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Fig. 1. Magnetic monopole model.
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Fig. 2. Ferromagnetic ship runs over a line array of magnetic

Sensors.
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Fig. 3. Ferromagnetic ship stands over a virtual array of

magnetic sensors.
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Fig. 4. Magnetic monopole array in the geometry of ship.
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method.
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Fig. 11. Top view of the distribution of magnetic field measurement points on ship.
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Fig. 12. Side view of distribution of magnetic field measurement points on ship.
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Fig. 13. Rear view of the distribution of magnetic field

measurement points on ship.
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HLEAE D e

4.4 HIRESMSHHIEX

F TR, E SO RS fi:

1) MX iR 2 (relative error, RE)
[breg — bell,

[1B1]]

Hrr by, Fos IENALARAS BRI RS BINME, b, R
WEPREHAE, RE SC5T 1 3R IE IR R R B
X AR R AN AT RN, PR AE SE BRI TG
BARE] b, BN T Srib 7 A5 R 5 Bk ) 18 i
FRIE, FethiE ST I

2) AHXIFE 2 (relative residual error, RRE)

| AQug — bl

RRE= ",
P Qu, 467 I M. 35 b e LA
SORCHR I A RLRE . SRR, C AR
SR B SR 2 B

4.5 HEFELKEER

MR iR B, 15 2 EAT SR SCRY R SR
PRI, 7R 5 AT TR V- T A LA 7 0
By, R R ITIE KITIR . = 4Ef AR Sk
TR AT AR 2 PO, MR A A5 2 B
T BN 5 PR 3] 58 2 A 5 I R - T 22 [ EL AR

RE = : (18)

(19)

HEATHRARRE S 0, AL R L 10 NRrp AT L
E il

1) K I TG B BN AE 5 TR B BBkl
HHIR A B2 (FEXTER2E 1.54%—4.65%); FEML
Jifs LT 5 A TR0 £ 3 ) S22 7 TODRG BE AR (AH
iR 6.62%—28.23%), Jo ik H L 3 ) 1T 37 i
(FHXTR 22 13.28%29.79%); JCIEAEMLAE B F
B A AE S0 (FEX 522 78.21%—190.80%);

2) K7 AR AR T BB A 5 AN TREE L3550 D
AR IULA B (FHXTER 25 0.08%—0.50%); FEML
M T 7 0 R0 3 3 [ S 37 TR BE e (REDR
25 0.03%—0.24%), Y ) 3 3 15000 A B i
Al (HXFR2E 1.23%—11.07%); MELAFEMUSE LRy
VR A TR, P 30 g e X028 7 T ORS B 1 ]
(AHXF R 22 2.41%—8.50%), [a] % ] [R] 45 A 25 731 )
WREETK (FIXFIRZ 5.65% 16.42%), ikt
M MR AR K (FXFIR 2 15.43%29.81%);

3) —YERSIARRE S T RSN AE 5 AIRE B
BNEXTFE 22 (0.05%—0.49%), i I 5040 i 421
BT BEAEAUAR LT 7 B IRl —0 i 3 3 iz
R RE T (FEXF R 2% 0.01%—0.05%), H1iL3 [ it
Gy ARG B2 A (AHXF R 22 0.65%—5.55%); Al 7E
PO T D PR AR EC TN, A A 1) X A
B (FHRHRZE 0.50%—5.49%), [t %] [7) 452 15 25
TR B A (AR 2 3.12%—7.05%), HiE

# 1 IR AR
Table 1.  Results of the validation test.

WEE  EER ENEH o FiA 2% /% HRTEE /%

+1B +2B +5B 2B 5B

KIrE 0.1323 4.65 4.56 8.25 28.23 9500  101.76
+1B Kok 0.0069 0.08 0.08 0.03 0.24 8.50 3.65
= 0.0030 0.05 0.04 0.01 0.03 5.49 0.50

KIiE 0.0177 2.15 13.28 2.14 10.03  91.06 85.98

+2B Kok 0.0026 0.09 1.23 0.02 0.09  16.30 3.64
= 0.0020 0.09 0.65 0.01 0.03 7.05 1.64

KIiE 0.0190 3.64 34.51 19.15 3.62  80.15 78.21

+5B Kok 0.0028 0.50 11.07 2.28 0.07  25.99 11.68
= YRR 0.0021 0.49 5.55 0.94 0.04  17.13 3.12

KIiE 0.0020 1.54 190.80 114.68  92.25  1.54 6.62

2B Kok 0.0024 0.08 15.43 5.65 2.41 0.03 0.05
= 0.0026 0.11 10.20 3.63 1.25 0.08 0.05

KIiE 0.0216 4.39 90.31 86.81 86.29  29.79 4.39
-5B Kok 0.0034 0.46 29.81 20.97 1642  7.01 0.11
= YRR 0.0021 0.44 15.36 8.99 5.18 3.51 0.06
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X NS LT (X2 8.99%17.13%).

5 3t #

T3 T W BT P 5 JOT e ek ) A6 Ak U5 5 A
P LSRG VRAR AN — 2, B T A e st 0L A 0 e
i, TETCTR AT RRG B R 0, X O
(RN G 3 B R SE A TCTR A, DRSS 5 T
PR 1) veoh B S s TN

T3 A B~ [ 57 T ) Sl ) 45 2K U5 i 6%
B8 = Ko o7 e o R (6 WS N AT P €
A s . B TR A i S5 8O A L5
WEIRAEAE—E DB 22, L 2005 SRR IR AN ]
R T R A A Y o0 A A T i 25 B
K. L, SFEEEMUT LR 5 A ] — 00 i 3 1) i
YT s} B AR RESEIRAR = T TSR B2, (ER X T il
AC 37 11 3T 37 OO DA K A F T J7 A 22 T A .
DTl E AR KR 22

AR R B I 3 ST R S T A SR R A
HESR AR ER R AR A, 5 A L SR T ) — B EAR
[, AP AT A B AR R . R, 4R A
W B B R AR AR BIE X, AMEREAR I
GO, 5 S g TN A Rt B AR e A
JE. IR RS SE AR RE S 1) L J7 W 22 [a] A
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DA = 2 s (A0 A B 41 A 80 LAY - 5 1)
2B V- AL N 0 S 1, 7528 -kt
W ER A U5 AR X 3% 228 0.11%, 75418, +2B,
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Fig. 14. Comparison of predicted and real values of ship's
magnetic field on typical measuring point line in +1B
depth.
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Fig. 15. Comparison of predicted and real values of ship's

magnetic field on typical measuring point line in +2B
depth.
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Fig. 16. Comparison of predicted and real values of ship's
magnetic field on typical measuring point line in +5B
depth.
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Abstract

Aiming at the problems of low accuracy and low adaptability of the existing ship magnetic field inversion
modeling methods with equivalent sources, a new method of inversion modeling of magnetic monopole array of
ship magnetic fields is proposed. Three-dimensional ship magnetic monopole array is arranged according to the
ship ferromagnetic structure, and the inversion prediction model of ship magnetic fields is established by
regularization technology. Three typical forms of magnetic monopole arrays are established: rectangular
magnetic monopole array on the horizontal surface of the draft line, cuboid magnetic monopole array enclosing
the ship hull, three-dimensional ship magnetic monopole array distributed according to the ship’s ferromagnetic
structure. The theoretical analysis shows that the three-dimensional ship magnetic monopole array reduces the
blindness of the equivalent magnetic source setting, and the obtained equivalent magnetic source is highly
consistent with the real magnetic source, which can reproduce the complete magnetic field information of the
ship to a greater extent. The magnetic field of a typical virtual ship is applied to the validation test. The results
show that the proposed three-dimensional ship magnetic monopole array has higher precision and adaptability
than the rectangular or cuboid magnetic monopole array. In particular, the proposed three-dimensional ship
magnetic monopole array can realize the mutual conversion between the near and far magnetic fields, and
between the magnetic fields above and below the ship. The proposed three-dimensional ship magnetic monopole
array model has the unique advantages of small complexity, simple modeling and flexible layout, and it provides
an alternative method for the high-precision data processing and explanation to the inversion modeling of ship

magnetic fields, ship magnetic field positioning, et al.
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