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Inversion method of submarine steady electric field using
point-type current source and Tikhonov regularization

ZHANG Jianchun', LIU Chunyang®* , ZHAO Yulong’
(1. The PLA Unit 31455, Shenyang 110000, China;
2. College of Information and Communication, National University of Defense Technology, Wuhan 430010, China)

Abstract: In order to evaluate the distribution characteristics of submarine underwater corrosion related steady electric field, starting from the
mechanism of submarine underwater corrosion related steady electric field, a forward model of submarine underwater corrosion related steady electric
field was established based on the equivalent point-type current source theory. And the current intensity of the equivalent point-type current sources
was solved by Tikhonov regularization according to the measured electric field data. The effectiveness of the proposed method was verified by
commercial finite element software COMSOL. The results show that when inverting the electric field value from depth of 38 m to a water depth of
42.5 m and 33. 5 m, the relative root mean square error, maximum relative error, and peak to peak relative error do not exceed 0. 06. Even if the
calculated depth reaches 45 m, the relative root mean square error is still less than 0.21. When the noise standard deviation is 0. 1 times the
maximum value of the actual electric field, the inversion error is still less than 0. 1. This algorithm has strong noise resistance and high accuracy,
can be used in engineering practice.

Keywords: submarine electric field; inversion; point-type current source; Tikhonov regularization

TR KT JE T A SCARAE L e — Fh )
Hy  ABCAT TS R A T R, AT VR DK
SRR AR A A 1 PR, XV BE K T B ik A 5
B L R AEA TP o T ph KR s
R PR, LSRRI B SR R AR SE PR
AP HAEIRIBORAE B )5 A — B R

YR EE:2022 -04 - 10
E TR : [H 52 A4 B B il H (20QBJLIZ004C)

DX ) R 37 000, 0T A 30 U Lo AT K
DB HL 3 0 A AL . BORA BROCHE (i otk
SBT3 P AR AR S 2 G5 AA TR RE PR 7K T fnly
HHSCHL A, (EE i 22 AT AE SME 2540 LI
FEAIA R AL 2k, HLEEREAT SR I RS 1 00
PIEERERR R T DRI, S b 0 R A

E—1EE KA (1990—) , 55, WALy MO, T L WF5E 4 , E-mail : hbzjetj@ 163. com
+BAEVERE XIHIH (1994—) , 3 IR FH L, YHIT, BT 1, E-mail : 1005253809 @ qq. com
Bl A& ok, XM, B E . A AR A Tikhonov T Ak i B A AR i 37 S 8 D 1 [0 ). IR BHE K224k, 2024,

46(4) . 212 -221.

Citation :ZHANG J C, LIU C Y, ZHAO Y L. Inversion method of submarine steady electric field using point-type current source and
Tikhonov regularization[ J]. Journal of National University of Defense Technology, 2024, 46(4) . 212 -221.



4

TR, A S L R JEURT Tikhonov TE JU Ak VS E R A H 373 B i 7 vk P 213

R A BIR DI A BIR 8 32 118 52 00 i, 37 %) v g /K R
JE& b kR SRR F 37 R AT S, A5 3008 2 S L /K
23 (AN [FIR BE A [m] T A B ) ol A G A i H 3
IR

L X A T8 ok A DG AS 1 v 37 15 47 i i
F A Y By AR R 0 A AR T A R B . 3
FRC8 — 9 T NSRS 8 ok K G A v, 7 1) 4 B 1P
HE e, T R S R 0 i A T A ok
AH IR E H S ST Y i EG Ty R AR AR ok 4R
o ST L TCUN 35 U5 1 AT 5K g B AT S 30 AR
AR ok R DG 1 P 3 TR R 4 L H HUE TR
M EAEE, H HRE Hy 80 - T 1) 5 IR - T B i
SCHRL 10 ] & T U A 5 b B 4 v 37 1 ) LR 1P
A o3 328 A 125 X T A 7K H 3 R AT R, AT
LS B 3 B 2 A e Js B i A KR HL 3 TR
JEAR A AHR I R 2 — Y- 1 A M, TR S B
HOMERLSE I o SCHRL 1T ] LK P F R 2 R R A 1
TAE R A 7K T 8 kAR G e S BADL R, O 3k T
T /N 3RV ) FH 52 0 W, 7 B 40 o A DL R AT
207 20 T IR R T PR B AR T AH
BOR AN SR M ER Z , RO A
SCHR [ 12 ] 35 o5 F A0 T 0 A TS AR i e A
b, 3 ) T 2 56 45 5L 0 S5 R4 H U U A 7
BB AT AR, WD TR R A E
WOy B AR B E, B E SRR
TR E A R S A

AR SO FRE K T B b AR GRS 1E H 3 1 7 A=
BILRE H A, R 85 S 2 T S ol 1 937 8, 3 S5 80K
AT FCH T, IR AR 23 2 A B b R T R
TE 17K DX Fi, 37 2 0k XA At v 8 3% T T ot R
K L EZ B Ltk T R, SRS F
F Tikhonov 1E DU £k &b 35 75 S Ji5 1ol AH OGS HL 35
ST 100 R P AN 365 1, R T AR 43 © R0 HL 7 1 5K
iR A7 2S5 P UL DR P U R R R B 7 L S
BUE T AR J7 A R, IF 20 B T R A
B SRR R AT RO | DN R I R R R X
BN B 52T

| RIS E R
LK Ty R (7).
R RALHL 3 A K15 P
et s 0
E(r) = o [ (I D 0y ()

X o, JigKE T2 r M il s P
R M AL E R

A TR S5 #4522, FLAS TR BB A A4 RN ik )2
ARZASEAHAIA] , VA 25 T ) L A A R AN I AT 1Y
AT RERTED v Rl 53 R n A/ INTER, 247N T )
T AR A5 /N, B/ T U8 1) PR 2 B R O B Hy
WRCTN O RSSO
J'Cy)  TTRRCA Ay, DU /IN T 95 %) 55 250 FRL 3 o B2
ICy) =T Cy) Ay, o BRIEZINERE, K7 5 P
A2 P FE A DG H 37 25 T i A/ INTET R P A B L 3 2
A1, Bp

E(r) =

1 " r—r
E "(y, ——dy, (2
_1]< ;) f% ‘r_ i ( )

4o, & r|’
3755 P G FHE R S R A% T N, W] 220 g
AT RITEAR K /INTRT I 25 28Ry A L It T D
HEE JE& Tt AH DG HL 37 8 I AU R A =R

1 n ) r_rli
E(r) = 471_0_‘21](%')A%' ‘r—r'-P
1 n r_rli
=— Y | ———— 3
4110'w; ! ‘r—r'i‘3 (3)

FEZS R — KA K - g RS i Ab 2 A
iy ZR, DA I Xk 7 H B R 3777 A S PR I 22

XFE(3) HATIBIE,
HIGEAR I AT, 2 R - K - IR =20 i
o, SRR T K R R H g A B VR TC T 2R
BRI IR BN, A 1 TR
Xy Yo —2) [
%5
z=0 =x
(xo> Yo zo) ® I Ik
z=D
(Caliistio ezl @l !l
IR
(xo> Yoo 2D+zo) ® o/
Y

K1 2 - K = R =2 B B A i s S
Fig.1  Schematic diagram of mirror point current

source in air seawater seabed three-layer medium
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Fig.2  Schematic diagram of the L curve
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Tab.4 Variation of inversion error with the number of equivalent point current sources
B A A
LR 7y
13 21 69 109 167 309
E, 0.1251 0.0979 0.0446 0.0403 0.0403 0.0401 0.0382 0.0380
E, 0.1656 0.1548 0.0537 0.0382 0.0398 0.0396 0.0374 0.0377
E, 0.1549 0.0959 0.0191 0.0185 0.0188 0.0189 0.0177  0.0177
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£70.001 9.,0.002 2 #10.001 2, A5 EHEK, I
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4.2 NEFHEXREREENR

VML y = = 13.5 m,z=33.5 m {E il 54,
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—100 ~200 m, SFERAH IR AR 109, 38 o
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Tab.5 Variation of inversion error with the number of measuring points

HY)

I o

e 6 11 16 21 26

51 61 76 101 151 301

E, 0.2243 0.1124 0.0833 0.0557 0.0486 0.0417 0.0436 0.0416 0.0422 0.0420 0.041 1 0.040 8

E. 0.2447 0.1865 0.1180 0.0731 0.0484 0.0457 0.0433 0.0485 0.0446 0.0456 0.0468 0.046 7

¥

E. 0.1738 0.0542 0.0314 0.0288 0.0229 0.0225 0.0210 0.0208 0.0195 0.0229 0.0194 0.0199
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Z 18],
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Sh T K56 3 T Tikhonov 1 W Ak XoF 185 2 F 3%
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0, bR 22 2351l hy ¥, 3% 45 5 1) 43 i e RAEL Y 0. 01
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Tab.6 Variation of inversion error with noise amplitude

M 7 T L
Rt
0.01 0.02 0.10 0.15 0.20
E, 0.043 5 0.044 9 0.061 8 0. 049 59 0.146 7 0.187 2
E, 0.046 4 0.044 4 0.087 9 0.081 8 0.198 7 0.199 2
E, 0.0195 0.022 1 0.036 5 0.085 6 0.121 0 0.170 3
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