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Characteristics of optical fiber stimulated Brillouin scattering signal

ZHANG Cong ,YU Wenfeng ,XIA Min,YANG Chunhua
(School of Optical and Electronic Information , Huazhong University of Science and Technology , Wuhan 430074, China)

Abstract: In order to study effect of pulse width of pump light on Brillouin scattering light, three-wave coupling equations
of stimulated Brillouin scattering in optical fiber sensing system were researched. The approximate expressions of scattering light
were deduced based on frequency domain analysis and perturbation approximation theory. The influence of pulse width on
Brillouin spectrum was analyzed through numerical calculation. The results show that a multi-peak structure of Brillouin scattering
spectrum is gotten when the width is close to 20ns( phonon lifetime). When the width is more and more close to 40ns, the main
peak increases and the sub-peak decreases gradually. When pulse width is far greater than phonon lifetime, scattering spectrum
appears only one peak and maintains a constant peak. The study gives references for the choose of suitable pulse width in
sensing.
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Fig. 1 System structure diagram of BOTDA with single source

BOTDA FGe 4% HH s HLERL 53 Ry P AN S 5L, BV 329
A7 BL PR HICGT 386 25 R R 32 A BL UM O R RE AL L 2
VAT LR 25 AR SR FH Y ok ipdt i S e T4
HESLCHTRI | H AR AR FIALEL, fhiz St iy st ok 25
IR SR . WK 2 FR, WOBEF 2 =0 Ab A
— AWk, z = LOL R GEF ) b A SR A D) 2 %
RIS ( continuous wave ,CW) , IEBELF P —EBX [ z,
z+u] (P w FoRPKMOEHY 25 ) W 7 AH A
FH, K A A itz Jik o R % 2200 & AR R R 2SR,
Ok fotRe R D, RSO RE I, A TAE K
MRREE T EE T — ANkl 52 B0A F UK 4 AR
R s SRR TR AR I 55 5 AU S Y
SERMDERE R M HIZ AL . 12 3A RIS 45 B &R
G A iz G RE AN W 20, B LATE 52 B v e LS
RA IR B A IR T P AR A v BRI 2 DG RE R4y
ORI, AT DA fof A SRR 8 R R B ™) (R4
— B A LB, 4 4 280 A R i A A L R A Uk
BAR AP RA EEABFME

z= I: _Hi:—i—u :=|L

pulse-CW
interaction

Fig.2 Interaction diagram of stimulated Brillouin gain type
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Fig.3 Relationship between pump pulse light and scattering light
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Fig.4 Brillouin scattering spectrum under the effect of short pulse

a—pulse width is near 20ns b—pulse width is near 40ns
AR FH o 30 Bk b P Sy iz oo A5 B gL £F
o, BRI TERE S T, B i 07 I o i 2 T 8 40 X6F 1 Y
I B 24 ik i ) 4 B 53 Ao R ok b R Bk e i, 2%
RIS kAT K e VR R A BL DRSS 2
FETEZERN0 . TR K o B VR F T A LD GRS OF A 2
fAT IS AR 22 B £, M AE A th 4k b 2 0 7 — 28



BL A NS

2016 45 H

366 e
1.0
— 280ns

5
3 — 400ns
g 11101 520ns
205
]
=
g
=

0,0 X

i.110 1.115 1.120 1.125

frequency shift/10"Hz

Fig.5 Brillouin scattering spectrum under the effect of long pulse( T">T}, )
PREIE(EL, DAIET 4 T RLFE ), Bl Dk vl ) 5 158 7
T, RS D' 0 AT F 2 B/ )N | 24 K o 5 88 8
B —E A I, Ao Bl BT K, LSRR A X
HU T R B — U | I A A A 20, DAy
B R R KOS CE A B EARHT,
TAE Bk O AE G LR A i 1 BT ) SE 3R | 74
o IR B9 IR 7 AR AR A8 2R 2 ol T koo g
AN TR 53 AR LA — B BB 15 00 2 30 i
EUNLE VI

W5 Bz, bk v B2 02— 2 iR BE I L
SHERPIER 2 R — A EEREAR, IR BA
B (R, JF B R BRI S50 . 5 A S Tk 5 B2
ARZERE NI A BRI — LU S B PO AR A | WU
A1 G R AR A DK I B K i o JBE R 8 SE I, K
MOEIEARZE , IR0 1 RE RARAR e rh AR AL | Ik
b S Rk IR e R {78 e e L VA S 0 )
PR R A5 38 -BE 52 0) W AN T, A B HIAS 32 H AL Y
SN 052 P80 LK BRI 1 R S BRI ROE

4 &

X AR I AR SR A L PROC Rt AT 1 2, BIFSE T
ARG P IE I = B & 7 R, AR5 M R o)
b2 b 1K Gy (7 O G T I LR i €2 7 DU (D /A2 W
Six T € ik =y SU N A D f v K i e e i |
AR BR A HLOR BI85 Bl A ok b 6 38 6 A TR 1 Y
R WA DK e B BRI K 23 I 22 U A 1) LU Z3

MIREAT IS, TR T A BN O ROLEHE R G,
Z USSR AR T SRt ) S B, O 2 X B (EL A R 1
FRHUE T, R, A SO B WFFE R AR IR e 53k
4 ik b SEJEE BRI TR S TS

5 £ X W
[1] BEUGNOT J C,TUR M, MAFANG S F,et al. Distributed Brillouin

sensing with sub-meter spatial resolution: modeling and processing
[J]. Optics Express,2011,19(8) :7381-7397.

[2] ABEDIN K S . Stimulated Brillouin scattering in single-mode tellurite
glass fiber [J] . Optics Express, 2006,14(24) :11766-11772.

[3] ZHANG L,WANG Zh Y,ZHANG H. Study on Q-switched fiber laser
based on stimulated Brillouin scattering[ J]. Laser Technology, 2008 ,
32(1): 4446 (in Chinese).

[4] HE X K,FENG L T,SHENG Q H. Experimental study about effect of
stimulated Brillouin scattering in single frequency pulsed fiber amplifi-
bers[ J]. Laser Technology,2012,36(2) : 191-193 (in Chinese).

[5] WANGH, LUY L, LU Zh W. Application and development of stimu-
lated Brillouin scattering in fiber [ J]. Journal of Transducer Technolo-
2y,2005,24(4) :8-10(in Chinese).

[6] MO X F,SHI J L,CHEN X G. Measurement of SBS linewidth base-
don time-domain Fourier transform [ J]. Laser Technology,2013,37
(5):561-564(in Chinese).

[7] ZHANG X P, WANG F,LU Y G. Fullydis tributed optical fiber sensor
based on Brillouin effect [ J]. Laser & Optoelectronics Progress,
2009,46(11) :14-20(in Chinese).

[8] LI X H,LIANG H,XU W H. Comparison of characteristics of com-
monly- used distributed optical fiber sensors [ J] . Optical Communi-
cation Technology,2007,31(5) :14-18 (in Chinese).

[9] ZORNOZA A, OLIER D. Brillouin distributed sensor using RF sha-
ping of pump pulses [ J]. Measurement Science and Technology,
2010, 21(9) :094021.

[10] MAFANG S F,TUR M,BEUGNOT J C,et al. High spatial and spec-

tral resolution long-range sensing using Brillouin echoes [ J]. Journal
of Lightwave Technology,2010,20(28) :2993-3003.

[11] AGRAWALG P. Nonlinear fiber optics [ M]. 4th ed. New York,
USA ; Academic,2007 ;344-346.

[12] BAO X, DHLIWAYO J. Experimental and theoretical studies on a
distributed temperature sensor based on brillouin scattering [ J].
Journal of Lightwave Technology, 1995, 13(7) :1340-1348.

[13] NARUSE H, TATEDA M. Trade-off between the spatial and the fre-
quency resolutions in measuring the power spectrum of the Brillouin
backscattered light in an optical fiber[ J]. Applied Optics,1999,38
(31) :6516-6521.



