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Abstract

The development of multi-channel data acquisition techniques has provided richer prior information for
studying the nonlinear dynamic characteristics of complex systems. However, conventional nonlinear feature
extraction algorithms prove unsuitable in the context of multi-channel data. Previously, the multivariate
multiscale sample entropy (MMSE) algorithm was introduced for multi-channel data analysis. Although the
MMSE algorithm generalized the multiscale sample entropy algorithm, presenting a novel method for
multidimensional data analysis, it remains deficient in theoretical underpinning and suffers from shortcomings,
such as missing cross-channel correlation information and having biased estimation results. In this paper,
unbiased multivariate multiscale sample entropy algorithm (UMMSE) is proposed. UMMSE increases the
embedding dimension from M to M + p. This increasing strategy facilitates the reconstruction of a deterministic
phase space. By virtue of theoretical scrutiny grounded in probability theory and subsequent experimental
validation, this paper illustrates the algorithm's effectiveness in extracting inter-channel correlation information
through the integration of cross-channel conditional probabilities. The computation of similarities between
sample points across different channels is recognized as a potential source of bias and instability in
algorithms.Through simulation experiments, this study delineates the parameter selection range for the UMMSE
algorithm. Subsequently, diverse simulation signals are employed to showcase the UMMSE algorithm’s efficacy
in extracting both within-channel and cross-channel correlation information. Ultimately, this paper
demonstrates that the new algorithm has the lowest computational cost compared with traditional MMSE

algorithms.

Keywords: nonlinear dynamics, multi-channel signal, multivariate multiscale sample entropy
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