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Design of sleep monitoring system based on unconstrained detection of
physiological signals

GUO Cuijuan, XI Wei, XU Wei

(School of Electronical and Information Engineering, Tiangong University, Tianjin 300387, China)

Abstract: To achieve sleep monitoring based on unconstrained physiological signal detection, addressing the limitation of
current detection methods being mostly restrained, a sleep monitoring system based on non—contact ballistocar-
diography (BCG) and respiratory signal detection is designed, which utilizes BCG energy signals for J-wave detec-
tion and employs a time—domain amplitude binarization algorithm. Firstly, high—sensitivity piezoelectric sensors
are selected for acquisition of body movement signal, capitalizing on BCG's low frequency and high intensity a-
long the spine. Secondly, the raw piezoelectric sensor signals undergo denoising and amplification, and digital
bandpass filtering is applied based on the characteristic frequency ranges of BCG and respiratory signals to ex-
tract J-wave energy signals and respiratory signals. Then, the number of J—wave and respiratory wave peaks per
unit time is calculated, from which heart rate and respiratory rate values are derived. Finally, the data were ana-
lyzed by the sleep staging algorithm to evaluate the sleep quality. Comparative experiments conducted on 100
subjects reveal that the accuracy of heart rate and respiratory rate detection by this system is above 95.6% and
96.0%, respectively, validating the feasibility of unconstrained physiological signal detection for sleep monitoring.
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Fig.1 Analysis model of heart beating stress analysis
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Fig.3 Schematic of PVDF thin film piezoelectric sensor array
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Fig.7 Waveform of BCG J wave energy signal and
respiratory signal
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Fig.8 Schematic diagram of BCG J wave energy signal and
respiratory signal peak value information
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Fig.11 Interface of application visualization
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Fig.12 Correlation analysis of system heart rate test results
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