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Two-step linear calibration of planar cross magnetic gradient tensor system

Li Qingzhu' ,Li Zhining' ,Zhang Yingtang' , Fan Hongbo',Yin Gang’
(1. Department of Vehicle and Electrical Engineering, The Army Engineering University of PLA ,Shijiazhuang 050003, China;
2. High Speed Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: The measurement accuracy of magnetic gradient tensor system is limited by the system errors such as zero drift, sensitivity
difference and the three axis non-orthogonality of the magnetic sensor, as well as the misalignment errors among the axis systems of
different sensors. In this paper, an error parameter linear model of the planar cross magnetic gradient tensor system is constructed, and
a two-step linear calibration method is proposed. Firstly, the linear equation set of single magnetic sensor system error is constructed by
using two nonlinear variable conversions, and the error parameters are estimated by least squares method. The actual output of the sensor
is calibrated to its ideal orthogonal output. Secondly, the linear equation set of the misalignment errors among the ideal orthogonal axes of
the sensors is constructed by using the rotation matrices and the least square solution is obtained. The outputs of sensors are calibrated to
the orthogonal coordinate system in reference platform frame. Both processes have no any mathematical simplification. Simulations and
experiments show that the proposed two-step linear calibration method of the tensor system is more accurate compared with the
conventional linear calibration method neglecting the second or higher order small quantities. The simulated estimation accuracy of the
error parameters is better than 93% , the root mean square error of the actually tested total field intensity is less than 13 nT and the root
mean square error of the tensor components is less than 90 nT/m in the experiments after calibration.

Keywords : magnetic gradient tensor;planar cross tensor system;linear calibration ;least-squares estimation
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coordinate systems of the sensors
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Fig.5 Comparison of the total field intensity output in whole space posture before and after calibration in the simulation
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Fig. 6 Comparison of the tensor components in whole space posture before and after calibration in the simulation
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magnetic gradient tensor system
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Fig.8 Comparison of sensor total field intensity outputs before and after calibration in the experiment
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Table 4 Comparison of total field intensity E g,

before and after calibration in the experiment

(nT)
Ik i 1 feldias2  fREER3 feleRd
K IERT 546.270 8 475.8957 632.348 9 1040.543 2

10.1029  12.7753  12.8242 9.5530
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Table 5 Comparison of tensor components E g

of the various system postures before and after

calibration in the experiment

@ RIEM (b) 15 LEREIE (nT - m~")
(a) Before calibration  (b) The first step of the linear calibration
%104 Jiik B B, B, B, B,
3 I S TN
N - KIERT  4356.20 948.70 2 165.56 1854.83 1475.70
£ ¢
SRR ‘,,.t‘ %1 BRE 2573.88 634.37  1711.66 2467.94 1 150.51
. p
2 B el .
p, 03~5"0 %, S2-T0 123 PIACIE 1 43.244 6 36.063 8 58.4254 83.2347 36.4539
wap - BJ“T B/nT x10*

(d) PG AR IE A AR WiAAEIE2  44.0043 35.7497 58.258 0 82.7858 36.2388
(d) The vertical view after
two step calibration
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(c) Two-step linear calibration
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Table 6 Estimated error parameters of the tensor system after calibration in two experiments

2% s 1 e 2 e igas 3 e 4

— S 1 S5 2 S 1 S 2 L5 1 %52 %5 1 5L 2
0/(°) -0.252 -0.254 0.705 0.705 -0.126 -0.127 0.814 0.815
@/ (°) —-3.478 —-3.480 3.077 3.077 -3.146 -3.144 3.174 3.173
W/ (°) 0.865 0.864 0.900 0.899 -1.719 -1.717 2.515 2.511

c, 0.999 0.989 1.008 1.008 0.995 0.996 1.006 1.004

c, 1.003 1.002 1.002 1.004 1.003 1.002 1.004 1.006

c, 0.992 0.992 0.999 1.000 0.998 0.996 0.998 1.000
i,/nT 351.9 371.6 363.4 318.4 -87.4 -103.9 -301.0 -319.1
i,/nT -170.9 -142.8 412.6 391.6 79.1 88.6 -298.8 -303.8
i,/nT -123.7 -99.6 -139.4 -112.0 -102.9 -111.7 -29.7 -21.2
a/(°) 0.682 0.682 -0.899 -0.900 —-0.487 -0.489 0.693 0.695
B/(°) -0.882 -0.880 0.241 0.240 0.785 0.782 -0.160 -0.162

v/(°) -2.177 -2.175 1.644 1.647 —1.381 -1.379 1.902 1.901
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