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Abstract: In view of the characteristics of multivariate strong coupling, long lag, and dynamic
fluctuation of gas utilization in blast furnace, a TPE-TCN-SAM dynamic prediction model based
on multi-time scale fusion was proposed. First, noise, missing values, and temporal
misalignment in the raw data were repaired through multi-strategy cleaning and interpolation, and
variables were aligned by combining lag correlation analysis. Then, 13 key influencing variables
were selected using an improved random forest (IRF) algorithm. In model construction, a tree-
structured Parzen estimator (TPE) was used to optimize hyperparameters of temporal
convolutional networks (TCN) , and input weights were adjusted by self-adaptive modulation
(SAM) according to working conditions to improve the capability of long-period lag modeling
and non-stationary feature mining. The measured results of the blast furnace indicate that MAE,
RMSE, and MAPE of the model reach 0.403%, 0.504%, and 0. 894%, respectively, and its
accuracy and robustness are superior to those of comparison models. The model was integrated
into the steel enterprise’s intelligent system, with a one-hour early warning capability, providing
support for gas regulation and energy management.
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Table 1 Abbreviations of blast furnace parameters
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Fig.2 Box plot analysis of outliers in key parameters of blast furnace production
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Table 2 Control ranges and standard deviations of partial operating parameters of blast furnace
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Fig. 3 Time lag analysis process of gas utilization
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Fig.7 Time series data segmentation of gas
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Table 4 Hyperparameter optimization results of each prediction model
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Table 5 Performance comparison of different models
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Fig.8 Comparison between predicted values and actual values of different models
(a)—TPE-TCN-SAM; (b)—WOA-TCN-SAM; (¢)—TPE-GRU-SAM; (d)—TPE-TCN.
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Fig. 10 Gas utilization interface of blast furnace’s intelligent system
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