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Construction of 3-axis Flux-gate Magnetometer That Measure Total Magnetic Field
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Magnetic field measurement under vibration and rotation condition of the magnetometer, total field measuring magnetometers have
been used, because orthogonality error and scale factor differene of the 3-axis magnetometer can not measure total magnetic field with
high precission. In this study, we developed total magnetic field sensor by orthogonality correction for the 3-axis flux-gate
magnetometer. To correct orthogonality and scale factor, 24 bit 3-channel simultaneous digitizing ADC and DSP were used. To
demonstrate the performance of the developed magnetometer under condition of vibration, the magnetometer was installed on dron
and measured magnetic anormality of passenger cars. We can measure total magnetic field with resolution of 1 nT for the developed
orthogonality corrected 3-axis flux-gate magnetometer.
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Fig. 1. (Color online) Magnetic field measurement using 2-axis
magnetometer which is not orthogonal and angle deviation is J.
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Fig. 2. (Color online) Total magnetic field measurement errors using
2-axis magnetometer which is not orthogonal and different angle
deviation under earth magnetic field of 50 uT.
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Fig. 4. (Color online) Photography of the constructed 3-axis flux-gate
magnetometer; analogue PCB (above), and digital PCB (below).
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Fig. 3. (Color online) Schematic diagram of the 3-axis flux-gate magnetometer which can measure 3-axis magnetic field simultaneously.
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Table 1. Orthogonality error of the constructed magnetometer without orthogonality correction.

Applied x-axis y-axis z-axis 90° angle Measured
field (uT) reading (uT) reading (uT) reading (uT) error (°) total field (uT)
x-50 50.003 0.123 0.419 0.48 50.005
y-50 0.483 49.98 0.126 0.55 49.982
z-50 —0.046 —0.478 49.996 -0.55 49.998
x-50, y-50 50.487 50.109 —0.311 71.133
x-50, z-50 49.963 —0.353 49.64 70.341
y-50, z-50 0.435 49.516 50.106 70.446

Table I1. Orthogonality error of the constructed magnetometer after orthogonality correction.

Applied X-axis y-axis z-axis 90° angle Measured

field (uT) reading (uT) reading (uT) reading (uT) error (°) total field (uT)

x-50 50.003 —-0.006 0.012 0.014 50.003

y-50 0.009 50.009 0.013 0.015 50.009

z-50 —-0.006 —-0.006 50.005 —-0.007 50.005

x-50, y-50 50.009 49.988 0.003 70.709

x-50, z-50 49.999 -0.014 50.000 70.710

y-50, z-50 -0.003 49.998 49.998 70.708
ato] iz WO =Z 70.707 uT A7 PES sisie o = IV. MZE Magnetometer2| H&s AlE
AL 04% A= 2= 7HHTh Table 1IE 3-3
Helmholtz F4-& AR 3591 dijsle] 245 vtk A& A2 3% flux-gate magnetometer®] 452 15|
VIt & 3.59] AHA RS BF S5, A4E 1A 218+ magnetometere] AFAI7F AR &= F2HUOZ,
FB22)°] T5 75 ¥, ©] k= 35 flux-gate magneto- magnetometersS =20 A&l X|AFe] H8X) o gk

O
meter®] F/Wol| Y3t Fof zj2A|e] 541 =73 Z3o] MAD(Magnetic Anormaly DetectionA S A3} 2}
o} 232392 Wi %= Helmholtz Y9 Fzbwo} A0 SAGE AdolA =ER FAFEHE 4218 s T
0.02° oJst= F8AQl BAo| 7hsdhs HolFal glow, F ettt Fig. 5& 385 skl Je ARlolth. 8L 58

e el oF A=|e) SHAP 7P 2 i Ak 2ol smE argsle] S wole s8Rk SRl
WEk T 47 0.01% o8ttt 2m, 5m, 8melX 4 3tk Fig. 6= AXE A=
h}‘:
' Magnetometer

Fig. 5. (Color online) Photography of experiment to test MAD of passenger car using 3-axis flux-gate magnetometer.



L AE=1> Journal of the Korean Magnetics Society Vol. 29, No. 5, October 2019

26000

24000
22000 |
E oo ]|
T 20000 L IJ1|
S
[}
i 18000 4 | hx | l l l
L |
g i { \
S, 16000 i ;
s I
I 1R r
14000 . | '
12000
10000 T T T T T T ] T
0 20 40 60 80 100 120 140 160 180
Time(s)
(a)
-32000
-34000
-36000
E -38000
5
[
i -40000
)
2 42000 4
o
©
= 44000
46000
-48000 . . . .

T T T T
0 20 40 60 80 100 120 140 160 180

Time(s)
(c)

-175-
34000
32000
30000
= 28000 |
k=1
i 26000 14 |
£ el p i,
2
2 24000 t | }
o ‘i |
©
= 2000 4! ||
20000
18000 T T T T T T T T
0 20 40 60 80 100 120 140 160 180
Time(s)
—— Total w00
54000 f—o—r Tou ] N
e o .'.,l‘", 4
€ i
] ot
= g .. | J »w
< ; s 8m 8m
5 : !
o X
o
@
=4
o
©
=
50000
T T T T T

T T T
0 20 40 60 80 100 120 140 160 180

Time(s)

(d)

Fig. 6. (Color online) Experimental results of MAD test using 3-axis flux-gate magnetometer; (a) x-axis output, (b) y-axis output, (c) z-axis output,

and (d) total field calculated from 3-axis data.
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