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Abstract

In recent years, real-time monitoring of heart rate based on photocapacitance pulse wave (PPG)
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has received widespread attention from various fields. However, due to the fact that the photoca-
pacitance pulse wave signal is easily affected by the superposition of motion artifacts (MA) during
exercise, especially when the amplitude of exercise is larger, the superposition interference gen-
erated by the pulse wave signal becomes more severe, making it difficult to accurately calculate
the heart rate value using PPG signals. In order to ensure accurate estimation of heart rate values
from pulse wave signals, a new algorithm CC-RLS is proposed to remove motion artifacts from
pulse wave signals. This algorithm utilizes the correlation coefficient method (CC) between com-
posite normalized noisy pulse wave signals and root mean square acceleration signals to prelimi-
narily reduce the superposition of motion artifacts on PPG signals; Selecting a suitable signal as
the input signal for recursive least squares (RLS) adaptive filtering, the relevant motion artifacts
are filtered again, increasing the spectral peak value related to heart rate, and finally obtaining a
relatively pure pulse wave signal. The spectral peak tracking algorithm is used for real-time heart
rate estimation. According to the experimental results, the correlation coefficient method can
quickly eliminate the peak values of motion artifact spectra. Moreover, under different motion
states, the algorithm has smaller heart rate estimation errors on 10 PPG datasets, has less compu-
tational time, higher estimation accuracy, high algorithm stability, strong robustness, and brings
strong practical value compared to other algorithms.
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Figure 1. Time frequency domain diagram of a certain window PPG
signal
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Figure 4. Spectrum diagram of the original PPG signal and the signal
after elimination of superposition
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