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A Robust Measurement Method for Human Respiration and Heartbeat Based on
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Abstract: A measurement method for human respiration and heartbeat based on millimeter-wave radar is proposed to
detect the respiration and heartbeat of astronauts. The radar echo reflected from the human chest wall is collected by
transmitting a linear frequency modulated continuous wave (LFMCW) in the frequency band ranging from 57.5 GHz to
63.5 GHz. After frequency mixing, low-pass filtering, and then sampling, the intermediate frequency sampling data
containing the micro-motion information of respiration and heartbeat are obtained. The radial distance of the human chest
cavity relative to the radar is determined by means of the fast Fourier transform on the intermediate frequency sampling
data, and the phase signals corresponding to the position of the chest cavity are further extracted. Then, an improved phase
differential enhancement method is used to suppress the interference of the respiration harmonics extracted from the
heartbeat signals and the interference of low-frequency noise extracted from the respiratory signals in the phase signals.
Finally, the respiration signals without phase offset are extracted from the phase signals with the Gaussian smoothing
filtering method, and the heartbeat signals without rate offset are extracted from the phase signals with the low-order finite
impulse response (FIR) filter. In addition, the respiration rate and heart rate are calculated with a time-domain peak-finding
algorithm for the respiration and heartbeat signals. The experimental results show that the proposed method has high
accuracy and strong robustness for the measurement of human respiration and heartbeat signals.
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Fig. 1 Distribution of amplitude versus distance
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Fig. 2 Comparison of the phase signals
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Fig.4 Time domain signals and spectrograms of respiration
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