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Abstract The use of three-axis magnetic sensor array to locate underwater ferromagnetic target is a typical
nonlinear least squares optimization issue. Traditional Gaussian-Newton (GN) method and Levenberg-Marquardt
(LM) algorithm have an initial sensitivity problem when solving this issue. In this paper, the LM algorithm is
improved by introducing the trust domain search technology, and magnetic target localization is realized based on the
improved LM algorithm. And then, the distance between the iteration point and the optimal solution is evaluated by
setting the threshold value. An improved LM-GN algorithm combining the characteristics of the improved LM
algorithm and Gaussian-Newton method is proposed. It not only reduces the dependence of the algorithm on the
initial value, but also improves the operation efficiency. The simulation results show that the proposed method can
overcome the problem of the existing methods which are greatly affected by the initial value, and the estimation of
the target characteristic parameters is more accurate and the convergence rate is fast, so it has certain practical

application value.
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Table 1 Influence of initial value selection on results of 4
algorithms without noise
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Influence of initial value selection on results of 4

algorithms under condition of zero-mean Gaussian white
noise with a standard deviation of 0.01nT
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Table 3  Influence of initial value selection on results of 4

algorithms under condition of zero-mean Gaussian white
noise with a standard deviation of 0.1 nT
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Table 5 Number of iteration steps of different algorithms
that reach the same termination condition under condition
of zero-mean Gaussian white noise with a standard
deviation of 0.1 nT
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Table 6 Positioning error and magnetic moment error
under condition of zero-mean Gaussian white noise with a
standard deviation of 0.01 nT

Bk A E,/m E, /(Asm?)
o —4 i 0.017 0 42683
LM ik 0.0159 3.9829
Wik LM Bk 0.0199 4.951 8
Mt LM-GN #3% 0.016 9 4.225 8
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Table 7 Positioning error and magnetic moment error
under condition of zero-mean Gaussian white noise with a
standard deviation of 0.1 nT

G R7 3l E,/m E , /(Asm?)
[ R UTR7S 0.183 5 46.000 8
LM 8 0.177 6 44.613 6
et LM Bk 0.1715 432187
it LM-GN 83k 0.163 6 40.872 1
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Table 8 Running time of 4 algorithms under different
noise standard deviation conditions

RG] Mg 75 BR i 22/ nT it i) /s

0 0.005 2

1o U — 4 vk 0.01 0.005 4
0.1 0.005 3

0 0.007 2

LM Hk 0.01 0.008 8
0.1 0.008 4

0 0.1415

et LM Hk 0.01 0.1543
0.1 0.1512

0 0.006 8

Mk LM-GN # % 0.01 0.007 9
0.1 0.007 9
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Fig. 5 Positioning accuracy rate of a magnetic target moving to each point
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Table 9 Comparison between improved LM-GN and
PSO-LM algorithms

=R/ E,/m E ,, /(Asm*) 5 [ /s
PSO-LM!*) 0.1723 41.4678 0.2114
PSO-GN!! 0.171 6 41.2756 0.0149
Mk LM-GN 0.171 6 41.280 0 0.009 0
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