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Abstract: It is desirable to avoid the error and noise sensitivity of second-order tensor data leading to
the disadvantages of low positioning accuracy with the Euler inversion method of magnetic object
single-point positioning. For single-point positioning with only first-order tensor data, a method based
on tensor derivative invariant relations is proposed. For the analysis of the magnetic dipole source
tensor invariant and eigenvalue, two tensor derivative invariant relations were derived. The angle
between the magnetic moment and position vector is constant and related to the tensor eigenvalue.
The eigenvector of the absolute-minimum eigenvalue is perpendicular to the magnetic moment and
position vector, and the eigenvectors of the remaining eigenvalues are coplanar with them. Thus, four
possible solutions with respect to the quadrants of a plane above the magnetic source center were
obtained, and the unique solution can be determined by the actual orientation and measured data. The
results show that after error correction of the magnetic gradient tensor system, the positioning

accuracy of a small-scale magnet (diameter of 5 cm, thickness of 0.5 cm) can be controlled within a
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root mean square error of 5 cm. Compared with the Euler inversion method, the proposed method has

a greater detection distance with the same noise and exhibits a more reliable result.

Key words: magnetic gradient tensor system; magnetic dipole; tensor invariant relation; single-point

positioning; error correction
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Fig. 3 Spatial invariance relation and angle invariant relation

of magnetic dipole in cartesian coordinate system
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Fig. 9 Estimation of magnetic dipole position coordinates by

= Ma

YIN method in [9] after Two-step linear calibration
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Tab. 2 Estimation of a-coordinates of two methods

under the same noise condition

. . . ARSI %%
BES /m YINEE/m AXHE/m CYIN 35/ )
(—20,0,0) —3.3359 7.889 3 0/98.6
(=16, 0,00 —10.7365 8.356 8 7.5/95.5
(—12, 0, 0) —306.065 1 8.018 3 0/99. 8
(—8,0,0) —8.5827 8.015 8 0/99.8
(—4,0,0) 9.068 8 8.002 0 74.1/100

0, 0, 0) 7.918 5 8.002 7 98.9/100
(10, 0, 0 8.009 0 8.012 9 99.8/99.8
(20, 0, 0) 8.4210 8.014 8 94.7/99.8
(24, 0, 0) 10,4119 7.9533 69.9/99. 4
(28,0, 0) —35.3679 8.039 0 0/99.5
(32, 0, 0) 21.692 5 7.916 0 0/99.0
(36, 0, 0) 28.958 1 8.029 1 0/99.6
(40, 0, 0) 35.517 6 7.882 5 0/98.5

YIN 3% B0 35 AE T 2 0 25 S M — P TiT AR S
B B 7 0k 5 A3 2o A 5 ) T 51 5 R B R Al
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Fig. 10  Positioning experiment in single heading-line survey

(3 LRI XN AN B &k HoAt 2% (ERDD 3R S
(2)— 2, WA 25 B | BZ XIR IR 520897



45 8 1y

ZERFAT A IR AT A AN OGRS B R U R TE L

1889

RI3 MERMTHEEERERGRENESHSREER

Tab. 3 Pre-estimated compensation parameters and rotation matrix of magnetic gradient tensor system

el 1 femas 2 femay 3 femay 4

0.9968  0.0058  0.0123 1.0098 —0.0069 0.01767 [1.0052  0.0116  0.007 0 1.008 8 —0.0121 0.001 6
F 10,0058  1.0058 —0.0090| |—0.0069  0.9899 0.0084| |0.0116  0.9961 —0.0164| |—0.0121  0.996 7 0.0008
0.0123 —0.0090  1.008 9 0.0176  0.0084 1.01081 L0.0070 —0.0164  1.0113 0.0016  0.0008 1.007 2

L/oT  [48.51 35,17 —24.39]" [9.86 —27.77 12.38]" [—24.39 —498 19.66]" [—28.87 32.48 10.87]"
0.9986 —0.047 1 0.024 47 [0.9988 —0.0313 —0.0370 0.9984 0.0436  0.0367
T — 0.0462  0.9983 0.0366 | |0.0297  0.9986 —0.0447| |—0.0428 0.9988 —0.0227
—0.0261 —0.0355 0.9990d L0.0384  0.0436  0.998 31 L—=0.0376 0.0211  0.9991
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Fig. 12 Coordinate value of estimated magnet position after system calibration
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Tab. 4 Estimated coordinates of magnetic object

i o B REBR A bR L B/ m

21
fift 1 fit 2 fift 3 fift 4
ARG IEHT (1.42, —0.34, 0) (1.43, 0.34, 0) — —
AEMRIER  (1.14, —0.49, —0.61) (1.14, 0.49, —0.61)  (1.14, —0.49, 0.61) (1.14, 0.49, 0.61)
- Probability density function  « Peak
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Fig. 13 Probability density function of 4 sets of coordinates before and after calibration
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Fig. 14 Estimated coordinate value of magnet with the YIN method, proposed method after calibration
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Tab.5 Estimated magnetic object position at some single measurement point in the heading-line survey (m)

LR A HSA YIN A7

0, 0, 0) (1.10, 0.50, —0.65) (1.424, 0.698, —0.506) (1.094, 0.488, —0.630)
(0.20, 0, 0) (1.10, 0.50, —0.65) (1.157, 0.398, —0.706) (1.132, 0.522, —0.684)
(0.40, 0, 0 (1.10, 0.50, —0.65) (1.023, 0.421, —0.778) (1.094, 0.518, —0.671)
(0. 60, 0, 0) (1.10, 0.50, —0.65) (1.051, 0.524, —0.649) (1.128, 0.529, —0.660)
(0.80, 0, 0 (1.10, 0.50, —0.65) (1.051, 0.485, —0.660) (1. 080, 0.505, —0.634)
(1.00, 0, 0 (1.10, 0.50, —0.65) (1.149, 0.525, —0.641) (1.115, 0.520, —0.637)
(1.10, 0, OO (1.10, 0.50, —0.65) (1.060, 0.489, —0.668) (1.128, 0.504, —0.660)
(1. 20, 0, O (1.10, 0.50, —0.65) (1.098, 0.523, —0.649) (1.098, 0.479, —0.659)
(1. 40, 0, O (1.10, 0.50, —0.65) (1.165, 0.413, —0.732) (1.076, 0.505, —0.655)
(1.60, 0, 0 (1.10, 0.50, —0.65) (1.188, 0.568, —0.721) (1.097, 0.513, —0.649)
(1.80, 0, 0 (1.10, 0.50, —0.65) (1.104, 0.597, —0.670) (1.105, 0.487, —0.667)
(2.00, 0, 0 (1.10, 0.50, —0.65) (1.127, 0.674, —0.498) (1.085, 0.470, —0.624)

R 6 FWHMEMAEERFERERIT M LIREMR T RMSE
Tab. 6 RMSE of coordinate estimation with two methods

before and after system calibration

ik x/m y/m z/m
YIN 3 0.098 9 0.089 0 0.078 0
ARSI 0.008 9 0.003 2 0.005 6
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