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Research on Three-Dimensional Fiber Optic Vectors of Magnetic Field
Sensor Based on Magneto-Optical Crystals
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Abstract An optical fiber magnetic field sensor has the technical advantages of strong anti-interference ability,
miniaturization, and low cost. An optical fiber three-dimensional magnetic field sensor based on a magneto-optical crystal is
proposed, in order to achieve the measurement of the space magnetic field vector. Moreover, a three-dimensional fiber optic
vector of a magnetic field sensor probe has been designed, constructed, and experimentally demonstrated. The non-orthogonal
error of the three-dimensional fiber optic vector of a magnetic field sensor is analyzed, and through the accurate measurement
of the angle between the three sensing units of the optical fiber three-dimensional magnetic field sensor based on magneto-
optical crystal, the system’s three-axis non-orthogonal error is calibrated and compensated. The experimental test device uses
a pair of energized coils to build a one-dimensional magnetic field, and calibrate the three-dimensional optical fiber with the
three-dimensional magnetic field sensor system. The three-axis calibration accuracy is 0. 19°, 0. 26°, and 0. 22°, respectively.
The experimental results show that the three-dimensional magnetic field sensor based on magneto-optical crystal fiber can
measure the magnetic field vector based on the resolution of 0. 2 4T magnetic field intensity and 0. 5° angle resolution.
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Fig. 1 Schematic diagram. (a) Faraday magneto-optical effect; (b) optical fiber three-dimensional magnetic field sensor probe based on

magneto-optical crystal

TR SR OG LT = 4 B A5 S I 15 25 1] . —
7 AL 9 K535 B( By, By, B,) T %R H

|B|=Bx*+ By”+ B," ,Bx.v.,= Kxv.20x.v.2,(2)
A By By B, R 5 TR S KOG LF = e R 1
S At A L TE A B = AN T b 35 SR AR, G R /D

2507 AL AR R Ky, MO A% BE 5% A P B € o K
1% % B( By, By, B,) U 4 K5 B 62 35 37 0 /RS R 5
Ti) 11 BE JSE PR I o A% TR 170 5tk R/ INHE JEE v 4% 7 1)
't i VA A TS £ 0 R B b = A R e e TR AR B 1K
KR PR o A& AR T 1) 3 RS J3E T 4% 77 1) ) o 1A

0928004-2



F£60%5 F9H/2023E5 A/HAESBFEHRE

A A 1 I S R RN A% SRR ) I SRS BT U
e N o T i 4 M 1 8 0 Lk 1 B B e i T e
FINTAR2E DL R R 2 T EAF A IE AL 2, i =Bk
e AL I RS S O AR B AE A &R WA 2 R,
FH @, 0, 0. HEEHICa b c B E IR ITZ
(BB e £y o PRI, 75 22 06 3 T 186 A IO 4F = i oL
JEAR AT = 25 B I 5 —fb A R A =l E SRR E o

TEE 2 % OX . OY .OZ 535 R A% i = A HiAR
1EAZ AR bR, — AN W86 S ARG AT 2 5 XA I A
5 WA AL ST b A ¢ i S ERAR A B IE S B Y R 2, 1%
B PAIT a b B P AR R o0 2 8] e e R
Wap\ Whe\ Waco w\’fg@%ﬁ a.b gﬁ XOY 1 ,Wf§@$
TG 38 A A AR O, A% B BT a 15 31 14 T 5 RO K
Bye Y. ZJ I FW%EE B,y B, Al RR A

[0]

ac

—. @be
[0/ —
_.(I..ﬂ—_:? %———ﬁ ¥
B - - g
e
b
&

B2 Tl Rl AL 2T = 4 0 37 1% RS 1E S8R IE 23 Bir A6 20 ]

Fig. 2 Model diagram of three-dimensional magnetic field
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Fig. 3 Optical fiber three-dimensional magnetic field sensing system. (a) System composition diagram; (b) structure diagram of

magneto-optical crystal sensing probe
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of three-dimensional fiber optic vector magnetic field

sensor based on magneto-optical crystal
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Fig. 5 Triaxial orthogonal calibration experiment of three-dimensional magnetic field sensor based on magneto-optical crystal.

(a) Measuring device for included angle of sensing unit; (b) schematic diagram of the principle of measuring the angle of sensing

unit, and the included angle of two sensing units w,=w,,— w,,
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Fig. 6 Measurement results of the three-dimensional fiber optic vector magnetic field sensor based on magneto-optical crystal.

(a) Measurement results of three-dimensional sensor when YOZ plane rotates 720° parallel to magnetic field vector;

(b) measurement results of three-dimensional sensor when XOZ plane rotates 720° parallel to magnetic field vector;

(c) measurement results of three-dimensional sensor when the magnetic field vector rotates 5° in steps of 0.5°
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Table 1 Measurement results of the angle between two of the

three sensing units of fiber three-dimensional magnetic

field sensor based on magneto-optical crystal

Number of times wy /() wy, /(%) w,. /()
1 89.7 90.0 85.8

2 90.1 90. 2 85.7

3 90.0 90. 2 85.8

4 90.1 90.1 85.5

5 89.6 89.6 85.3

6 89.7 90.0 85.5

7 89.7 89.6 85.5

8 90.1 89.6 85.8

9 89.7 90.1 86.1

10 89.8 90.3 85.8

Average 89.9 90.0 85.7
Standard deviation 0.191 0. 257 0.218
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