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IntroductionIntroduction

•• Most biological processes within a body are not Most biological processes within a body are not 
independent of one another; independent of one another; 

•• Rather, they are mutually correlated and bound Rather, they are mutually correlated and bound 
together by physical or physiological control and together by physical or physiological control and 
communication phenomenacommunication phenomena

•• Questions:Questions:
–– How do we recognize the existence of concurrent, How do we recognize the existence of concurrent, 

coupled, and correlated phenomena?coupled, and correlated phenomena?
–– How do we obtain the corresponding signals and How do we obtain the corresponding signals and 

identify the correlated features?identify the correlated features?
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Problem Problem statementstatement

•• Determine the correspondences, Determine the correspondences, 
correlation, and intercorrelation, and inter--relationships present relationships present 
between concurrent signals related to a between concurrent signals related to a 
common underlying physiological system common underlying physiological system 
or process, and identify their potential or process, and identify their potential 
applications.applications.
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ECG ECG andand PCGPCG
•• ECGECG

–– 12 channels simultaneously recorded signals12 channels simultaneously recorded signals
–– Easy to read and interpret for cliniciansEasy to read and interpret for clinicians

•• PCGPCG
–– MoreMore complexcomplex signalsignal
–– CannotCannot be be visuallyvisually analyzedanalyzed
–– GrossGross featuresfeatures suchsuch asas

•• MurmursMurmurs, time , time delaysdelays
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ProblemProblem
•• IdentifyIdentify thethe beginningbeginning of S1 in a PCG of S1 in a PCG andand

extractextract thethe heartheart soundsound signalsignal overover oneone
cardiaccardiac cyclecycle

SolutionSolution
•• RecordRecord ECG ECG andand PCG PCG togethertogether
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SolutionSolution::
ECG ECG andand PCG PCG recorded togetherrecorded together

–– QRS QRS --> > ventricularventricular
contractioncontraction

–– AV AV valvesvalves shutshut --> > 
initialinitial vibrationsvibrations of S1of S1

–– S1 S1 beginsbegins immediatelyimmediately
afterafter QRS QRS complexcomplex

–– QRS QRS detectiondetection is is easyeasy
–– QRS QRS complexcomplex can be can be 

usedused toto segmentsegment PCG PCG 
recordrecord intointo cardiaccardiac
cyclescycles
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PCG PCG andand CarotidCarotid PulsePulse

•• IdentificationIdentification of of thethe diastolicdiastolic segmentsegment of of thethe PCG PCG maymay
be be requiredrequired in in somesome applicationsapplications..

•• VentricularVentricular systolesystole endsends withwith thethe closureclosure of of aorticaortic andand
pulmonarypulmonary valvesvalves

•• TheThe endend of of contractioncontraction is is alsoalso indicatedindicated byby T T wavewave in in 
ECGECG

•• S2 S2 appearsappears slightlyslightly afterafter thethe endend of T of T wavewave
•• T T wavewave is not a is not a reliablereliable indicatorindicator

–– SmoothSmooth andand lowlow--amplitudeamplitude wavewave
–– SometimesSometimes not not recordedrecorded at at allall
–– ST ST elevationelevation oror depressiondepression maymay occuroccur
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ProblemProblem
•• IdentifyIdentify thethe beginningbeginning of S2 in a PCG of S2 in a PCG signalsignal

SolutionSolution
•• RecordRecord PCG PCG andand CarotidCarotid PulsePulse togethertogether
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SolutionSolution: CP : CP signalsignal withwith PCGPCG

•• Aortic valve closes Aortic valve closes --> > 
Deceleration and reversal of Deceleration and reversal of 
blood flow in the aorta blood flow in the aorta --> > 
SSuddenudden drop in the BP within drop in the BP within 
the aorta the aorta --> > 

•• DDownwardownward slope due to the slope due to the 
end of systolic activity end of systolic activity -->> NNotchotch
in aortic pressure wavein aortic pressure wave (D)(D)
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CP CP signalsignal withwith PCG PCG signalsignal

•• NNotchotch in aortic pressure in aortic pressure 
wavewave (D)(D)

•• Aortic pressure Aortic pressure 
measurement is invasivemeasurement is invasive

•• CCarotidarotid PPulseulse can be usedcan be used
insteadinstead of of aorticaortic pressurepressure
–– Problem is the delay Problem is the delay 
–– NNoninvasiveoninvasive
–– Average S2Average S2--D delay = 42.6 D delay = 42.6 

ms std = 5 msms std = 5 ms
–– This delay should be This delay should be 

subtracted from D to obtain subtracted from D to obtain 
the beginning of S2the beginning of S2
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ECG ECG andand AtrialAtrial ElectrogramElectrogram (EG)(EG)

•• RR RR intervalinterval analysisanalysis neglectsneglects atrialatrial activityactivity
•• AV AV delaydelay playsplays an an importantimportant role in role in 

coordinatedcoordinated contractioncontraction of of atriaatria andand
ventriclesventricles

•• PR PR intervalinterval is is alsoalso importantimportant
•• P P wavewave maymay not be not be measuredmeasured byby externalexternal

ECG ECG 
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ProblemProblem
•• ObtainObtain an an indicatorindicator of of atrialatrial contractioncontraction toto

measuremeasure thethe PR PR intervalinterval

SolutionSolution
•• RecordRecord externalexternal ECG ECG andand atrialatrial EG EG usingusing

a a pillpill--electrodeelectrode togethertogether
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SolutionSolution: : PillPill--electrodeelectrode
•• PillPill--electrodeelectrode

–– SwallowedSwallowed andand loweredlowered
throughthrough thethe esophagusesophagus toto a a 
positionposition closeclose toto thethe leftleft
atriumatrium ((bipolarbipolar electrodeelectrode) ) 

–– SuspendedSuspended at at thatthat positionposition

•• 22--5 5 timestimes higherhigher gaingain thanthan
externalexternal ECGECG
–– 55--100 Hz 100 Hz bandpassbandpass filterfilter
–– SNR is 10SNR is 10
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ApplicationApplication: : 
SegmentationSegmentation of of thethe PCG PCG intointo
systolicsystolic andand diastolicdiastolic partsparts


