% 40 A% 12 4 T RKFF R Vol.40 No.12
2017 % 12 A Journal of Chongqing University Dec.2017

doi:10.11835/5.issn.1000-582X.2017.12.011

B IR oK I8 1 ESN i 2 Y 2% 450

FB & FE R, REFH

(THEIKRF oA FE5IR82F%,.Td £4%F 454000)

OB A AR R LA AL 6 AR A, SRR AR S 04 TR L A XE VA A R R, 3B R K AL 5,
S iEA FCM R K 547k xF 26 AN A GG R R AF R AT ABME 5T, TR T 4 M MER F
R BAEREAFUNHER ELBEAN—FETERER DR ENLG E65 GA_ESN 3] 5| A, 5
5 it ey GA_BP Ao47/ GA_ESN AR 69 3] 3] 2 Rt 47 ab bk, 4R A9 . s 69 GA_BP ] 5] 4%
AR R E RN EHFERF 50% ;48 GA_ESN A A 64 w1 F) 4 4 F A T A # F 3538 5] 100%,
RPN EANERGELRERERR S, LS BAT AP mk e GA_ESN H] 5] # A 48
BRAN LR AR G R, R R N AT ERRSGRBGRRNEE, B, LA TS
— A bRk A A R RAK KRBT T &,

FEEIF R AR H A = F IR E M % BP;FCM; GA_BP

HE 4y £S5 : X936 SCERFR SRS : A X EHS :1000-582X(2017)12-087-10

Improved ESN neural network model for mine water

inrush identification

LI Yuanzhi s NIU Guoging s ZHANG Xuanxuan
(School of Safety Science and Engineering, Henan Polytechnic University,
Jiaozuo 454000, Henan, P.R.China)

Abstract: It is difficult to judge the type of water source with similar water chemistry characteristics by the
traditional water prediction model. The similarity analysis of 26 typical water samples is carried out by
using water chemical composition analysis and FCM (fuzzy C-means) cluster analysis method. Four samples
with higher similarity are extracted as samples to be tested and loaded into the GA_ESN discriminant model
based on damped least squares regularization method, and the GA _ESN discriminant model of the
regularization method is compared with the improved GA_BP and the standard GA_ESN model. The results
show that the improved GA_BP discriminant model has the worst effect and the prediction accuracy is only
50%. The back estimation rates and prediction accuracy of the standard GA _ESN model are 100%,
however, the accuracy of the model requires a high degree of complexity of the model, and it’s prone to

have overfitting problem. And the improved GA_ESN discriminant model can make up for the shortage of
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the above model, which can not only simplify the model training process, but also improve the accuracy of
water source identification. Therefore, the model can be used as a fast and effective method to identify the
source of mine water inrush.

Keywords: water inrush;echo state network; BP; FCM; GA_BP
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Fig.1 Durov diagram of hydrochemical characteristics of aquifer
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Fig.2 Schoeller diagram of hydrochemical characteristics of aquifer
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Table 1 Membership matrix

eyl 1 X1 X2 2 3 4 5 6 7 8 9 10 X4

C1 0.696  0.913  0.934 0.036 0.012 0.015 0.118 0.917 0.838 0.117  0.147  0.024  0.041
C2 0.025 0.016 0.012 0.005 0.001 0.002 0.016 0.016 0.030 0.842  0.802 0.964  0.943

C3 0.279  0.071  0.054  0.958 0.986  0.983 0.866  0.067 0.132  0.042 0.051 0.011  0.016

Bl 11 12 13 14 15 16 17 18 19 20 X3 X5 X6

C1 0.008  0.055 0.038 0.619 0.643 0.875 0.014 0.007 0.046  0.070  0.896  0.021  0.794
C2 0.988  0.918 0.944  0.048 0.113  0.050 0.002 0.001  0.008 0.009 0.037 0.970  0.092

C3 0.003  0.027 0.018 0.334  0.244 0.075 0.984 0.992  0.947 0.922  0.067 0.009  0.114
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Fig.3 FCM classification results
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Table 2 Sample selection
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Fig. 5 Flow chart of GA_DSVD_ESN model
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Table 3 Four kinds of discriminant model
HELIE H/IE
N_BP 1 A 8l B F# Dropout K , B 1k ¥ 4% f AR & fie /N Fil i #804
GA_N_BP GA B L4 N_BP 1 2 W 28 2 B AT T8 , #F — 25 18 s B 70 1y et M R A 0
GA_ESN GA SLILXTHR #E ESN SCHES BT T8, 0052 B fi 19 ESN il 22 ) 45 A58 7Y
GA_DSVD_ESN AR S BT AR T ik
3.1 ET BP W AR

GA 1 BP Bk S5 W3 4 fE 5.
£4 BEEESBEE

Table 4 Parameter setting of GA algorithm

FORERLEE  EARREL AR R X A5
40 50 5 0.95 0.8 0.01
x5 BPHEESYH
Table 5 The parameters of BP model
i Do £4% 25 1) Fe )2 R it )2 PR R AT E Rk IER/€ Dropout
N_BP 5X6X1 tanh sigm 0.50 0.25 1 000 0.5
GA_N_BP 5X6X1 tanh sigm 0.96 0.74 1 000 0.1
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Table 6 Discriminant results of BP model
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Table 7 The parameters of ESN model

*ﬁﬂ %*@ ,fmlur ,foul R Siu, out D
GA_ESN 5X987X1 tanh sigmoid 0.297 [0.297 0.425] 5.90
GA_DSVD_ESN 5X187X1 tanh sigmoid 0.968 [0.010 0.202] 3.61

M2 7 i LUE L GA_ESN il GA_DSVD_ESN ## # f K 1Y K [R] 76 T W 45 45 %9 . GA_DSVD_ESN #5 #1
fith £ RS FIRR B 25 2 B /T GA_ESN KR, R BIR A DSVD 1E WAk 77 325 AT DL A A4 i 87 kA5 70 45 4], 0
D B B 28 ST A BRI 4 B UM AT B AT 17 55 78 1Y) 322 32 G 2R 5 DS R i 35 BB A7 385008 o 80T LA M L TS I8 SR
VAR e ASC AL D1 25 7 308 X SR R K004 35 88 8 A 2 ) 2 P2 R T o 4K B AR - 114 22 3 3k iy A — i R A SR DG R
EATR A B2 a2 8 s,
#8 ESNEHIFHLR

Table 8 Discriminant results of ESN model

LAY S i A i 5k 2= R IE
1.08 1.00 0.08 =
1.05 1.00 0.05 =
GA_ESN
2.27 2.00 0.27 7=
3.02 3.00 0.02 2
0.98 1.00 0.02 P
1.02 1.00 0.02 =
GA_DSVD_ESN
1.96 2.00 0.04 S
3.09 3.00 0.09 =
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Fig. 6 Comparison of model output curves

0 ENT 2 FATALR 2 R IT AL ASMER H, 3 0 DA A R R B T 100 %6, (H A [ ) 2 SR A A o
K75 #1122 (NRMSE, normalized root mean squared error) 7% ,GA_ESN # R A H| T 1E-14 8 9. GA_
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P I A AS 0 S (1 I 25005 32 ok 2 i A AL 32 AR R ) A AR e 1 ek UL ) R IR &5 5 3 7 R 1 Y 4
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FUPE AU AL T 4 00 e 55 56 28, 58 7 R TR Fg )1 5 R T INE 306 A5 0 A A T SR L SE AN IE B T %A AR
it 25 1) AR BL 1 7K R R AR LA 5 14 2 2] BE g AN 0
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Table 9 Evaluation of results of ESN model

2k GA_ESN % GA_DSVD_ESN #i %1
[m] 4 X i AR B 22 22
ml ) 1 4 %/ Vo 100 100
5134 NRMSE 2.65E-14 1.06E-02
T T A A A 4 4
oL 1E A %/ V6 100 100

i NRMSE 0.141 5 0.048 9
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