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An adaptive variational mode analysis method for mechanical vibration signals

Li Huipeng'® Xu Bo'* Huang Pu'
(1. School of Physics and Telecommunications, Huanggang Normal University, Huanggang 438000, Chinaj;
2. School of Information Science and Engineering, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: To address the problem that the performance of the variational mode decomposition(VMD) algorithm for
multi-component non-stationary mechanical vibration signals is severely affected by key factors such as the number of
modes, the quadratic penalty parameter, and the update step size, a self-adaptive VMD algorithm based on a binary
tree model is proposed. The quadratic penalty parameter is set based on the weighted fine-scale inverse scattering
entropy of the decomposed signal, and the signal-to-noise ratio is used as a reference for the update step size. The
original signal is continuously decomposed using the binary search mechanism. The optimal quadratic penalty
parameter and update step size are continuously optimized, and the minimum least-squares mutual information and
reconstruction error between the extracted components are used as the evaluation index for the decomposition
completion. Modal merging is performed for modal features with high similarity. The algorithm comprehensively
considers the common influence of embedded parameters on modal extraction performance. The proposed algorithm has
low computational complexity and can completely adaptively extract the modal components of non-stationary signals,
effectively alleviating the problem of overlapping bands between modalities with similar frequencies. The algorithm is
validated by simulation data and real-measured mechanical vibration signals, and the experimental results show that the
proposed algorithm has low computational complexity, can completely adaptively extract the modal components of non-
stationary signals, and effectively alleviates the problem of overlapping bands between modalities with similar
frequencies.

Keywords: vibration signal; VMD; binary tree mechanism; the least-squares mutual information; the weighted refined
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Table 3  Evaluation parameters based on binary tree VMD decomposition

a1 fik 2 B 28 gk DAL FEHRE
%12 K=2,a =16 363, ¢ = 0.019 [IMF1,IMF2] LSMI iy ey =0. 005 8 RSE=0. 000 8
- K1=2,al = 21386, c1 = 0.011  [IMF11,IMF12] LSMI g1 iz =0. 184 9 RSE1=0. 000 4
K2=2,a2 = 5258, t2 = 0.010 [IMF21,IMF22] LSMI g mirezy =0. 191 6 RSE2=0. 000 2
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Table 4 Comparison of decomposition effects of
different methods
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LMD 6 LSMI=0.3115 RSE=0.001 2
ITD 4 LSMI=0.321 6 RSE=0.001 4

SVMD 16 LSMI=0.4211 RSE=0.0011
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Table 5 Fault characteristic frequency

F3/(remin '+Hz D) B A %/ H

W IR SNE REE
2 400/40
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