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Abstract

In view of the fact that it is difficult to accurately predict the power consumption per ton of steel
during the smelting of electric arc furnace, a swarm intelligence optimization algorithm is proposed
to optimize the prediction model of electric arc furnace power consumption per ton of steel. Based
on the production data of a steelmaking plant, the importance of the input features was sorted with
the help of random forest algorithm (Random Forest, RF), and the parameters with high contribu-
tion were selected as the input features of BP neural network. At the same time, the Pauta rule was
used to preprocess the original data, and a prediction model of electric arc furnace power consump-
tion per ton of steel with good accuracy was constructed based on the GA-BP (Genetic Algorithm, GA)
model. In addition, the improved particle swarm optimization (Particle Swarm Optimization, PSO)
algorithm was used to implement the secondary optimization of the GA-BP model. The improved
PS0O-GA-BP model was compared with the traditional electric arc furnace power consumption pre-
diction model, BP neural network and GA-BP model without quadratic optimization. The results
show that the improved PSO-GA-BP model has higher prediction accuracy and good generalization
ability than other models. In addition, through the SHAP (SHapley Additive exPlanations) interpret-
ability analysis of the improved PSO-GA-BP model, the barrier of traditional black-box models is
broken, the interpretability of the model is enhanced, and the trust crisis of the model is effectively
alleviated.
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Table 1. The process parameters and contribution degree that affect the power consumption per ton of steel
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1B R ) /min 0.071331 Wik kg 0.025778
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Figure 1. BP neural network architecture
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Figure 2. Comparison of convergence curves between standard PSO and improved PSO
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Figure 3. Flow chart of improved PSO-GA-BP model
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Table 2. Comparison of the accuracy of the 4 models
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Table 3. Comparison of prediction performance of four kinds of models
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Figure 4. Comparison of absolute and relative prediction errors of four models
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