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Long-Distance Fiber Bragg Grating Sensor System Based on
Linear-Cavity Fiber Raman Laser
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Abstract A scheme of long-distance fiber Bragg grating (FBG) sensor system based on linear-cavity fiber Raman
laser is proposed and demonstrated. The cavity of the laser consists of the sensing FBG and the tunable FBG, of
which the Bragg period is tunable through a one-dimensional (1D) adjustor. The 1D adjustor, which is connected
with a step motor that is controlled by a programmable logic controller (PLC) , can control the Bragg period of the
tunable FBG to match the Bragg period of the sensors, which decide the wavelength of the laser output. The tuning
module, the optical/electrical circuit, the detecting-and-controlling system and the fiber Raman laser construct a
close loop, which performs the wavelength demodulation. Experimental results show that the demodulation sensor
system can accomplish sensing and detecting of long-distance distributed sensing signal. Signal-to-noise ratio of
stable Raman laser output is greater than 40 dB with 30 km non-zero dispersion shifted fiber (NZDSF), and the
precision of the proposed system is about 0. 05 nm in a demodulation range of 4. 2 nm.
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Fig. 2 Reflection spectra of the FBG
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Fig. 4 Reflection spectra of the tunable FBG (a)
and the sensing FBG (b)

-3.4 4
(a).|
: W
q
JE
z \
o =534 i \
3 — oo
2 S S I S
-103.4
1535.50 1545.50 1555.50
Wavelength /nm
3.4 —_— ‘ ‘
(b)
: |
= .
2 A
Z =534 Y
E ;&;NM,A_,.__.,J \L —————
=
-103.4 — — ‘ ‘
1537.00 1547.00 1557.00
Wavelength /nm
B 5 SR

VG PR % 47 47 B A% DLW 09 7 L 4% B 31 5 TR &4 A B AR D il 1% B A%
1(a) F0VRER 6 4F i Boa% Ot W B0 A3 L 4% B 31 45 T 00 4 A hr w6 ot il
f2 kA% 2(b) A B A% A B B DU A8 R iz & BB L
Fig.5 Measure results
the laser spectra when the Bragg period of the tunable FBG equal
to the sensorl (a) and when the Bragg period of the tunable FBG
equal to the sensor2 (b)

PHREREEARREZRRIL . EZWXREN
=4 H B U8 P % 4 Bk 200 mW, 150 mW,
150 mW,f5 Bt 4F 7 BL Ak L il AL T % IR B e f @
ARZS B, B 5 g9 47 IC B Ot 4F A5 B ag 6 i A0 iz 4%
B AR, VR LG 4 A i M YA A A% A 38 4y S S5
T AL RROG A AR As S AR B 3 i A A
B WO W S A T BE ' £ A0 BLAR S M A R AR
JEV 3 53 501 %6 T A AR IBOG EF A RS Gl B4 A h A% A
BB 4 5 2T A, B K S £ K
JGEF A Rk Sl B A B g A 3 K/ B AR A R T S
. B 6 82 sensorl B AH HL A& B HAFE 1545, 16 ~
1549, 36 nm P B0/E 285 iz 4 72 Ak B, 00 45 19 O it A
LM FE 3 R A O G T AR S Rl R X
B 3(b) ME 6 7] %, 7E 1545, 16 ~ 1549, 36 nm il
P i H SO T 3R O/ R b B 4 A /) X B K 3
T 5 K, BRI — K B G T R KD 2
HHEKANERER R PRIELY. B 72
sensorl B4R hL A B Bk € 72 1547, 16 nm, sensor?
H AR RIS ] AR R FE 1547, 44 nm iy I A R G0 3% ¢
10 YK B 45 i PR 4% IROG £F 7 Bk il B B 3, 7

-22.9
-23.0
-23.1 1
-23.2 1
-23.31
-23.4 A
-23.51

23.6
-23.7

-23.8 \ T \ T T T ‘ T
1545.0 1546.0 1547.0 1548.0 1549.0

Wavelength /nm
B 6 ROt h ik B A 4 WOk T &R i
AR R

Fig. 6 Variation of peak power as a function of the

FBG Bragg period

Peak power /dBm

1547.45 4 W
g 1547.40
% 1547.35 1 —v— sensor 1
%ﬂ 1547 30 1 —e— sensor 2
2 1547.25 |
= 1547.20 -
1547.15 A v////\/\\/'

01 2 3 4 5 6 7 8 91011
Measurement number »

B 7 REREHEMBLER

Fig. 7 Result of the stability measurement of the system



8 KIGE % BTREREHN ST BOLH K BER LA Ll 8

1077

T I, A% SRR £ A i A% O A #) J 30 B L 0 0 R
FEW AR 5 1B 7 AT, 2 YU B [l — R A AR O
WHE R, H B 7E0. 05 nmIRZEEN. AR
SEABRFNWERWERENE.

4 4w

M T —FE TR RS RO MK EE
B A6 S % B R A R G, H AT T EIR 4
PR SEH B . RIS AT R B X RE W
RESRE T TR, A BOEM A B8R B AR
IR T A Pikg B B4 Bl /21545, 16 nm,1547. 44 nm
B A R, S G W 75 5 SO £F A s b % R R
H 5T K 7E 1545, 16 ~ 1549, 36 nm, 1547, 44 ~
1551. 40 nmMEEI N EBSELN , REFREN
M2t S, B KEUREEL N 0. 05nm, A
FRARGEEA REY . ek B KA RER M
RIFHY RAESFRR. ENTHRERREEMBELK
1% IR B 1) % IR I ST R W B M

s % x #

1 L. A. Ferreira, J. L. Santos, F. Farahi. Pseudoheterodyne
demodulation technique for fiber Bragg grating sensors using
two matched gratings [J]. IEEE Photon. Technol. Lett. ,
1997, 9(4) :487~489

2 Youlong Yu, Luenfu Lui, Hwayaw Tam e al.. Fiber-laser-
based wavelength-division multiplexed fiber Bragg grating
sensor system [J]. IEEE Photon. Technol. Lett., 2001, 13
(7):702~704

10

11

Yu Youlong, Zhao Hongxia, Liu Shengchun e al.. Time-
domain demodulation technique for active fiber Bragg grating
sensor system [J . Chinese J. Lasers, 2004, 31(8) :983~987
KRER BRBRE . XNBE % LT EMEEREA BN BHEA
HAROD. +E#k, 2004, 31(8).983~987

Pan Yuzhai, Zhang Jun, Hu Guijun & al..
ytterbium-doped fiber laser based on fiber grating [J]. Acta
Optica Sinica, 2004, 24(9):1237~1239

BER. ¥ E.WRE S AALGEBOIRIRBELS
Hokss)]. B %EIR, 2004, 24(9):1237~1239

Peng Chun Peng, Hong Yih Tseng, Sien Chi. Long-distance

High-power

FBG sensor system using a linear-cavity fiber Raman laser
scheme [J]. IEEE Photon. Technol. Lett. , 2004, 16(2):575
~577

Chi Ronghua, Lii Kecheng, Chen Shengping et al.. Research on
lasing wavelength of fiber grating laser [ J]. Acta Optica
Sinica, 2003, 23(11) :1315~1319

B, B, BRI 4. L MBS MABE KPR
[J]. #&%%3&, 2003, 23(11):1315~1319

N. R. Newbury. Pump-wavelength dependence of Raman gain
in single-mode optical fibers [J]. J. Lightwave Technol. ,
2003, 21(12):3364~3373

Xin Xiangjun, Yu Chongxiu, Zhang Ru e al.. Influence of
channel power and pumping configuration on the gain profile of
distributed Raman fiber amplifier [J]. Chin. Phys. Letz.,
2003, 20(2):237~239

Zhou Bingkun, Gao Yizhi, Cheng Tironget al.. Laser Principle
[MJ]. Fourth edition.
Press, 2000. 166~185
JIREE, W LR BRI 4. BOEREIM]. FUR. LR =R
Tl # fi 4t ,2000. 166~185

Ling Zhao, Chunlin Zhang, Lina Li & al.. Optimization of
linear cavity design of Yb-doped double-clad fiber laser [J].
Chin. Opt. Lett., 2004, 2(3):148~150

Ming Gang Xu, Harald Geiger, John P. Dakin. Modeling and
performance analysis of a fiber Bragg grating interrogation

Beijing: National Defence Industry

system using an acousto-optic tunable filter [J]. J. Lightwave
Technol. , 1996, 14(3):391~396



