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network models with biogeography-based optimization
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Abstract: The consolidation coefficient Cy of soft soil is an important parameter in geotechnical engineering. The artificial neural
network (ANN) model is improved with the biogeography-based optimization algorithm (BBO). And the artificial neural network
with biogeography-based optimization (ANN-BBO) model, trained and tested by using the subgrade soft soil data of the
reconstruction and expansion project of Lianyungang—Huai’an expressway, has been adopted to calculate the soft soil consolidation
coefficient. Using the correlation coefficient matrix and principal component analysis, eleven physical and mechanical parameters
were statistically analyzed, seven of which were identified as input parameters of calculation model which was then trained and tested.
The model was tested by correlation coefficient, root mean square error, and variance ratio, whose robustness was analyzed by using
Monte Carlo simulation. The results show that the ANN-BBO model can be used to calculate the consolidation coefficient of soft soil,
the correlation coefficient R? = 0.947 1, the root mean square error RMSE = 0.165 7x1073 ¢m?/s, and the variance ratio VAF = 94.54%.
The ANN-BBO model has significantly higher prediction accuracy and better robustness, compared with the ANN model.
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Table 1 Quantitative analysis of parameters of soft soil in the subgrade of the expanded Lianyungang—Huai’an expressway

Yo e . [ P o o T .
e N N> N3 Na Ns Ne N7 Ny No Nio Nu Y
w/ME 0.70 14.80 1.35 0.77 0.40 75.50 2.33 16.30 11.40 4.90 0.01 0.15
Dio 1.30 25.70 1.62 1.04 0.73 92.00 2.54 31.50 19.80 11.40 0.12 0.26
Das 2.00 31.48 1.72 1.17 0.84 96.28 2.63 41.26 21.60 17.20 0.32 0.40
Dso 2.80 36.70 1.83 1.34 1.00 98.60 2.70 46.50 2470 21.80 0.64 0.55
Dss 5.03 46.13 1.91 1.44 1.24 98.71 2.73 54.45 29.50  26.40 0.97 0.87
Do 8.20 59.20 1.98 1.57 1.51 99.32 2.75 65.10 3320 33.50 1.49 1.52
BAME 2920 98.10 2.18 1.90 2.79 100.00 2.83 91.70 3820  53.50 252 3.49
FRdER 2 3.38 15.24 0.14 0.20 0.38 435 0.09 12.79 525 8.87 0.52 0.66
x2 BMASEIAERREIERE R
Table 2 Correlation coefficient matrix of input parameters R?
S5 N N, N; Ny Ns Ne Ny Ng Ny Nio Ny
N 1.00 0.02 0.01 0.00 0.02 0.01 0.01 0.02 0.00 0.04 0.00
M 0.02 1.00 0.77 0.54 0.94 0.02 0.18 0.25 0.18 022 0.46
N; 0.01 0.77 1.00 0.69 0.82 0.02 0.17 0.24 0.24 0.17 0.39
Na 0.00 0.54 0.69 1.00 0.56 0.00 0.06 0.17 0.19 0.12 0.34
Ns 0.02 0.94 0.82 0.56 1.00 0.00 0.07 0.27 0.22 0.22 0.4
Nes 0.01 0.02 0.02 0.00 0.00 1.00 0.02 0.00 0.01 0.00 0.01
N, 0.01 0.18 0.17 0.06 0.07 0.02 1.00 0.00 0.00 0.01 0.14
Ny 0.02 0.25 0.24 0.17 027 0.00 0.00 1.00 0.70 0.90 0.04
No 0.00 0.18 0.24 0.19 022 0.01 0.00 0.70 1.00 0.38 0.03
Nio 0.04 0.22 0.17 0.12 022 0.00 0.01 0.90 0.38 1.00 0.04
Ni 0.00 0.46 0.39 0.34 0.40 0.01 0.14 0.04 0.03 0.04 1.00
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Table 3 Principal component analysis of input parameters
S PCy PC; PC; PC4 PCs PCs PCy PCg PCo PCio PCy
TTEH /% 45.79 20.70 11.07 8.02 6.92 3.62 2.62 0.70 0.49 0.06 0.00
N —0.08 —-0.07 —0.55 0.78 —0.23 0.14 0.00 —0.05 0.01 0.00 0.00
N> 0.42 —0.16 0.07 0.05 0.06 0.20 0.30 —0.13 0.41 —0.69 0.00
N; —0.41 0.14 0.17 0.11 0.06 0.06 0.02 0.39 0.77 0.16 0.00
Na —0.37 0.13 0.14 —0.05 —0.19 0.42 0.71 0.08 —-0.32 —0.03 0.00
Ns 0.42 —-0.11 -0.07 —-0.03 0.19 0.21 0.34 —-0.30 0.23 0.69 0.00
Ne 0.02 —-0.08 0.70 0.60 0.26 -0.17 0.04 —-0.11 -0.17 0.05 0.00
N, -0.17 0.25 -0.32 0.03 0.88 0.07 0.06 0.00 -0.12 -0.14 0.00
Ny 0.31 0.46 0.05 0.09 -0.07 0.11 —-0.06 0.22 —-0.05 0.02 -0.78
Ny 0.28 0.40 —0.12 0.08 —0.09 —0.61 0.41 0.29 0.00 0.02 0.32
Nio 0.28 0.43 0.14 0.08 —0.04 0.53 —0.33 0.15 —0.08 0.02 0.54
Nu 0.23 —0.54 —0.05 0.02 0.15 0.12 0.03 0.76 —-0.19 0.07 0.00
N H- i NN P2y
5 PR S MRS ~ e s R 09602 -
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Fig.4 Comparison of training performance between ANN
model and ANN-BBO model

S 25 R H C/(1073 em? + s71)

(a) ANN-BBO #%!

o IR =09409
— &s o

B

TR 25 R E C/(1073 cm?

SR S5 2% C/(107% em? + s71)

(b) ANN F71

El5 ANN-BBO HZUFI ANN fERIMEEER LE
Fig.5 Performance comparison between ANN-BBO model

and ANN model

M 5 BT LAE H, ANN-BBO HEFI ANN #5574
FENZRE0dE 4 b L A mf T 5 H A 1 [T 5 R 8
Cyo N T 3BTRS 55 Sl 2 AR, X7
E 5 SEMME AT 2 MG, LA TR 5 Fos o
THE R 28U R A i 1Y /& ANN-BBO #5281, R =
0.960 2; ANN BRI ZRA %I ANN-BBO £,
R*=0.940 9. M\ZEMRLAMIZEE, ANN-BBO B



10 3

FEA B BT ARV R AR N A 2 I 5 A2 0 R - ) [ 45 AR 3027

LML A IRIR LT 1, ANN-BBO HEH (1 F500 K
FEfie e . ANN B2 5 BBO Hykfifb g, Him
K P BH S
52 HEERR R

N T RIS TR (M RE, R B I S T
DRI EATRE G, TEAS IR A I (114 e i 136 FH A ¢
28 R>. TR ZE (RMSE) AT %L (VAF)
ZEFARES2T, RMSE 1 VAF [iHHE AN

N
RMSE = /%Z(ya -3,) (3)
1

VAFz[l—w}XIOO (4)
var(y,)

Ry, WIELEM C RIS v, B RH
Co BT var R0 %; N WREAIIGS . % 4
41T ANN-BBO MU ANN R K302 5L,
ANN-BOO H7H Al ANN H7sf - [ 45 2 8 G 1
LS T 6 .

# 4 ANN-BBO BELFI ANN BRI HR 451
Table 4 Test results of ANN-BBO model and ANN model
i mitl HlstE R? RMSE/(103 cm? » s7!)  VAF/%
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Fig.9 Monte Carlo simulation results
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Table S Robustness analysis of prediction models

B R? RMSE
Fekr
ANN-BBO ANN ANN-BBO ANN
D25 0.923 8 0.8527 0.1513 0.1972
D50 0.937 8 0.9140 0.175 1 0.246 9
D75 0.950 2 0.9250 0.199 3 0.364 6
FIE 0.9357 0.8820 0.178 3 0.302 8
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