliminary
Investigation

Chapter 10
Development
ofUltrasound
ImagingCADTool
forAssessment
ofPathologiesin
SupraspinatusTendon

Chapter 11
NewImagingand
Computational
Technologyasaguide
forCatheterAblation
ofIncessant
Tachyarrhythmias

Chapter 12
AnOptimizedGraph
BasedMetagenomicGene
ClassificationApproach:
MetagenomicGene
Analysis

Chapter 13
ClassificationofSurface
ElectromyogramSignals
Acquiredfromthe
ForearmofaHealthy
Volunteer

Section 6: Wireless Systems for Healthcare

Chapter 14
DevelopmentofaSurfaceEMGBased
ControlSystemforControllingAssistive
Devices:AStudyonRoboticVehicle

Chapter 15
DevelopmentofBluetooth,Xbeeand
Wi-FiBasedWirelessControlSystems
forControllingElectric-PoweredRobotic
VehicleWheelchairPrototype

Chapter 16
WirelessBodyAreaNetworksCombinedwith
MobileCloudComputinginHealthcare:A
Survey
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Section 2: Filtering and Thresholding for Medical Image Quality Improvement

Improvingthequalityofthemedicalimagesisanessentialissueforaccuratefurtherimageanalysis
andprocessingsuchasclassificationandclustering.The incorporatednoiseduringmedical images
acquisition using various modalities degrades the human interpretation and the automated analysis
of the images.This sectionpresented filteringand thresholdingapproaches thatconsideredstarting
pointsforothersophisticatedmethodssuchassegmentation,classificationandclustering.

Chapter 3:Thechapterdiscussedtheeffectofnoiseandblurwhichreducestheimagequalityandin-
fluencesthemedicaldiagnosisprocess.Theauthorsexplorednewwaveletsgenerationtoprovide
thebasicframeworkfortheadaptivetechniquesdevelopmenttoimprovethemedicalimagesqual-
ity.Medicalimagesdecompositioninnon-sub-sampledcontourletdomainandthecalculationof
BayesianthresholdingcoefficientscombinedwithLucyRichardtoreconstructthemedicalimages
wereproposed.Thedatasetwascollectedfromseveralhospitalstotestdifferentcases:motion
blurcombinedwithGaussiannoiseandGaussianblurcombinedwithGaussiannoise.Theexperi-
mentalresultscomparedtheproposedmethodtootherapproachesinthewaveletdomainandnew
generationwavelettransformsuchasridgelet,curveletandcontourletdomain.Theresultsofthe
proposedmethodweresuperiortothoseoftheothermethods.Theauthorsrecommendedinthe
medicalimagedomaintocarefullyselectthethresholdvaluetopreservetheimageinformation.

Chapter 4:Thischapterdepictedwidespreadproceduressuchasthresholdingschemesandcluster-
ingalgorithms fordigital imageprocessing.These schemes represent the initial step forother
sophisticatedmethodssuchassegmentationandclassification.Aspecificreferencewasdirected
tobrainmagneticresonanceimages.Theauthorsproposedamethodtoclassifyneurodegenerative
diseasessuchasAlzheimer,Pick’s,Huntington’sorcerebralcalcinosis.TheMATLABcodeused
tosolvesuchproblemwaslistedtoassistthereadertoidentifyandchoosethebestsolutionfora
particularproblem.

Section 3: Classification and Clustering of Magnetic Resonance Imaging

Accurate and efficient diagnosis in diminutive time period is a significant issue of brain magnetic
resonance imaging (MRI) classification andcluttering.This sectionoutlines theMRIBrainTumor
Segmentation based on various approaches such as Modified Probabilistic Clustering and Kernel
weightedclustering.

Chapter 5:Theauthorsproposedanewlevelsetalgorithm(LMS)basedonprobabilisticC-meanobjective
functionwhichincludedintensityin-homogeneityintheimageandrobusttonoise.Theproposed
LSMcomputationalcomplexityisgreatlyreducedbyusinghighlyparallelizablelatticeBoltzmann
method(LBM).TheLSMisthenimplementedusingagraphicsprocessingunits(NVIDIA)tofully
taketheadvantageoftheLBMlocalnature.Aftercarryingoutexhaustiveresults,comparisonto
Limethodintermsoftheconsumedtimeprovedthesuperiorityoftheproposedmethod.

Chapter 6:Braintumorisoneoftheseverediseasesthatrequireearlydiagnosisforsuccessfultreatment.
Classificationandsegmentationplayavitalroleinidentifyingthedisease.Inthepresentchapter,
imagePre-processingiselaboratedforimagequalityenhancementtheimagequality,followedby
decompositionusingDual-TreeComplexWaveletTransformtoanalysistheimagetexture.Fea-
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turesareextractedusingGray-levelco-occurrencematrix,whichusedintheclassificationprocess.
Neuro-FuzzyandNeuralNetworkareemployedtocategorizethetypesofthebraintumorinto
normal,benignandmalignant.Finally,tumorregionsaredetectedusingKernelweightedcluster-
ingmethodbysegmentingthebraintissueswithdeterminingthetumorsize.

Section 4: Medical Image Retrieval

With the extensive dissemination of medical images archiving and communication systems in hos-
pitals, the amount of medical imaging data is hastily increased. Effective image retrieval methods
are required to manage these complex and huge image databases. This section is concerned with
medicalimagedatabaseretrieval.

Chapter 7:Thischapterisextensivelydiscussedtheregistrationandretrievalformonomodalimages.
Retrieval techniques,Bag-of-Visual-Wordsandregistration techniquesareconsidered inan in-
teroperablemannertodesignasuccessfulcomputerassisteddiagnosticsystem.Theauthorsaim
todisseminatetheknowledgeofcreatingthepatientdatabaseandabasishealthcaresetupforthe
clinicaldiagnosis.Thus,thegoalofthischapteristoprovideanoverviewofvariousstrategiesto
designasystembasedonaproposedmodel.Theexperimentresultsarecarriedoutonfivetypes
ofanatomical(radiology)images.Bag-of-visual-wordsapproachisemployedintheretrievaltech-
niqueformodalityimagesthancontentbasedretrievaltechniques.TheresultsprovedthatAffine
withB-SpineandBag-of-visual-wordsaremoreappropriateformodalityimagesinregistration
basedretrieval.

Chapter 8:Themainobjectiveofthischapteristodesignanintelligentapplicationtoassistmedical
professionals in the decision-making on tumor diagnosis based on mammography scanner. A
suggestednewindexingapproachonmedicalimagescannerdatabases,whichjoinedthetexture
characteristicsanalysisprocesswith thedescriptive information, isproposed.Acharacteristics
vectorisusedintheproposedmodeltorepresentthemorphologicalprocessingresultontheim-
agetexture.Theusedapplicationcontextisbasedonmammographicimageanalysis(MIAS)in
databases.ThetextureanalysisoftheimageisbasedontheGaborwaveletsfilter.Theproposed
systemincludedbothofflineandonlineprocessesforeachimageinMIASdatabases.Thesimi-
laritiesarebuiltbetweentheimage-queryandimagesinMIASdatabasesusingthesameGabors’
algorithmsimplementation.Adatabaseof320mammographies isconducted in theevaluation
step.TheresultsprovidedasetofcriteriainimagerepresentationsbasedontheGabor’sWavelets,
semanticattributesandsignificantratiosinthesystemrecallandprecision.

Section 5: Assortment of Medical Imaging Applications Based Classification

Medical images are considered the main component in the patient’s health record. They are asso-
ciated with manipulation, processing and handling by computers. Medical imaging is involved in
bothdiagnosisandtherapy.Oneofthemajorprocessesis theautomatedclassification,whichplays
an implicative role in several applications. This section focuses on a variety of applications based
medicalimageclassificationusingdifferentmodalities.Besides,anexampleforUltrasoundImaging
computer-aideddetectiondevelopmentisintroduced.
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Chapter 9:Thischapterstudiestheeffectofslowandfastmusicontheheartratevariability.Theauthors
calculatedthestatisticalfeaturesofthetimedomainandwavelettransformoftheelectrocardiogram
(ECG)signals.Additionally,theartificialneuralnetwork(ANN)wasemployedforclassification,
whichachievedclassificationefficiencyofmorethan80%.Theexperimentalresultsindicatedthat
slowandfastmusicaffectedthesympatho-vagalbalanceindifferentproportions.Additionally,the
authorsconcludedthatlisteningtomusicaffectstheconductionpathwayoftheheart.

Chapter 10:ThischapterisbrieflydescribedtheissuesandchallengesforbuildingtheComputeraided
diagnosis(CAD)tool.AnewCADtoolforsupraspinatustendondiagnosisusingultrasoundim-
agesisprovided.Theresultsprovedtheintuitiveuserinterfaceofthenewsoftwarewhichiseasy,
quickandsuitableformedicalapplications.

Chapter 11:Thischapter reported the resultsof the3Delectroanatomicalmapping(EAM)system
oftheatrialtachyarrhythmias(AT)formorethan500consecutivepatients.Patientsunderwent
electroanatomical-mappingsystems,whichcombinedelectrophysiologicalandspatialinformation
toprovideaccuratereconstructionofthewholeatriawithreal-timeactivationsequenceguiding
RFAforcontinuoustransmurallinearlesions.Themappingdiscriminatedobviouslyandrapidly
between micro-macro-reentrant (>80%) and focal mechanisms. The EAM technology allowed
thedeterminationofbothmechanismandlocationofarrhythmiawithsuccessfuleliminationof
complexarrhythmogenicsubstrates.

Chapter 12:ThischaptersupportedtheGeneanalysisandassemblyprobleminthefieldofbioinformat-
ics.Assemblyisacomputationallyveryexhaustiveprocessthatconsumeslongtimetoproducethe
sequenceofamorecomplexorganism.Avarietyoftechniquesareusedtoaddresstheproblem.
Thus,theauthorsusedgraphreductionruletobuildadeBruijngraph.Theresultsfoundaccurate
solutionoflargescalesequencingtrimsspacecomplexityandgeneratesoptimalgeneassembly.

Chapter 13:Thecurrentchapterintroducedtheelectromyographysignal(sEMG)classificationrecorded
fromtheskinsurfaceabovethepalmarislongus,flexorcarpiradialisandflexorcarpiulnarismuscles
byflexingfingersindifferentcombinationsanddurations.Theauthorsusedanin-housedeveloped
EMGsignalacquisitionsystem.TheextractedsEMGsignalwasprocessedusingDiscreteWavelet
Transform(DWT).Theextractedfeaturesandthewaveletprocessedsignalsareusedforprobable
classificationusingArtificialNeuralNetwork(ANN).Theresultsestablished90%classification
efficiencyusingtheANNclassifier.TheresultssuggestedthatthesEMGcanbeusedefficiently
fordesigningefficientcontrolsystem.

Section 6: Wireless Systems for Healthcare

Recently, wireless control devices design and development become essential to support healthcare
applications.ThissectionprovidesastudyonWirelessControlSystemsforControllingElectric-Powered
RoboticVehicleWheelchairPrototypeaswellaswirelessbodyareanetworkscombinedwithmobile
cloudcomputingasapplicationsinthehealthcaredomain.

Chapter 14:ThecurrentstudyproposedasimplesurfaceEMGbasedcontrolsystemforwirelesscontrol
ofthewheelchairmovementaswellasotherrehabilitativedevices.TheSurfaceEMG(sEMG)sig-
nalsareprocessedinthetimedomainandusingdiscretewavelettransforms(DWT).Thestatistical
featuresofthesignalsaredeterminedandanalyzed,wherethefeaturesofthesquaredsEMGsignals
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envelopearesufficientforhigh-efficiencyclassificationandcontrolsignalgeneration.Ahall-effect
sensorbasedswitchingmechanismisintroducedforcontrollingthedurationoftheactivationof
thedevice.Thecontrolsignalsarewirelesslytransmittedtotheroboticvehicle.

Chapter 15: In thischapter,multiplecontrol systemsaredevelopedusingwirelesscommunication
protocols,suchastheBluetooth,XbeeandWi-Fi.TheXbeeandBluetoothprotocolsareused
todesignmechanicalswitchbasedcontrolsystems.Additionally,anandroidapplicationbased
controlsystemsisdevelopedusingBluetoothandWi-Fiprotocols.Aroboticvehicleisusedasan
electric-poweredwheelchairprototype.Forobstacleandpotholedetection,theultrasonicsensors
andinfraredsensorsareintegratedwiththeroboticvehicle,respectively.L-shapedcorridorisused
totestthecontrolsystemsforidentifyingthesuitablewirelesscommunicationprotocoltopower-
fullyguidetheroboticvehiclethroughaschedulednavigationalpathway.BothXbeeandWi-Fi
technologybasedcontrolsystemshavetheabilitytoguidetheroboticvehiclethroughthecorridor.

Chapter 16: In this chapter, a theoretical studyon the combinationofwirelessbodyareanetwork
(WBAN)andmobilecloudcomputing(MCC)inhealthcarewaspresented.Cloudcomputingis
usedtoachievemuchmoreuserfriendlydevicethatmanagetheinformation.Thecombinationof
WBANandtheMCCpromisedbetterperformancetotheusersimmediately.Theauthorswiredthe
sensorwhichexecutedthenecessarymedicaltestsandprovidedtheinformationthroughdevices,
suchasmobilephonesandtablets.

Thisbookisexpectedtoassistresearchers,academiciansandengineeringinhealthcareinformatics,
medicalimaging,biologyandmedicaldevicesdesign.Itaddressedinnovativeconceptualframework
forvariousapplications.Thebookisexpectedtoserveasareferenceforthepost-graduatedstudents
asitofferstherequisiteknowledgeforunderstandingtheclassificationandclusteringalongwiththeir
applications.Thisbookisbasedonaresearchstudiescarriedoutbyexperiencedacademiciansandis
expected to shed new insights for researchers; academicians, students and improves understanding
ofbiomedicalimageclassificationandclusteringconcept.

Theeditors,

Nilanjan Dey 
Techno India College of Technology, India

Amira Ashour 
Tanta University, Egypt

xxiii


	Preface

