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Shield attitude prediction and optimization based on

CatBoost-NSGA-III algorithm
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(1 School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology,
Wuhan Hubei 430074, China; 2 Wuhan Huazhong University of Science and Technology
Test Technology Co. , Ltd. , Wuhan Hubei 430074, China)

Abstract:  To solve the problems such as forward tilt deformation, serpentine shape, axis deviation and
correction during shield tunneling, which affected the safety and efficiency of shield construction, a multi-
objective optimization method of shield attitude combining CatBoost and NSGA-TI was proposed. Taking
Guiyang Metro as the background, 22 influencing factors were selected as input parameters, and the
nonlinear mapping function relationship between input parameters and shield attitude was established by

using CatBoost algorithm. The importance of input parameters was evaluated by random forest ( RF)
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algorithm. A CatBoost-NSGA-II multi-objective optimization model was established to minimize the

absolute value of the shield attitude, and the applicability and effectiveness of the proposed method were

verified by a case study. The results show that the prediction model obtained by using CatBoost algorithm to

train engineering measured data has high accuracy, and the R* range of 5 shield attitude targets is 0. 916—

0. 943. By using the CatBoost-NSGA-III multi-objective optimization method, the attitude of the shield can

be optimized significantly, and the average value of the overall improvement is 53. 34%.

Keywords: categorical boosting ( CatBoost) ;

I); shield attitude;
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Table 1 Statistics of preprocessed input and

output parameters

BH e e
) ~ FoME | B | EE

+&ES-L 5, /MPa | 0.07 0.21 0.14

T EES-TF x,/MPa | 0.04 0.53 0.22

+ G EH-Z x,/MPa | 0.05 0.29 0.15

+ &K S-45 x,/MPa | 0.03 0.28 0.15

BRELIL I xy/

(remin™")

0.91 22.9 12. 02
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TR i AE 2 50, B I 2R BB Y 35 T5 1R 22 ( Mean
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BAL3, 91,00, 0.5]H[4, 8], BWESHIILEL
W 2,

&2 CatBoost EEEARREBHMESHNBIRTESH

MULER

Table 2 Hyperparameter optimization results of CatBoost

algorithm under different shield attitude prediction targets

T Wit S - I« /kN 3.69 209. 02 77.77 T H A [2_leaf_reg learning_rate max_depth
T THES - »,/kN | 60.19 | 212.56 | 123.24 /,/mm 9 0. 026 57 8
TSI -/2 x/kN | 28.84 | 269.35 | 132.91 /,/mm 7 0.399 37 8
T4 xo/kN | 42.20 | 235.88 | 109.87 /»/mm 4 0. 167 00 6
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YIOATHE %,/m 1.4 1.54 1.5
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Table 3 Five-folds cross verification results of five shield attitude targets
i /,/mm fo/mm /,/mm /./mm £/(°)
JF% | R* |RMSE | MAE | R* |RMSE |MAE | R’ |RMSE| MAE | R® |RMSE| MAE | R*> | RMSE | MAE
1 0.934| 3.741 | 2.922 (0.943| 3.418 [2.705| 0.917 |3.594| 2.827 | 0.915 [4.372| 3.429 | 0.909 | 0.986 | 0. 833
2 |0.943|3.456 | 2.717 |0.949| 3.247 |2.575| 0.923 |3.466| 2.739 | 0.920 |4.217| 3.291 | 0.920 | 0.922 | 0. 756
3 0.949] 3.292 | 2.611 |0.950| 3.216 |2.555| 0.925 [3.431| 2.721 | 0.927 [4.037| 3.145 | 0.915 | 0.953 | 0. 781
4 10.925]3.976 | 3.198 |0.939| 3.546 |2.851| 0.914 (3.674| 2.876 | 0.911 |4.473| 3.555 | 0.919 | 0.930 | 0. 766
5 0.922] 4.069 | 3.297 |0.933| 3.715 |3.051| 0.912 [3.576| 2.906 | 0.912 |4.442]| 3.521 | 0.920 | 0.926 | 0. 760
SEHI{E ] 0.934 | 3.707 | 2.950 |0.943 | 3.428 [2.748| 0.918 [3.576| 2.814 | 0.917 |4.308| 3.388 | 0.916 | 0.943 | 0.779
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((4.155 - 3.707 )/3.707 ). 6.10% ., 9.17% i
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Table 4 Prediction results of five methods

. f,/mm >/ mm Jf3/mm S/ mm f5/(°)

Bk R* | RMSE | MAE| R* |RMSE |MAE| R* | RMSE | MAE | R* |RMSE | MAE | R* | RMSE | MAE
CatBoost | 0.934 | 3.707 |2.950| 0.943 | 3.428 |2.748(0.918| 3.576 |2.814| 0.917 | 4.308 |3.388|0.916| 0.943 |0.779
XGBoost | 0.918 | 4. 155 |3.321] 0.928 | 3.847 |3.257|0.903| 3.888 |3.514| 0.903 | 4.667 |3.757(0.901| 1.024 |0. 820
LightGBM| 0.926 | 3.933 |3.047| 0.937 | 3.582 |2.872]0.913| 3.683 |3.092| 0.913 | 4.405 |3.530|0.911| 0.972 |0. 794

GRU | 0.922 | 4.047 |3.154| 0.933 | 3.699 |2.940|0.908 | 3.787 |3.196| 0.908 | 4.546 |3.659|0.907| 0.994 |0.796
LSTM | 0.920 | 4.095 |3.228| 0.931 | 3.773 |3.0940.907 | 3.813 |3.263| 0.906 | 4.583 [3.697/0.903| 1.014 |0. 813
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Table 5 Adjustment parameters in each scenario
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Fig.1 Input parameter importance ranking

3.3.1 BEWrREFLIRFHENRE
HATZ BRI Z 1T, R CatBoost H LA
SR T 2805 JE M S Z B R 5 A
IRif RYAR LA S R A D U0 A AR T I R pR I, ik
T CatBoost 15 JE LA 1) BARPRECH .
minf(x) = [f,(x) /o(x) - fs(x) ] (3)
fi(x) = CatBoost(x, ,%,, " ,%,,) (4)
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Table 6 Range of shield construction parameters

T4 | E T it T 25 M A
x,/MPa 0~0.3 x,/kN 0~300
%,/ MPa 0~0.3 x5/ kN 0~300
x;/MPa 0~0.3 %o/ kN 0~300
x,/MPa 0~0.3 %,/ (kN « m) 0~3 000

xs/ kN 0~300 %,/ (mm + min™") 0~90

3.3.2 IREX Pareto BIBRREE
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Fig.2 Optimization results of 3 scenarios
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