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ABSTRACT

Heart sounds and murmurs are time-varying and non-stationary signals. It can
show the difference between normal heart and pathological heart murmur. The signal
gathered from heart auscultation and phonocardiogram do not provide permanent
record of examination result for future evaluation. In addition, the auscultation needs
a skilled physician to determine the heart condition correctly. Time-frequency
distribution (TFD) is a method that can represent non-stationary and time-varying
signals. Contrast to time-domain or frequency-domain, TFD is able to show the
variation in the frequency content of the signal with time. In this study, the selected
TFD for analysis purposes are the Wigner-Ville distribution (WVD), windowed
Wigner-Ville distribution (WWVD) and smooth windowed Wigner-Ville distribution
(SWWVD). The main contribution is to determine the distribution that accurately
shows the time-frequency representation of heart sounds and murmurs. Comparison
is made based on the mainlobe width (MLW), peak-to-sidelobe average ratio (PSAR)
and signal-to-interference ratio (SIR). In general, the SWWVD shows the most
accurate time-frequency representation based on the SIR which achieved 16.40 dB
for normal heart compared to -4.82 dB using the WVD. From the time-frequency
representation, a further operation of signal detection using the Moyal’s formula can
be applied. The Moyal’s formula is used to classify the murmurs in the presence of
noise. On the average, time-frequency classification performs better over the time-
domain correlation by -9.94 dB of noise power added for all signal used. This is

mainly due to the non-stationarity of the signal which is good to be analyzed in TFD.
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ABSTRAK

Degupan dan desiran jantung merupakan isyarat berubah dengan masa dan
tidak pegun. Isyarat ini mampu menunjukkan perbezaan di antara bunyi jantung yang
normal dengan abnormal. Isyarat yang diambil melalui stetoskop ataupun mesin
phonocardiogram tidak berupaya untuk disimpan bagi kegunaan masa depan.
Tambahan pula, pendengaran melalui stetoskop memerlukan kepakaran yang tinggi
dan pengalaman luas bagi menentukan penyakit jantung yang sebenar. Taburan
masa-frekuensi merupakan satu kaedah bagi menganalisis isyarat yang berubah
dengan masa dan tidak pegun. Bertentangan dengan domain masa atau domain
frekuensi, taburan masa-frekuensi mampu menunjukkan variasi kandungan frekuensi
mengikut perubahan masa. Kajian ini akan menggunakan teknik terpilih iaitu taburan
Wigner-Ville (WVD), taburan windowed Wigner-Ville (WWVD) dan taburan smooth
windowed Wigner-Ville SWWVD). Asas penyelidikan ini adalah untuk menentukan
teknik taburan yang paling tepat dalam memaparkan isyarat degupan dan desiran
jantung dalam péﬁaran masa-frekuensi. Perbandingan dilakukan berdasarkan
kelebaran cuping utama, nisbah puncak cuping utama kepada purata ketinggian
cuping sisi dan nisbah tenaga isyarat kepada tenaga hingar. Secara am, taburan
SWWVD merupakan paparan masa-frekuensi yang paling tepat berdasarkan nisbah
tenaga isyarat kepada tenaga hingar apabila mencapai 16.40 dB bagi degupan normal
berbanding -4.82 dB dengan menggunakan WVD. Daripada paparan masa-frekuensi
bagi isyarat tersebut, operasi selanjutnya melibatkan penggunaan formula Moyal
untuk tujuan pengkelasan boleh diadaptasikan. Formula Moyal diguna untuk
mengkelaskan isyarat desiran dengan kehadiran gangguan hingar. Secara purata,
kaedah pengkelasan korelasi domain masa-frekuensi menunjukkan prestasi yang
lebih baik berbanding pengkelasan korelasi domain masa dengan perbezaan kuasa
hingar sebanyak —9.94 dB bagi semua isyarat yang digunakan. Ini disebabkan
spesifikasi isyarat degupan dan desiran jantung yang tidak pegun lebih baik dianalisis

menggunakan taburan masa-frekuensi.
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CHAPTERI]

INTRODUCTION

1.1 Introduction

Auscultation is one of the techniques to determine the condition of heart by
using the stethd;cope. However, interpretation and diagnosis based on auscultation is
subjective due to the listening skills, experiences and hearing ability of the
physicians. Thus, it is essential to develop a heart diagnostic system to assist a

physician and to be used as a fundamental tool before referring patients to a

specialist.

Various techniques have been developed to analyze the heart sounds and
murmurs. However, this study will explore the time-frequency distribution to analyze
the temporal behavior of the signal. Presently, there is no standard method to classify
the heart sounds and murmurs [Chung-Hsien Wu et al, 1995]. Classical detection and
classification proves to be optimal achievement if the a priori information of the
signals is available. Thus, time-frequency correlations are evaluated as an alternative

to the time-domain classification for heart sounds and murmurs.



1.2

Objectives

There are several features of the research that should be considered and the

main objectives are

iif)

1.3

To understand the variability of heart sound and murmurs.

To evaluate time-frequency distribution as an analysis method with a focus
on Wigner-Ville distribution (WVD), windowed Wigner-Ville distribution
(WWVD) and smooth windowed Wigner-Ville distribution (SWWVD).

To compare the time-frequency representation of heart sounds and murmurs
using various time-frequency distributions based on a set of performance
measures.

To classify the obtained time-frequency representation of heart sounds and

murmurs using the classical detection and classification of matched filter and

time-frequency correlation.

Scope of Work

Heart sounds and murmurs will be analyzed and classified using time-

frequency analysis and classification methodology. However, there exist numerous

methods that can be used in analyzing and classifying heart sounds. This research

focuses on several points as follows

Analyzing the various pattern of heart sounds and murmurs with a selection
of ten groups of heart sounds. This selection is considerably adequate for
analysis purposes ranging from normal heart to heart murmurs. These

selective groups of heart sounds are able to show the heart disease pattern



iii)

based on heart sounds and murmurs. Besides that, detection of starting point
of first heart sound (S;) and second heart sound (S;) in real data of heart
sounds and murmurs is difficult to accomplish. This is due to lack of the
electrocardiogram (ECG) implementation which the QRS peak can determine
the existence of S; in heart sounds. Even medical diagnosis will refer to ECG
for determination of S; and S,. On the other hand, the detection of S; and S,
existence real data of heart sounds and murmurs are not the objective of this
research. This research just required to represent the heart sounds and
murmurs in time-frequency representation accurately. Thus, the S; and S;

existence will be determined based on general practice since the duration of

* diastolic cycle shows a longer period than systolic.

Time-frequency analysis using the generalized bilinear class of time-
frequency distribution will be discussed. Even though spectrogram is one of
the popular tool to analyze time-varying and non-stationary signal, this
method is proved to be low in time-frequency resolution [Boashash, 1992]. In
addition, heart sounds analysis using spectrogram has already been done by
Zaiton Sharif (2001). Thus, WVD has been selected since its distribution is
high in time-frequency resolution. However, application of Wigner-Ville
distribution suffers from the cross-terms problem. This can be overcome by

using exponential kernel distribution, WWVD and SWWVD.

Usually research analysis will be resolved by a set of parameter of features
extraction. However, this research only focused on determining the most
suitable time-frequency distribution to accurately represent the heart sounds
and murmurs in time-frequency representation by using mainlobe width,

peak-to-sidelobe average ratio and signal-to-interference ratio.



iv) Since signal estimation is not the interest of this research, popular
classification tools that needs feature extraction such as neural network and
ruled-based method are excluded from this research. This study will only
focus on the classical classification methodology approved to achieve optimal

performance.

14 Problem Statement

The study of cardiac signal processing has a long history but the majority of
interest has centered on the electrocardiography (ECG). However this study would
focus on the analysis of phonocardiography (PCG) signals, i.e. heart sounds and

murmurs using time-frequency distribution.

Heart sound can be heard physically by auscultation using a stethoscope
when the main heart valves closed. However, the auscultation is a very subjective
technique because the records provided could be interpreted in several ways
depending on how the physicians interpret the sounds. Thus, it is important to
capture the signal of heart sounds and murmurs and analyze it using time-frequency
method. This is mainly because the heart sounds and murmurs are non-stationary and
time-varying signals [Cohen, 1995]. If a direct application of Fourier transforms
being used, some of the frequency content of the heart sounds may be lost. In
addition, any abnormal sounds in heart sounds and murmurs will indicate a

percentage having valvular heart problems.



1.6  Research Methodology

This research consists of several steps to achieve the objectives of the

research

i) Literature review

Understanding the behavior of heart sounds and murmurs will give an
overview explanatory to the time-frequency representation of heart sounds and
murmurs. A review on the fundamental and current analysis on heart sounds and
murmurs will specify which method is applicable for analysis purposes to heart
sounds and murmurs. The methodology and contribution of time-frequency analysis
and classification will show current work using these methods. This procedure will
help in justifying the correct path of analysis using the applied methods. Thus, this
research would be a contribution to the heart sounds and murmurs analysis and gives

a broader view to the application of time-frequency distribution.

i) Data collection

A database of 102 types of simulated heart sounds and murmurs is used for
this study. This database was used to train the medical practitioner. Real data of heart
sounds and murmurs were collected from Hospital Universiti Kebangsaan Malaysia
(HUKM). However, the variation of collected signals is limited. Nevertheless, this
research only desired to determine which distribution will represent real heart sounds
accurately in time-frequency plane. Thus, a small amount of data is sufficient enough
to do the analysis on them. To differentiate between simulated and real data, ‘x...’

will represent the simulated heart sounds whilst ‘p..." will represent the real data of
heart sounds.



iii)  Data analysis

Time-frequency distribution of Wigner-Ville distribution, windowed Wigner-
Ville distribution and smooth windowed Wigner-Ville distribution will be used for
signal analysis. In addition, the exponential kernel distribution will be additional
method to be compared with these selective methods. The exponential kernel
distribution has been chosen due to its popularity and capability to overcome the
weaknesses in Wigner-Ville distribution. Whilst for classification based on time-
frequency correlation will only be implemented on the smooth windowed Wigner-
Ville distribution since this method achieve the most accurate representation of heart

sounds and murmurs.

iv) Computation platform

All computation and analysis are done based on MATLAB software package

running on a personal computer with Windows 98 and XP operating system.

v) Thesis writing

Writing up a report based on the results and explanations will be the final task
in this research. This task will give the overall view of the research background,

outcomes and contributions for heart sounds and murmurs signals specializing in

time-frequency analysis.



1.5 Research Contribution

There are many other researcher works on the heart sounds and murmurs
signal using time-frequency distribution such as White et al, (1996), El-Asir et al,
(1996) and Noponen et al, (2000) . However, they did not focus on one method and
improve it to be a suitable method to analyze the heart sounds and murmurs. As for
this research, WVD has been selected to analyze the heart sounds and murmurs
signals. The cross-term problem in WVD can be overcome using WWVD and
SWWYVD. From the time-frequency representation, a further operation of signal

detection using the Moyal’s formula can be applied and compared to the classical

time-domain correlation classification.

1.6  Organisation of Thesis

The overall view of the research will be covered in Chapter I. Chapter II will
review on heart anatomy and terminology used in heart diseases and followed by a
further description on the background and recent development involve with heart
sounds and murmurs corresponding with time-frequency analysis and classification
methodology. The analysis and classification providing the theory of each
application, parameter justification and results with its explanation will be presented
in Chapter III and IV. This thesis will be concluded in Chapter V with some

recommendations for future research.



103

REFERENCES

Ahmad Zuri Sha’ameri, (1999) “The general interference characteristics of the
Wigner-Ville distribution and its effect on the time-frequency representation of a
signal”, Proceedings of Institut Teknologi Bandung, Asia/Pacific International
Congress on Engineering Computational Modeling and Signal Processing (ECM
& SP 1999), page(s): 279-284.

Ahmad Zuri Sha'ameri; (2001a) “Parameters definition for the windowed and smooth
windowed Wigner-Ville distribution of time-varying signals”, Signal Processing
and its Applications, Sixth International, Symposium on. 2001, Volume: 2, 2001,
page(s): 573 -576 vol.2.

Ahmad Zuri Sha’ameri (2001b). “Analysis of HF data communication signals using
the lag-windowed Wigner-Ville distribution”, Signal Processing and its

Applications, Sixth International, Symposium on. 2001 , Volume: 1, 2001
Page(s): 250 -253 vol.1.

Ahmad Zuri Sha’ameri (2003) “Time-Frequency Analysis of FSK Digital
Modulation Signals Using the Smooth Lag-Windowed Wigner-Ville
distribution” Signal Processing and its Applications, Seventh International,

Symposium on. 2003 , Volume: 1, 2003 Page(s): 593 -596 vol.1.

Ahmad Zuri Sha’ameri; Sheikh Hussain Shaikh Salleh; (2000) “Window width
estimation and the application of the windowed Wigner-Ville distribution in the

analysis of heart sounds and murmurs”, TENCON 2000 Proceedings, 2000,
page(s) : 114-119 vol. 2.

Andria, G.; Savino, M.; Trotta, A.; (1994), “Application of Wigner-Ville Distribution
to Measurements on Transient Signals”, IEEE Transactions on Instrumentation

and Measurement, 1994, Vol. 32 No 2, page(s): 187-193.



104

Bailey, R., (2003), “Sinoatrial Node”, Carolina Biological Supply, 2003,
(http://biology.about.com/library/organs/heart/blsinoatrialnode.htm).

Beidas, B.F.; Weber, C.L.; (1990), “Statistical analysis of the Wigner-Ville
distribution with applications to wideband detection”, Military Communications
Conference, 1990. MILCOM '90, Conference Record, 'A New Era'. 1990 IEEE ,
30 Sep-3 Oct 1990 Page(s): 825 -829 vol.2.

Beidas, B.F.; Weber, C.L.; (1998) “Asynchronous classification of MFSK signals
using the higher order correlation domain” Communications, IEEE Transactions

on, Volume: 46 Issue : 4 Apr 1998 Page(s): 480 -493.

Boashash, B.(Ed) (1992) “Time-Frequency Signal Analysis- Methods and
Application”, Longman Cheshire, 1992.

Boashash, B; O'Shea, P.; (1990) “A methodology for detection and classification of
some underwater acoustic signals using time-frequency analysis techniques”
Acoustics, Speech, and Signal Processing, IEEE Transactions on , Volume: 38
Issue: 11, Nov 1990 Page(s): 1829 -1841.

Bousseljot, R.; Kreiseler, P.; (1998) “ECG Signal Analysis by Pattern Comparison”,
Computers in Cardiology 1998, 1998, page(s): 349-352.

Chouvarda, I.; Maglaveras, N.; Pappas, C. (2001) “Adaptive time-frequency ECG
analysis” Computers in Cardiology 2001 , 2001 Page(s): 265 -268.

Chung-Hsien Wu; Ching-Wen Lo; Jhing-Fa Wang; (1995) “Computer-aided analysis
and classification of heart sounds based on neural networks and time analysis”
Acoustics, Speech, and Signal Processing, 1995. ICASSP-95., 1995 International
Conference on, Volume: 5, 9-12 May 1995 Page(s): 3455 -3458 vol.5.

Clark, K.; (1994) “Clinical Medicine”, Bailliere Tindall, London, 3™ Edition, 1994.



105

Cohen, L; (1995), “Time-Frequency Analysis”, Prentice Hall, Inc. A Simon &
Schuster Company, Englewood Cliffs, New Jersey 07632,

Cooley, D.A., (2002) “Anatomy of the heart”, Texas Heart Institute, 2002,
(http://www.tmc.edu/thi/anatomy.html).

Cooper , George R., McGillem Clare D., (1986) “Probabilistic Methods of Signal
and System Analysis” 2" Edition, CBS College Publishing.

Durand, L.G.; Langlois, Y.E.; Cloutier, G.; Chiarella, R.; Lanthier, T.; Bertrand-
Bradley, S.; (1988) “A method for studying the effects of PR and RR intervals on
heart sound power spectra” Engineering in Medicine and Biology Society, 1988.
Proceedings of the Annual International Conference of the IEEE , 4-7 Nov 1988
Page(s): 234 -235 vol.1.

EE5340, (2001) “Phonocardiography : Measurement of Heart Sounds”, Lecture
Slides, SMU Electrical Engineering Department, 2001,
(http://engr.smu.eduw/~cd/EE5340/lect20/s1d01 1.htm).

El-Asir, B.; Khadra, L.; Al-Abbasi, A. H.; Mohammed, M.M.J.; (1996) “ Time

Frequency Analysis of heart sound ”, TENCON 1996 Proceedings, 1996,
page(s): 553-558 vol. 2.

Flandrin, P.; (1988) “A time-frequency formulation of optimum detection”,
Acoustics, Speech, and Signal Processing, IEEE Transactions on, Volume: 36
Issue: 9, Sep 1988 Page(s): 1377 -1384.

Giannakis, G.B.; Tsatsanis, M.K.;(1990) “Signal detection and classification using
matched filtering and higher order statistics” Acoustics, Speech, and Signal
Processing [see also IEEE Transactions on Signal Processing], IEEE

Transactions on , Volume: 38 Issue: 7, Jul 1990 Page(s): 1284 -1296.



106

Haghighi-Mood, A.; Torry, J.N.; (1995) “Application of Advanced Signal Processing
techniques in analysis of heart sounds ”, IEE Colloquium on Signal Processing in

Cardiography, 1995, page(s):8/1-8/5.

Haghighi-Mood, A.; Torry, I.N.; (1996) “Coherence analysis of multichannel heart
sound recording” Computers in Cardiology 1996, 8-11 Sep 1996 Page(s): 377 -
380.

Hussain, Z.M.; Boashash, B. (2001) “Multicomponent IF estimation: a statistical
comparison in the quadratic class of time-frequency distributions” Circuits and
Systems, 2001. ISCAS 2001. The 2001 IEEE International Symposium on ,
Volume: 2 , 2001 Page(s): 109 -112 vol. 2.

LC.E.S., (2002) “Basic Heart Murmurs & Heart Sounds”, Copyright I.C.E.S., 2002,

(http://www.wices.com/icesmurmurl.htm).

Jingping Xu; Durand, L.; Pibarot, P.; (2000) “’Nonlinear transient chirp signal
modeling of the aortic and pulmonary components of the second heart sound”,

Biomedical Engineering, IEEE Transactions, Volume: 47 Issue: 10, Oct. 2000,
page(s): 1328 -1335.

Jun Wang; Hongwei Liu; Shouhong Zhang; (1998) “Signal detection based on match
projection onto time-frequency and time-scale subspace” Signal Processing

Proceedings, 1998. ICSP '98. 1998 Fourth International Conference on , 1998
Page(s): 263 -266 vol.1.

Jung Jun Lee; Sang Min Lee; In Young Kim; Hong Ki Min; Seung Hong Hong
(1999) “Comparison between short time Fourier and wavelet transform for
feature extraction of heart sound” TENCON 99. Proceedings of the IEEE Region
10 Conference , Volume: 2, 1999 Page(s): 1547 -1550 vol.2.

Kay, S.; Boudreaux-Bartels, G.; (1985) “On the optimality of the Wigner distribution
for detection” Acoustics, Speech, and Signal Processing, IEEE International

Conference on ICASSP '85. , Volume: 10, Apr 1985 Page(s): 1017 -1020.



107

Kwong, S.; Gang, W.; Zheng, 0.Y.J.; (1992) “Fundamental Frequency estimation
Based on Adaptive Time Averaging Wigner-Ville Distribution”, Proceedings of
the IEEE- signal Processing International Symposium on Time-Frequency and

Time-Scale Analysis, 1992, page(s): 413-416.

Livanos, G.; Ranganathan, N.; Jiang, J. (2000) “Heart sound analysis using the S
transform” Computers in Cardiology 2000 , 2000 Page(s): 587 -590.

Minfen Shen; Lisha Sun; (1997) “The analysis and classification of
phonocardiogram based on higher-order spectra” Higher-Order Statistics, 1997.

Proceedings of the IEEE Signal Processing Workshop on , 21-23 Jul 1997
Page(s): 29 -33.

Minsheng Wang; Chan, A K.; Chui, C.K.; (1996) “Wigner-Ville Distribution
Decomposition Via Wavelet Packet Transform”, Proceedings of the IEEE-SP

International Symposium on Time-Frequency and Time-Scale Analysis, 1996,
page(s): 413-416.

Mohamed, A.S.A; Raafat, H.M.;(1998) “Automatic discrimination between heart
sounds and murmurs using parametric models”, Proceedings of the 1998 IEEE

International Conference, 1998, page(s): 147-150.

Nakamitsu, T.; Shino, H.; Kotani, T.; Yaan, K.; Harada, K.; Sudoh, J.; Harasawa, E.;
Itoh, H.; (1996), “Detection and classification of systolic murmur using a neural
network”, Proceedings of the 1996 Fifteenth Southern Biomedical Engineering
Conference, 1996, page(s): 365-366.

Noponen, A.-L.; Lukkarinen, S.; Angerla, A.; Sikio, K.; Sepponen, R.(2000) “How
to recognize the innocent vibratory murmur” Computers in Cardiology 2000 ,
2000 Page(s): 561 -564.



108

Qiu, L.; (2000) “Wigner-Ville distribution and Windowed Wigner-Ville Distribution
of Noisy Signals”, Proceedings of IEEE Singapore International Conference on

Communications and Networks for the Year 2000, 1993, page(s): 388-392.

Say, O.; Dokur, Z.; Olmez, T.; (2002) “Classification of heart sounds by using
wavelet transform” [Engineering in Medicine and Biology, 2002. 24th Annual
Conference and the Annual Fall Meeting of the Biomedical Engineering Society]
EMBS/BMES Conference, 2002. Proceedings of the Second Joint , Volume: 1,
23-26 Oct 2002 Page(s): 128 -129 vol.1.

Semmlow, J.L.; Akay, M.; Welkowitz, W.; (1990) “Noninvasive detection of
coronary artery disease using parametric spectral analysis methods” IEEE
Engineering in Medicine and Biology Magazine , Volume: 9 Issue: 1 , Mar 1990
Page(s): 33 -36.

Shamsollahi, M.B.; Senhadji, L. ; Chen, D.; Durand, L-G.; (1997) “Modified signal
dependent time-frequency representation for analysis of the simulated first heart
sound”, Proceedings of the 19" Annual International Conference of the IEEE on
Engineering in Medicine and Biology Society, 1997, page(s):1313-1315 vol. 3.

Shaparas Daliman, Ahmad Zuri Sha’ameri, (2003a) “Time-Frequency Analysis of
Heart Sounds Using Windowed and Smooth Windowed Wigner-Ville
distribution” Signal Processing and its Applications, Seventh International,

Symposium on. 2003 , Volume: 2 , 2003 Page(s): 625 -626 vol.2.

Shaparas Daliman, Ahmad Zuri Sha’ameri, (2003b) “Comparison of Time-
Frequency Analysis Performance on Heart Sounds and Murmurs”, Student

Conference on Research and Development, SCOReD 2003, Putrajaya, Malaysia,
2003.

Shouzhong Xiao; Shaoxi Cai; Guochuan Liu (2000) “Studying the significance of
cardiac contractility variability” IEEE Engineering in Medicine and Biology

Magazine , Volume: 19 Issue: 3 , May-June 2000 Page(s): 102 -105.



109

Srinath, M. D.; Rajasekaran, P. K.; Viswanathan, R.;(1996) “Introduction to
statistical signal processing with applications” Englewood Cliffs, New Jersey :
Prentice-Hall, 1996.

Tagluk, M. E.; English, M.J.; (1997) “The analysis of ECG signals using Time-
Frequency Techniques”, Proceedings of the 19" Annual International
Conference of the IEEE on Engineering in Medicine and Biology Society, 1997,
page(s):1320-1323 vol. 3.

Tan, B.H.; Moghavvemi, M.; (2000) “Real time analysis of fetal

phonocardiography” TENCON 2000. Proceedings , Volume: 2 , 2000 Page(s):
135 -140 vol.2.

Thrane, N., Wismer, J., Konstantin-Hansen, H., Gade, S., (2003) “The Fundamentals
of Signal Analysis Application Note”, Literature Note of Agilent, Briiel & Kjer,
Denmark, 2003, (http://cp.literature.agilent.com/litweb/pdf/5952-8898E.pdf).

Tilkian, A.G.; Conover, M.B.; (1979)“Understanding Heart Sounds and Murmurs

with an Introduction to Lung Sounds”, W.B. Saunders Company, Philadelphia 3™
Edition, 1979.

Wartak, J; (1972) “Phonocardiology : Integrated Study of Heart Sounds and
Murmurs”, Harper & Row Publishers, Hagerstown 1* Edition, 1972.

White, P.R.; Collis, W.B.; Salmon, A.P.; (1996) “Analyzing Heart Murmurs Using
Time-Frequency Methods”, Proceedings of the IEEE-SP International
Symposium, 1996, page(s): 385-388."

Zaiton Sharif, Mohd. Shamian Zainal; Ahmad Zuri Sha’ameri; Sheikh Hussain
Shaikh Salleh (2000) “ Analysis and Classification of Heart Sounds and
Murmurs Based on the Instantaneous Energy and Frequency Estimations ”,
TENCON 2000 Proceedings, 2000, page(s) : 130-134 vol. 2.



110

Zaiton Sharif, (2001) “Signal Analysis and Classification of Heart Sounds and
Murmurs”, Master Thesis, Universiti Teknologi Malaysia, Skudai, Johor, 2001.

Zaiton Sharif; Shaparas Daliman; Ahmad Zuri Sha’ameri; Sheikh Hussain Shaikh
Salleh; (2001) “An expert system approach for classification of heart sounds and
murmurs” Signal Processing and its Applications, Sixth International,

Symposium on. 2001 , Volume: 2, 2001 Page(s): 739 -740 vol.2.





