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Inter-harmonics detection based on parameter optimization variational mode decomposition
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(1. School of Information Science and Engineering, Wuhan University of Science and Technology, Wuhan 430081, China;
2. School of Science, Wuhan University of Science and Technology, Wuhan 430065, China)

Abstract: Variational mode decomposition (VMD) has been applied in the field of harmonic detection, but the error is
large when the decomposition parameter K is artificially set. In order to improve the accuracy of VMD in inter-harmonic
detection, first, Schmidt orthogonalization theory is used to orthogonalize the components obtained from VMD
pre-decomposition in order to avoid modal aliasing. Then the residual energy corresponding to different K values is
obtained, and the residual energy value minimization method is used to optimize the parameter K, and then extract the
inter-harmonic signal. Finally, a symmetrical difference energy operator is used to obtain characteristic information such
as the amplitude and frequency of the inter-harmonic signal. Simulation results show that the proposed method can
effectively optimize the parameter K and reduce the VMD decomposition error. Compared with empirical mode
decomposition (EMD), ensemble empirical mode decomposition (EEMD) and synchrosqueezing wavelet transform (SST)
proposed in recent years, parameter optimized variational mode decomposition is more effective in inter-harmonic
detection and has higher detection accuracy.
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Fig. 16 EEMD decomposition of actual electric arc furnace signal
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Fig. 17 SST decomposition of actual electric arc furnace signal
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Table 2 Detection results of electric arc furnace signal
IR EIA B IHz
HiE VMD BN HE VMD REI%

3275  327.5007 2,110 60 60.000 3 5.0<10*
25.22 252124 0.0301 120 120.004 6 3.8x1073
18.99 18.988 2 9.5x1073 180 180.000 9 5.0<10*
8.19 8.1890 0.012 2 240 240.002 8 1.2x103
13.76 13.763 1 0.022 5 312 311.9991 2.9x10*
10.15 10.148 9 0.0108 420 4200002  4.8x10°°
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