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Abstract: This article addresses the issues of low accuracy and time-consuming nature associated with traditional density detection
methods in ore grinding classification by proposing an intelligent pulp density detection method. Through mechanistic analysis of the pulp
fluid, linear known terms and nonlinear unknown terms are identified. A holistic recognition of pulp density is performed by combining
Gaussian process regression with a regularized stochastic configuration algorithm. Additionally, the variance estimated by the mechanistic
model is set as the training objective for the data-driven model, enhancing the model’s capacity to acquire data information. Meanwhile,
a collaborative computing method is employed to apply the adaptive intelligent detection method in the industrial domain, ensuring real-
time detection and adaptability of the pulp density detection model. Based on industrial data experimental analysis, the proposed method
shows an average absolute error of 7. 13, a root mean square error of 9. 31, a determination coefficient of 99. 51% , and a sample quantity
proportion of relative error 8 < 1.0% at 83. 58%. These results are better than those of other comparative algorithms. The effectiveness
of the pulp density detection model is enhanced.
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Fig. 1 Fluid domain mesh partitioning
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Fig.5 Architecture of the intelligent density detection method for collaborative computing in pulp
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Table 1 Model evaluation results

Fi7 s MAE  RMSE R%»% &<l. 0%
FR/ TR/ %

Linear 12. 00 7.69  10.31 99.40  78.60
SCN 8. 00 28.61 35.26 93.08  29.35
RSC 10. 00 17.99  22.94 97.08  40.29

L-SCN 12. 50 7.70 9.93  99.45  79.60

L-V-SCN 14. 50 7.41  9.59  99.49  80.59

L-RSC 16. 00 7.37 9.55  99.49 8258

L-V-RSC 27.00 713 9.31  99.51 83.58
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Fig. 8 Comparison of estimation error PDFs for

different models
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Fig. 9 Self-correlation function of estimation

error for the L-V-RSC model
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‘ =) 2023-08-01

ReEpdi| HEH/Pa ¥ fREAH/Pa &

2023-08-01 09:00:00 39 720.87 27 620.45

2023-08-01 11:00:00 31 629.44 20 849.98

2023-08-01 13:00:00 42 351.92 31 490.18

2023-08-01 15:00:00 48 067.63 37 161.58

2023-08-01 17:00:00 48 276.51 37 376.79

2023-08-02 09:00:00 28 097.47 16 488.83

2023-08-02 11:00:00 28 325.34 16 729.36

2023-08-02 13:00:00 30 673.66 19 071.34

2023-08-02 15:00:00 30 717.96 19 115.65

2023-08-02 17:00:00 35 857.67 24 204.72
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1 237.67 1 234.69

1 098.57 1 099.94
1 100.75 1 108.34
1 101.99 1 102.86
1 105.58 1 110.21
1 178.18 1 182.55
1 187.13 1 183.26
1 176.57 1 180.90
1 176.52 1 181.91

1 184.26 1 189.07
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Fig. 10 Sampling inspection result table
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Table 2 Analysis of pulp density estimation nine months after deployment

V-2 8<1. 0% 8<2. 0%
Aty AR R AL TR S R 2 KR o AR %
2022. 11 50 1276.75 .23 41.16 76. 00 96. 00
2022. 12 36 1251.07 .35 21.73 77.78 100. 00
2023. 01 46 1251.90 .56 14.70 95. 65 100. 00
2023. 02 44 1 248.05 .79 16. 09 90. 91 100. 00
2023. 03 40 1211.60 .56 16.05 80. 00 100. 00
2023. 04 34 1239.17 il 24.98 88.23 97.05
2023. 05 56 1213.99 .97 22.91 85.71 100. 00
2023. 06 50 1255.77 .29 26. 14 76. 00 98. 00
2023. 07 44 1242.45 .23 21.46 77.27 100. 00
JE ARHAR S 1 AT A G BRI R A T SR 3R 3 O
5 % e HENT T AL R SR 2 Y B SR R A ) A A A

ARSCRHE B ™ AR B B AT T AT, A B
Solidworks F1 Fluent 44X i AR HEAT 45 B, A SCK: 5

JH s s A ]S 0 AL B B S BRI 4545 IE ML BR
5 EATLIC L I 265 1 D Kt AR Sh A 7 , 5 LR R AL B A
RURETHAF B 7 281 D 200 S S R g I 2 F b, 42 i
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