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ECG signal denoising using improved WOA-VMD algorithm
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Abstract: The traditional method for decomposing electrocardiogram (ECG) signals is based on empirically identifying
intrinsic mode functions (IMF) using QRS feature waves. However, there is a frequency band aliasing between ECG and
noise signals, which significantly affects the denoising performance. To solve this problem, an improved whale optimization
algorithm (WOA) is proposed to optimize the parameters of the variational mode decomposition (VMD) algorithm, and
combined it with an improved wavelet threshold method. For VMD is based on the completely non-recursive decomposition,
a perception disturbance mechanism is introduced into WOA, and an equal pitch Archimedean spiral instead of the classic
logarithmic spiral is used to optimize the number of modalities K and the penalty parameter a in VMD. Then, the ECG signal
is decomposed using VMD to obtain a series of IMF components. The noise components are determined by correlation
coefficient and removed using the improved wavelet threshold method. Finally, the various components are reconstructed to
obtain the denoised signal. The comparison with wavelet threshold algorithm and VMD algorithm shows that the proposed
method (WOA-VMD algorithm) can effectively remove various interferences in the ECG signal and better retain the
waveform characteristics of the ECG signal, which is of potential significance in clinic.
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