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Design of reflective optical fiber sensing anti-theft system

for sensitive environment

Fan Zhenzhen
(School of Artificial Intelligence, Jiangxi University of Technology, Nanchang 330098, China)

Abstract: In order to solve the problem that the position test is easily interfered in the sensitive environment, an
anti-theft system based on reflective optical fiber sensing is proposed. The system uses a T-type optical fiber
probe as a passive sensing probe, and the reflective accessories are installed on the surface of the security
enclosure to provide security early warning through real-time testing of position offsets. The detection module
fixes the optical fiber probe and the reflection accessories in the security position by pre-testing the optimal
reflection position. On the basis of acquiring the laser echo signal, the field intensity distribution function with
respect to the position is calculated. In the calibration experiment, the test position was increased from 0 to
5.0 mm, the maximum response optical power was 18.76 uW, and the maximum variance was 0.124. When the
curve exceeded 3.0 mm, the monotonicity of the curve was good, which meets the system design requirements. In
the comparison experiments of different interference types, the influences of humidity, temperature and vibration
on the system test results were compared. The experimental results show that whether the optical power
fluctuation of the interference term is linear or non-linear, the fluctuation range is less than <4 pW, and the

fluctuation degree is greater than 18 pW under the real artificial opening condition. At the same time, the
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displacement offset calculated by the system inversion is also changed significantly, which is more than 8§ times

larger than the average displacement deviation of the interference term. The system has the advantages of passive

sensing end, high sensitivity and good real-time performance, and can be effectively applied to security

monitoring in sensitive environments.

Key words: optical fiber sensing;
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Fig.2 Reflective fiber sensing anti-theft system
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Fig.3 Schematic diagram of reflective fiber displacement

WK R RROEET BT & B BOEE h Sty
VRS IR AR I, P R G 5 n] 7 8

1.0 = ﬂ“ww {wm} @

A w(x) = ga[1+£(x/a0) | s HHMOETH, BILF
iy 11 o
72 i th B R 7 X, O AR TR, T
WG £ i 1T H O 15 AR B G SR AR A S 2 S T L A
Bt AR GERUT, 15 2O B L 2 b B 8 D
R AN
a } (3)

Rsl,
EZEEEESCXP{}_ZEEEES
FEIE IR b, PN [ 7 5 3804 3k A 19 S i) 1
LTI . I H A 7E Tl C AR RO
HRSF, FRAG 1% 2R G PR Sk 5 0 OC T B 8 1) v Afy e ) {2
NI ERR S A A7 B 45 R AN 4 PR
F L 4 1l 26 T 0, AR AR Sk o 5

Ii(x) =

20220068-3



i E ok A2

% 10 www.irla.cn % 51 %
160 - g e
~ (D LD (650 nm)
140 esponse curve s il Wl
120 | > = "
= \ ; . /
= 100 } A\ N
s 80 / & SO :
E ® Reflective fiber assembly ! l
= 60 | S =
= ;
= - 2
40 (® Reflecting material
20 | @ Reflective fiber sensing adjusting frame
0

0 1 2 3 4 5
Distance/mm
4 SR R e Hh

Fig.4 Theoretical curve of reflection modulation characteristic

SR FE B O 1.2 mm B, JOGTGR AR I R, FLAR A

OGRS AN [FFR B A e G YR A I

SE RN B TR, H B Sk 5 T 2 4 1) e A

WA BV . WA, 25 15 T HZE 0~1.2 mm il
1.2~3.0 mm X [B] HX6F R 306 pR AR
y1 = 146.37x, — 13.901

{yz = —-68.658x, +212.67 @)

i U RERAE AT, B4 T BE 2R it

RHEAWE 25 7T RGE A L 5 2 (6]

1) 208 56 OR8] A TR, - e 3 {174 %

Lo AT RIS 2w B 0 0 ELARAE, DT 23 AT HR R A7

TEAREAT A .

3.1 EIe&H

J2 358 2 £ A I S 06 AL AR A SR TR
(T 2.5 mW, JEK 650 nm). DIt Y BDELF45 L,
HA KR 62.5 umo Sz 5 3G A7 15 B 4 B0
SHBE (48 25.4 mm), 7% 45 0 1 R SR A S N 2 fi
Blf S S S A A, DA IR o POGER 1 3k 43 4%
IR AT, RS R e IR e 1. B Y A
2F th i RN R SRR I CReF i A2 5 RO
fiil), S 2k AR b s T R KA, FE ORI
RPN Y BT A 222 (Y 4 el B SR A 4R A A e
L) F1BCSR B Y PSS R B A D et R B R, KR
VA% B AR SL ST SR, B R R EUR /D, S8 A
PRiE . RGUERIIE S iR

K5 RAFOLEMEIR RS
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Tab.1 Test data of reflective optical fiber sensing

Displacement/mm Power/pW Variance

0 1.00 0.045
0.5 18.06 0.082
1.0 18.76 0.124
1.5 15.41 0.102
2.0 15.12 0.084
25 11.59 0.069
3.0 8.47 0.071
35 7.06 0.052
4.0 5.41 0.049
4.5 429 0.069
5.0 3.12 0.055
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