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Heart Sound Segmentation Algorithm Based on TK Energy Operator and Envelope Fusion

ZHANG Xin',SUN Jing' , YANG Hong-bo® ,PAN Jia-hua’ ,GUO Tao* and WANG Wei-lian'
1 School of Information Science and Engineering, Yunnan University, Kunming 650504, China

2 Yunnan Fuwai Cardiovascular Disease Hospital, Kunming 650102, China

Abstract In order to segment heart sounds by component more effectively,a kind of heart sound segmentation algorithm based
on Teager-Kaise energy operator(TKEQO) and multi-envelope feature fusion is proposed in experiment. Firstly,the PCG signal is
denoised by using the multi-scale wavelet soft threshold. Then TKEO operation is carried out. Since TKEQO is extremely sensitive
to the instantaneous energy change,the envelope peak can be extracted effectively and the TKEO signal can be obtained. Second-
ly,the normalized Shannon energy envelope and Viola integral envelope are extracted from the TKEO signal. The Pearson corre-
lation coefficient between each envelope and TKEQ signal is calculated. And then the fusion envelope is carried out according to
the correlation. Next, the interval search method is used to search the peak envelopes. The variance of the search results is com-
pared. Finally,false peaks are eliminated according to the maximum duration of S1 and S2. The proposed algorithm is tested using
PhysioNet2016 data set. Experimental results show that an average accuracy of 0. 922 is achieved by using this method. It is
proved that this algorithm can be used to segment the heart sound signals effectively. It provides a new method for feature extrac-
tion and analysis of heart sound signals collected in clinical environment.

Keywords Heart sound segmentation, Teager-Kaise energy operator, Envelope fusion, Interval search, Wavelet denoising
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Table 1  Results of heart sound segmentation by various algorithms
Algorithm Se /% Pi/% F1
Shannon nvelope 81.99 91.90 86.67
Viola envelope 77.63 93.96 85.02
Fusion Shannon
. 90.01 90. 28 90. 15
and Viola
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with TKEO
Viola envelope
79.21 91.28 87.07
with TKEO
Our method 91.95 92.21 91. 89
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