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Abstract: The mill load (ML) of a wet ball-mill is generally determined by using the low-sensitivity shaft vibration
signal, acoustical signal from mill shell and mill power during the grinding process. The result doesn’t reflect the status of
the load parameters inside the ball-mill. To deal with this problem, we propose the ensemble modeling method based on the
high-sensitivity frequency-spectrum signal from the shell vibration. According to the grinding mechanism, the vibration
frequency spectrum is automatically partitioned into several different spectral segments with different physical meanings
based on the frequency-spectrum clustering method. The sub-model of ML parameters in each spectral segment is built by
using the kernel partial least-squares (KPLS) algorithm. The final ML parameters ensemble prediction model is obtained as
the weighed combination of sub-models. Each initial weighting coefficient is determined from the information entropy of
the training data prediction error of the corresponding sub-model. The weighting coefficient can be adaptively updated on-
line based on the variation of prediction error of the sub-model. Simulation results demonstrate the validity of the proposed
method.
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Fig. 1 Motion analysis of the mill grinding process
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Fig. 2 Soft sensor strategy of the mill load parameters
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Fig. 8 Weighting values of different spectral segments of
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Table 2 Errors statistic results of soft sensor models

o i MBVR MBVR PD PD CVR CVR S
LVs/PCs RMSSEs LVs/PCs RMSSEs LVs/PCs RMSSEs RMSSEs
PCR LF+MF+HF 10 0.4747 10 0.2662 10 0.2494 0.3301
PLS LF+MF+HF 7 0.5626 4 0.2140 2 0.2434 0.34001
GAPLS LF-+MF+HF 2 0.3279 1 0.3406 2 0.2847 0.3177
PCA-SVM LF+MF+HF  (5,3,1) 04303  (5,3,1) 0483  (5,3,1) 02732  0.2839
PCA-LSSVM LE+MF+HF  (5,3,1) 04458  (5,3,1) 03783  (5,3,1) 01675 03305
PLS LF 9 0.6755 11 0.4346 11 0.2460 0.4520
PLS MF 4 0.7650 3 0.3134 3 0.2795 0.4526
PLS HF 5 2.2921 5 0.9190 6 0.6811 1.2974
PLS+V-Weighted ~ LF—MF—HF  (9,4,5) 07063  (11,3,5) 0.1878 (11,3,6) 02789  0.3910
PLS+V-O-Weighted LF-MF-HF (9,4,5) 08191 (11,3,5) 01500 (11,3,6) 03335  0.4342
PLS+E-Weighted ~ LF-MF-HF (9,4,5) 05286 (11,3,5) 0.1491  (11,3,6) 02643 03140
PLS+E-O-Weighted ~LF-MF—HF (9,4,5) 06782 (11,3,5) 0.1752 (11,3,6) 02607 03713
KPLS LF-+MF+HF 8 0.4725 3 0.4641 11 0.1736 0.3701
KPLS LF 9 0.4529 4 0.1553 12 0.1579 0.2554
KPLS MF 3 0.5132 1 0.3399 1 0.2906 0.3812
KPLS HF 4 0.6201 7 0.3750 1 0.2866 0.4272
KPLS+V-Weighted ~LF-MF-HF  (9,3,4) 03483  (4,1,7) 01220 (12,1,1) 02501  0.2401
KPLS+V-O-Weighted LF-MF-HF (9,3,4) 03339  (4,1,7) 0.355 (12,1,1) 02293 02329
KPLS+E-Weighted ~LF-MF—HF  (9,3,4) 03344 (41,7) 01133 (12,1,1) 02084 02187
KPLS+E-O-Weighted LF-MF—HF (9,3,4) 0.3345 (4,1,7) 0.0937 (12,1,1) 0.2294 0.2192
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