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Fluxgate magnetometer with large dynamic range and its application
in orientation error correction

Chen Zhuolin' ,Hu Xingxing' , Teng Yuntian', Liu Gaochuan®
(1. Institute of Geophysics, CEA, Beijing 100081, China; 2. China Earthquake Networks Center, Beijing 100045, China)

Abstract: The accuracy of geomagnetic vector observation data will be affected by Instrument orientation error, and the existing
correction methods require known geomagnetic field modulus or referring to standard instruments, and are difficult to be applied in
downhole and marine situations where manual installation and adjustment of instruments are impossible. A large dynamic fluxgate
magnetometer and a vector correction method based on Euler rotation transformation are proposed by the paper. The directional error
angle of fluxgate can be obtained and the measurement is self-calibrated by this method without referring to standard instrument. The
results show that when the orientation error of experimental instrument is set to the large angle of four different quadrants, the correlation
coefficient with the corresponding component of station is still above 0. 99 after correction, and the length of confidence interval in the
Bland-Altman diagram is reduced by more than 86% and the RMS error is reduced to less than 15% , which proves the effectiveness of
this method. Correspondingly, the observation data quality of geomagnetic stations can be improved, and reference solutions for the
orientation of downhole and marine geomagnetic observations can be also provided.
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Fig. 1 Schematic diagram of fluxgate signal detection circuit
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Fig.2 Band-pass filter
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Table 1 Linear test data
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Fig. 3 Linearity test
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Fig. 4  Orientation error between the coordinate system

where the instrument is located and the ideal coordinate system
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Fig.5 Instrument coordinate system introducing orientation error

(d) g in the fourth quadrant
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Fig. 6 Probe structure of GMS5 fluxgate magnetometer

TE I Z M [ G4 13 12 Hb T Mg 0Ly = oy k47 52
B RSK AR R B A AR b, o0 2 B BN
R AL, Al DU/ i AR e R iR 22 Bl
BB | A2 MR R AR b 5 i A A A N
G ST, PR SR 0/ PRI I P S JE AR AR A
BN 7 B SEBRIS LA D o34 ) 7R ST RR e
At SR JE VRSB D At 4 AR AN TR R BR A
UM B LS i s — R g BB . K S50 X 12 IR
MROEARAL L, W 7 P THRARE] 4 A EL 00
4 84.59° 154. 66° ,—123.78° -29. 25°,

‘ #4386 400D BB R R 44043 Bd |

HBREM
H>0

(L L]
p,=arctan (D /H,) f,=180°+arctan (D /H,)
| [

I

| f=mean (8 |

l

H=H | cos ff+D +sin
D=D, cos ff+H +sin

K7 KIEGE

Fig.7 Calibration process
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Fig. 8 Compaying the component H of the experimental

and comparative instruments before and after calibration

—RIEE --RRIE - HHE

60 /’ 40\\
40 \
; 20/

fix
o
oot

o A

j_i" p "&!»‘ A / s m
Qi -20¢ \ \A
‘ 40}

OBt S 6B 24m OB 8EF  I6Wf 24
i [R)/UTC It A/ UTC

(a) fhi% F1H84.59° (b) fh%% M 9154.66°
(a) Deflection angle of 84.59° (b) Deflection angle of 154.66°

f

&
RN
oy

50 b4

si oW 2amt
B R/ UTC

(d) ¥ f2h-29.25°
(d) Deflection angle of -29.25°

KO ROIERE LS5 EEILES D 2 xd b

Fig.9 Comparing the component D of the experimental

LI
ont 8 16 24 OB
B )/UTC

(c) R fR-123.78°
(c) Deflection angle of ~123.78°

and comparative instruments before and after calibration

ML 8 9 HIRT LU | 150 5 1 A 1) 15 22 ) B 4K
K, TR ARG 5 LA A B 22 S K 28R B A
IEZJ5 A 55 LA s B AT AR L i — Bk

it — 2L R RCR R AT 3 Rh 5 26 LR
S SEG XS5 4SS 0 2 50 26 A7 % F 43 A 2 B R
A 5% 2R %0, Bland-Altman ( B-A) & 43 8. ¥ 5 R (root
mean square, RMS)iRZEX/ I,
4.1 HRBEXEH

J IR ) 2 — i 22 B A OC R BB vk, B
FH T RALLNMEAR SRR, K /R AH O R BHIEA T -1~ 1
Z[R] 2 RTE BRI T 1, 3 I A8 g 104 A OC AR T B
11 B b R R e O A ) — Bk

PN S 1 2 B 19 2 R A G R B py, IR (8) T
7N E AN S B 2 (B Y DR J5 22 cov(X,Y) FIbREZE
oo, W,

MEETT G B /R AH K RBOT R A R an 2 2 o, Al
LI SR IES , % AR BT KT 0. 99,

*2 RIEHTESRWUEEFLNEEXT M5 2 K /R
HBXRY
Table 2 Pearson correlation coefficients for the
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with the comparative instrument component D before

Comparing B-A of the experimental instrument

and after calibration
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