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Combination of optimally-modified log-spectral amplitude estimator and wavelet for heart

sound denoising

SHEN Yujing', WANG Xun*’, TANG Min'

1. Center of Arrhythmia, Fuwai Hospital, Chinese Academy of Medical Sciences, Beijing 100037, China; 2. School of Intelligent
Manufacturing and CDKIP, Shanghai Dianji University, Shanghai 201306, China; 3. Key Laboratory of Speech Acoustics and Content
Understanding, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China

Abstract: Wavelet thresholding is a frequently-used method for heart sounds denoising. Herein optimally-modified log-
spectral amplitude estimator is combined with wavelet thresholding to remove heart sound noises. After that the white noises
and pink noises of different intensities are artificially added into normal heart sounds and the heart sounds of some common
diseases to construct heart sounds of different signal-to-noise rates, traditional wavelet thresholding and the proposed method
are used for heart sounds denoising. The quantitative comparison results show that the denoising effect of the proposed
method is better than that of traditional wavelet thresholding.
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Fig.1 Waveforms of the normal heart sounds during denoising
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Fig.2 Time—frequency graphs of the normal heart sounds during denoising
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Tab.1 Signal-to—noise ratios of the heart sounds mixed with white noises separately denoised by

wavelet thresholding and the proposed method

-5dB 0dB 5dB
LI,
AN RSO N ARSOrk N ARIOTEE

Normal heart sounds 8.303 8.894 12.022 11.894 15.510 14.444
Aortic stenosis (early) 8.098 8.256 10.347 10.873 12.136 12.262
Aortic stenosis (late) 7.579 8.395 9.939 10.469 12.088 12.260
Aortic insufficiency 3.733 5.384 6.517 8.335 9.631 11.606
Pulmonic stenosis 5.594 6.743 8.682 9.300 12.257 12.691
Mitral regurgitation 4.286 5.687 5.448 6.741 5.819 7.328
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Tab.2 Root mean square errors of the heart sounds mixed with white noises separately denoised by

wavelet thresholding and the proposed method

-5 dB 0dB 5dB
IR

N AR N AR N ARk
Normal heart sounds 0.0387  0.0361 0.0252  0.0256 0.0169  0.0191
Aortic stenosis (early) 0.0737  0.0723 0.0569  0.0535 0.0463  0.0456
Aortic stenosis (late) 0.0868  0.0789 0.0660  0.062 1 0.0515  0.0506
Aortic insufficiency 01314  0.1087 0.0954  0.0774 0.0667  0.053 1
Pulmonic stenosis 0.0672  0.0588 0.0471  0.0438 0.0312  0.0297
Mitral regurgitation 0.1186  0.1010 0.1038  0.0895 0.0995  0.0836

3 WEIMAEENOEERIEBES EMAAR T AR S SNR XTEE
Tab.3 Signal-to—noise ratios of the heart sounds mixed with pink noises separately denoised by

wavelet thresholding and the proposed method

-5dB 0dB 5dB
AT
N R3Ok N RSOk AN S S W RS

Normal heart sounds 5.697 6.181 9.111 9.476 12.972 12.909
Aortic stenosis (early) 4.425 4.438 7.335 7.540 9.970 10.499
Aortic stenosis (late) 4.346 4.860 7.582 7.657 10.287 10.393
Aortic insufficiency 1.806 3.241 3.931 5.558 7.067 8.327
Pulmonic stenosis 4.416 5.191 7.500 7.638 10.829 10.988
Mitral regurgitation 2.130 5.995 4.362 7.079 5.348 7.707

T4 ALY LAIEEEOE R RBME T AR AR T A £ fF RMSE XLt
Tab.4 Root mean square errors of the heart sounds mixed with pink noises separately denoised by

wavelet thresholding and the proposed method

-5dB 0dB 5dB
LFE A
N ARIOT N RSO AN RSO

Normal heart sounds 0.0523 0.049 4 0.0353 0.033 8 0.022 6 0.022 8
Aortic stenosis (early) 0.112 4 0.109 8 0.080 4 0.078 5 0.059 4 0.0559
Aortic stenosis (late) 0.1257 0.118 5 0.086 6 0.0859 0.063 5 0.062 7
Aortic insufficiency 0.164 1 0.139 1 0.128 5 0.106 5 0.089 5 0.077 4
Pulmonic stenosis 0.076 9 0.070 3 0.0539 0.053 1 0.036 7 0.036 1
Mitral regurgitation 0.152 1 0.097 5 0.117 6 0.086 0 0.1050 0.080 0

RMSE K T/IN il [ (B P e, BRI ad R b /N By AR SO T I RO LU /DN i 150 1 g Mg 2, At
Be2z o MR HAh O F A SCRT IR REME 7 e i 5 8 FH SOAR JIT 3R 2 e M 35 ] A A 381 B A R R o
SEALR T /AN B R . X TR SR BIAR SO B T IRATTIE S 0 R 2 R 2k
M0 (F3FF24), LA SNR Ky 5 dBINIER L LD AR
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