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Multi-magnetic source parameter inversion method based
on magnetic sensor array
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(1. Department of Vehicle and Electrical Engineering, Shijiazhuang Campus, Army Engineering University, Shijiazhuang
050003, China; 2.Unit 32142 of PLA, Baoding 071000, China)

Abstract: Aiming at the problems that great noise effect exists and the inversion ability for multiple magnetic source parameters is poor in
traditional magnetic source parameter inversion method, a multi-magnetic source parameter inversion method based on magnetic sensor
array is proposed. Firstly, the magnetic tensor data measured using the magnetic sensor array are converted into the normalized magnetic
source strength (NSS), and the upward continuation of NSS is conducted to reduce the effect of the high frequency noise in the
normalized magnetic source strength data. Then, the horizontal position of the magnetic source is estimated using an improved tilt angle
based on the normalized magnetic source strength, wherein the maximum value of the positive extremum values in the calculation region
is the horizontal position of the magnetic source. Finally, according to the Euler homogeneity equation of normalized magnetic source
strength , an improved magnetic source depth estimation method is proposed to realize the single point estimation of magnetic source depth
and magnetic moment. The simulation and experiment results show that the proposed method is not affected by the geomagnetic
background magnetic field compared with the Nara inversion method. The horizontal location error of multi-target magnetic sources is not
greater than 0. 08 m, the depth relative error is not greater than 24. 76% , and this method also has a strong anti-noise ability.

Keywords : magnetic sensor array; normalized magnetic source strength; upward continuation; horizontal location; depth
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Fig.1 The plane cross magnetic sensor array structure
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Fig.2  The inversion results under different noise conditions
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Table 1 The theoretical parameters of the models

TR x/m ¥/m z/m Py/A-m? I/rad D/rad

1 0.4 0.4 0.15 8 0.33 -0.11
2 0.4 3.9 0.18 12 0.28 -0.11
3 3.9 0.4 0.20 8 0.33 -0.11
4 3.9 3.9 0.20 12 0.33 -0.11
5 2.2 1.1 0.13 8 0.17 0.17
6 2.2 3.3 0.15 8 0. 50 0

7 1.1 2.2 0.16 8 0.22 0.11
8 3.3 2.2 0.18 12 0.33 -0.11
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Table 2 The estimation parameters of the models

without noise

B ik a/m y/m m Y

(Am?)
Vi 'Y 0.4 0.4 0.133 5 6.901 2

: Nara 0.234 5 0.375 3 0.240 4 -
A 0.4 3.9 0.153 2 8.411 8

2 Nara -0.122 3 3.8229 0.485 1 -
V. '8 3.9 0.4 0.1829 6.439 7

’ Nara 3.633 6 0.364 8 0.287 4 -
AR 3.9 3.9 0.1817 9.570 3

! Nara 3.5520 3.848 3 0.390 2 -
AL 2.2 1.1 0.1465 13.4349

: Nara 1.929 8 1.002 0 0.2200 -
V. 'Y 2.2 3.3 0.130 4 6.533 3

¥ Nara 1.971 5 3.265 8 0.304 6 -
A 1.1 2.2 0.138 4 6.144 0

7 Nara 0.970 4 2.149 4 0.140 6 -
V. '8 3.3 2.2 0.154 4 8.508 6

’ Nara 3.198 8 2.163 3 0.264 9 -
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Table 3 The estimation parameters of the models with noise

s S S ©/m y/m #/m s
(A-m?*)
AR 0.4 0.4 0.1242  5.8136
! Nara 0.2279  0.3771  0.2438 -
AR 0.4 3.9 0.1462  7.5852
2 Nara -0.1106  3.8229  0.4909 -
ES'S 3.9 0.4 0.1794  6.2867
’ Nara 3.6346  0.3587  0.2822 -
A3 3.9 3.9 0.1583  6.7513
! Nara 3.5484  3.8531  0.3947 -
AR 2.2 1.1 0.1472  13.59% 5
> Nara 1.9325  1.0048  0.2159 -
A3 2.2 3.3 0.1357  7.1547
‘ Nara 1.9685  3.2617  0.3033 -
AR 1.1 2.2 0.1358 5.8388
’ Nara 0.9698  2.1514  0.139 1 -
£ 3.3 2.2 0.1513 8.1022
’ Nara 3.2043  2.1639  0.2640 -
1.0

A% R ZE/m

IR
(a) AR 24 Podlbbnit HAE

(a) The calculation data for x coordinate without noise
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Table 4 The true and estimated values of the magnetic

parameters of the magnets

nT/mx10* By

B % o/m w/m om Y
(A-m*)
HH 0.55 0.35 0.145 -
1 A3 0.54 0.38 0.1091 0.009
Nara 0.8270  0.0434  0.4123 -
HIE 0.6 1.7 0.22 -
2 £ 'e 0.56 1.78 0.2154 0.1553
Nara 1.4193  1.5301  -0.069 5 -
HI 1.9 1.7 0. 207 -
3 £ 'e 1.98 1.72 0.2350  1.221
Nara 27837  2.1321  0.4019 -
HI 1.9 0.4 0.207 -
4 P 'e 1.98 0.4 0.176 8  0.0258
Nara 0.4527  1.9074  0.7250 -
FUSCIH 1.25 1.05 0.21 -
5 P 'e 1.22 1.1 0.2489  1.253
Nara 1.4656  1.0175  0.406 3 -
nT/m*10* B, nT/m=10*

nT/mx10*
5

nT/m=10*
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Fig.7 The actually measured magnetic gradient tensor and NSS data
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