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Operation method of industrial circulating cooling water system
based on LSTM algorithm
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Abstract: To enhance the accuracy and reliability of predicting the operating state of industrial circulating cooling water systems, a
prediction method based on the long short-term memory (LSTM) algorithm is proposed. Considering the non-stationary characteristics of
time series data, the flower pollination algorithm ( FPA) is employed to adaptively optimize the key parameters of variational mode
decomposition (VMD) , thereby constructing an FPA-VMD model. This approach enables more effective decomposition of the original data
and extraction of intrinsic mode components. To address the challenge of selecting hyperparameters for the LSTM network, the grasshopper
optimization algorithm ( GOA) is utilized to automatically optimize key parameters such as the number of hidden layer nodes and the
learning rate, establishing a GOA-LSTM prediction sub-model. By integrating the FPA-VMD algorithm with the GOA-LSTM model, a
prediction model based on FPA-VMD+GOA-LSTM is constructed. The final prediction value of the system’s operating state is obtained by
superimposing and reconstructing the prediction results of each subsequence. Experimental results demonstrate that the prediction errors of
this model, measured by mean absolute error (MAE) , root mean square error (RMSE) , and mean absolute percentage error (MAPE) , are
0.047, 0. 035, and 0. 381%, respectively, significantly lower than those of traditional models such as GOA-recurrent neural network
(GOA-RNN) , XGBoost-LSTM, and VMD-LSTM. Moreover, the predicted results of this model exhibit a high degree of fit with the
actual results, indicating that this model offers high prediction accuracy and can achieve accurate prediction of the operating state of
industrial circulating cooling water systems.

Keywords: LSTM network; cooling water system; locust optimization algorithm; variational mode decomposition; operation state prediction
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