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Sparse Representation of Lung Sound Signals with Application to

Separation of Crackles

by

Tomoya SAKAT* Haruka SATOMOTO* Senya KIYASU*  Sueharu MIYAHARA*

This paper reports on preliminary analysis of pulmonary auscultation sounds via sparse representation of
the sound signals for diagnostic classification. The pulmonary adventitious sounds associated with respiratory
disorder are typically classified as continuous or discontinuous. The sound signals can therefore be represented
as mixture of a small number of continuous and discontinuous signal components, which is called the sparse
representation. A simple overcomplete basis set of the Fourier sinusoids and the Daubechies wavelets is
suitable for the sparse representation of breath sounds and crackles. It is experimentally shown that the
crackles can be separated from breath sounds using the sparse representation even if they overlap each other

in time-frequency domain. This separation is demonstrated to be highly robust against random noise.
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Fig. 1 Vesicular sound. First row: original signal y. Second row: separated signal yr with sparse frequency

spectrum. Third row: separated signal yy with sparse wavelet coefficients. (a) Waveform in time domain,

(b) amplitude spectrum in frequency domain, and (c) wavelet coefficients.
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Fig. 2 Coarse crackles. First row: original signal y. Second row: separated signal yr with sparse frequency

spectrum. Third row: separated signal yy with sparse wavelet coefficients. (a) Waveform in time domain,

(b) amplitude spectrum in frequency domain, and (c) wavelet coefficients.
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Fig. 3 Fine crackles. First row: original signal y. Second row: separated signal yp with sparse frequency
spectrum. Third row: separated signal yy with sparse wavelet coefficients. (a) Waveform in time domain,

(b) amplitude spectrum in frequency domain, and (c) wavelet coefficients.
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Fig. 4 Recovery of breath sound and crackles from degraded signal. First row: degraded version of y in Fig.
3 by adding white noise of 3dB SN ratio, followed by 4-bit digital quantization. Second row: separated signal
yr with sparse frequency spectrum. Third row: separated signal yy with sparse wavelet coefficients. (a)

Waveform in time domain, (b) amplitude spectrum in frequency domain, and (¢) wavelet coefficients.
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