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Fig. 1. The excitation and detection of Brillouin dynamic grating.
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Fig. 2. (a) The normalized BDG spectra; (b) the spec-
tral width FWHM as a function of length.
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Fig. 4. Typical measured BDG spectra of (a) a uniform fiber section; (b) a nonuniform fiber section, and

simulations (solid curves). The duration of the probe pulse is 2 ns.
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Fig. 5. The measured birefringence over (a) the entire 500-m FUT; (b) the segment of 40—60 m.
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Fig. 6. (a) Measured BDG spectra at different temperatures; (b) the dependence of BireFS on temperature.

a
1.0 (@)
L}
[ ]
& o8|~
a v
2
= L
= 0.6 <1000 pe
Q
B
3
E 04f
g
)
z,
0.2
1 " 1 " 1 1 1 1 1 1 " 1 "

48.0 48.3 48.6 48.9 49.2 49.5 49.8 50.1 50.4 50.7 51.0

Pump 2-probe offset/GHz

50.2

50.0

49.8

49.6

A’UBirc/GHZ

49.4

49.2

49.0

0 200 400 600 800
Strain/pe

1000

K7 (a) ARIBAES KA RIS (b) W3R 5 N2 AR 5 &
Fig. 7. (a) Measured BDG spectra at different strains; (b) the dependence of BireFS on strain.

075201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 7 (2017) 075201

P74 73X A A B R Al O 2T AE AN [ B AR
'~ BDG B S 1 J2 XUt 6 59082 B I A% f) A 4k 5%
. K7 (b) IR S RS 5 AR B AR G R R
W LA S 4% 5 AR A ARG B B SC R, HL AR
RBONCS,,, = 1.13 MHz/pe. XA 1 )
JS2 I AN T SE R BN Ay, 850 T G B XU
5, RIS 21— AN IE N AR 2 4L

— BRSO 2T b R A LR PRSI T R
IR 2404 58 CF = 1.12 MHz/°C HICY =
0.0482 MHz/pe. HULIATAT LAE H ARG LT i
XLAT S5 AR (i 5 2R BOFH N2 AR 2 K90 il 2 A BN
BRI 50 5 A1 20 fi5. R, 3T BDG & XU 4
RS P UL 2NN A8 A% A% LA B A% e A1 HL UM S
A A B e ) R

3.3 REMNTEAFEERAR

XA GERIAT PG AR IRER T 5, WA
AR F) I B A7 AE B 0 AR e L, R B2 S AR 8 2
Bt BLIRARAS 1) AR Ak, AT bk A0 V2 o e 2R T A )i
FEERMAS. —BUEOLT, & 5 DML ]
I R AT U R A A AR R A T S B i A
82 738 4[] Ak 8. DA SR R i T A L
BRI 24 D9 3 — > N B R AT U A AR Y
iR, (LRI RS A R PRI, 72X L RATIE 3,
DR A 62T 19 XU S 3088 7T LA D9 3 — S0 >
S R 8 AR P [ I A . T L, T T S A
o BA 0 B A, DRI AT DASEE I e kS 2 i A
oA gt (7).

FE3Z 40 T B B AN N AR AR 25 AT, A FL KA
AT I 45178 Avg Fl Avpire 7T LARIR N

Avg = C5Ac + O AT,
Avgire = ClyjpeAe + O AT, (6)

b, Ae FIAT J2 i in e S 28 A 2 e A8 ) O
FNCE 53 AT BLIR SRS (1 A8 28 BORN I 2 R L,
Clive T Chiye 73901 2 RUHT 5 45185 1) 82 A8 28 B iR
FEREL. XTITRE (6) HEAT KA AT LAME — i 45 1) B2
AREAZ, I

Ae| 1 Chie —CB
AT a Clgcgire_cgclgire —Cg Cé
Av
x| 7P (7)
AI/Bire

o, g, cE ey, ¥RIEE, e, N U,
Kk C5CE, . — CR OS5, BB KM, M ARIE
% v P UL R AR [ e YRR

6 m BB AL DR 6 2F 1 AT SR L 8 s, o
A1 mPINAEB 1 m I BB AT A L
AR TR 1 m Y6LF. AR B it i i B
AR 670 we, HNFE IR b= I R 30 °C.

REAREL IR

1.5 m , 1lm . 1Im , Im . 1.5m

B8 feBOLE AR
Fig. 8. Layout of the 6-m sensing fiber.

S 56 E I B F) A LIRS AN 00T S A S A
B9 (a) B, FATRT LA S5 T A B A1 X
Pri 3k 777235 HAT 20 em (28 8] 43 3. R A
DN E AT BRI , AT S 58S LA R AT Rl P A
A2 F A, BATTAT CARIN A5 262 _E i B AN RN AR 7
A, FLEE R 9 (b) Fron. ARTE R ] AT HiA%
JCET (IR AN AR 3 A g FLAH AR H ok, e R
A EA WA TC AR L NN 2 58 A A A7 AE —
SLIRTE, XSRS R I T AR G A ) 20 A PR A
A .

135
1.5 F (a) ¢ouse, SO, 130
/ \ / 12
1.0 | ! 120
s _ 115
T 0.5 ﬁ\ J10 =
9 15 2
) [ ]
£ Of H 10 £
S 1-5 4
Uosl 1-10
1-15
L -— 1-20
—1.0 —=— BireFS [ 155
—e— BFS 1 _-30
ST -35
1 1 1 1 1 1 1
0 1 2 3 4 5 6
Position/m
800
—— 430
700} (b) » Strain
e 425
600 Temperature
. B500F 20
= [ ]
o 400 I
W
4 15 &
300} <
10
200}
100+ 1°
[ d
of 40
—108

Position/m
9 (a) WIERAT RIS A5 (b) WEER
LR R AR 4y A
Fig. 9. (a) Measured Avg and Avgje; (b) calculated

temperature and strain.

075201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 7 (2017) 075201

3.4 SN EEEDER

ARG R R R AU A S 3 AN e R o
Go 2> 52 2 A AR S o 2R R R s T R,
DRI, SR A7 o 7 2 B AT S e R 17 s )
TR, FLGERC LB R 5 7045 s £ BTl
2R (FBG) BOARM T EHSAR, XISk 7 [ 1%
SRR F T B, B AR i RO (HAZ A RO
2R 7] s ) A i I 1 R AR RS, AN BEEEAT A
A&, AR R SR I 18] Y ) A S R

AR BOCL Z 2R R S AR, BT otk

JS2, G XU 2 R A AR A, AR BN Eh A
A A I B2 5 2 XA S PR A2 A AT RS B X A 1) [
TR, 10 Bros o BAT A AT BT R A S
HAN-T 6. i e A AR BOC LT M SCHEOL LR, W
BOLE-TATIE, H BB 20 con KTBIER,
FE B IR L TBCEAS [R) J5 5 Ak ) SR it in A6 1 7.
FRIBOCLT ML R R — R 5, RS E AW
MROGEF Bl ELRIEEA I 2152 J5. AR BOGET ) g
W] 72 AE T e Bl AR B R b e e A R R A 1 R it
(R o) s 73 5 6 2 R i ) AR D g (21,

Support = i’“_,’ab Sensing
fiber "~ fiber
20 cm
Rotary Sensing l l Rotary
mounts fiber Load weight A
- ol i O !UA : .
— e i — —
Fiber platform

B 10 B A wihn e

Fig. 10. Setup with load weight applied.

e Measured
— Sine func.
fitting

BireF'S difference/MHz

120 180 240 300 360

Rotation angle/(°)

0 60

180® 10
160 ‘—6.217 GHz/N-mm~! 1 -20 &
S 1dof 1-40 =

5 3 9
g 120} 1-60 ¢
= )
o 4—-80 %
;é 100+ é
£ sof 4-100 =
2T 1-120 &
;,5 60 K
240 - 4 —140 &

20 o . B 4 —160
0 6.28 GHz/N-mm 1 _180
1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0

Transverse load/10~2 N-mm~!

K11 TSR SR ENIRR  (a) HEINAFE A7 0; (b) HANAS 0 {E

Fig. 11. Relations between BireFS and transverse load: (a) Various load direction; (b) various load weight.

B 11 0T S AR A 5 AN [V AR ) R 2
) A % . 0 g T 2t 66 e T L U 8 it o ) 1 1 g
5641 il [ AR 6 7 1, 2 R 11 (a)
Fiaw, MBI AT LG 0T 5508 AR L& 5 e 70 75
) 2 E X AR R R, MK )77 105 e 418 5 7 1A
— F (R A 0 50° B5.230°), XUHT B I I 2K
e 377 1) 5 LRk T T — SO (BRI A 140°

50320°), XN E K. B 11 (b) frs A E )k
JI77 10 5 G218 Al (B J7 1) — BN, XU SR A
AR A & 5 AN R ) R M 2 AR R &R, 4
SGEF PRI Ty ] I N e R e R e ) R R
N —6.217 GHz/N-mm~?, T #6478 4l 5 170 it
JE 1R, REE N G6.28 GHz/N-mm~t. £5& Wkt
RS e /NI AR UE 25 5 MHz, 7] LA 21 KK

075201-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 7 (2017) 075201

fE250.8 x 1073 N/mm.

Bl 12 D ) s 0 o0 AT I B R, R R
LT85 TR 7~ e 0 R 0T 5 RS S e R, JE
ok toF 3K T A 45 SR Al 222 A B gk TT DA B R 7 51k
(XA 5 A8 Ak, DT 38 e £ 23 A U 1) s 77,
WP, 1 m A MIEA — B 20 cm MO FIE
518 7 1) — N R ), 7R3 m AR IR — B
20 cm WOGERIE & PR 7 18]t il — AN R 0, AN
J1¥1°8 2.3 x 1072 N/mm. M AT L% 4 A F)
it B 1 1 7 T R/ INF T 1)

14.90 -
P \\ Load along —— Without load
£ s slow-axis ~ —— With load
O 14.80 F
~
2 14.75
g
& 14.70 |
14.65 |
0 1 2 3 5 6 7 8 9 10 -
L«
3 g
120 12.0 #
= Load along 115 «
< 80fF 9
8 fast-axis 11.0 9
5 aof 5 =
; 3
g 0 8
T —40f 2
4 g
) —80 z
M —120 =]
[as] 0 £

Fiber length/m

12 MRS AR SER, Hoh s ML 7 i ZRoR
Tt 0 s 3 J R S A R, W R AR R 23 A 5
£

Fig. 12. Distributed transverse load measurements,
where the green line and red line represent the mea-
sured BireF'S with and without loads, respectively,
and the blue line represents the BireF'S difference and

transverse load.
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Principle of Brillouin dynamic grating and its
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Abstract

Brillouin dynamic grating (BDG) has been widely studied since it was proposed for the first time to achieve optical
storage in 2007. In general, when two beams of pump light (their frequency difference equal to Brillouin frequency shift
of the optical fiber) with the same polarization state are injected into the fiber, the coherent acoustic wave can be excited
by the stimulated Brillouin scattering effect, forming a BDG. The BDG in an optical fiber has been widely used in optical
fiber sensing, characterization of optical fibers, optical storage, all-optical signal processing, microwave photonics and
high-precision spectral analysis due to the advantages of all-optical generation and flexible parameter control. In this
paper, we analyze the principle of BDG generation and detection, and its applications in optical fiber sensing. The
simultaneous measuring of strain and temperature is achieved within a spatial resolution of 20 cm through measuring
Brillouin frequency shift and birefringence-induced frequency shift in a polarization-maintaining fiber. A high-sensitivity
distributed transverse load sensor based on BDG with a measurement accuracy as high as 0.8 x 1073 N/mm is proposed
and demonstrated, whose principle is to measure the transverse-load-induced birefringence change through exciting and
probing a BDG in an elliptical-core polarization maintaining fiber. On the basis of the above research, a distributed
measurement of hydrostatic pressure is demonstrated by using a 4-m photonics crystal fiber with a measurement error
less than 0.03 MPa at a 20-cm spatial resolution, while the temperature cross-talk to the hydrostatic pressure sensing
can be compensated for through measuring the temperature-induced Brillouin frequency shift changes by using Brillouin
optical time-domain analysis. A system based on BDG in polarization maintaining fibers is reported to achieve a spatial
resolution below one centimeter, while preserving the full accuracy on the determination of temperature and strain
through measuring Brillouin frequency shift. Taking advantage of creating a long BDG in an optical fiber, an ultra-
narrow bandwidth optical filter is realized by operating a BDG in a single-mode fiber, and the optical spectrometry
is performed by sweeping the center wavelength of the BDG-based filter through a swept-tuned laser, where a 4 fm
(0.5 MHz) spectral resolution is achieved by operating a BDG in a 400 m single-mode fiber.

Keywords: stimulated Brillouin scattering, Brillouin dynamic grating, optical fiber sensing
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