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Heart Sound

Data Acquisition

SP-S1 (5Hz - 5kHz )
2048 samples/sec
12Bit A/ID

Pure data

Noise Canceling

Optimal wavelet de-noising

De-noising data

Feature Extraction

Time-Frequency method
(Wavelet decomposition)

Features

Cardiac Cycle
Segmentation

Normalization
Shannon Energy Envelopgram
Identifying the S1s and S2s

Segmented features

Classification

Neural Networks

Pathological

Non-pathological
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B =Io] Eo|X(specificity :SP)E 86.13% o] o™, oW % (sensitivity :SE)
= 93.72% 9t TR A HEe Eolx g}t oWl EE o] 83}, mean performance,
Association Index, Accuracy of positive test, Accuracy of negative test,
Fraction of subjects with a positive test & 73 4 d&=d, 2zt g3 2
t}.

mean performance=

4%@ — 89.925%

Association Index(AI) = SE+ SP—1=10.7985

Accuracy of positive test AP) = ﬁ —90.40%

Accuracy of negative test( AN) = WV% =90.77%

Fraction of subjects with a positive test(F)

_ (TP+FP) B
= (TP+FP+ FN+ TN) — 0-6037

Diagnostic accuracy(D)=F +- AP+ (1— F)AN

=0.6037%0.9040 + 0.3963x0.9077 = 0.9054
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Sensitivity (SE) = #J% =97.7%

Specificity (SP) = % =52.94%

mean performance= 9

Association Index(Al) = SE+ SP—1=10.5064

Accuracy of positive test AP) = ﬁ —95.51%

Accuracy of negative test( AN) = WV% =69.23%

Fraction of subjects with a positive test(F)

_ (TP+ FP) —
~ (TP+FP+FN+TN) 0.9319

Diagnostic accuracy(D)=F - AP+ (1— F)AN =0(.9372
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ABSTRACT

A Study for Classification of Heart Disease

by Phonocardiogram

Lee, Kwang Jae

Dept. of Biomedical Engineering

Graduate Program in Medical Engineering
The Graduate School

Yonsei University

It has been widely reported that heart valve disorder produce heart disease.
Therefore, early diagnosis about heart valve situation is very important.

The purpose of this paper 1s to classify heart disorder using
phonocardiogram. Phonocardiogram is one of non-invasive monitoring system.
Miniaturization, automation, and simplicity of heart sound measurement system
makes home care system easy to access. Heart sound originates from
mechanical phenomena, hence, focusing to mechanical heart disorder, heart
sound signal was used to segment one cardiac cycle instead of
electrocardiogram data.

Noise canceling method was used. Power noise and high frequency noise
were canceled in this paper: 60Hz notch filter was used for power noise, and
wavelet decomposition and reconstruction method was used for high frequency

noise by cutting off the noise band and reconstructing the source signal.
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Feature extraction was carried out for classification of heart sound in each
disease. The feature extraction method was wavelet decomposition. In
substitute for using the decomposed coefficient directly, detail coefficient was
conversed to Shannon energy level.

The feature was trained by neural network. Feed-forward back-propagation
method was used. Using decided weight could be classified.

Total cardiac cycles were 665. Training data were 337, including 147
non-pathologic cardiac cycles and 190 pathologic cardiac cycles. Tested data
were 328, including 137 non-pathologic cardiac cycles and 191 pathologic
cardiac cycles. The specificity was 86%, the sensitivity was 94% and the

accuracy of diagnosis was 91%.

Key words : Phonocardiogram, wavelet, neural network, heart sound, pattern

classification, segmentation.
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