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ABSTRACT
The auscultation method is an important diagnostic indicator for hemodynamic anomalies. Heart
sound classification and analysis play an important role in the auscultative diagnosis. The term
phonocardiography refers to the tracing technique of heart sounds and the recording of cardiac
acoustics vibration by means of microphone-transducer. Therefore, understanding the nature and
source of this signal is important to give us a tendency for developing a competent tool for further
analysis and processing, in order to enhance and optimize cardiac clinical diagnostic approach. This
book gives the reader an inclusive view of the main aspects in phonocardiography signal processing.

KEYWORDS
phonocardiography, auscultation technique, signal processing, signal filtering, heart
sounds, stethoscope microphone, cardiac acoustic modeling, wavelets analysis, data
classification, spectral estimation and analysis, PCG classification, phonocardiography
calibration, intracardiac phonocardiography, cardiac acoustic imaging
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Preface
In modern health care, auscultation has found its main role in personal health care and in

decision making of particular and extensive clinical examination cases. Making a clinical decision
based on auscultation is a double-edged sword: a simple tool which is able to screen and assess
murmurs is imprecise, yet it would be both time- and cost-saving while also relieving many patients
of needless apprehension. The instructions found in this book provide both a constructive and
supportive background for students and biomedical engineers, because they provide not only the
facts about the phonocardiography (PCG) signal but also the interaction between the heart sounds
and PCG analysis platform, through advanced PCG signal processing methods. This approach will
assist in identifying and obtaining useful clinical and physiological information. Although these
PCG acquisition techniques are plain, noninvasive, low-cost, and precise for assessing a wide range
of heart diseases, diagnosis by auscultation requires good experience and considerable observation
ability.

The PCG signal is traditionally analyzed and characterized by morphological properties in
time domain, by spectral properties in the frequency domain, or by non-stationary properties in a
combined time-frequency domain. Besides reviewing these techniques, this book will cover recent
advancement in nonlinear PCG signal analysis, which has been used to reconstruct the underlying
cardiac acoustics model.

This processing step provides a geometrical interpretation of the signal’s dynamics, whose
structure can be used for both system characterization and classification, as well as for other signal
processing tasks such as detection and prediction. In addition, it will provide a core of information and
concepts necessary to develop modern aspects for an intelligent computerized cardiac auscultation,
as a smart stethoscope module.

Particularly, this book will focus on classification and analysis of patterns resulting from
PCG signal by using adaptive signal processing methods. System identification and modeling of
main acoustic dynamics for a cardiac system based on different methods, such as autoregressive
moving average ARMA, Páde approximation, and recursive estimation, are addressed. The PCG
variation detection of several clinical-oriented diseases, such as mitral valve insufficiency and aortic
regurgitation, is based on recurrence time statistics in combination with nonlinear prediction to
remove obscuring heart sounds from respiratory sound recordings in healthy and patient subjects.

This book also lights up advanced aspects in the field of phonocardiography pattern classi-
fication and other higher-order data clustering algorithm. The application of artificial intelligence
in PCG classification and data mining was discussed through artificial neural networks (e.g., Per-
ceptron classifier and self-organized mapping (SOM) and fuzzy-based clustering method like fuzzy
c-mean algorithm.



xviii PREFACE

A special topic in PCG-related application was presented as fetal phonocardiography (fPCG)
signal acquisition and analysis, PCG driven-rate responsive cardiac pacemaker, intracardiac phono-
cardiography instrumentation and processing aspects, in addition to selected topics in physiological-
derived signal with synchronization of PCG signal.

Finally, in this book, nonlinear PCG processing, as well as precise localization techniques of
the first and second heart sound by means of ECG-gating method, are discussed and presented.
Specifically learning objectives of each chapter will provide the students, physicians, and biomedical
engineers with a good knowledge by introducing nonlinear analysis techniques based on dynamical
systems theory to extract precise clinical information from the PCG signal.

Abbas K. Abbas and Rasha Bassam
Aachen, Germany
March 2009
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S1 First heart sound
S2 Second heart sound
S3 Third heart sound
S4 Fourth heart sound
θPCG PCG pattern vector
Vs microphone voltage source
Rs microphone source impedance
ω angular frequency
C0 microphone output capacitance
V0 microphone voltage output
Zch acoustic impedance
A2 Atrial component of PCG signal
P2 Pulmonary component of PCG signal
f (t) Fourier transform of PCG signal
Et PCG signal Energy
�(t) Haar Wavelet transform function
�(t) Haar scaling factor of PCG signal
�D

2 Db-wavelet transformation of PCG signal
p2k two scale frequency-wavelet domain
�PCG Entropy value of PCG signal
γ (s, τ ) continuous-wavelet transformation (CWT) of PCG signal
�(s, τ ) Scaling factor of (CWT) PCG signal
S(t, w) Wavelet decomposition vector of PCG signal
Mj − PCG(t) Spectral mean estimate of PCG signal
xPCG PCG signal data array
R̂PCG(s) Power spectral density of PCG signal
R̂B(w) PCG signal periodigram estimator
H(z) Density transfer function of PCG signal
A(z) Density transfer function zeros of PCG signal
B(z) Density transfer function poles of PCG signal
XT

pcg PCG transfer matrix signal
fLO Microphone center frequency
wf Fundamental frequency
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