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Figure 2 (Color online) Network structures of Bi-LSTM.
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Figure 4 (Color online) Calculation principle of PSO algorithm.
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Table 1 Maximum, minimum, mean, and median values of parameters

ZH ISYNE /ME P R VA
h (m) 17.974 7.140 10.467 9.417
7 (g/em’) 2211 1.120 1.366 1.345
G 53338 14.001 20.253 16.531
G (MPa) 18.103 9.941 12.546 12.322
v 0.367 0.148 0.251 0.259
PC (m/d) 22279 1.041 6.598 5.641
U (MPa) 50.349 0.000 5.966 0.000
TH (kN) 19000.000 5800.000 9952.655 9000.000
ES (mm/min) 85.000 3.000 41.548 49.000
CP (bar) 2.000 0.100 1.325 1.500
EL (mm) 1698.000 1112.000 1487.843 1491.000
EG (m’) 72.000 41.000 54.462 51.000
GV (m®) 6.600 5.000 6.083 6.000
GP (bar) 4.400 1.100 2.270 2.100
GC 1.650 1.250 1.516 1.500
CHT (kN m) 3800.000 840.000 1591.506 1320.000
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Figure 9 (Color online) Input and output parameter distribution diagram.
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Figure 13 (Color online) Scatter plot of predicting shield machine cutterhead torque for four methods. (a) PSO-Bi-LSTM; (b) GA-Bi-LSTM;
(c) HGS-Bi-LSTM; (d) SSA-Bi-LSTM.

F 2 ARETETNE RHL I SARKE PP R BR R LE
Table 2 Comparison of evaluation indicators for predicting shield machine cutterhead torque using different methods
Jii: RMSE (kN m) MAE (kN m) MAPE (%) R
PSO-Bi-LSTM 343.038 279.206 15.8 0.757
GA-Bi-LSTM 339.975 280.439 15.5 0.761
HGS-Bi-LSTM 321.941 263.922 14.9 0.786
SSA-Bi-LSTM 337.971 275.718 15.1 0.764
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Figure 14 (Color online)Error diagram of predicting the torque of shield machine cutterhead for four methods. (a) PSO-Bi-LSTM; (b) GA-Bi-
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Intelligent prediction method for cutterhead torque of shield tunnel
based on intelligent optimization algorithm and Bi-LSTM neural
network

KONG FanChao', LIU YiHan’, LIU ShiJi', LU DeChun’ & DU XiuLi’

" School of Water Resources and Hydroelectric Engineering, North China Electric Power University, Beijing 102206, China
? Institute of Geotechnical and Underground Engineering, Beijing University of Technology, Beijing 100124, China

Intelligent prediction of reasonable cutterhead torque can effectively reduce the stratum disturbance caused by shield tunneling and
reduce cutterhead wear, which is of great significance for the safe and efficient construction of shield tunnels. A time-series intelligent
prediction method for shield tunnel cutterhead torque is proposed based on intelligent optimization algorithms and deep-learning
neural networks. Bi-LSTM neural network is used as the deep learning prediction model. The particle swarm optimization algorithm
(PSO), genetic optimization algorithm (GA), sparrow search algorithm (SSA), and hunger game search algorithm (HGS) are jointly
used to intelligently determine the three hyperparameters of the Bi-LSTM neural network, respectively, namely that, learning rate, the
number of neurons, and dropout rate. Furthermore, an intelligent prediction method for the cutterhead torque of the shield tunnel is
obtained. The root mean square error between the predicted values of intelligent models and measured values is used as fitness
functions for four optimization algorithms. Normalization method is used for data preprocessing to reduce the impact of magnitude
differences between different parameters. The input of the intelligent prediction model considers the influence of 15 parameters on the
cutterhead torque, including 1 tunnel geometric parameter, 6 geological mechanical parameters, and 8 shield tunneling parameters.
The performances of four optimization algorithms for determining hyperparameters of Bi-LSTM neural network are evaluated from
three perspectives: accuracy, efficiency, and stability, based on on-site measured data of shield tunneling. The results indicate that
compared with the other three optimization algorithms, the HGS method has better stability, faster efficiency, and higher
computational accuracy, which is an appropriate method to determine the hyperparameters of Bi-LSTM.

Bi-LSTM neural network, hyperparameters, heuristic intelligent optimization algorithm, cutterhead torque,
performance analysis
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