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Abstract: Excessive ground deformation caused by shield tunneling of urban metro will seriously affect the
normal use of surrounding structures, and even cause engineering accidents. In view of the problems that the data
dimension in traditional prediction methods is too large, which easily leads to lower accuracy and complex
calculation, this study proposes an extreme learning machine (ELM) prediction model based on the principal

component analysis (PCA) algorithm and Harris Hawk optimization algorithm (HHO). Ten influence factors are

Wi B EA: 2022-10-08; f&IT HER: 2023-01-07 ML : www.swdzgedz.com

EE&WE: oA HE SRR (4 & RS ) i H (2018BC008)

F—1EE: BLAIF(1964-), Lo, W+, #82, FENF TRBFSH - TROHR . E-mail: ryy64@163.com
BIRAEE: Bk (1998-), 55, i WFoe 4k, FENE TR 54 - TRYPIS . E-mail: 1034403813@qq.com


https://doi.org/10.16030/j.cnki.issn.1000-3665.202210007
https://doi.org/10.16030/j.cnki.issn.1000-3665.202210007
https://doi.org/10.16030/j.cnki.issn.1000-3665.202210007
https://www.swdzgcdz.com
mailto:rryy64@163.com
mailto:1034403813@qq.com

2023 4F

DK S5, &5 FE T BRI BR 2 >J BILAE 2R f) i g 9 08 15| 2 b 3 B K LR T

- 125 -

preliminarily selected from the geological, geometric and shield parameters. PCA is used to separate and extract
five principal component variables from the 10 dimensional arrays as the input of the model. HHO is used to
optimize the input layer weights and hidden layer threshold parameters of the ELM model, and the optimal
solution of the prediction model is obtained. The monitoring data of the Yiguang section of Kunming Rail Transit
Line 5 are used for simulation verification, and the model is compared with the BP neural network, RBF and non-
optimized ELM model. The results show that the root mean square error of the PCA-HHO-ELM prediction model
is 0.143 5, the average absolute error is 0.026 2, and the determination coefficient R* is 0.959 6. Compared with
other models, this model has better prediction performance. Compared with the non-optimized ELM, HHO can
improve the prediction accuracy and generalization ability of ELM. The PCA-HHO-ELM model can reliably
predict the maximum ground settlement induced by shield, and can provide a more feasible new idea for similar
deformation prediction.

Keywords: maximum surface settlement; Principal component analysis; Harris Hawk Optimization; Extreme

learning machine; settlement prediction
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A, 0.937 —0.077 0.043 0.041 0.051
A, —0.228 0.586 0.376 —0.460 —0.163
Ay —0.271 —0.259 —0.724 0.340 0.105
As 0.956 —0.068 —0.130 —0.007 —0.028
A 0.376 0.335 0.365 0.492 0.315
A, 0.683 —0.093 —-0.116 —-0.520 0.060
Ag —-0.078 0.310 0.425 —0.053 0.748
A, —0.474 0.530 —0.582 0.019 0.216
Ay —0.227 0.867 —-0.247 0.123 —-0.128
A, —-0.809 -0.112 —0.056 —0.256 0.188
A, —0.790 —0.464 0.277 —-0.071 0.080
Ay —0.201 —0.636 0.046 0.019 0.247
Ay —0.445 —0.011 0.622 0.384 —0.365

Z,=0.023A,-0.077A,+0.586A; — 0.259A, — 0.068A;
+0.3354,—0.0934, + 0.3104; + 0.5304, + 0.867A ,
—0.112A,, - 0.464A,, - 0.636A,; —0.011A,,

(19

Z, =0.086A, +0.043A, +0.376A, —0.724A, — 0.1304,
+0.3654,—0.116A, +0.4254, —0.5824, — 0.247A
—0.056A,, +0.277A, +0.046A,, + 0.6224,,

(200
Z,=0.077A, +0.041A, — 0.460A; +0.340A, — 0.007A;
+0.492A, — 0.5204, —0.053A, +0.0194, +0.1234,,
—0.256A,,—0.071A,, +0.0194,; +0.3844,,
2D
Z; =0.052A, +0.0514, - 0.163A; +0.105A, — 0.0284;
+0.315A,+0.060A, +0.748A +0.216A, — 0.1284,
+0.1884,, +0.080A , +0.247A,, - 0.365A,,
(22)
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FREER /NG R 30, fe Rk k£ 5 R 100,

AT SCH, Z—Zs A R A AR i AL [l 05 150
(S=1), & ELM %ir A JZ #h 28 0 Fn i 1 2 0 22 5050 93] 5
1, ek Sigmoid pREE R BT BREL g(x), N0 (24)
Fimm e thia(24) 0 g(x) TET5 Tk, Wk A2 S0 pREICE X o
H & Kolomogorov 7EHH, SLEN [at & EMIZ e A/ N T 2K+
1, BR/NF 114>,

Q4

gx) =
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Fig. 4 Prediction results of PCA-HHO-ELM model

0.154 0. MAE 4 0.011 8, iX i} ] PCA-HHO-ELM #% 74
1) T (B 5 S0 e A — 3%, ARSI RAOR B . A
Kl 4(o) h ] &, I AR A B s s mIRE R b o A T
FRAR LA EHZRB AT, H R* 4 0.959 6. RMSE 24 0.143 5,
MAE 3 0.026 2, X 1 ] PCA-HHO-ELM £ % H A 1R 4
(27 2] 5 TN BE J7, G %A A TR0 I A4 B 18 b 2 fe K
TR
42 XA

g i3k — 25 B 3iF PCA-HHO-ELM #5€ % 11 72 1k Bk
7 R 00 45 14 B AR LAk 1) ELM AL AL | BP 1 25 )
2% 5 7 F1 RBF #5515 PCA-HHO-ELM # 5 3 17 2 1k
R L, X g R s s

M EL S T (2 R0, 4 ol 70 AR R i (-
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Fig.5 Comparison of prediction results of various models

(22)—(24), 15 2 £ # 7 f4 0000 1 BE 38 b, 25 R

24 R

IR 4Rl F A SCHE 9 PCA-HHO-ELM #5
R 5 TN 48 AR FEAS O T LAy 3 Fh o U A5 8, (3
PRRZEME KT BP WAL, H RMSE 5 MAE 4354 0.143 5
H10.026 2, 1 BHIZAR Y B SRy 4230 S PR T R (B HL 1R 2% I
/N, R Rk 0.959 6, 15 BH T A -5 S0 40045 S0OR 3
U, ATSEPERC T . 4 AU Y RMSE F1 MAE J 8 #/AR
/N, AB 2 ELM 5880 152 22 R A SO AL 1Y 3 4 4%, 248 HHO
EAb)5, PCA-HHO-ELM #5228 %) FRASE AR fie R 25 (AT
PRRZELNTRUALE) ELM #RL, g 250t 0.359 2
PETHZE 0.959 6, HFIMC RIS . 25 L RTIR, 4 FET500
A TR 50300 250 5% Ky : PCA-HHO-ELM #5 %1 >BP 5 %1 >R BF
1A >ELM A5 AU, HHO 539 A8 % $2 = ELM 1 F30 000 A
J&, PCA-HHO-ELM #: #8 HA S5 (172 fL BE 7 o

F3 4 FEBTNLER
Table 3 Prediction results of four types of models
A5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
S /mm 289 986 5.03 445 207 1044 082 3.64 044 1342  9.69 4.96 254 1.93 1.43
BPT{A/mm 1.62 —-849 361 -892 —056 1208 -097 351 012 -1378 10.10 -3.74 253 224 0.70
RBFTI {H/mm 504 049 212 200 —2.86 281 031 448 050 -11.03 507 -11.39 203 201 0.50
ELMP{E/mm -0.24 —6.17 421 0.11 -0.94 1290 027 -0.51 -1.51 -11.13 1195 —4.05 263 212 0.26
PCA-HHO-ELMTilllfEi/mm 211 -7.83 493 -525 0.14 938 -190 734 -123 -12.66 1293 —4.72 383 346 —0.82
H5 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
SEE /mm 001 633 522 1419 1374 1.14 417 531 161 0.08  9.90 124 1084 224 1235
BPT{f/mm —-0.06 485 489 -14.13 -1425 049 410 593 1.73 -005 -9.73 001 -1046 130 -11.83
RBFH {f/mm 050 359 256 -11.32 -745 050 447 507 0.0 0.50 —9.67 050 —8.02 058 —7.45
ELMFU {f/mm -0.53 572 579 -11.76 -1591 134 290 571 165 -0.58 -9.78 0.70  —-8.43 -0.12 -14.09
PCA-HHO-ELMWllfE/mm -133 650 6.89 -1327 -14.07 216 435 243 400 -099 -9.01 0.13 -10.76 118 -—12.41
F4 EEEERITMER
Table 4 Performance evaluation results of the model
M TEtR RMSE MAE R R /mm FHiR 2/ mm
PCA-HHO-ELM# %Y 0.143 5 0.026 2 0.959 6 3.70 1.29
BP A 02323 0.042 4 0.894 3 4.48 0.82
RBF##ii 03921 0.0716 0.698 6 10.35 2.52
ELMTAL A 0.571 8 0.104 4 0.359 2 4.56 1.48
5 £ T, SR T & R 4 . PCA-HHO-ELM T3 ) 455 784 (1)

(1) FIFH PCA B3 047 504 K 4, 75 S itk (5
BB FI I, B G 14 4E S R 5 4, R
2B A3 FR B T A T2 A A B o A
TR BRI A, R 16 T ELM B i1 00 2% 47 $h 45 44
T2 T 7 £ A 1 ASLAE D B 1A 8

(2) F 1 PCA-HHO-ELM #5347 J& #4) 1T & 700
Y25 B I B 3080 5 L A 43 A 7 BRAR UL 1 4k

B IFATHr 16 bR FEAS S48 T BP #4228 45 % | RBF A5
FIFT ELM FE

(3)4 HHO 5 ¥ {4k 5 , ELM B RURS JF & 35 42
B, R 0.359 2 2T 0.959 6, H AL fit iR 25 I
A4 R 22 LA BIAH Y 203 . PCA-HHO-ELM # AU 7 —
FEFERE LB TS R R T AR, il L B AR Y
ZACPERE, AT R 28BS AR — 5 Sy ] A7 B
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