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IDBO-SA-LSTM based rolling force prediction for cold continuous rolling
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(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;
2. Ruyuan Dongyangguang Fine Aluminium Foil Co. , Ltd. ,Shaoguan 512721, China)

Abstract: In order to solve the problems of low prediction accuracy of the traditional rolling force model and the dung
beetle optimizer(DBO) algorithm’s tendency to fall into local optimal solutions, a rolling force prediction model based
on the improved dung beetle optimisation algorithm combined with the self-attention (SA) mechanism for long and
short-term memory(LLSTM) networks is proposed. An improved dung beetle optimizer (IDBO) algorithm is obtained
by adding the golden sine algorithm and dynamic weight coefficients and introducing the Circle chaotic mapping, and by
combining the LSTM network with the SA mechanism, the IDBO-SA-LSTM cold rolling force prediction model is
established. and compared with other models. Six different benchmark functions are used for testing, and simulation
experiments show that IDBO algorithm has faster convergence speed and optimization accuracy than the sparrow search
algorithm, the dung beetle optimization algorithm, the grey wolf search algorithm and so on. The rolling force
prediction experiments are carried out using 6554 field operation data of a two-stand cold rolling unit, and the results
show that the prediction error indexes of the IDBO-SA-LSTM algorithm are smaller than the other comparative
models, and the IDBO-SA-LSTM algorithm can predict the rolling force within =4 % with the hit rate of 99%, with
high model accuracy and good generalization ability.
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Fig. 1 Aluminium foil cold rolling production equipment
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Fig. 3 Schematic diagram of the self-attention mechanism
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Fig. 4 Distribution of Circle chaotic mappings
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Table 2 Field data for selected cold rolling processes

S5 A1 FEA 2 A 3
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Fig. 8 Comparison of rolling force result in pass one
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Table 5 Hitting table of the error range of pass one
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Table 3 Evaluation result for one pass of each model F 7 +1% +2% +3% +4%
LAY R? MSE MAE  RMSE IDBO-SA-LSTM  80. 09 98.55 100.00 100. 00
IDBO-SA-LSTM 0.996 5 2612 40. 67 51.11 DBO-SA-LSTM  68.95 91. 96 95.96 97. 56
DBO-SA-LSTM  0.9880 8017 59. 41 89. 54 SSA-SA-LSTM 37.22 67.05 85.51 94. 89
SSA-SA-LSTM  0.9701 20351 111.21 142.65 SDBO-SA-LSTM  75.21 97.10 99. 54 99.92
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