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Fig. 1. The sensors locations and the measurement lines below a scale
model.
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Fig. 2. Magnetic dipoles are located at bottoms of the scale model.
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Fig. 3. The magnetic field signature measured for the south heading at
one meter under the keel line of the scale model.
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Fig. 4. Induced field components predicted below one meter from the
keel line by the earth field environment.
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Fig. 5. Permanent field components predicted below one meter from
the keel line by the earth field environment.
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Fig. 6. The average difference value as the number of dipoles for the
induced magnetic field.
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Fig. 7. The average difference value as the number of dipoles for the
permanent magnetic field.
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Fig. 8. The comparison between predicted induced field components
and the measured induced field components below one meter under
the keel line.
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Fig. 9. The comparison between predicted permanent field com-
ponents and the measured permanent field components below one
meter under the keel line.
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Table L. Induced magnetic dipole values.
Dipole  Dipole position [m] Dipole strength [Axm?]
number  x Y Z M, M, M,
1 1.2 0 0 0353 -5.4x107* 0.132
2 0.8 0 0 0597 -19x107° 0.084
3 04 0 0 156 23x10°  —0.055
4 0 0 0 1.12 0.026 0.847
5 —04 0 0 1.09 —0.014 —0.486
6 -08 0 0 223 98x10™  0.603
7 -1.2 0 0 0.098 ~1.5x107 0.746
Table II. Permanent magnetic dipole values.
Dipole  Dipole position [m] Dipole strength [Axm?]
number X Y z M, M, M,
1 1.2 0 0 0333 -0.814 3.44
2 0.8 0 0 -0.763 0.676 1.71
3 0.4 0 0 -0247 -0328 -2.82
4 0 0 0 —331 0.704 4.56
5 -04 0 0 -5.06  -0.077 -2.69
6 —0.8 0 0 1.28 0.082 0.146
7 -12 0 0 -1.08 0.074 0.667
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Fig. 10. The comparison between the predicted field and the
measured field at 4m under the keel line.
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Fig. 11. The predicted three-dimensional magnetic field distribution
for the vertical direction at 5m depth.

Ifl

™, oF 1.5dBY] B xJo|E Kt} wehy Bl

7t telE ndy A7E olgshd Yo ¢33

M) A AEE HA dEF F ALS T F 3

ATk Fig. 112 5m AxA &8 7Y 3o 57 &
714 BEZ Rt

e

Lo

[€)

) 54

L

vdg B

B =RoaMe A71AA slEE e SA4E 2l g9
AN Azzko g HE] Bolx| E3)(singular value decom-
position) YPHS o831 57} tlolE Rdy 7S AXIEA
o} TholE md#gs &) oFE A e 2l 34
o) 1mé} 4m Aol AXE AVMNER FH SAH



- 264~

A7 g vaEHew, 1m ARdME 5 2 g7
271 238 Z2bol tis] oF 1.0 dB} 2.8 dB, 4 m A=A
< °F 1.5dBY Hi xolE YePd oA AKE 7Ho] €}
Tk 3R] 5 AN B E=EolA Akt e 3
Y 0 2 Al wslel] gt AA oM F AP
A% 3 54 GF8 7 ole} A7) €] A Age g
F B4 2] s AldE AR &8

ox,
oy
U
r\(
B
>,
>,
N
off
Ol

(11 L. Demilier and D. Saliou, Ship specific section, Marelec
Marine & Elctromagnetics Conference (2004).
[2] X. Brunotte and G. Meunier, IEEE Trans. On Magn., 26, 2196

3227|858 A] Volume 17, Number 6, December 2007

(1990).

[3] X. Brunotte, G. Meuniet, and H.-P. Bongiraud, IEEE Trans. On
Magn., 29, 1970 (1993).

[4] A. Vishnevsky, I. Krasnov, and A. Lapovok, IEEE Trans. On
Magn., 29, 2152 (1993).

[5] OlivierChadebec, J.-L. Coulomb, V. Leconte, Jean Paul Bon-
giraud, and G. Cauffet, IEEE Trans. On Magn., 36, 667 (2000).

[6] G J. Webb, Warship '94 International Conference, 5 (1994).

[71 C. 8. Buck and G. A. Steel, Proceedings International Confer-
ence on Marine Electromagnetics, P9, (1997).

[8] P. Neittaanmaki, M. Rudnicki, and A. Savini, Inverse Prob-
lems and Optimal Design in Electricity and Magnetism, Clar-
endon Press, Oxford (1996) pp. 161~171.

[9] ©1737, FH, AEF, AEF, 71813814, 56(8), 1412
(2007).

A Study on Dipole Modeling Method for Ship’s Magnetic Anomaly
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This paper describes the mathematical modeling method for the static magnetic field signature generated by a magnetic scale model.
we proposed the equivalent dipole modeling method utilizing a singular value decomposition technique from magnetic field signatures
by magnetic sensors are located special depths below the scale model. The proposed dipole modeling method was successfully
verified through comparisons with the real measured values in our non-magnetic laboratory. Using the proposed method, it is possible
to predict and analyze static magnetic field distributions at any difference depths generated from the real ships as well as a scale model

ship.
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