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Abstract: The photoplethysmography (PPG) technology is susceptible to motion artifact interference. In order to obtain more accurate RR in-
tervals and extract heart rate variability, a motion state PPG signal denoising method combining adaptive filters and variational mode decompo-
sition is proposed. This method first uses the acceleration signal as the reference signal for NLMS adaptive filtering to filter out motion artifacts.
Secondly, the optimal parameters [k, o] for Variational Mode Decomposition (VMD) are determined using the Frost Ice Algorithm (RIME).
Finally, the PPG signal is decomposed into a series of intrinsic mode components (IMF) , and signal reconstruction is performed based on the
correlation coefficients of the components to remove high—frequency noise and baseline drift. The experimental results showed that under four
different motion states, the average absolute error mean of the PP interval exiracted from the denoised PPG signal compared to the standard RR
interval based on electrocardiogram (ECG) signal was 0.034 s, and the average relative error mean percentage was 4.95%. This indicates that
the method can extract relatively accurate RR intervals during exercise, which is beneficial for continuous health monitoring in daily environ-
ments.

Key Words: PPG signal; adaptive filtering; VMD; motion artifact; heart rate variability
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Fig. 1 Denoising algorithm process
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Fig.3 Running PPG and 3-axis acceleration sensor signals
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