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Abstract: The study is the first to apply a speech enhancement algorithm based on minimum mean-square error log-spectral
amplitude estimation in heart sound denoising. Based on statistical modeling, the denoising is incorporated into a statistical
framework. Through the optimal amplitude spectrum estimation on noisy heart sound signals, the difference between estimated
and clean heart sounds is minimized to remove noise and restore the original signals. The experimental results show that the
proposed algorithm can effectively improve the time-frequency characteristics of heart sound signals and achieve higher accuracy
in subsequent heart sound classification. The excellent performance of the proposed method in heart sound denoising is of great
significance for the development of electronic stethoscopes and automatic heart disease detection technology.
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Figure 1 Flowchart of MMSE-LSA speech enhancement algorithm
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Figure 3 Self-collected heart sound and denoising results
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Table 3 Comparison of heart sound recognition rates (%)
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Acc 93.6
CEEMDAN Se 87.3
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Acc 93.0
MMSE-LSA Se 91.5
Sp 98.6
Acc 95.0




- 1376 -

.

] 22

5540 %:

VAT 5 AT DA O JIE DR 00 ARG O 1 A8 958
TR R T AR B N T AR P R
W N U5 155 5 N T8 BEA 45 & f S 4 B
LW RS, BB R E S TAES R, BAESCbR
R AR BRI ARMEAR T e 0 o PR, AR
FE M FHEE T MMSE-LSA A9 Bl 0 355 [ e 188 580 3403
N 3 BRI IE S 500 LA H A (i R 1 4326
TR Xk AN [ o M B A B ) BB R AT 43 2 I, AR S
(1) R M B0 25 e I AR 4 . 7 2016 PhysioNet/CinC
Challenge %4 H 6 % 5 =1 L i85 97.0%, 76 A R4
B PR B AET R AR, N 95.0%. A SR L
R o () R BRI 55, X6 LT IIT IS 2 L0 IESS I Sh S
HARM &R A EEE X,

(5% i)

(1] X£E, RAeE, TH 5. AEBRF TEZREEES FHT R

b aHaENAy s F R R R)] A EFIRFRE, 2022,
39(2): 311-319.
Liu MJ, Wu QY, Ding S, et al. A heart sound classification method
based on complete ensemble empirical modaldecomposition with
adaptive noise permutation entropy and support vector machine[ J].
Journal of Biomedical Engineering, 2022, 39(2): 311-319.

[2] Mcleod G, Shum K, Gupta T, et al. Echocardiography in congenital
heart disease[ J]. Prog Cardiovasc Dis, 2018, 61(5-6): 468-475.

[3] GrantM, Douglass S, Roberge E, et al. Cardiac magnetic resonance
imaging and a rare case of anatrial myxoma causing an atrial septal
defect[J]. Radiol Case Rep, 2017, 12(4): 658-663.

[4] W E2¥, TF, FR . R ARSEATEGER EAA TS kS0 F
Beek(J]. F B EF4H22 55 E, 2020,37(10): 1287-1292.

Shen YJ, Wang X, Tang M. Combination of optimally-modified log-
spectral amplitude estimator and wavelet for heart sound denoising[J].
Chinese Journal of Medical Physics, 2020, 37(10): 1287-1292.

[5] x4k, % B, B A&, ¥ . AT CEEMDAN A iR #0155 &
Wk kAR [T]. 3 AL A, 2023, 40(2): 321-325.

Liu Q, Xu Y, Liang CY, et al. Research on heart sound signal denoising
algorithm based on the combination of CEEMDAN and wavelet
entropy[J ]. Computer Simulation, 2023, 40(2): 321-325.

(6] EAx4E, BULR . ttbey ek S e s 3455 b e M [1].
VLI R F FAR(A RFFRR), 2021, 33(2): 150-154.

Wang JJ, Zhou KL. Application of optimized wiener filter algorithm
for noise reduction in heart sound signals[J]. Journal of Shenyang
University (Natural Science), 2021, 33(2): 150-154.

[7] JA% R, 3FA4# . B4 CEEMD Z AFSA # AL N3k FA 89 5155
Hk s [J]. e g Bk, 2023, 45(1): 207-211.

Zhou KL, Guo CY. Research on denoising of heart sound signals
combining CEEMD and AFSA to optimize wavelet threshold [J].
Manufacturing Automation, 2023, 45(1): 207-211.

[8] Debbal SM, Bereksi-Reguig F. Filtering and classification of
phonocardiogram signals using wavelet transform[J]. J Med Eng
Technol, 2008, 32(1): 53-65.

[9] Samit KG, Rajesh KT, Ponnalagu RN. Evaluation of performance
metrics and denoising of PCG signal using wavelet based
decomposition [ C]//2020 IEEE 17th India Council International
Conference(INDICON). 2020.

[10] Potdar RM. Optimal parameter selection for DWT based PCG
denoising [J]. Turkish Journal of Computer and Mathematics
Education, 2021, 12(9): 3207-3219.

[11] 24, T4, B4, . A TEMD AiE R EMI S5 5452
it B k[T MR ESF 5 ES T4, 2020,33(6): 533-541.

Wang BR, Wang WB, Zhou C, et al. Feature selection and
classification of heart sound based on EMD adaptive reconstruction
[J]. Space Medicine & Medicine Engineering, 2020, 33(6): 533-541.

[12] Abduh Z, Nehary EA, Wahed MA, et al. Classification of heart sounds
using fractional fourier transform based mel-frequency spectral
coefficients and stacked autoencoder deep neural network[J]. ] Med
Imaging Health Inform, 2019, 9(1): 1-8.

[13] Ykhlef F, Ykhlef H. A smoothed minimum mean-square error log-
spectral amplitude estimator for speech enhancement [C]//
International Conference on Multimedia Computing and Systems
(ICMCS). IEEE, 2014: 246-249.

[14] F, 1A, GkP . AT 8 &5 MMSE-LSA 5 NMF #9353 3%
FoE[T] 3w B 26 4R, 2021, 43(4): 81-85.

Dong H, Liu G, Ma ZZ. Speech enhancement algorithm based on
adaptive MMSE-LSA and NMF[J]. Journal of Detection & Control,
2021, 43(4): 81-85.

[15] Ephraim Y, Malah D. Speech enhancement using a minimum mean-
square error log-spectral amplitude estimator[ J]. IEEE Trans Acoust,
1985, 33(2): 443-445.

[16] 42, sRantk. Pt 3 % e MMSE 3438 3% 510k [ 1], 31 Ho A
IA2L54%4t, 2010, 31(14): 3287-3289.

Yu JC, Zhang RL. MMSE speech enhancement algorithm using
modified gain function[J]. Computer Engineering and Design, 2010,
31(14): 3287-3289.

[17] 34, A, A, 5 R S AR T F MR, A9 E
A2 A 2020, 37(5): 775-785.

Xu CD, Zhou J, Ying DW, et al. Heart sound denoising by dynamic
noise estimation[J]. Journal of Biomedical Engineering, 2020, 37(5):
775-785.

(18] Fmom . & F135 ks 5 ey A [D]. 3 ZdmE T X
#,2022.

Xing PL. Research on noise reduction and classification of heart sound
signal[ D ]. Ganzhou: Jiangxi University of Science and Technology,
2022.

[19] Clifford GD, Liu CY, Moody B, et al. Classification of normal/
abnormal heart sound recordings: the PhysioNet/Computing in
Cardiology Challenge [J]. Computing in Cardiology Conference
(CINC), 2016, 43: 609-612.

[20] Liu CY, Springer D, Li Q, et al. An open access database for the
evaluation of heart sound algorithms[ J]. Physiol Meas, 2016, 37(12):
2181-2213.

[21] Puneet KJ, Anil KT. An adaptive thresholding method for the wavelet
based denoising of phonocardiogram signal [J]. Biomed Signal
Process Control, 2017, 38: 388-399.

[22] Colominas MA, Schlotthauer G, Torres ME. Improved complete
ensemble EMD: a suitable tool for biomedical signal processing[J].
Biomed Signal Process Control, 2014, 14(1): 19-29.

[23] Alqudah AM, Alquran H, Qasmieh IA. Classification of heart sound
short records using bispectrum analysis approach images and deep
learning[ J ]. Netw Model Anal Health Inform Bioinform, 2020, 9(1).

[24] Fix, FAT ARSI IF & RS T] PEESHEF 5
&, 2023, 40(1): 100-106.

Li J, Li PD. Design of a congenital heart disease screening system/[ J].
Chinese Journal of Medical Physics, 2023, 40(1): 100-106.

[25] Alqudah AM. AOCT-NET: a convolutional network automated
classification of multiclass retinal diseases using spectral-domain
optical coherence tomography images[J]. Med Biol Eng Comput,

2020, 58(1): 41-53.
(3. iF%)



