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Table 1 Performance comparison of three networks trained with simulated data

ST R 4 IIZk5E R4 BHIEE R A MIXEE R 14 Bk R
BP 0.96175 0.95273 0. 93846 0.95814
GA-BP 0.97779 0.9529 0. 94298 0.97095

OMAGA-BP 0.99403 0. 97646 0.96735 0. 98909
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Fig.7 Inversion results of air raid shelter data by four inversion methods

5 10 15 20 235 30

a— /P

& 7 R/ 3k BP  GA-BP % OMAGA-BP ) b A B S AR A T PN 24 e A T TR AR B
X 4 PR TR 28 S A A5 B A S g5 S e gl 2.5 D IEE BT, SEGTEIRE BT

R S T 2 SR A AR B R, BP ¥k G MERA R )
KRB, MR DL E Y GA-BP Bk
LK OMAGA-BP B3 ] DL B o o b 3R 591 S5 1A 1)
1B M AR, H OMAGA-BP B34 R /KA A 1R 1) 5
Jre— %, E— ] OMAGA-BP Bk EL& B A Y 2
AR B Sz fkfe 1 (R RO R LR OF
HAMR/NG— B4 2] T 67100 B2 AE, 7B
RIEMH IS A BT — k2 [0, 1] JuE N A
Ko [FBS AT UF 3 PRSIk RO 25 58 o K
%L%ﬂlﬁﬁ*?ﬁmi&ﬁ%‘aém%%# XEH TR 6
JIr 7 B 7 23 1 7 3 — A AR 3 I T

,szj‘i‘ o
5 g kihie

ARSCSLEL T OMAGA-BP 8% ERT S i 14 5
2,003 T BP SR pR IS A A K B 5%
M) PR 28445 7y () A, 3 ot fe /N e i BP 1% | GA-
BP 75 OMAGA-BP 3 X} 75 Xy B B A 11 43 S 1 45
AR T 85 245 ) S0 B8 1) ST AR 4 R R %
VLA OMAGA-BP 53k 546 T i ) S 3l 13005 B %
Z kg



- 1526 - oW 5 b ® 47 %
A B YN A B e 1 2.5 D IE it resistivity contrast regions: A MATLAB application[ J ]. Computers
0, TS0 2.9 5 030 0 2807 1 i & Gacinces, 2009,35(11) 22682274,
?ﬁ@%ﬁ/}ﬁﬂc ’ @?ﬁ?iif%ﬁ%&@%ﬁﬁ%fﬂ% ’ i [13] Neyamadp(?ur' /'\,\?Van—.Al)dullah W A T.,’Fa.ll) S. Inversion of quasi-
X R . . 3D DC resistivity imaging data using artificial neural networks[J].
YEE@}R%U Hj E T%L’MS E,:J ,fj E& %E‘I‘? ’ {ﬁ@ jﬂaﬁ Hj /fﬁ JEH Journal of Earth System Science, 2010, 119(1) ; 27-40.
2.5 D IETH AT T AR RS 1 25 1) X 2 17 i FH [14] Neyamadpour A, Wan-Abdullah W A T, Taib S, et al. 3D inversion
Tﬁﬁf)ﬂuzﬂ%ﬁm %‘r@%%ﬁxﬁ@a%ﬂﬁ{t E’\] ifﬂ!ﬂﬁ& of DC data using artificial neural networks[ J]. Studia Geophysica
?EO *ﬁﬂ&i«f—%ﬁ&ﬂi RES2DMOD §JL('H:4XEI Ly\&i+u et Geodaetica,2010,54(3) :465-485.
fﬂﬂﬂﬁ%ﬁiﬁiﬁﬁﬂ/ﬂﬁﬂ ’ BE%IJ ijYZE‘I‘TEJ:H E )F/iﬁg E@?ﬁ [15] N.[al.tl. S, Gupta. G,Erram V C | et. al Inversion of Schlumberger re-
‘ g T A o N sistivity sounding data from the critically dynamic Koyna region u-
lﬁ ’ %TX—J‘JJ:UEJM/{#T{EV*k%% Eglbiqj{?iU%{j&O sing the Hybrid Monte Carlo-based neural network approach[J].
Nonlinear Processes in Geophysics,2011,18(2) :179-192.
2% 3k ( References) : [16] vz, 58 i oL PR D R B AR 4 M R D9 [ D] K
[1] #3CR. ERYIR R S e 577 8 [ M. Jbat, BTl Rt JE R TR %, 201 1.
1997. Zhang LY. The study of nonlinear inversion method in high—densi-
Yang W C. Theory and method of geophysical inversion[ M ]. Bei- ty resistivity method inversion[ D . Taiyuan: Taiyuan University of
jing: The Geological Publishing House,1997. Technology ,2011.
(2] fardkse. M R MY A SR AR )], JbERPIHI2441, 1997, 40 [(17] SRATH , 7L BT IRMIR Y PSO-BP 47 i Ay v FHL A2 A A
(S1) :308-316. GARLIE R J]. B AT (4 s 24z, 2013, 23 (10) : 2897 -
He J S. Development and prospect of electrical prospecting method 2904.
[J]. Chinese Journal of Geophysics,1997,40(S1) :308-316. Dai Q W, Jiang F B. Nonlinear inversion for electrical resistivity
[3] AT T5%, MRV, /o % 3 rL B 3R 70 2 S e TR IR v i g tomography based on chaotic oscillation PSO-BP algorithm [ J].
FHLT]. W% 5164 ,2002,26(2) :156-159. The Chinese Journal of Nonferrous Metals,2013,23 (10) : 2897~
He M G,Wen Y H. The application of high density resistivity 2D 2904.
inversion to engineering exploration [ J ]. Geophysical and Geo- [ 18] Dai Q W, Jiang F B,Dong L. Nonlinear inversion for electrical re-
chemical Exploration,2002,26(2) :156-159. sistivity tomography based on chaotic DE-BP algorithm[ J]. Journal
(4] B8 A SRR, 5 55 R v BE S k7 3 T 35 B 3 & vh of Central South University,2014,21(5) :2018-2025.
FOREFH ). iR YB35 2005,20(2) :381-386. (197 walise, TASE A, 45, JE T IGA vk iy vy BHL et 22 [ 2%
Lyu H J, Liu S H, Liu B G. Application of resistivity tomography SUEAGAFST [ )] . HERY 24 ,2016,59(11) ;4372-4382.
survey method in detecting ground subsidence[ J]. Progress in Ge- Gao M L,Yu S B,Zheng J B, et al. Research of resistivity imaging
ophysics,2005,20(2) :381-386. using neural network based on immune genetic algorithm[ J]. Chi-
[5] Loke M H,Barker R D. Least-squares deconvolution of apparent nese Journal of Geophysics,2016,59(11) :4372-4382.
resistivity pseudosections [ J ]. Geophysics, 1995, 60 (6) : 1682 - [20] Wu X X, Liu J G. A new early stopping algorithm for improving
1690. neural network generalization [ C ]//2009 Second International
(6] FRIFIR, /N s PHR e 22 W4 S [ J]. ek P2z Conference on Intelligent Computation Technology and Automa-
$i2,2006,49(2) :584-589. tion. Changsha, China,IEEE,2009:15-18.
Xu H L, Wu X P. 2-D resistivity inversion using the neural network [21] Dauphin Y N,Pascanu R, Gulcehre C,et al. Identifying and attac-
method[ J]. Chinese Journal of Geophysics,2006,49(2) :584-589. king the saddle point problem in high-dimensional non-convex opti-
[7] Raiche A. A pattern recognition approach to geophysical inversion mization[ C]//Proceedings of the 27" International Conference on
using neural nets[ J]. Geophysical Journal International ,1991,105 Neural Information Processing Systems,2014.
(3) :629-648. (22] 1N R AR, SR R 2R BB AT R R T [T
[8] Calderon-Macias C,Sen M K, Stoffa P L. Artificial neural networks FHIEIS 5N, 1996,13(4) « 455-460.
for parameter estimation in geophysics[ J]. Geophysical Prospec- Hun W M,Xi Y G. The analysis of global convergence and compu-
ting,2000,48( 1) :21-47. tational efficiency for genetic algorithm[ J]. Control Theory & Ap-
[9] El-Qady G,Ushijima K. Inversion of DC resistivity data using neu- plications, 1996,13(4) :455-460.
ral networks [ J]. Geophysical Prospecting,2001,49(4) ;:417-430. [23] Chen L, Gallet A, Huang S S, et al. Probabilistic cracking predic-
[10] Stephen J, Manoj C,Singh S B. A direct inversion scheme for deep tion via deep learned electrical tomography [ J]. Structural Health
resistivity sounding data using artificial neural networks[ J]. Jour- Monitoring, 2022, 21(4) : 1574-1589.
nal of Earth System Science,2004,113(1) :49-66. [24] Bishop C M. Training with noise is equivalent to tikhonov regulari-
[11] Mann C J H. Geophysical applications of artificial neural networks zation[ J]. Neural Computation, 1995,7(1) :108-116.
and fuzzy logic[ J]. Kybernetes,2006,35(3/4) :599-600. [25] An Z. The effects of adding noise during backpropagation training

[12] Neyamadpour A,Taib S, Wan-Abdullah W A T W. Using artificial

neural networks to invert 2D DC resistivity imaging data for high

on a generalization performance| J]. Neural Computation, 1996, 8

(3) :643-674.



6 XU 45 . 2T OMAGA-BP 803 1 1 2 8 v BH 252 S i i o 1527 -

Research on inversion of high-density resistivity method based on OMAGA-BP algorithm

LIU Xiang-Hao, LIU Si-Xin,HU Ming-Qi,SUN Zhong-Qiu, WANG Qian
(College of Geo-Exploration Sciences and Technology , Jilin University , Changchun 130061, China )

Abstract: High-density resistivity method is widely used in engineering exploration because of its efficient and intuitive features. How-
ever, due to the high nonlinearity of the inversion problem, the traditional inversion method has some inaccuracy in describing the
boundary of anomalous body. In order to achieve high precision two-dimensional nonlinear inversion imaging with high-density electrical
method, to overcome the problem that a large number of saddle points in the parameter space of loss function of BP algorithm affect the
calculation accuracy and that it is difficult to assign optimal weight threshold to BP network due to the precocious convergence of general
genetic algorithm. In this paper,an Optimum Maintaining Adaptive Genetic Algorithm( OMAGA ) is proposed to optimize the BP neural
network for high density electrical two-dimensional inversion imaging. Good results have been obtained for the inversion calculation of
simulation model data and measured data through this method, it shows that this method has strong generalization ability and high inver-
sion accuracy. This study is helpful for the accurate inversion of high density resistivity method in the future, it is helpful to improve the
accuracy of underground target identification.

Key words: optimum maintaining adaptive genetic algorithm ; BP nerual network; high-density electrical method ; inversion accuracy
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