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ABSTRACT

Inthispieceofwork,theauthorshaveattemptedtoclassifyfourtypesoflongdurationarrhythmia
electrocardiograms (ECG) using radial basis function network (RBFN). The data is taken from
Massachusetts InstituteofTechnology-BethIsraelHospital (MIT-BIH)arrhythmiadatabase,and
featuresareextractedusingempiricalmodedecomposition(EMD)technique.Formostinformative
contentsaveragepower (AP)andcoefficientofdispersion (CD)areevaluated fromsix intrinsic
modefunction(IMFs)ofEMD.Principalcomponentanalysis(PCA)isusedforfeaturereductionfor
effectiveclassificationusingRBFN.Theperformanceisshownintheresultsection,anditisfound
thattheclassificationaccuracyis95.98%.

KEyWoRDS
Arrhythmia Classification, Cardiac Disease, ECG, EMD, IMF, Neural Network, PCA, RBFN

1. INTRoDUCTIoN

Electrocardiogram(ECG)isoneoftheimportantsourcesforanalysinganykindofcardiacdisease.
ElectricalimpulsesthatoccurduringeachheartbeatcanbevisualizedinECG.Accurateanalysis
oftheECGismostimportantinthediagnosisofheartdisease.AnychangesinanormalECGcan
occurduringvariouscardiacabnormalitieslikeatrialfibrillation,ventriculartachycardia,myocardial
infarction,hypokalemia,etc.Arrhythmiaisatypeofcardiacillnessanditcanbedetectedbystrongly
analysingwavesinECG(Wu&Rangayyan,2009).Itcausesduetotheabnormalelectricalactivity
intheheart.Inthiscasetheheartbeatrhythmseitherfastorslow.Thefactorsthatcausecardiac
arrhythmiaaresmokingandalcoholconsumption,mentalstress,diet,diabetes,etc.

Duetothemanualdataanalysissystem,it isdifficult toextractusefulinformationfromthe
clinicaldata.Computer-basedautomateddiseasediagnosissystemwillbemostusefulinmedical
sectors.Thesystemwillautomatically take thedecisionbyanalyzing thedatacollected through
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differentmedicaltests.DataincludeECG,Ultrasonicimages,Magneticresonanceimaging(MRI)
areusefulforanalysisanddiagnosis.Machinelearning-basedmedicaldataanalysisisoneofthe
advancedtechnologythatcanreducehumaninteractionbyenhancingmachineefficiencyandwillbe
cost-effective.Forearlydetectionofcardiacarrhythmia,areal-timeautomaticECGanalysissystem
willbe thebestsupport to thephysicians(Polat&Güneş,2007).Thecharacteristicof theECG
variesfordifferentpatientsindifferentphysicalandtemporalconditions.Duetothesevariationsin
ECG,thetaskisverydifficultforanalysis.ThisrequirestodevelopanautomaticECGclassification
system(Hoekema,Uijen,&VanOosterom,2001).ForthedevelopmentofaccurateECGclassifierit
isimportanttoextractusefulfeaturesfromdata.Severalmethodsfortheanalysisandclassification
ofECGsignalshavebeenproposedbytheresearchersoverthepastfewdecades.WaveletTransform
(WT)(Tantawi,Revett,Salem,&Tolba,2015),frequencyanalysis(Lin,2008),statisticaltechniques
(Willems&Lesaffre,1987),filterbanks(Afonso,Tompkins,Nguyen,&Luo,1999),supportvector
machines(Alonso-Atienza,Morgado,Fernandez-Martinez,García-Alberola,&Rojo-Alvarez,2013),
artificialneuralnetwork(Hu,Tompkins,Urrusti,&Afonso,1993)arethemostusedmethodsfor
ECGanalysisandclassification.

Duetothenon-stationarynatureoftheECGsignal,EMDisconsideredintheproposedwork
fordecompositionandfeatureextraction.TotalsixnumberofIntrinsicmodefunctions(IMFs)are
consideredasthebasicfeature.Inordertoextractusefulfeature,averagepower(AP)andcoefficient
ofdispersion(CD)arefoundfromthesesixIMFs.APisthemeanbywhichthesignalischaracterized
forreusingimportantinformationofthesignal.CDofasignalsignifiesvariationofcoefficients.
HereintheproposedworkCDisusedforbuildingafeaturevectorbycalculatingtheprobability
distributionoftheIMFs.Againthedimensionofthefeaturevectorisreducedbyusingprincipal
componentanalysis(PCA)method.Radialbasisfunctionnetwork(RBFN)isusedforclassifying
theseselectedECGfeatures.MassachusettsinstituteofTechnology-BethIsraelhospital(MIT-BIH)
arrhythmiadatahasbeenusedforclassifyingfourmajortypesofarrhythmia.Afewapproacheshave
beenconsideredearlierforlargescaleRadialBasisFunctionNetwork.Inthiscasethedatamaybe
largescalealongwiththehighervariancevalue.However,inthiscase,thevarianceisconsideredas2.

2. RELATED LITERATURE

AutomatedECGclassificationcanhelp thecardiologist for thediagnosisofany typeofcardiac
abnormalities.Inthelastfewdecades,severalalgorithmshavebeendevelopedbytheresearchersfor
theautomaticclassificationofthecardiacsignal.Preprocessing,featureextraction,andclassification
arethethreebasicstepsinECGsignalclassificationandmultiplemethodshavebeenappliedbythe
researchersforeachoftheseprocesses.

Classificationofnormalandcoronaryarterydiseasewasperformedbyapplyinghigher-order
statisticsandspectra(HOS)method(Acharyaetal.,2017).Fromeachheartbeat,HOSbispectrum
andcumulantsfeatureswereextracted.Fordimensionalityreduction,authorshavetakenPCA.K-
nearestneighbor(KNN)anddecisiontreeclassifierswereusedfortheclassificationpurposeasthe
performanceoftheseclassifierswithfewerfeaturesarebetter.Supportvectormachine(SVM)classifier
wasusedbytheauthorsforthedetectionofcoronaryarterydisease(Babaoğlu,Fındık,&Bayrak,
2010).TheyhaveusedPCAforthefeatureselectionpurposeand79%classificationaccuracywas
achievedbythem.Geneticalgorithm(GA)andbinaryparticleswarmoptimization(BPSO)methods
wereusedforfeatureselection(Babaoglu,Findik,&Ülker,2010).SVMwithk-foldcross-validation
wasconsideredforclassificationpurposeand81%classificationaccuracywasobtainedfromtheir
proposedsystem.S-transformandwavelettransformwasusedforfeatureextraction(Das&Ari,
2014).Multi-layerperceptronwasconsideredfortheclassificationofnormalandabnormalECG
beats.AlongtermECGclassificationframeworkwaspresentedinastudy(Kiranyaz,Ince,Pulkkinen,
&Gabbouj,2011).Exhaustivek-meansclusteringtechniquewasusedforgettinganoptimalnumber
ofkeybeatsandmasterbeatsfromtheECGwaveform.Backpropagationalgorithmbasedclassifier
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