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Abstract: Transient electromagnetic inversion is a complex nonlinear problem with high-dimensional
non-convexity. The traditional BP neural network can effectively alleviate the over-fitting phenomenon
for transient electromagnetic inversion. However, the BP method has the disadvantage of converges
slowly and easily falls into local optimum. In order to solve these problems, an approach based on
wavelet packet denoising (WPD) and genetic algorithm (GA) to optimize BP neural network (WPD-GA-
BP) was proposed and applied to transient electromagnetic inversion. A wavelet packet denoising method
based on hard threshold and Db13 was used to reduce noise signal from observed magnetic field data.
And a sample collection strategy was proposed to remove redundant features. Additionally, the global
GA algorithm was introduced to optimize the BP initial weight, which improved the learning ability and
solution accuracy for BP. Finally, based on the 1 — D transient electromagnetic forward theory with
center loop source, a layered geoelectric model was established, and then inversion was performed after
WPD processing, in which the inversion results by GA-BP algorithm were compared with that of the
traditional Occam, BP, particle swarm optimization-BP (PSO-BP) and differential evolution-BP (DE-
BP). The results of theoretical model and measured examples show that the proposed method is superior

to others algorithm in the accuracy, stability and higher forward data fitting ability, which can be

effectively applied to the inversion interpretation for electromagnetic exploration.

Key words: transient electromagnetic method; wavelet packet denoising; BP neural network;

genetic algorithm; inversion
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Table 1 Maximum and minimum of each layer parameters for three-layered and five-layered geoelectric models
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Fig.1 Distribution probability of training samples for three-layered geoelectric model
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AE4h A, L BP(JG WPD i Ab B fil BP J i 45 5 opr
Al LAAS 3 2 WPD FilAb #1574 5 3 7k B A Y
S R RN B Y R RS B, OANER 2 TRk T DL E
#, 3 F BP IR A 5 % (GA-BP, PSO-BP #il DE-
BP)YE TEM J i Z AL T 90— BP H ik, A&
BRI A N GA-BP( =288 APE ly 3.57%,
TZBA APE & 7.33%) . GA-BP Bk TEM
S A B S v A AT AN R A T R A R . — T
GA-BP #1426 A7 48 19 2% 2] 6 J) A H 38 B fig
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J15 55— Bl AR &R GA Sk BP #f
2 W 4 Y 2t B R LR L S 8 CRCEE AR D . 7
BP fIR& % J Bk ,GA [ PSO #1 DE A B iy
T, EDA LS Z MBS AR TEM 5l 419
4 JRy i s U B N AR fd . W AR ZE A BUHE 4L 1 IE
WPD-GA-BP & —Fh A2 TEM J i 77 ik .

R2 MEMERELER APE

Table 2 APE of neural network inversion results

%
=R B AR
FRIECR7S

4 IRERS Pl TS i 4

BP(JE WPD) 4.62 4.82 11.30 11.90
BP 4.31 4.31 9.56 10.19
GA-BP 3.10 3.57 7.55 7.33
PSO-BP 3.92 4.04 7.68 7.52
DE-BP 4.01 4.12 7.90 7.87

4.2 BRHE&ERRELH
R T k0 IR A 48 I 4 s T 2R AR b H A

AL RE AR SCR DL BN SR 47 i BP #f 22 R 2% 53
2 GA-BP #2825 55155 43 I 0F =2 H AL KT
2 KHK A1 1 AT AY3EFT 20 YOk 57 S i 1550 Chf
25 W 28 REAS B4 24 1 WPD J7 3 HiAb 2D L B 20 7R
S50 T EEAE Dy b BT 0 S8Rk THE L OF S5 1%
45 Occam J i B2 - 4T HL 8,
4.21 ZFE H M d R

T BRI TV B A RO RS E T, T
AU H R 20K Ml p S R AT v, SR R A 2 B
BHHN:0=100 Q * m,p,=20 Q * m.p; =100 Q *
m,h, =100 m.h, =200 m, — )z H HL A 7 i 45
HANZ 3 iR s BP F1 GA-BP # 28 W 2% 1 I 25 324 )5
o 2 728 Akt 24 R T T e 7t 2 &L 5 i, o, 1
TRz E A X FE R (9) 5 Occam . BP #l GA-BP &
1 22K b R AR Y i 45 SR AN 6

& 3. 5 LLAKIE 6 AT LLE . BP fil GA-BP
L B SO A R S U A — 3, Occam 5
AT A e )2 R Hl v RS R 25 Ky (1E] 6) s GA-BP
SVL RO BE DL N SR RE D L T BPR L, Hoh

R3 ZEHEMBEAERESRIL
Table 3 Comparison of inversion results of three-layered H-type geoelectric model
o1 02 03 h ho
J3
HL B =/ HLBHL %/ HLBH =/
APE/ % PE/% APE/Y%  JRRJE/m  APE/Y% B /m  APE/% APE/%
(Q+m) Q-+ m) *m)
HIEE 100 20 100 100 200
BP 102.491 2.491 16.017 19.914 101.806 1.806 102.576 2.576 164.780 17.609 44.398
GA-BP  99.755 0.244 21.504 7.520 99.740 0.259 99.746 0.253 214.566 7.283 15.560
‘ 102
---BP
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W £
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Inversion results of neural network for three-layered H-type geoelectric model



B T /NS GA UL BP 1 22 0 45 1 157 A2 B o e 8

1011

0 o
........... o
00—
1
1
200 | :
£ O SR R
£ 300 T
1S T
400 | "":...g
i AL
""""" Occam
500 C_pp
————— GA-BP
600 .
10! 107 10°
B FH R/(Q * m)
e =ZEMBREMHNEERELERIL
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layered geoelectric model

GA-BP 53 S i H A bR $icie /N 48 MSE /] DL ik
F) 1.83X 10" (&l 5a) » HH:1E i i 1 fh £& 55 238
LG EWE R AL 10" s J7 w7 il £ 04 1 0 %
A 3 9 o 8 02 5 40 s TS B 34 %8 2% (181 5b) s GA-BP
SRLE S Ml LB R S e K APE AR 7.520%
& APE {20 15.560 % 1 BP 8.k 3 (1) e Kk APE
ik 3 T 19.914%, & APE 5 %] T 44.398% (£
3. Fuor R GA-BP 5k i B & B RS
T VR4 P AR Gk A AR E M, 43 B 4T BP Al
GA-BP 8% 20 K, IF KM oo B by B SLEEE . BP
Bk o BRI M 98,293, 104.361] Q » muh,
B YE B [99.154, 103.480] m; GA-BP Bk ) i 15
F o) YL EI[99.598, 100.823] Q « m,h, AL

H#[99.517, 100.693] m., £ I, X P B0k J i 45
SEAE S 1A B 30 3 Bl A/ Fe e PR . H GA-BP
BE RS R MR T BP k. Bk, GA-BP
VAT =2 HOAY b e AR EL A B ) A T R
3 UEWY TR B 35 AR TEM 34 4 21 A 3L
P
4.2.2 & Z KHK & b 48

TE LAY (1 KHK A J20R b e A58 47 A8 W
WEACHE St . PR A S8 N 0 =100 Q -
m.p; =300 Q * m.p; =50 Q * m,p, =200 Q * m,
05;=30 Q * m,h,; =100 m.h,=200 m.h; =300 m,
h, =500 m, LR WME 4 frn.BP 5 GA-BP
P 0 2 1 1l 2k MISE 72 Ak it 2 R0 i 38 man v ity £& 4
7 78 3 Occam . BP 1 GA-BP &3 19 )2 Ik 4 H1 455
RIS S5 R AN E 8 Biw

M 4 B 7 LK 8 iILLE H . BP il GA-BP
A PR SO A R S H A — 3, Occam
AT AR 2 W J2 AR b, r A R 5 g (L ASE TR R R X 5
(o1 s o) FETER EEIL S (B 8) s GA-BP 551 [ Vi &
DL K AR RE AR EAL T BP Bk () 7) s BP 83 I v
B f K APE {H 3k 2] T 50.080%, & APE A %] T
174.750 % , 1M GA-BP 553 )2 8 (1) i K APE fH{L A
26.112%, & APE LA 67.580% (£ 4), 7t 4> & W
GA-BP 53 HAA T8 i 19 BOORS BE . H 2 (KHKO 7Y
M BIEN GA-BP LB 6 APE KT =2 H i
AR B R R0 15.560% ., & 7 A, 2
(KHK) %4 #ly fi, #55 #  GA-BP 8 ik i 84 o ¥ 5%
P, 3k ACHE B B, 050 H bR pR $ MSE ik F|

x4 HE KHK BRI K EXT

Table 4 Inversion comparison of five-layered KHK-type geoelectric model
o1 o2 03 P4 05
H B R/ HL B R/ FLRE %/ HL BH R/ FLBH %/
APE/ % APE/% APE/ % APE/% APE/ %
Q-+ m Q-m Q-+ m) Q-+ m (Q+m)
BLIRN ] 100 300 50 200 30
BP 99.940 0.059 291.650 2.782 46.309 7.381 99.919 50.040 21.497 28.340
GA-BP 99.918 0.081 292.730 2.422 63.056 26.112 215.451 7.725 34.148 13.827
h B hy hy i
JZJEJE /m APE/% J2JEEE /m APE/% JZJEJE /m APE/% JZJEJE /m APE/%  APE/%
I (E 100 200 300 500
BP 100.380 0.380 99.835 50.080 290.700 3.069 336.870 32.620 174.750
GA-BP 99.964 0.035 215.530 7.767 292.900 2.340 463.640 7.270 67.580
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