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Table 2 Comparison of prediction errors of each model

in the second stage

ki MAPE/% RMSE  MAE TIC R?

LSTM 42.73 0.8219 0.3978 0.0908 0.9534

PSO-LSTM 26.4  0.5822 0.3342 0.0608 0.9766

AMWPSO-LSTM  17.52 0.3958 0.2811 0.0411 0.9892
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Table 3  Comparison of prediction errors of each model

in the third stage

s MAPE/% RMSE  MAE TIC R?

LSTM 4.50 0.1061 0.0864 0.0216 0.9864

PSO-LSTM 3.99  0.0934 0.0768 0.0189 0.9895

AMWPSO-LSTM ~ 3.54  0.0354 0.0706 0.0176 0.9909
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Multi-stage intermittent process fault prediction based on
AMWPSO-LSTM

LIANG XiuXia PANG RongRong GUO Lu ZHANG Yan

(School of Artificial Intelligence and Data Science, Hebei University of Technology, Tianjin 300130, China)

Abstract; Process safety is of great significance in batch process production. In order to improve the production
safety of batch processing, a fault prediction model AMWPSO -LSTM based on improved particle swarm optimiza-
tion (AMWPSO) optimized long short-term memory network ( LSTM) has been proposed. Given that parameters
such as the number of neurons, the number of iterations, and the learning rate in LSTM need to be set manually,
AMWPSO is used to optimize these parameters automatically. AMWPSO integrates adaptive mutation and nonlinear
decreasing inertia weight into the original particle swarm optimization algorithm (PSO) , which improves the param-
eter optimization ability of PSO. Due to the multi-stage nature of the batch process, it is first divided into stages ac-
cording to the fuzzy C—means clustering (FCM) method. The Pearson correlation coefficient is then used to carry
out correlation analysis on the experimental data for each stage to reduce the dimension of the system variables. The
T* statistical control limit for each stage is taken as an indicator of whether the system fails. Using experimental data
for penicillin fermentation as an example, we have established a multi-stage fault prediction model based on AM-
WPSO-LSTM and compared the predictions of the model with the predictions of the multi-stage prediction model
based on LSTM and the multi-stage test model based on PSO—-LSTM. The results show that the multi-stage fault
prediction model based on AMWPSO —LSTM improves the prediction accuracy.

Key words: particle swarm optimization; long short term memory; fuzzy C-means clustering; Pearson correlation

coefficient; batch process; fault prediction
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