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Fig.1 Mathematical model of neurons
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Fig.2 Neural network structure diagram
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Tab.1 Comparison of advantages and disadvantages of commonly used neural network algorithms

e 1 e
D EAE ML D5 W A B
N @ BLA B @ Sk 18
B L bW e T B 24 25y
@I 112 TR FLIE R S R A i 1
D %3 i 7 8 DT T 2
- QLA AT A, 5 5 H 5 2 @)% SIS 54 5 oM L 7
= B 5 W A R BN , 4 s 0 1 9 B i 88 22 N U1 5 i I
8 T S HL I 77 1 L AT BB O 90 6 o B 0 £
D Jr 1 0 DX 107 AR
BRI L @RI | T A S QF B A
DRA LA BB B ILSE
R4 R 8
(DICBR R gi%ﬁ%-ﬁﬁAf%mmﬁ
BT R @5 HOHI MK 1 K AT

BN )

M LA ik Ve B 1A % 2 5 DA [ A
@i LA e — S5l AR A b AR () A

FAABLEE , LSTM Xf CNN 217 95 B k17 ik — 2
AR HE IR — AERL Y B e B A CNN $2 B
F, 4 e 07 5 AR v R TR )2 R AL, 2 ) ik LSTM
XFoK 3 CNN 250 {5 5 347 40 3T AL — 4k
H, B AR AR, 37 1 i BH R AR AR 55 O H 9 i) i
Z A 52 25 AR L PR e S OC 2R, 58 B0 1 K i H, 1% 4K
P — 4
2.5.7 wEHEELERITFHELER

WAL E S Gt A 4L A N AR AL P
B gs i A =AM (D RN (2)F
T 0 U bl 2 L R S A 5 (3) S8R PR A5 S
BEP R A R R R i 4
R AGE TRy R — 4E RO A R B ge it
SERRAE R B 0 b 2 P 25 A O BT B R
Wi I 5 P 358 % B0 1k ofe WP A AR R A7 1 e, I 3 ik —
YEA7 BR BTV HEAT I8 S A, DA 50 75 5 L 35 3
/UL A TR 25 e 2 B ) 8 JH BH 58 I TR s —
M, BIERESRITENSAE S NMAT
AL FNE 3 43 B 5 1, 7T DA S S 80 Ak L RRAE
PEPE B AL 5 T 0 Ak el K A DA KR Al R
K55 2 0 8 0] 85K A 55 e Ak
i
2.6 REHMEMEFEXTEL

2 1 Ry EHRT R T H 3 R R G i 4 Fel

W 20 0 48 B D Bl X B - R A
FLUR . BP M 4 Sk N Bl )iz L 9 AL
T LA P A R R B, (H I T MR AR %K
s AL B W AR AR /N, 42 R AL fE
Bk, AR5 5 A B g LS A R B/ 5
S A RS SR DL S 5 5 AU 28 I 4% T
DA i AR 4 S W R A, L 3 e fE X
Bt A R (R LA B S A A A )2
(R B 5 T R v D TR P R 1 B
DA Gy SCEL B R RS R 5, 5 B AR R
JIN AL T A B 5T A 1] R Tl 2 LI B
N T 28 90 4% R A7 A6 R AR 7 SR B oK 3k
NS ZALRE 158 S5 2 IR, BT LA LE HE AT v
RO N T O A B R R 4 7
®

3 #ig

14 25 v BHL 38 38 S Xof Al 2 Yk ) ATt Ay 2 1k
PG 2 1k S 38T T i, TR A ) B A TRy i A
(B, 7775 5 B 25 R 22 figp 1, B 3 1 22 1) 4%
WEIE TR 28 Flif 28 W0 2% 7 1 R 95 ALk
B RAR L Bt SO AT s 2 b IR IS T R
SRR ol ad X AT T R B R G A
B, RS TH A A R T R R A N T



% 4 %

EERF: ATAYZE M %A R BIRIAE IR P o B A AFR 7R .43 .

W4 75 i, R TN A R R vk B R AR Rk K
B ) AR S TR T AL RO IR
LA, foc o 4138 4 b 20 4 22 0 45 05 ik b AT AR
B S FEE, ARAF BLUR JLAAR

(D) Mz M 2 k3 TARR R 2 i B R
A AR FRRE 1, THIE A R A B A E A
HERRTE s BP #2225 1 O H AT o 1L 78 | 5 ol A
F0 ot 22 I 5 Sk, A L I B A S 9 R N e )
25 BAERRERA T Z W& FIE, R LU B R R
JE 22 R0 s B 2 0 45 ] A {E 3G
W S BB s ORI SR M A A B O S
Blo g — i 22 I 2% D7 YRR A OO 1R R A
B[R A AR — 28 AR R Z AL, R AN R 7 i 4
PR R A R A ZE

(2) Mz W 4 21 5 B 3% B AE 8 20 R
BN AR TR B SR R A 5T 3 9 0K i
ROR , BAT B AR B 22 i B i BT R0 42 I
FEASMO 2 Jmy 30 25 R L, 1 2 I 4% A S
J7 WAy e — BUIN 8] R 2k 08) 4% Al 2 e A
FERMAURIAE S, & M 25 415 [T £ Ol BP il
Mg S AL 2R FIRFEMES G a5,
A DL —E i BE L R b BP i 2 0 2% 7 H ik B
Y P T A A L 4 v 22 2 BT ) T
PES st

(3) N2 9 2% 1 HL YA £ 5 Ab B LS T8
18 25 GUCRA B 05 7 LA SO, TR 5%, (RAT ERE
AFORE R, IR IA R, B DS UG FiE 2N
I S i s 2 1 TS i

() LB MR 2, BB &R, 24
P £ A B T 7 A7 SR BR A, o 28 0 245 B R 1 ]
TR R AR SO B 2 SR B, AN R A 2 )
2% 7 U5 AE ST L 3 B A Al o AR A T DR e %o
FALMAEMKITEN LR R RHE,

S % Uk

[ 1] Shuide, 0mpgud, B DL, 4. ek ¥ 5 i) A& B0k
M BLAR 5 R B [T ] v [ i A 4, 2022(9)
115-116.

(2] BURSC. 2T R RITAIT T i Ll = 4
IERCEMFEID]. KA MR, 2020.

[ 3] ZBUBL, MRBE. N T 4 0 295 A58 BU AE Hb 2 B 52 o

[5]

[7]

[ 8]

[9]

[10]

[11]

[12]

[16]

BORE I AE [T ] o BR A} 27 3E i, 2003, 18(1):
68-76.

XU, B R H, i ok, 5. B TR E = > 1 o
i X POE R B RER IR S s ik Cl//
o [ S BRR A B 2 R AR 22,2021 45 v [ M BRR)
FIREFARE LW (H) -LE+ =AML H#
BRYFEOR BT D sk N T R LS B
PR LB T AR, L atiE 1 il
AL, 2021, 228-229.

VL . T A 2 I 4 TR S 2k i BH R S i
WAAID]. KPR R, 2014

Singh U K, Tiwari R K, Singh S B, et al. Prediction
of electrical resistivity structures using artificial
neural networks[ J]. Journal of Geological Society of
India, 2006, 67(2) . 234-242.

FERE, KB, BLUE S5 N M2 0 2% S H
TE 3 2 o B 0T 2R DT ] i A A% Bt A o,
2021, 38(1) . 15-26.

PREEAH. N L2 48 R 552k [ M]. 794 . 74
TR R, 2016.

F G H IR Y BORL R 2 S 7 IR T (1)
N2 W 2% P i s [T T 78 i 3k 14 2 4l
2008, 5(3): 255-265.

FHA. HET BP Hk M ER Ea g T]. KB
U 2% e 2= 4 (B AR BF 2= i), 2005, 24(5):
22-24.

Mhoa . ples2 D B AT RELT]. 5 R
{5 ,2017(6) : 5-6.

FAG AR, IE. Ak T BP Bl 4 W 45 5k
RBE L PR BRI [T]. B KB Be
i, 2011, 13(2) . 32-37.

TR/NIE. JE T BP bR I 45 Y i ) R R T AR
BID]. WE MR BHR, 2016.

Conway D, Alexander B, King M, et al. Inverting
magnetotelluric responses in a three-dimensional
earth using fast forward approximations based on
networks[ J].

Geosciences, 2019, 127, 44-52.

artificial  neural Computers &
Spichak V, Popova 1. Artificial neural network
inversion of magnetotelluric data in terms of three-
dimensional earth macroparameters[ J]. Geophysical
Journal International, 2000, 142( 1) 15-26.

Neyamadpour A, Wan Abdullah W A T, Taib S, et

al. 3D inversion of DC data using artificial neural

networks[ J]. Studia Geophysica et Geodaetica,



- 44 B R A F R F R % 25 %
2010, 54(3) : 465-485. [31]  AZEf. JLT 4 B 42 0 248 17 EL U A B 38 s st Al
[17]  E8,9% W%, 58, 5. R g A\ A2 M2 BEARSPUN 7 P 5 [ D] K& HdROR2:, 2019,
WLT]. g K% %M (A RPBRR) , 2015, 46 [32] Brbede, ok IE, W@, 5. 5T 45 T & M 25 1
(5): 1707-1714. PN A I B = BN e o G E A R
(18] Bk, 3kMEL, T4, 55 5T BP M4 M4 5l fi) , 2020, 51(9) : 2546-2557.
0 368 F, EL 258 0000 e R BEL R AR [T ). T 4 [33] %, M. ST VR0 4z K/
A, 2016, 40(2): 171-174. BECHR S [T ] FHFROR 502, 2021, 21(4) .
[19]  BRscil. 3% T4 4 W 45 11 1o 4 B ol BHL 3R 0k ) 1272-1278.
WP L EAEE WM HID]. K& & [34] Puzyrev V. Deep learning electromagnetic inversion
M2, 2019, with convolutional neural networks[J]. Geophysical
[20] Bigh. 3T BP A T2 W45 1 i %% B ol 1k ST Journal International, 2019, 218(2) : 817-832.
Fe R B ID]. BRI K ILRHEBE, 2012. [35] X5, T HEA 24 175 Y 3 Hb i B R 5 )
[21] T —MHC. JEF BP #4245 w5 %% J3E oL LR 3 9 R ERWID]. 1. B B AR K, 2021,
WAL D], b . i E 5ok %, 2021. [36] Eberhart R, Kennedy J. A new optimizer using
[22] ZweE, TAA KRG, % T BRETEN particle swarm theory[ C]//Proceedings of the Sixth
CSAMT iz /Mg ¥ et [ T]. sk B2 4%, 2008, International Symposium on Micro Machine and
51(4): 1234-1245. Human Science. Nagoya: IEEE, 1995, 39-43.
[23] Schwarzbach C, Bormer R U, Spitzer K. Two- [37] Kennedy J, Eberhart R.Particle swarm optimization
dimensional inversion of direct current resistivity [ C]//Proceedings of ICNN'95-International Con-
data using a parallel, multi-objective genetic ference on Neural Networks. Perth: IEEE, 1995,
algorithm[ J]. Geophysical Journal International , 1942-1948 vol.4.
2005, 162(3) : 685-695. [38] LiC X,Zhang Q,Zhang L Y. Research on wireless
[24] FOuA&, £5 5w, %. MF L% CSAMT sensor network coverage based on improved particle
BB A BT T]. Bk Y B 2% 3E R, 2006, 21 swarm oplimization algorithm[ C]//2017 Interna-
(4). 1285-1289. tional Conference on Computer Network, Electronic
[25] ZEHom. BEAE o 10 1 P 28 000 4% PRkt iR B LA and Automation (ICCNEA ). Xi"an; IEEE, 2017,
Hed PR g 0 D). P R KR, 305-311.
2019. [39] Shi Y, Eberhart R C. Empirical study of particle
[26] Wang J L,Tan Y J.2-D MT inversion using genetic swarm optimization[ C]//Proceedings of the 1999
algorithm[ J . Journal of Physics: Conference Series, Congress on Evolutionary Computation — CEC99.
2005, 12; 165-170. Washington D C:IEEE, 1999, 1945-1950.
[27] Pérez-Flores M A, Schultz A. Application of 2-D [40] Sk4EFE. FEF 17 %m0 & w BH 38 46 1 s v
inversion with genetic algorithms to magnetotelluric FED]. I i E AL K 2%, 2020.
data from geothermal areas[J]. Earth Planets and [41] Chatterjee A, Siarry P. Nonlinear inertia weight
Space, 2002, 54(5) ; 607-616. variation for dynamic adaptation in particle swarm
[28] Everett M E, Schuliz A. Two-dimensional nonlinear optimization[ J]. Computers & Operations Research,
magnetotelluric inversion using a genetic algorithm 2006, 33(3): 859-871.
[J]. Journal of Geomagnetism and Geoelectricity, [42] Shimoc, FR WL, Bk 3 %R AE &t e i iy s
1993, 45(9) : 1013-1026. P (P ) R B R B iR [T ] TR sk gy 3 2
[29] B, fmpEMR, BEF,F LT A& NED flz, 2009, 6(4): 385-389.
CNN-LSTM & GRU 4 4 R HL T R U 5 3k ()] [43]  BREdr. K Hh A 7 00 3 i b+ BF Sl g7 ik (D]
HE L g, 2022, 55(5) : 47-56, 110. F bR AR SRR T K2, 2019.
[30] T LT IRE 22 0 Rg I B R/ R Bk [44] fE#HZQ, W8, %M, 5%, TR 7RIk

R BS A AL Uy 1D B EE s 1l R R 2,
2022.

Z B AR b A B AR 7 0 S [T ] Bk B o
HEJE, 2013, 28(4) : 2164-2170.



% 4 IR AT E R %Ak BIR AR BR T 0 B R AF R R ik .45

[45]  BRAE. A BH 2 0k b 57 8 % ) i 7 Wk whse [ D). 227-233.

CBH Pk PH Tl K2, 2016. [53] Singh U K, Tiwari R K, Singh S B.Neural network

[46] k¥ . % Ha B % 3 4 S i i JF 26 1k O 2 F modeling and prediction of resistivity structures using
EID]. RJE . KJFER TR, 2011, VES Schlumberger data over a geothermal area[ J].

[47] #, FURE. 2T GA-BP i W 458 b & &% Computers & Geosciences, 2013, 52: 246-257.
FEREAR M S (] M R S B R, 2017, [54] XBEHGE B, 5590, 5. M= i i K E AT
45(2): 147-151. fi iy PSO-BP i 2 [ 45 J5 1k M i A [T 4 5% B

(48] wmills, TAT, AN, % 5T IGA Bikmn 5%, 2012, 35(4): 571-577.

BH. 23 Bt 28 0 2% S W AR B 9T [T b 3sk o 3427 3 [55] #mnfh, vLuhal. 3 FIRMid % PSO-BP H ik
2016, 59(11) ; 4372-4382. MR ZE M G E LM R ELT]. T EA 4R

[49]  F8y, QIR 5. BT e e M 4k, 2013, 23(10) : 2897-2904.

K g i [T]. bR =4, 2018, 61(4) [56] &X¥. BT NSCA-BP fit £ % 2% B 1 Y /& %% & /i
1563-1575. BARLE R D], & I ARBHE R, 2017.

[50]  BR)™. i 22 00 205 1) I A% Wb PR LA O vk [57] Biledb. 3L 2% 20 i K Hh b 1678 B oL T 01 0k
FID]. HK:HKKE, 2014 W5 D] BUHR : V4 R 30 K%, 2021,

[51] Colomi A, Dorigo M, Maniezzo V. Distributed opti- [58] #B%),IRHE = 5T 3846 5k M g ok 5 0 W B %
mization by ant colonies[ C]//Proceedings of ECAL R — 4 B BF ST [ T]. s ER Y B2 k&, 2012,
91-European Conference On Artificial Life. Paris; 27(2) : 788-795.

Elsevier Publishing, 1991, 134-142. [59] X La%. JEF LA 2 09 o0 A 28 4 i T2 3 {5 1k

[52] 3kimz, XS 4E. ABP VA& 76w % B H BH A 1 O3B S R AR Jr LD ] dbat . v [ BT R 2
WAL R[], HbER A B 2= R, 2011, 54(1): B¢, 2020.

Review of the Application of Artificial Neural Networks
in Inversion of Electrical Exploration Data

WANG Yingjie', GU Guanwen'>, LIN Xinglong', WANG Shunji', CAO Lai'
(1. School of Earth Sciences, Institute of Disaster Prevention, Sanhe 065201, China;
2. Hebei Key Laboratory of Earthquake Dynamics, Sanhe 065201, China)

Abstract: Firstly, the basic principles of neural network algorithms are briefly introduced. Secondly, by systematically
surveying the commonly used neural network methods for inversion in electric exploration, the application effects of the artificial
neural network algorithm in interpreting electric exploration data are reviewed, and the strengths and weaknesses of main neural
network methods are compared. Lastly, the advantages of nonlinear combination inversion methods are discussed and the
anticipated development trends in nonlinear inversion of electric exploration data are displayed, which could serve as a
reference for selecting different algorithms for inversion in electrical exploration. The results show that the Back Propagation
(BP) neural network demonstrates high self-learning and self-adaptive abilities, the genetic algorithm can be easily combined
with other algorithms, while the convolutional neural network enables weight sharing. Additionally, the particle swarm algorithm
exhibits fast convergence speed. In sum, each method possesses its unique characteristics. The combinatorial inversion of
different neural network techniques can leverage their respective advantages, enhance inversion effectiveness, and improve
computational efficiency.

Key words: artificial neural network; electrical exploration; nonlinear; combinatorial inversion
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