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Heart Sound Segmentation Algorithm of HSMM Based on SVM and Shannon Energy

XU Chundong, LIN Hai
(School of Information Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: Aiming at the heart sound envelope burr produced by Hilbert transform in the hidden semi-
Markov model (HSMM) based on logistic regression, an HSMM combining support vector machine
(SVM) and Shannon energy is proposed. First, the wavelet denoising method is used to denoise the heart
sound, the heart sound is labeled according to the R peak and T wave, and the Shannon energy envelope
and other characteristics are extracted. Then, the HSMM related parameters are trained based on the
logistic regression model (LR), and the most possible state is deduced with the help of Viterbi algorithm.
Finally, the first heart sound S, and the second heart sound S, are identified through the SVM model. The
algorithm does not need to set a hard threshold, effectively suppresses noise, and is more helpful for
envelope extraction. Experimental results show that the segmentation accuracy of the proposed algorithm is
significantly improved compared with the reference algorithm, with good anti-noise performance and better
segmentation results.

Key words: heart sound segmentation; Shannon’s energy; envelope feature; support vector machine
(SVM); hidden semi-Markov model (HSMM)
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Fig.1 Signal comparison before and after denoising
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Fig.4 Heart sound segmentation result
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Table 1 Comparison of evaluation indexes under impulsive noise

SNR/ TP/ % FP/% WP/ %
i B Hil Hil Shan Shan Hil Hil Shan  Shan Hil Hil Shan  Shan
Svm Svm Svm Svm Svm Svm

15 91.967  92.315 92,511 92.728 4.217 4153 3.566 3.508 3.816 3.532 3.923 3.764
10 92.285 92.512  92.693 92.982 3.482 3.675 3.533 3.362 4.233 3.813 3.774 3.656
5 91.683  91.897 92.252 92.615 3.592 3.839 4.116 3.883 4.725 4.264 3.632 3.502
0 91.152  91.241 91.865 92.427 3.467 3.942 3.919 3.736 5.381 4.817 4.216 3.837

4 : Hil—Hilbert; HilSvm—Hilbert &. surport vector machine ; ShanSvm—Shannon’s energy & Svm.
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Fig.5 Detection accuracy of three kinds of noise at different signal-to-noise ratios
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