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Time-frequency analysis of heart sound signals based on Choi-Williams distribution
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Abstract: Objective To provide auxiliary diagnosis for cardiovascular disease by analyzing the time-frequency characteristics of
heart sound signals. Methods The heart sound signals were employed to threshold denoise. And then Choi-Williams distribution
based on nonlinear time-frequency was applied to analyze the time-frequency distribution of heart sound signals, which provided
three-dimensional graphs and contour lines of normal heart sounds and the heart sound with quick rhythm, respectively. Results
Penalizd high hard threshold denoising based on stationary wavelet had the best denoising effect. The energy distribution
characteristics on the surface of time- frequency were clearly presented on the three- dimensional graph of Choi- Williams
distribution, and various parts of the heart sound signal were clear on the surface of the time- frequency contour distribution.
Conclusion The time-frequency analysis of heart sound signals based on Choi-Williams distribution can pre-ferably reflect some
essential characteristics of human heart sound signals from a new perspective. The application of Choi- Williams distribution in
the heart sound signals is expected to become a kind of important criterion on the diagnosis of cardiovascular disease.
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Tab.1 Threshold denoising based on stationary wavelet transform (SWT)

SWT Sqtw-olog ~ Rigr-sure  Heur-sure Mini-maxi Penalizd high  Penalizd medium  Penalizd low
SNR(soft) 97.280 9 108.7373  108.750 3 99.640 1 89.620 6 96.373 9 97.200 5
SNR(hard) 98.1142 128.789 1  133.206 2 101.373 1 137.345 6 103.307 1 104.182 6
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Fig.2 Three—dimensional diagram of normal heart sound and
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