
11

ChapterChapter 44
EventEvent DetectionDetection--11

Dr. Bülent YilmazDr. Bülent Yilmaz



Dr. Bülent YilmazDr. Bülent Yilmaz BME402: BME402: BiomedicalBiomedical SignalSignal ProcessingProcessing--IIII 22

Contents

• Introduction
• Problem statement
• Detection of events and waves
•• QRS QRS detectiondetection

–– DerivativeDerivative--basedbased methodsmethods
–– PanPan--TompkinsTompkins algorithmalgorithm



Dr. Bülent YilmazDr. Bülent Yilmaz BME402: BME402: BiomedicalBiomedical SignalSignal ProcessingProcessing--IIII 33

IntroductionIntroduction

•• BiomedicalBiomedical signalssignals carrycarry signaturessignatures of of 
physiologicalphysiological eventsevents

•• PartPart of a of a signalsignal relatedrelated toto a a specificspecific eventevent of of 
interestinterest is is referredreferred toto as an as an ““epochepoch””

•• AnalysisAnalysis requiresrequires identificationidentification of of epochsepochs
–– ForFor monitoringmonitoring andand diagnosisdiagnosis

•• TheThe correspondingcorresponding waveformwaveform maymay be be 
segmentedsegmented andand analyzedanalyzed in in termsterms of of itsits
–– AmplitudeAmplitude, , waveformwaveform, time, time--durationduration, , intervalsintervals

betweenbetween eventsevents, , energyenergy distributiondistribution, , frequencyfrequency
contentcontent
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Problem Problem statementstatement

•• GivenGiven a a biomedicalbiomedical signalsignal, , identifyidentify
discretediscrete signalsignal epochsepochs andand correlatecorrelate
themthem withwith eventsevents in in thethe relatedrelated
physiologicalphysiological processprocess
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Normal ECGNormal ECG

•• SlowSlow P P wavewave: 0.1: 0.1--0.2 0.2 mVmV
6060--80 80 msms

•• PQ PQ segmentsegment: AV : AV delaydelay
6060--80 80 msms
–– isoelectricisoelectric

•• QRS QRS complexcomplex: : sharpsharp
biphasicbiphasic oror triphasictriphasic wavewave
of of aboutabout 1 1 mVmV amplitudeamplitude
andand 80 80 msms durationduration

•• ST ST segmentsegment: 100: 100--120 120 msms
–– IsoelectricIsoelectric

•• SlowSlow T T wavewave: 0.1: 0.1--0.3 0.3 mVmV
andand durationduration 120120--160 160 msms
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PCG PCG signalsignal

•• S1 S1 occursoccurs at at thethe onsetonset of of 
ventricularventricular contractioncontraction
–– CorrespondsCorresponds in in timingtiming toto

thethe QRS QRS complexcomplex in in thethe
ECG ECG signalsignal

•• S2 is S2 is causedcaused byby thethe
closureclosure of of thethe semilunarsemilunar
valvesvalves ((aorticaortic andand
pulmonarypulmonary valvesvalves))
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EEG EEG signalssignals

•• Delta wavesDelta waves
–– 0.5<= f < 4 Hz, appear at 0.5<= f < 4 Hz, appear at 

deepdeep--sleep stagessleep stages

•• Theta wavesTheta waves
–– 4 <= f < 8 Hz, appear at the 4 <= f < 8 Hz, appear at the 

beginning stages of sleepbeginning stages of sleep

•• Alpha wavesAlpha waves
–– 8 <= f < 13 Hz, principal 8 <= f < 13 Hz, principal 

resting rhythmresting rhythm
–– Auditory and mental arithmetic Auditory and mental arithmetic 

tasks with eyes closedtasks with eyes closed

•• Beta wavesBeta waves
–– f > 13 Hz, background activity f > 13 Hz, background activity 

in tense and anxious subjectsin tense and anxious subjects
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DetectionDetection of of EventsEvents andand WavesWaves--11

•• QRS QRS detectiondetection
–– DerivativeDerivative--basedbased methodsmethods
–– PanPan--TompkinsTompkins algorithmalgorithm

•• CorrelationCorrelation analysisanalysis of EEG of EEG channelschannels
–– DetectionDetection of EEG of EEG rhythmsrhythms
–– TemplateTemplate matchingmatching forfor EEG EEG spikespike--andand--wavewave

detectiondetection
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DetectionDetection of of EventsEvents andand WavesWaves--22

•• MatchedMatched filterfilter
•• PP--wavewave detectiondetection
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ApplicationsApplications

•• ECG ECG rhythmrhythm analysisanalysis
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QRS QRS DetectionDetection

•• DerivativeDerivative--basedbased methodsmethods
•• PanPan--TompkinsTompkins algorithmalgorithm
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DerivativeDerivative--basedbased methodsmethods

•• QRS QRS mightmight not not alwaysalways be be thethe highesthighest wavewave in a in a 
cardiaccardiac cyclecycle
–– artifactsartifacts maymay upsetupset thethe peakpeak searchsearch algorithmalgorithm

•• QRS QRS complexcomplex has has thethe largestlargest slopeslope ((raterate of of 
changechange of of voltagevoltage))

•• RateRate of of changechange = = derivativederivative operatoroperator (d/(d/dtdt))
•• DerivativeDerivative operatoroperator::

–– P P andand T T waveswaves willwill be be suppressedsuppressed
–– OutputOutput is is thethe highesthighest at at thethe QRSQRS
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DerivativeDerivative--basedbased algorithmalgorithm
•• Balda et al Balda et al proposedproposed an an algorithmalgorithm

–– ThreeThree--pointpoint firstfirst derivativederivative
•• y0[n] = | x[n] y0[n] = | x[n] –– x[nx[n--2] |2] |

–– SecondSecond derivativederivative
•• y1[n] = | x[n] y1[n] = | x[n] –– 2x[n2x[n--2] + x[n2] + x[n--4] |4] |

–– TheThe twotwo resultsresults areare weightedweighted andand combinedcombined
•• y2[n] = 1.3 y0[n] y2[n] = 1.3 y0[n] –– 1.1 y1[n]1.1 y1[n]

–– TheThe resultresult y2[n] is y2[n] is scannedscanned withwith a a thresholdthreshold of 1.0of 1.0
–– WheneverWhenever thresholdthreshold is is crossedcrossed

•• SubsequentSubsequent 8 8 samplessamples alsoalso testedtested againstagainst thethe samesame
thresholdthreshold

•• IfIf at at easteast 6 6 passpass thethe thresholdthreshold testtest
–– TheThe segmentsegment of of eighteight samplessamples is is takentaken toto be a be a partpart

of a QRS of a QRS complexcomplex
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FigureFigure 4.24.2
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TheThe PanPan--TompkinsTompkins algorithmalgorithm

•• PanPan andand TompkinsTompkins proposedproposed aa realreal--
time QRS time QRS detectiondetection algorithmalgorithm basedbased onon
–– SlopeSlope, , amplitudeamplitude, , andand widthwidth of QRS of QRS 

complexescomplexes

Bandpass
filter Differentiator Squaring operation

Moving-window
integrator
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AlgorithmAlgorithm detailsdetails

•• RecursiveRecursive LPFLPF
–– H(z) = (1/32)( (1H(z) = (1/32)( (1--zz--66))2 2 )/( (1)/( (1--zz--11))22 ))
–– y[n] = 2 y[ny[n] = 2 y[n--1] 1] -- y[ny[n--2] + (1/32)[ x[n]2] + (1/32)[ x[n]--

2x[n2x[n--6]+x[n6]+x[n--12] ]12] ]
•• SamplingSampling raterate = 200 = 200 HzHz, , fcfc = 11 = 11 HzHz
•• FilterFilter introducesintroduces 5 5 samplessamples of of delaydelay

(25 (25 msms) ) 
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AlgorithmAlgorithm detailsdetails

•• HPFHPF
•• AllpassAllpass filterfilter minusminus a LPFa LPF

–– H_H_lplp(z) = (1(z) = (1--zz--3232)/(1)/(1--zz--11))
–– y[n] = y[ny[n] = y[n--1] + x[n] 1] + x[n] -- x[nx[n--32]32]

•• H_H_hphp(z) = z(z) = z--1616 –– (1/32)H_(1/32)H_lplp(z)(z)
–– p[n] = x[np[n] = x[n--16] 16] –– (1/32)[y[n(1/32)[y[n--1] + x[n] 1] + x[n] -- x[nx[n--32]]32]]

•• fcfc = 5 = 5 HzHz
•• FilterFilter introducesintroduces 80 80 msms of of delaydelay
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DerivativeDerivative operatoroperator

•• y[n] = (1/8) [ 2x[n] + x[ny[n] = (1/8) [ 2x[n] + x[n--1] 1] –– x[nx[n--3] 3] ––
2x[n2x[n--4] ]4] ]
–– ApproximatesApproximates thethe ideal d/ideal d/dtdt operatoroperator upup

toto 30 30 HzHz

•• SuppressesSuppresses P P andand T T waveswaves
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SquaringSquaring

•• MakesMakes thethe resultsresults positivepositive andand
emphasizesemphasizes largelarge differencesdifferences arisingarising fromfrom
QRS QRS complexescomplexes

•• SmallSmall differencesdifferences arisingarising fromfrom P P andand T T 
waveswaves areare suppressedsuppressed
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IntegrationIntegration

•• MultipleMultiple peakspeaks withinwithin thethe durationduration of a of a singlesingle
QRS QRS complexcomplex

•• SmoothingSmoothing of of thethe outputoutput of of thethe precedingpreceding
operationsoperations throughthrough a a movingmoving windowwindow integrationintegration
filterfilter
–– y[n] = (1/N) [ x[n y[n] = (1/N) [ x[n –– (N(N--1)] + x[n 1)] + x[n –– (N(N--2) + 2) + …… + + 

x[n] ]x[n] ]
–– N: N: windowwindow widthwidth (N=30 (N=30 foundfound toto be be suitablesuitable

forfor fsfs=200 =200 HzHz))
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AdaptiveAdaptive thresholdingthresholding

•• A A peakpeak is is saidsaid toto be be detecteddetected wheneverwhenever
thethe final final outputoutput changeschanges directiondirection withinwithin a a 
specifiedspecified intervalinterval
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FigureFigure 4.64.6


