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Abstract: To detect the heart rates of subjects in a comfortable non-contact environment, this study
designs a signal processing system that can detect heart rate parameters using an ordinary camera.
First, the face image captured by the Kanade-l.ucas-Tomasi algorithm is converted into the YCbCr
color space for skin detection. Simultaneously, the face image is converted to the Cg color channel to
extract a high-quality photoplethysmography (PPG) signal. Then, Complex Morlet is used as the
master wave to draw the wavelet energy spectrum of the PPG signal. Finally, according to the

physiological characteristics of the heart rate signal, the pseudo-point noise is removed and the time-
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varying curve of heart rate parameters is extracted. Compared with the measurement results of the
standard instrument, the mean absolute error (| M, |) of all the testers is less than 2 bpm (beats per
minute) , the standard deviation of error (SD.) is less than 2.5 bpm, and the root mean square error
(RMSE) is less than 2. 6 bpm in the resting state. The |M.| of all the testers is less than 2. 3 bpm,
while the SD. is less than 2.9 bpm, and the RMSE is less than 2. 9 bpm in the head moving state. A
Bland-Altman consistency analysis is performed for the two measurement methods. The results show
that the mean of the difference (d) is 0. 295 7 bpm and the 95% confidence interval is from
—3.340 1 bpm to 3. 931 4 bpm in the resting state; d is 0. 383 2 bpm and the 95% confidence interval
is from —3.677 1 bpm to 4. 443 5 bpm in the head moving state. Thus, it is confirmed that the
measurement results of the non-contact method proposed in this paper are highly consistent with the
measurement results of the standard instrument.

Key words: photoplethysmography; non-contact; heart rate detection; CMOR wavelet; energy spectra image
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the face; (b) Face images extracted from video;

(c)Extracted images converted to YCbCr color
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Tab. 3  Statistical results of | M. |, SD. and RMSE of
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