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Temperature inter-compensation for single-line optical fiber sensors based on
Brillouin and fiber Bragg grating technique

HE Jian-ping' ,ZHOU Zhi' ,WU Yuan-hua' ,0U Jin-ping'*
(1. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China; 2. School of Civil and Hydraulic
Engineering, Dalian University of Technology, Dalian 116024 , China )

Abstract; In order to solve the problems that absolute temperature compensation for strain sensing of single line optical fiber
sensors based on Brillonin and fiber Bragg grating encounters, e. g. high cost and difficulty of installation, a novel temperature
inter-compensation method was presented. Based on a sensor, i. €, a dual fiber reinforced polymer-fiber Bragg grating rebar,
experiments were carried out under room and outdoor environments. The results show that the temperature inter-compensation can
be easily realized with a practically acceptable error less than 8% . Moreover this method can also give the dual parameters of
strain and temperature values simultaneously. The system based on optical fiber sensors is suitable for practical applications for its
simple structure and low cost.
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Fig.7 Change of outdoor BFS

SAIR IR RMIR =298 20°C, B AE A 40 T B AR
. B8 FIE 9 435K B-OF Fl F-OF f¥ i A2 il 1R
JEAMEXS R B L LA 1 R AR RS R BAE, X

1001 initial state without ap]'nhed load
absolute temperature
- compensation with OF
w
3 ]
e 0
© 1 emperature compensation .
? 1001 ith F ]
2001 Wxthou;\QTéera Mnsaﬂon
0 12

tlmes

: Fig.8 Temperature compensation of B-OF

HIHF, MK 8 AT LIF i, B-OF BRI AME ik
ﬂfrﬁa‘ﬁﬁ& #ME ST N AR R RO B R B S,
Y0P T AME R R i 4 T 28 F-OF By IR B #MERUR 5
19 th F-OF )3 A8 2% B-OF [ #ME R B B
UF T oo b 1R B #ME R RCR , T R 2 4 %o R b 12



16 ok #H R

201041 A

— —— ——— v ———

801 absolute temperature compensation
with FBG temperature sensor

40+ 1
tempers -OF
w
£ 0 :
% 404 i '{st;lh/\'\lhnut;1|‘rp|ic_d loadr |
-804 o \\/. \/ ]
without temperattire gy pensation
-120

2 4 6 8 10 12
times

Fig.9 Temperature compensation of F-OF

FH T-FBG 1 &5 R BB AR b G I Ak i 007 8, P 2 22 1)
I 4k B4R 7 AN R IR)

& 10 &y B-OF JE it iak 7 A% 28 F-OF 5L B ¢ Mz

JE 5% 1 IRE HE R ASHREEE X R EE . WK

120+— : . -
1w |Ihn_u_1 temperature compensation
4071 at 2008-10-07 T 17:00

ipitial state
i

strain/\L e

compensation
-280- at 20P8-10-05 T 20:00

42 46 50 54
position/m

Fig. 10 Strain of B-OF

AT LUE H o J7 M B-OF 25t F-OF JREE b2 )5,
RN AE (RRE BE KR B8 555 5 — 75 1 7] LU )] B-OF &
ST YEMIHT B 0 B A 4 3R M2 I 1) IO A
328 72 AT B Ry AE R R b 2 . L 3B R R
BB FRP-FBC & EEM TAb IR B & = 7 1Y,
FURAE AR, 5 REA W0 v LR PR FR G, b il i A
FEAHXT AR . PAMAER H, 20 B0K FBG IR 15184
i B ER TR 88 F-PF 3 5 &8 TS bR TR Y
AR REH T4 XD IR #ME ] FBG AREAT I ES F-
OF [r] — iR 5 i S B 48 %R #MERUR 22

4 %

3BTRS AN A IR A R e B AR R AR

AR B B A 7 3, 3l i B REAT FRP-FBG (9 4
AN AR R BE AN I, B S HR TIABOR i ik
A RS FITE, SR &Y, 7 FRP-FBG &g
5 YA AL B AL BAR TG OL B, W BE MR AT
FMEEJE B N A B A e 2 xR BEAME N AR AR .
JTEE—ERE LR T FBG-BOTDA (R) L& H AR
HA 26 Xl BE AME B A AR 8 AN 5 AT B S [l RE, RO
29T HE T I BOR N R R LI S & AR
BURAS 8 TS TR

2 % X W

[1] ZHOU Zh,0U J P. Various types of optical FBG sensors and their ap-
plications of SHM [ C]//Proceeding of the 2nd Intemnational Confer-
ence on Structural Health Monitoring and Intelligent Infrastructures.
London ; Taylor & Francisl Balkema,2005 :489-498.

[2] DANIELE I, BRANKO G. Reliability and field testing of distributed
strain and temperature sensors [ J]. Proc SPIE,2006,6167.1-8.

[3] ZHAO X F,TIAN Sh Zh,0U ] P, et al. Research on strain monitoring
of reinforced concrete structure using fiber Bragg grating [ ] ]. Laser
Technology ,2003,27(3) :233-235(in Chinese).

[4] YU Q R,BAO X Y,CHEN L. Simultaneous strain and temperature
measurement in PM fibers using Brillouin frequency, power, and band-
width [ J]. Proc SPIE,2004,5391.301-307.

[5] YOSHIYUKIS,HARUYOSHI U,Ll Zh X, et al. A system for measur-
ing temperature and strain separately by BOTDR and OTDR []]. Proc
SPIE ,2002 ,4920 .274-284.

[6] KELLIE B, ANTHONY W B, BRUCE G C. Combined Raman and
Brillouin scattering sensor for simultaneous high-resolution measure-
ment of temperature and strain [ J]. Proc SPIE,2006,6167.1-10.

[7] ZHOU Zh. R&D of series FBG-based products and their applications
in infrastructures [ D]. Harbin: Harbin Institute of Technology,2006 .
102-103 (in Chinese) .

[8] DAVIS M A, KERSEY A D. Separating the temperature and strain
effects on fiber Bragg grating sensors using stimulated Bollouin scatter-
ing [J]. Proc SPIE,1997,2718.270-278.

[9] ZHOU Zh,HE J P,YAN K, et al. Fiber-reinforced polymer-packaged
optical fiber sensors based on Brillouin optical time-domain analysis
[1].Opt Engng.2008 ,47( 1) ;014401014410

[10] ZHANG X Zh. R&D of various FBG sensors for practical application

in infrasiructures | D ]. Harbin; Harbin Institute of Technology,
2006:41-51 (in Chinese).



