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CPS-based Multiple Model Adaptive Control of GGBS Production Process

LI Xiao-Li" 23 WANG Kang' YU Xiu-Ming? SU Wei?

Abstract Considering the multivariable, strong-coupling, multi-conditions complex nonlinear ground granulated blast-
furnace slag (GGBS) production process, this paper extracts three typical working conditions based on massive process
data. Multiple optimal setpoints are obtained by resolving the multi-objective problems under different working conditions.
For each condition, a data-based model is established using the recurrent neural network. Correspondingly, multiple
controllers are designed by the adaptive dynamic programming method. Adopting the weighted multiple model adaptive
control, adaptive control of the GGBS production in multiple conditions is realized. Integrating cyber resources including
process operating optimization, tracking control optimization, communication, industrial Ethernet and physical resource
of GGBS production, a optimal control system of GGBS production process is constructed based on the cyber-physical
system (CPS). Experiment shows that the proposed multiple model adaptive control method can achieve adaptive control
of the GGBS production process, reduce system overshoot and improve the control quality.

Key words Ground granulated blast-furnace slag (GGBS) production process, cyber-physical system, multiple model
adaptive control, adaptive dynamic programming, optimal control
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Fig.2 Flow chart of GGBS production process
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(10°kg/h) (r/min) (°C) (%) (m?/kg) (10" kg/h)
1 101.76 1090.31 240.71  63.46  451.75  95.12
2 103.44 1089.70 241.10  64.96  436.13  102.17
3 108.15 1099.65 265.08 57.08  419.30 106.16
198 108.95 1089.32 249.54  65.82  435.96  102.49
199 103.84 1089.06 244.98  66.06  431.47  102.40
200 10212 1119.46 266.82 61.03  427.28  92.61
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Table 3  Process data for GGBS production line 3 in
condition 2
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(10°kg/h) (r/min) (°C) (%)  (m?/kg) (10°kg/h)
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2 86.89 1251.25 231.13 66.85 431.42 82.05
3 82.54 1249.28 241.51 63.24 428.76 76.55
198 84.94 1159.96 228.21 65.72 427.26 80.49
199 85.64 1239.06 242.95 62.55 439.88 78.54
200 85.42 1248.68 233.01 69.12 424.21 78.75
HA BT 3 B Sk T 3 B
Table 4  Process data for GGBS production line 3 in
condition 3
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3 102.15 1000.03 237.65 59.70 445.55 94.23
198 92.77 1020.70 263.63 55.51 433.80 83.13
199 106.54 1011.66 236.26 62.65 443.47 97.64
200 93.11 1009.24 209.42 56.66 426.29 87.44
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