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Abstract

Ship’s extremely low-frequency electromagnetic field is an ideal signal for underwater moving
target positioning. In this paper, a positioning method of single moving target in water is proposed.
Observation base stations are arranged on the sea surface, and the position information of un-
derwater moving target is calculated by using the component data of electromagnetic field col-
lected by the observation base station on the sea surface. At the same time, several groups of ex-
periments were designed to study the influence of various parameters on the positioning results.
The results show that this method can precisely locate a single underwater moving target, and is
not affected by the magnitude and frequency of the target electric dipole moment. At the same
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time, the error caused by the long distance between the observation base station and the moving
target can be reduced by selecting the appropriate position of the observation base station, which
verifies the feasibility and accuracy of the method.
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Figure 1. One-dimensional layered model diagram
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Figure 2. Diagram of simulated ocean model
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Figure 3. Track diagram of target location; (a) The x-y plane; (b) The x-z plane
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Figure 4. Error diagrams of target positioning results; (a) Absolute error results; (b) Relative error results
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Figure 5. Comparative diagram of real trajectory and estimated trajectory of target with electric dipole moment
of 1000 A-m; (a) The x-y plane; (b) The x-z plane
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Table 1. Result data of dipole positioning errors with different electric dipole moments
# 1. T EIRERENBRFEMREERKIE

IR AR 2 m SPIIARXT 1R 2%
FL AR AR /A-m
X y z X y z

1000 5.17 3.77 13.81 1.45 0.8 2.22

100 4,01 3.3 9.11 1.19 0.69 2.17

10 5.74 3.7 24.82 1.3 0.62 2.23

1 7.44 1.95 14.95 121 0.64 2.14

0.1 5.27 3.95 141 1.33 0.75 2.47

0.01 5.36 3.95 13.02 1.72 1.13 2.64

N T BB RAEIXAN G 1R, A2 A AR K /N B AR A 7 i S AR T AT A BRI E . R
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Figure 6. Comparative diagram of real trajectory and estimated trajectory of target with frequency of 0.1 Hz;
(a) The x-y plane; (b) The x-z plane
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Table 2. Result data of dipole positioning errors with different frequencies

® 2. FRBERBRFEMIRELEREE

BKLAXT IR ZEIM SERIFHXT IR ZE %
B Hz
X y z X y z
10 1557 4.22 3.2 2.48 0.95 0.65
5 22.74 13 6.96 3.15 0.73 0.98
3 9.01 2.36 7.07 2.87 1.21 0.97
1 4,01 33 9.11 1.19 0.69 2.17
0.1 10.48 3.94 15.72 1.79 0.94 2.9

FEZAR LSRR ZESS RUNE 2 PR MG SO AN F AR S BIRAL, 7 i KA xR 2277
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Table 3. Result data of dipole positioning errors in different observation base station positions
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Figure 7. Variation curve of x coordinate values of dipole estimation with time under different observation base station posi-
tions. (a) The coordinates of the observation base station are (3000 m, 0 m, 0 m); (b) The coordinates of the observation base
station are (5000 m, 0 m, 0 m); (c) The coordinates of the observation base station are (8000 m, 0 m, 0 m)
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Figure 8. Variation curve of dipole estimated coordinate values with time under different observation base station positions; (a) The
coordinates of the observation base station are (10,000 m, 0 m, 0 m); (b) The coordinates of the observation base station are (0 m,
10,000 m, 0 m)
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Figure 9. Variation curve of estimated coordinate values of positioning dipoles of two observation base stations with time
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