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Abstract: Soft sensor models of mill load parameters based on a set of sub-signals obtained by empirical model decomposition
(EMD) have many shortcomings, such as low modeling accuracy and difficult interpretation. Moreover, EMD cannot get rid of the
mode mixing problem. Thus, we propose a new soft sensor approach based on selective fusion of multi-scale shell vibration frequency
spectra. At first, three multi-component signal decomposition algorithms, such as EMD, ensemble EMD (EEMD) and Hilbert vibration
decomposition (HVD), are used to obtain a set of shell vibration sub-signals with different scales. Then, the correlation analysis
between these sub-signals and the original signal is made, and the false decomposed part is excluded. Those sub-signals that have strong
correlation with the original signal are transformed into frequency domain, which is helpful to construct the mapping model between
these multi-scale frequency spectrum and mill load parameters. Finally, a new improved branch-and-bound-based selective ensemble
(IBBSEN) algorithm is used to construct soft sensor models. Thus, the optimized selective information fusion of the multi-source multi-
scale shell vibration frequency spectra is realized. Simulation results based on operating data from a laboratory-scale ball mill shows
that the proposed method outperforms the existing soft sensor approaches.
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Fig. 1 Modelling strategy based on selective fusion

multi-scale shell vibration frequency spectrum
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Fig. 2 The 1st—13th shell vibration sub-signals
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Table 1 Correlation analysis between shell vibration original signal and its time domain sub-signals
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T jEMD Pjgnp " jEEMD Pjgrnvp Tjrvp Pjuvp
1 0.0060 0 0.0346 0 0.0432 0
2 0.0119 0 0.0092 0 0.0119 0
3 0.0070 0 0.0101 0 0.0090 0
4 0.0074 0 0.0105 0 0.0027 0.0105
5 0.0066 0 0.0045 0 0.0046 0
6 0.0004 0.6903 0.0019 0.0725 0.0048 0
7 —0.0008 0.4362 —0.0012 0.2218 0.0043 0
8 0.0013 0.1894 —0.0025 0.0152 0.0020 0.0576
9 —0.0017 0.1054 0.0065 0 0.0032  0.0022
10 —0.0010 0.3043 0.0003 0.7348  0.0046 0
11 —0.0010 0.3200 —0.0965 0 0.0025 0.0154
12 —0.0009 0.3722 0.0573 0 0.0031 0.0028
13 —0.0138 0 —0.0532 0 0.0031 0.0031
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Fig. 3 Selective ensemble models’ prediction errors with different ensemble size based on BBSEN and IBBSEN algorithms
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Fig. 4 Prediction curves of mill load parameters’ soft sensor models based on BBSEN and IBBSEN algorithms
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Table 2 Statistical results of mill load parameters’ soft sensor models based on BBSEN and IBBSEN algorithms
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