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Research status and development trends of Brillouin dynamic grating
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Abstract: Compared with the traditional optical fiber sensing technology, Brillouin dynamic grating (BDG) has the ad-
vantages of multi-parameter simultaneous sensing and high measurement accuracy. At present, the research on BDG indica-
tors 1s mainly based on the different types of BDG and BDG generated in different optical fiber media. There are four types of
BDGs based on different types : chirp, phase shift, random and chaos. While chaotic BDG achieves high-precision and high-
spatial resolution measurement, it can achieve a single, stable dynamic grating to overcome the influence of multiple gratings
and its limitations in distributed optical fiber sensing. BDG generation media include single-mode fiber, few-mode fiber,
polarization-maintaining fiber and photonic crystal fiber. Compared with other optical fibers, photonic crystal fiber has high bi-
refringence coefficient and can improve the sensing distance. Firstly, the principle of BDG is introduced, and the application
and research progress of chaotic BDG and photonic crystal fiber are reviewed in detail. At the same time, the application of
BDG in multi-parameter simultaneous sensing, high-precision measurement and high spatial resolution in distributed optical
fiber sensing 1s introduced. Finally, some problems in this field are discussed.

Keywords: a single stable dynamic grating; Brillouin dynamic grating; chaotic Brillouin dynamic grating; photonic

crystal fiber; high birefringence coefficient

Wi B 2024-11-28; WEIEMFmBHE: 2025-04-14

ELWAB: AR EERNETIIHE (2024KY1758, 2024KY1762)

EHBAA: B (1990—), 5, Bh#, Wit, NGO EREAR . FHEIRMA S A HF5E . 313575109@qq.com
PRIEVEE (1995— ), %, Bh#, Wi+, MRJeerfem. o4 % rmm s,

*EIAEH: 13623271437@163.com

439



4%
B
¥

x

51 %

0 3

o T AE 7E 75 75 1 BRI DL S i B RD N AR 1) 28
MU, AR 585 A ROG A AL I R TR £ 2 1 [F] I
TR % . WA BE L 25 (8] o B 3R A5y T 32 B R A
AR, — BB B A K 3h 806 (Brillouin Dy-
namic Grating, BDG) f&ZE&E A, 51 T H NI L
K. FEHMTIZLE, 2008 4F, Song 4 K AE
30m K (1 BE A 7 LR i Ot £F  (Polarization Maintain-
ing Fiber, PMF) il i 52 ¥ A HLOH B0 (Stimu-
lated Brillouin Scattering, SBS) 724 T BDG. i#id
BRI 5 W OCTE w4k O 1 R AT or e, iRk
TS 8] 43 AN SR BE R A P, TR A S
BT R 5 0 A Y ] s A SR

AR, E WA BDG #E D g . 25 [H] 4
PR Z S i A B AR B 5 T 9T £ B T AN R
R BDG MA [ 4 Bt P (9 BDG . X A [A] 2 7
BDG AJ LA 3 ik 98 1] 5 1 ' 5 A HIAS [/ 28 8L A o6 AR
R AR S Y, AR R D K BDGP Y
HE BDG™ . Bl BDG AR BDG", B 1A
Al 267 BDG X b Al R it BDG 38 5 20 A O 27
R N o LR 2, WK AR R BDG i 1%
RN, gy ok 1R AR A AL BDG I
SHZAFMBDG A, S TR B H 20
W R 3 e s 7 AR I R 2 T T B () A BER R
B 5 1 R AR 06 U8 ¥R VE BDG Af DA™ 2R s
BDG H AT B 48 dE &2 2% 45 04 3k v DL SE 3L 5 1 04
i, A RGE G T A ) R

#1 RFEZEBBDG XL

il 1

BDG 2 e i
WA BDG | 52 4% 5 )% /N F 100MHz mT@rﬁmm&%ﬁ;
I6F UE D RS A A
B BDG | 5 58 % KT 100MHz 5k H A
J S5 % 5 BE T L35 5 GHz 2R
BEHL BDG " P T b O 2

B B2 [ 7= A £ 4 BDG
BRI BDG | B 58 LWREHL BDG B K | T 50 A 26 47 15 1%

T BDG 7= A A i B AT AL LR (Single-
Mode Optical Fibers, SMF) " /b i S 154
PMF" 15 F f K 6 £F  (Photonic Crystal Fiber,
PCF) ", N3k 2 BARDCLF At . & 20)
HHREICLE R 5 7= A BDG D BOL A 2L B BDG
IR GE RS 2% 5 AEA% IR B 1 I s PMF X 22 3 O
DIRE R, HPMF AR, B E RS0
AW E . B PCF AWM R, H2EARAMRE
AR LM, 2 A% TR 1 in i AT LA A AR 0 5 G
440

D EoR . BRitbZ 5k, PCF ik B AT B il 4 458 FE Fn
o RUHT 58 A R S 25 R LT AT LR e PCF
P D I ol %) AN X AR, A AR e XU B R R,
A B o R R A i AR T 2 ) A R S, DA T A
i g A i BE R OO T L T AR DR RS R [ B
BAR A BR P AE AT B TR M i f i ey o Gx st
8 bR X T 5 i BDG ) 2 2 [ i 42 JgORI 48 i 25 1)
IR OU T — PR SR AA EEE Y
HIBE TN E -
F2  AFEICL A BN

S 2F He i
MBOGEE | RGNS R B R R 5k SBS
B R FH LA 5 S B T O 0 R
DR LT )
LS REEL Y T
T L AR 458 A 45 0 240 B B 0 P o
T ” it @kjﬂﬁ?&} i@t F% i e X
WOLTI B R B . LIS AR
A TRAE AR 2 e , 24 £ 1 B 5 0 0 B T L2 A
Y T LT
" ST R ER (R A R

ARSCH Sext BDG #ig A7 T A, FxtiE L
AEAE T AN ZE R BDG HRE NS 7= A o B e 4k 15
SEM TR DE BDG A1 T 808 Y6 2T N 3 45 4 Ok R 7
12 S R B L 35 B O g RS FE D 4 19 PCF 3647 T 3
LRI o I X HAE o A KOG AR AL IR 1 £ S 4 TR
IF A2 I L e R R I R R 2 ) G R AR G AT T
. G X BDG By & J A7 78 i — 26 [m] 8 g 17
THVE, IR T AR R R

1 BDGIEEHHT

BDG i@ % 77 T PMF i, W&l 1 s & BDG
HOSRIRL . MOCZE W 148 40 (o fl) A SRR
O (Pumpl il Pump2), Hf Pumpl ik st oh &
KF Pump2 ik vp 5t D%, XA A T4 Pumpl 5
ABEMEE o 20 2 A A7 DE B A5 FRT, B Pumpl Al
Pump2 A5 5 22 R i BLIR A RS, s ™

2nV,
=
A, v M EMBE; o F w5000 8 Pumpl Ml
Pump2 A% 5 n, V..o 4,500 8 LA 503 5 .
LT A S B R K . FEA B E
Qb 77 A ) AZ T BL RO F e, 5 BRI Y
S I AR R I HEAT R B A% 3, 7E AL B AR RN
W= EsR s P, XA I S xR Y S R kAT
SRR, IR B LA B V38 3 0 3 S O
B Z506HF . 24 M Pumpl — M LAl (%) 51
TE A Probe FDGELF A sy, fiy T A5 27 8 XA 5

(1)

Up=— U1 Uy



%4

PRORR, A A RIS AT 2 R 5 kS A

JCET B P i 4 7 1) b 22 S0/ L R T RO T AR
BT —Aisahim s, HRSESBA 1%
WA, BN RS TR o BLKAAS RO
J AR LT FE 2% A I S S T AR B Kk, o R Al
VAT ED AT A5 3 BDG M C R PE . BT PMF
P Pl b T S R AT 22, S R BUTEARY
A5 HLIHARS , =5 J& 2 7 A B P 2 — A A2 A T A
RN 7, A 2 A EHUE LR, DB i o,
Al ELA A [ e A F AR RS, R
2n,V, 2n,V,

P

_
2
—W ({11
(x-pol)
o | TR
1l St

(x-pol) [ ER VIR i (v-pol)

Ve VitVBire
<---f>
1 L L B
/, 7 3
. [ G

ek wmery W
(v-pol) 5Pt BDG

El1 BDG ™A 585 5 E
Kb, n. nariliE e, yEIET R PR AL
AP INRE L ooyl B R B . HL BT S
PMF o, y Bl 7 m i 97 G R 22 m /b F 1, 4
Pumpl, Pump2. Probe Ml 5 5% /1 5S¢ /Y 4 % it
UAHSE RS, A5 3T A RS 28 =L R
=", (3)

n
A, o & Pumpl IR, An BCEF iR, n
K. yHPEBAT A
FEB AR HR R SR, Rl A R A T A
BDG #4754, BV Pumpl., Pump2. Probe., &
FHtmm Y, XRKmF

(2)

¥

ZE 1 (x-pol)

‘_
M H(v-pol)

3+m3) A%
dz ¢ dt 1T ol 2!

U N
Jz c dt 2 ol £ 2"

d n, d a
(az+:al‘>A3:igopA4em'2A3 (4)

d . d
(_ + n}[)AﬁL: igop Aze _%A4

+;){0 Z’ga(AlA:Z+A3A4‘Le’M‘)

X gow g lRGIEKHAG KRB A GG R
B, AMSEAMIRIER; AL Al AJFIA G B2
Pumpl. Pump2., Probe. K Hf JCHIRMA; Iy A
B RR LR TE s o BT PIRIE ;a2 LT B R AL
TEMAOTEDLT , AT LAT 3] BDG RG34 A 0™
R sinh”( gL )

cosh® (gL )—(Ak /4K, K;)
Kb, LAEMKE; Ki=—1/2g,A,A,, K,=
—1/2g, A% A,

2 R BN

h T ARG RE AR R E 4ERE ) BDG, B> 2 0k
JE 45 I B Ol B9 B2 . 2011 4F, M Santagiustina
SR T — R 3R T IR U O6 #E PMF A sg B
BDG & 7 fiAR € 7= A 1 7 o 456 Be AT T 48K
BN, 45 A5 2] HA — AN IR PR 09 5] i) s T
PLKs 23 18] 20 HER R 2 Tem, I HUR SR 200l 45
AT A AN, 24 Pumpl A1 Pump2 2 % 4
0 — OB SR T 6dB
2017 4, Zhang 1 BA H SBS 1 ¥ & 7 B2 AE
PMF 57 TR BDG 77 A 45 152 B 1 78 O 5
FIRIE BDG MM . HIH A 7 B A a7
dAp+ BLdAn=—1gsQA,
=0 At Ll A= "1gQ A,
—0.A, T By0.A, = nguQ A"
d.A,+ £,0,A, = ngsQA,e
9.Q +(1/20, — idw)Q=(A, A"+ A Ae™)/2z,

(6)
A AL An. AL A I & Pumpl, Pump2.,
Probe 1 Reflection # 1% 75 4 1% ; Q /& Pumpl
Pump2 7E PMF % fE SBS, B EUH 45 200 7 A= 1
FEUE A IRNE 5 1 F1 Bo, 53 1) J& PMF 48 il R -He il 2057
£ R HEIER) 5 Ak Pump2 Fl Probe 45l 22 Av B 4%
AH G Y AH A7 2R 1 & o
i BB B T an i 2 Bt or PMF R
WG AR AR Q (2,0) BN 234, B3
Jt s BN [ A R BE R IR il BDG /Y S 3 A
Bl 4 A 8] A 240G i B2 T IR 7E BDG ¥ 55 3 M 1
25 R A OE ARl & BT B 2 R AE Im K
B PMF Hrl LA 2 29 0.2em K B2 G2 4 £F A9 TR 3l
BDG; &l 3 0] FHR i BDG 4 3% 56 B 5 6 i
ARKERRI, BAZEWCHEEm; H
&I 4 W] H1 B 55 3 v 2Ot A S E R m, =
AN Z O R

(5)

441



51 %

#o.6
£
%04

0.2

0.5

Sz >0

i 0 MHns o 05 0
HEMHE FEz/m

&2 PMF HiRMEEOEF 4 B 3 Q(z, o) I 25 73 A

R IX 35 4 ) R 2. 7em 1 2.8cm, TN E(E 3 A
AR . HEB] T YR BDG A DL A 2% fif g s B i A8

1.0 570 Y
1R
'IRN( 03 fng \
3450
——L ~1.00cm P
i =
—o—[~0.40cm %40
~50 0 30 04 06 08 1.0
AT S99 24 Av/IGHz FEAHEE L/em
(a) SR ROEHHS B2 /Y (b) AT IETE
IRIEBDG R 4% et w R
K3 IR BDG R 4% v 5 e Rk B e 2
10 Thmml £
TS| 3192
ﬁ'l‘: § 191 - L.~1.00cm
= 2 Tibeen
0.5 {2::4190 < [.~0.40cm
2 7z 189)
;l,;lsg
0 187
200 0 200 X 02 04 06 08 1.0
SEH VRS20 % 61 ik Aw/MHz pEINY
(a) TR RO (b) ZHIELFWHM
KEEMIEIEBDGHS 151 S E R R
B4 MW R S E Z A R

ARl IR 1l BDG AT LA 6k 3h 55 i 6 7
Az, AR SR U8 AF AE 32 7 T A A BRI ik K
B ) R A RE A ) A, K, Zhu SR FRAR T 4
PE 4 TR 3 O R & IR TE BDG, IR A S iR
Ji 5 AR TC A8 SCAHURR I 43 A 2 AL B B S8
3 Ao ) B 3R] Y A A RO IR 4 ] 2 Ol S B X R
S B 58 EE E R, E S BXHIR 36 BDG Y £ 4 .
1E 100m & 19 SE A 7 PMF w43 51 7= 4 17 2.07cm
1.66cm. 1.39cm. 1.24cm K B BDG, Jf 1F
2.07cm ) BDG F 3R T 2.7cm i 25 (8] 3 B
B 5 iR SR BDG 506 o R L&, M
K ar LA th BDG 53 98 5 6l B 2 R L
KFE.

SC 4 — P A 100m K PMF H1 /Y 20m &b % &
T 2.5cm W BE IR X, 15 2] T A& 6 BT s B9 Al
R YR AR R XUATT S RS i il R AR A YOG R R IR
P 6 v R 7R T g A L UK AR RS S RS T A 1
442

A8 SR a5,
751
70}
N
jan)
O 65
jan)
=
Z 6of
=
if;; 55t
R
Rs0f
1=
45f
40b
1.2 14 1.6 1.8 2.0
FEMHE JE Lypo/cm
5 IR BDG A6 58 5 e B o6 2
1074 F 90% R i 192
T A 0 | 77
& 1072 4
i
2 10.70 {29
B =
= lac &
Z 1068 46
&
10.66 | {61
10.64 15
20.00 20.04 20.08 20.2
v & /m
(a) PMF 7 HLIRARRS Rl 22 1) A8 1 G 2R
69 9
90% 1
ey . Pesgeenenes
. 68t 27
T
g
5: 67} - 46
= ALK R =
ﬁ 66] 2:0cm 1.5cm 64 =
5
=
65t 10%351 182
64k N N N N 4100
20.00 20.04 20.08 20.12
17 /m
(b) WU SRS AR ARk 56 2
6 IRJE A BTSRRI S AR RS O &

BB B 3 TR M O™ A iR 1 BDG E fiE
PR R E R B B A e, I AT LS BLIR AR
LS f ) b ) L2 % g s () o3 AR I (H AL
A SCHROR T, A TR B 300 0 R 3k B4 1 f
FCSLBR A 2 32 BUBR W o Bl 3 4% T A 3 £ R A
DF R R AN B, AR R ORI TE BDG 7 4% J B g
et — 2Rt



%4

PRORR, A A RIS AT 2 R 5 kS A

3 TR

Hi T4% 58 PMF 09 XUHT 3 2R B0k, HL o s b
FT AL S BOCL Wi 4 7 ) & ARSI
T BTEBDG LML R G R H . it T S iAo
27 W] L3 S 0 G 2T oA A A 1 SR X Bk 4
XUHT SRF B8, 1 T 4 v 0 0 2

2009 4F, Dong £t 1 — B B 25 A B KOG
ST 5 %007 1) st S o3 A O £F I B AL R R 7
3m K B - PCF A3 ARk o 58 B 8 2ns 9 Pumpl
Al Pump2, H %2 [ %k 11.131GHz, i ] 6ns 4%
MIEFE 15°C, 35°C, 55CH 75°C T IS T WA AR B
DROGHES 2598, 73 2R BER R 0.07°C, REYS
B ZBCH-23.5MHz/°C, B 50 SR 2
oG R M & B 7 iR o SE5 o 0.9~2.4m
T ENEBT 20em 19 25 (8] 43 B R
B, SSRWMESH R R AR T R iR
O 2 v U (B Dy A8 Bfl B A TN £ 08 T AR Y AR i
PCF P K o 48 ZE 3 Bk o, AT 1 — 25 42 1 45 8] 43 BF
FROFNE I, LL R Pump ik e 5 [R]
B HEAT 22 o0 ' O A, ke 9l /b TN B[] 8

17.8

17.6

~
N

BHR=-23 5SMHz/°C

KT HHARS Ay, / GHz
S > = 3 3
s (=2 o0 (=) =]

D
[}

10 20 30 40 50 60 70 80
TRLEE/PC

7RISR R

—a— NN
16 --e-- JIIFk (45°C)
14
) Hf‘l#‘\-\ :
% ¢
=10} °‘~‘ :
= '
35,’ gL 0: . ':‘30cm
@ ol ! IR S
¢
4 F ' L 4
2 b : ‘
¢ s
0 Cestacammeseopnociteoses® !
1 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 25 3.0
37 /m

B8 MAAFA I LT PM—PCF ARl o7 8 4k 2 5345 8

20134, R Pant Z"7E 6.5cm K 19 As,S, ¥ i
1) PCF i F B3 T8 0038 4R Jis LA 25 # S 30 T
BDG, Ffill#3 BDG 0y 55 % . JF & L Al 3dB 4 9
S8R 0.4% . 28dB F1 6GHz, 7E{# JH A1 % Pumpl
HrREr, HR B3R 5 20m A 30m K # SMF Al PMF
R LT AR AR, H 3dB A SE e A H s 3 A B i
. %k — KIS EET PCF B BDG 7 ] 4 4E i) 1 ¥
KA ERE L,

20154F, Kim Z7E-30~150°CHa EL B N, X
&4 PCF i BDG RUHT 51550 % Fl 4 58 25 % I &
AR E HEAT TSRS a9 BT R R TR R R
TR N TR N 5L AT S RS AT S 5 R E Y
A Ak £ 18 . 3 X B9 43 B kB PCF 9 IR K
SR R A T B TR R 1Y) S AE R EE Ry 20°C LA L
JUF R FEEE , BIANSZ W B 525 78 20°CLL T B,
W 8 0 43 0 LT SRS ) e AR SR, PP AR X — B
G0 T R AT R R H T DN M TR U 2 A AR R I
FEnlRMBEmNEN SN, 25, AT T
— Bl A PCF Hh BDG 9 = 2 8B i oK TR ) 4% &
AR IR A A KR R AE A 1.69MHz/psi,
J& SMF ' BFS (19 1691, I HiZOG 25 X if F 4

==y 3.
R T 28 AN T
67.0 r
] 45.08
o
2 oosf °°°C§ill0caensanae
) ] ¥
£ 66.6 " 3 1506 2
3 i S
2 . =
§ 664 E 1504 5
= . ' h
= 662 ' PMEF-c
: B Coated | 45.02
66.0 [ : O Bare
. 1 : 1 1 1
0 50 100 150

i/ C
PO LT S 8% AT 5 35 45 L A A R
2016 4, AW BDG 19 ST 5445 % K HR
JE N A RBGHAT T HEESY. #8 T BDG L 3t
BB, X LT SR A RS S HL IR R N A AR AR AT
TN, SEE & B2 Probe ik i GE B 878 I RE % 52
PR A R B I A 10 AR 11 43 SR LT
SRR AR [0 AR L S TR B R AR Ak . B 10
it o g AR I AR 08 BT S RS N AR R R
-0.15MHz/pe. Kl 11 2 7E 1m K & s PCEF #F17 I
JE RN A B A B 2 A5 W AE —40~10°CHf, XL
P15 AR 2 B BE IR B SN A1 N, AE 10~80°CH
BF L BT S A R B e T Z20mg , JF H Sa-
gance SC I 46 B X — MR AT T RE, X4
5 SCHR 31 PEA—B0, GE B T 7E R DX T S A
443



X HF O AR

51 %

B HAT R B AN RO AR . PR, T RUAE R T S
IRk AN R ) A A TR

67.0
668}
6.6}
664}
662}
6.0}
65|
65.6
654}
652}
650}
6481 ) . . ) )

RATHIAIRL Avy;, /GHZ

{7 /m

F10 AR ZE BT 538545 72 1k

665 o
0°C
0
%N 66.0 828
= 0°C
£ 655 Li®
2
E
& 650
5
™ 645
64.0 F
1 1
0 1 2 3 4 5
1% B /m

11 R [ T XU SRS 5 Ak

2023 4, AN 4 A BB T — Fh 2R X R
Koo NPy il S HE A LG T 2 b X R 1 A [
725 AL A TR T B A T B 2 R K 45 M PCF . el 12
JIE 7 2 b MO 27 R A R B Y 7E 0~1007C
AL T W .y Bl i s, XU S AR ROk R
J1AE ARG B o a0 B 13 7 2 7 I R 20°CTF Jit
J 7 V9 Bl AT SR B £ 25 A 1 D

A y-pol

a,

o ...}
x-pol

Cs

Ce

B2 6T dh iR G £F B i i s 2
FH T 13 T 0 Y I B N AR, ST SRS U
Aty It o g 38 Jan e P U/ Vo Yl D) vt
JE J7 38 0w e v 10 . SR y b i 5 AR 4 R
—-1.004GHz/MPa #l 1.021GHz/MPa, 4 i hn J& /1
444

BB 10MPa B, P gl ST S A A% 4 S 0a /)N
10.04GHz F3E 11 10.21GHz., #f kb CHk[35]74 ¥ it
M =R ST RAOLG REER ST
328MHz/MPa. ItAh, i N 0~100°C3E [ N X iR
FetEHEAT T 4001, S5 R R G B T E, Jeer
I B AT S R Bl e 3 R, R fR AR N
RIIE B T BT S 2R O IR N R, X 5 Sk 27 ]
A SCHER[29 JL-F-#H IR, DA 3kt B 1 3L B2 A, FL AT
DA S BRI 3 R T 1 32 A IR

N 283

= T

£2.86 E2.82

g 2.85 é: 2.81

% 2.84 % 2.80

R R

E 2.83 §2.79

n 8 . 0 10 20 30 40

’ E?%/Mps 0 JF1/MPa
(a) THYHITHE AN T XTSRS AL (b) Wbttt i 7 ST SR A2 4k

B13  ARIR Iy i b I gy % ST S 48 5

ZE LTk, SR A PCF nl LLAT 3Gk 2 5 i W]
0 S B 04 3R BE A, X6 PCE 78 DOFS H1 (1) i
MBAAEZE L, [Fn, kit PCF 451 ok 1
R G0 7R Bk R R AT DA A A R
X TR oK & J W] BE A i — AP 2 5 PCF I B2 F R
75 % B LA MG Ok i g N RS R Rk — 25 3 e i AR
() G 2F 45 48 52 A

4 BDGEREEANHA

41 S EREER

4 15 TN S 21 JIr Ab 3R 5% 38 B RN, AR K AR A Ak i
S XF G T S A R, B A A E RS X R
JIE R AR (00 A, T LA SRR R R R N R AR AR AR
TS B 22 2 1 ) Rp A g, LR A K R
_ ClAvy, — ClAv,
 Ch Gl = CLLC

CiAvy. — Chi Avy

CiineCs — CiiCJ
Lb, Av 2 BN ik s CSR C) 4 i 2
A7 BLYR ARSI L AR R BORTIRL JE R Ae FIA T /2
it I 1 A IR R AR s C AT Ce 43 S0 XY
SRR 4 8 78 R BRI BE R4 BT G 2 —A 1
i, Ci. COMChu M2, | ChinC) — Crinc C2 |8
T, S AR T R R AR A R

20104F, ZouZE7E 8m K PMF H 5% B AH 6 3843
Mrae AR, 3 i 1F 3% 950 R 98 S 1550nm 19 5 T
Jt, 1 PMF W4T B0 8 7= A4 1 32 3o 5K 0 A
A, A R Sl A e R R R A B K

Ae
(7)

AT =




%4

BROCTEL AR A HLIH S 6T 58 BUR 15 4 Jre 2

fE 0, SCBLT I RN AR Y o A S DU A TR
J3 R AE ARG JE 433 R 0.3°C A 12ue™

20234, Wang 55" 7 —Fp A FIR i BDG
14 TG 52 SCHIURRIR 2 R AR 1 23 (] 43 B 38 A A1 2 A TRk
A RHEAZEEMTKEMIREEOLEER
JEUR 38 I A DR AR R XU S A0 RS S BRI
IZ AR AR A SR ORI B S LA AR B T A B
RS R SLAT SRS A RS 1 T B R BRI N A R B o S R
1.3MHz/°C #1 0.0495MHz/ue, -55.78MHz/°C Fl
+1.24MHz/ve, 3833 2500455 B FIR AR ff R & 25
WNE 14 FR o W B 14 347 T AR BLPRATAS RS 54
FEAE AR X I A K2y 35MHz A1 910MHz 455, 1R
B X345 53MHz #l1 2. 28MHz iAo fc&HE 100m K
PMF " T 2.3cm @ 25 A 73 HER I &, DASRE
TR A Ao I A B2 43591 0. 3°CT 1 T e

0.06 b | 1 424
1 I
o 0.04F % = O A% [X 4k | I| 416 ~
jas] | jan)
Q 1 I / 1 | g
5 0.02F | | 4 0.8 25
2 2
9, Q) =
%&- Obl. 0:399300088 29 ' o ;E
ar -
2-002f P B ( —0.8§
TR X B8 11 !
~0.04 b 19| 416
==Q== BFS | I
—0.06 b —0— BircFs | | W 44
49.4 49.6 49.8 50.0
17 /m
(a) A1 HLURASRL RIS ARS - 41 SR
90
40 80
0 470
05 60
10 8
=
10 o 450 <
50.00 3004 500 a3
AL /m ﬁ d40 =
=l
5 \ 430 =
\ 1y 0=
: ] 20
200 ? 410
BNNC228833009358933-38800)
49.4 49.6 49.8 50.0

V7 /m
(b) T FE 1 A5 eI 45 7
P14l LA A R ) 5
42 SREEHER

20134, Hotate %75k A 25 Kl )y i, il ad
UG 5 15 2 0 BT S A B 1 IR BE AR KON AR R AL
739 K =54 8MHz/°CHl 4 1.069MHz/ue, i B 0 Hi
% 11015 B 28 BRI I 7% 22 04 il O -55.8134MHz/°C
F+0.8995MHz/ue, # & ZEw AL (7) H, 78

31m K9 PMF (il BDG 5238 T 1 13 10 28 4 58
Sy BN, A5 B AR Gt TR R RN AR A A o R 22
43 9124 0.0078°C Fl 3. Tue, I JE FI IV A% (14 725 4 JE
W 43 53 R 0.1~0.3°CHIl 5~12ue.

2020 4F, T3 52 5E b I A A5 2OR [R] N
JE X T 78 PMF &3 T 3 F BDG (#4117 & 77
LW, W e S PMFEF, MUZAS G ER 2 i r i,
WE 15 (a) M (b) FroR 40 5 i m k16 T
PR Bt R0 il ST S AR AR AL . B 1S (a) AT
R ) AR T OB SRS S
#oOH B AN 5.18GHZz/Nmm™; & 15 (b)
ARG ] Fe A T T s, OB SR A RS S D)
e, HAUA R N -6.14GHz/Nmm™ . Bk [ J&
JIHE F T et B i 2 0% 43 51 5.18GHz/Nmm™
F-6.14GHz/Nmm™',

N S “

T z 05

\E: 4 S -10

= £

3 S -5

iy 220

=2 § 25

£ s 3.0

=S B 3.5 ayx —1
oL/ #1#%=5.18GHz/(N-mm™) [ #H%=-6.14GHz/(N-mm™")

0 0.1 02 03 04 05 0.6
1) HE J3/(N-mm) R 161 J3/(N-mm )
(a) PR FIRG (b) & 4T AR AU A

B 15 el R RS b DT 5T 5 0 17 R 56 &

[ 4, Zhang % &% it T — 3 F BDG 19 R 1k
W (PD) Uk 2R e PCF 43 A 20k 5 A% &8,
HE— B WE S T U AR . S T I AE T Spm,
8um ., 15pm Hl 20pm VU BRI [ v J2 B B2 1 PL IR JZ= A%
JRAS o YR AR 5 R Y I K R 4 s RS 3
P PCF A7 3 5 (8], 3@ 3 BDG 3T 5
by 2 T T 0 5467 R G 1 R AR AR B . T Y
Sum J& B PTRY #h & R % 2 30.1MHz/ (mol/L) ,
Sum 19 R E H 75.4MHz/ (mol/L) . B iytL
VR 30 N Rl N T N VS 3 d oS ETs = S DA S
HRH 2 /NT 10MHz, £ 45 4 0.072mol/L,

0 02 04 06 08 1.0

23 18] 73 Bk R O 15em . 38 2 1 A 5L 9K D' i 38 23 B
R 5 AR ) A L DR RS AR AR, R UK i R
s

43 BZRESBEXNE
BDG = A 5 B w4 b Sz AT Ry A, T
AAT R0t R 75 1 2 i B A ) R . e AT R 47 5 )
o3 B AR AR I, A Gt 5 XA Al A K e Ol BE R R
B 1o 2 6] 23 B AT, 23 B R R R G MR L A
i A LUK £330 SE L, HoR AT BDG 75 s, AT
AR A 1] 2 HE R, I ORI B AR A A LUK O
445



X HF O AR

51 %

515 o

2014 4, Bergman £& i1} If 5 7 — Fp A
PMF 1 BDG (14 4% 38 3 47 P 3 43 A3 2O B 3l A2 Jg 11
B, KI5 BDG B2 O IE A2 R 7Y
ik e R AT 1 R S 28 N AR SRR A R T A T AR
M8 . SRJE R B — AR A, DR T
R RS RAFE . A8 16kHz R BER T, 16 5m K
PMF W82 T 4.2cm 28 [A] 43 R A . 2016 4F
AT SAE BDG R BT Ik i s 4 R % 42 1w O
i 3R 5 T PR RE R AT TR 5. i T BDG R H
) G B — T BN R R AT A T AR B, BT LA S
LA I il R T AR, R B BOE kB
B T R ST ) S 200ps. B G K EE R 256 fif
Probe, Jf¥f Probe it A & iE Y6 LI MZM3 1, 1
THEANFINEFEATFET, SMEEE 20N
R — &7 . a5k H 256 i Golay H. AR FLAR
P DU D 6 A L R 25 0 0 DU S v 9 £ R L 42 T
T 8%, 153 2em 1A H] 43 HER L

2020 4F Jiang 45 $2 T KL F B 9 A BDG 1
PMF B 43 A OO0 5 2, 00 sl e sl T
3030m, SEELT 40cm %5 [H] 43 HE R ) Y S
rb (I K A3 B 0. 1pm B AT I8 38 80O 2% 352 B
WA = A1 BDG . th AWG il 35 2 (1) i 1 9K
I EOM2 H F 724 dns B9 BUBK #h, e B THHE/
R A 0.5ns, TR T 40em A9 25 8] 2 BE R . REL
Jik wft %) i {8 Bh % 8 EDFA2 it K %) 0.3W . 52 Bk
Py & 12 e o PBS &4, BAEEUBDG . BDG 1)
BT PD ARSI, FE B2 R0, R SR N 97%
G EF A B e Mt (FBG2) 1 B 22 3 2 M Bl 1)
R, EER T, WK 16 (a) PR, 1
FUT (2 & 3% B 55 1 bk ob A0 is2 B bk wb 22 18] 457
12.5ns [ B (6] ZE R o 23R 1 09 B (8] 39050 A FUT 45
F B UK sh I & 16 (b) FroR, AT AY I A] ZE
IRHE ) 18.5ns, LR R 6ns, XAEH . vyl
Z I BT R 225 Y. A, Pumpl kbR
BT 5 R0 Jok b 1) b THVRAH S, B PR AE FUT i 2 Ak

FEAKBDG EHES .
1.00 1.00
%i}ﬂﬂi‘ﬁ\.
A 0.75
5050 50 0
0. 0.5 .
£ S ﬁm#;%W%
0.25 0.25
18.5ns
0 ] 0
10 20 30 40 50 10 20 30 40 50
[ [6] /ns 5} 8] /ns
(a) A I 25(H 12.5ns (b) REmic s A il

16 Pumpl #l Probe ¥ FUT X &
446

R4, Okawa 2 H T — Ff 3 T 58 B & il 41 ¢
Sl e AR 4 A BLK 3h 25 M A9 o A S, g
F H 23 ) AT A8 SE SRR O 7 A T AR R S O
MR Z M e 2 M EILE NET ., LHT
BDG Jz 5t 3 ok I & 5 iR a8 6] o BE R, T L Th 1
100m £ BE A A1 PMF H S 8L T Sem (1) 25 1] 43 B %

I
5 #RIE

AR BDG W7 A 5 SRI0 B R AT T4
Ifar B 7 BDG BLFY B e i3 BDG Al PCF A # fff
58 TR A BDG af BL s B8l 2500t a9 B> |
FoE de Ry, sk 7 BDG 3275 7 fiw KR i F1JC 5 K
P [ £ 48 R 1 [l 230, W) i3 AT DL 7E A 2800 D iR
J3E 0N AR A2 SRR ), 4 RS R X T
R BDG £77E — > OB [l 850 At & 41 45 AH OC 06 I i
HIFE R, X FBURT BDG REMERE T, A
M 5 AR AR OBT B BRI LA e o TR, AR S
o N e K 2 A i R £ TR S gk — D B e 2
I R — A TRl X 3 A TRl ] fE B AL L
B2 i 010 £ ) A 8K R R A T Y e A R R =S ]
SRR AR . R PCF B R IEOG£F 9 BDG A
LW L S AL R, Gl ¥t AN R PCF
SRR B v U L VR A R R BORT DU ALHR
TR B . H AR S A PCEF P 45 #4884
XA T2 4R 7 T BEOR DL S AR R R
I PCF X} BDG #EA7 058 ik A XS 850 o Rk B F 5
J5 1) AT LL45 5 R TE BDG M PCF 1Y 2% 30055 M 1547 20
FRE, AR ORI S A R [
W, 42 moter K. A, BDG 7 Bk |
Z 2 ik [7) I A% IR LA B ey 25 ) o3 9 R 45 7 T A7 AR
KK J&as ],

CESEE

[1] Song K Y. Distributed fiber sensors based on Brillouin dynamic
gratings[C]//Sensors. Valencia, Spain:IEEE,2014:154—157.

[2] Song K'Y, Zou W, He Z, et al. All-optical dynamic grating
generation based on Brillouin scattering in polarization maintain-
ing fiber[J]. Optics Letters, 2008, 33(19):926—928.

[3] Song K'Y, Chin S, Primerov N, et al. Time-domain distrib-
uted sensor with 1 cm spatial resolution based on Brillouin dy-
namic gratings[CJ//20th International Conference on Optical
Fibre Sensors. Edinburgh, United Kingdom:IEEE, 2009, 7503:
1133—1136.

[4] Wang K, MaZ, Zhang J, et al. High spatial resolution sensing
of temperature and strain without cross sensitivity based on cha-
otic brillouin dynamic grating[J]. IEEE Sensor Journal, 2023, 23
(9):9317—9322.



%4

PRORR, A A RIS AT 2 R 5 kS A

[5]

[6]

[7]

(9]

[12]

[13]

[14]

[15]

[16]

[18]

Winful H G. Chirped Brillouin dynamic gratings for storing and
compressing light[J]. Optics Express, 2013, 21(8):10039—10047.
Dong M, Winful H G. Area dependence of chirped-pulse stimu-
lated Brillouin scattering: implications for stored light and dy-
namic gratings[J]. Journal of the Optical Society of America B,
2015,32(12):2514—2519.

Antman Y, Primerov N, Sancho J, et al. Localized and sta-
tionary dynamic gratings via stimulated Brillouin scattering
with phase modulated pumps[J]. Optics Express, 2012, 20(7):
7807—7821.

Zhou D, Dong Y, Xu P, et al. Characterization of phase-
shifted Brillouin dynamic gratings in a polarization maintaining
fiber[C]//Real-time Photonic Measurements, Data Manage-
ment, and Processing I1.Beijing, China:IEEE,2016:115—121.
Song Y, Li S, Zhang J, et al. The modeling of random Brill-
ouin dynamic grating[J]. Optical Fiber Technology, 2019,
53:102034.

Zhang JZ, LiZ P, Wu'Y, et al.Optimized chaotic Brillouin dy-
namic grating with filtered optical feedback[J]. Scientific Re-
ports, 2018,8(1):1—9.

SR SE IR LN S A5 LM AY S g 7 AR B R 4 A (D). K
JEL R U TR, 2021:11—14.

Wu Xingliang. Experimental generation and characteristic
analysis of chaotic Brillouin dynamic grating[D]. Taiyuan: Tai-
yuan University of Technology,2021:11—14.

Song K Y. Operation of Brillouin dynamic grating in single-mode
optical fibers[J]. Optics Letters, 2011,36(23):4686—4688.
LiS, Li M J, Vodhanel R S. All-optical Brillouin dynamic
grating generation in few-mode optical fiber[J]. Optics Letters,
2012,37(22):4660—4662.

Kim Y H, Song K Y. Distributed analysis on the spatial mode
structure in a PANDA-type few-mode Fiber by Brillouin Dy~
namic gratings[J]. Journal of Lightwave Technology, 2020, 29(2):
612—619.

Hotate K, Zou W, Yamashita R K, et al. Distributed dis-
crimination of strain and temperature based on Brillouin dy-
namic grating in an optical fiber[J]. Photonic Sensors, 2013, 3:
332—344.

Zou W, He Z, Hotate K. Demonstration of Brillouin distrib-
uted discrimination of strain and temperature using a
polarization-maintaining optical fiber[J]. IEEE Photonics Tech-
nology Letters, 2010,22 (8):526—528.

Dong Y, Liang C, Bao X. High-spatial-resolution time-domain
simultaneous strain and temperature sensor using Brillouin scat-
tering and birefringence in a polarization-maintaining fiber[J].
IEEE Photonics Technology Letters, 2010, 22(18):1364—1366.
Dong Y, Teng L, Tong P, et al. High-sensitivity distributed
transverse load sensor with an elliptical-core fiber based on Bril-
louin dynamic gratings[J]. Optics Letters, 2015, 40(21):5003—
5006.

Dong Y. High-performance distributed Brillouin optical fiber
sensing[J]. Photonic Sensors,2021,11:69—90.

B, BRCR, IRREL, L oA OB A AL b A K B

[22]

(28]

[30]

[31]

[32]

A M T IR 5 & R fa A [T). 2 SR G, 2018, 39(04)

Zhang zhijuan, Chen feifei, Xu zhiniu, el al. Research Status
and development trends of brillouin dynamic grating in distrib-
uted optical fiber sensing[J]. Semiconductor Optoelectronics,
2018,39(04):455—461.

A, e BB, AF AT E NS B OLLF UM HAE 43 X
PR #0500 T 2, 2012, (49):100007:1—7.
Zhu jing, Tu xiaobo, Yao qiong, et al. Brillouin dynamic grat-
ing and its applications in distributed sensing[J]. Laser & Opto-
electronics Progress, 2012, (49):100007:1—7.

Kim Y H, Song K Y. Optical time-domain reflectometry based
on a Brillouin dynamic grating in an elliptical-core two-mode fi-
ber[J]. Optics Letters, 2017,42(15):3036—3039.

HOKHE, AR, BEE, A A NSl UM R B R AR AT
fle I ¥ R LT ]. P B2 4, 2017, 66 (07):237—249.

Dong Yongkang, Zhou Dengwang, Teng Lei, et al. Principle
of Brillouin dynamic grating and its applications in optical fiber
sensing[J]. Special Topic,2017,66 (07):237—249.

Wh &K TOBER A BN 2 A6 M a4 L I 7 B 5E (D]
PRAE AL Iy R, 2019:28—31.

Chen feifei. Research on temperature measurement method
based on fiber brillouin dynamic grating[D]. Baoding: North
China Electric Power University,2019:28—31.

M Santagiustina, L. Ursini. Dynamic Brillouin gratings perma-
nently sustained by chaotic lasers[J]. Optics Letters, 2012, 37(5):
893—895.

M Santagiustina, L Ursini. Localized dynamic brillouin grat-
ings permanently induced by chaotic signals[C]// Signal Pro-
cessing in Photonic Communications, OSA Technical Digest
(CD). Toronto, Canada:IEEE,2011:12—15.

Zhang J, Li Z, Zhang M, et al. Characterization of Brillouin
dynamic grating based on chaotic laser[J]. Optics Communica-
tions, 2017,396,210—215.

Zhu Y, Wu X, Wang K, et al. Experimental observation of
chaotic Brillouin dynamic grating[J]. Optics Letters, 2021, 46(23):
5814—15817.

Dong Y, Bao X, Chen L. Distributed temperature sensing
based on birefringence effect on transient Brillouin grating in a
polarization-maintaining photonic crystal fiber[J]. Optics Let-
ters, 2009, 34(17):2590—2592.

R Pant, E Li, C G Poulton, et al. Observation of Brillouin dy-
namic grating in a photonic chip[J]. Optics Letters,2013,38(3):
305—307.

Kim Y H, Song K Y. Characterization of nonlinear tempera-
ture dependence of Brillouin dynamic grating spectra in
polarization-maintaining fibers[J]. Journal of Lightwave Tech-
nology,2015,33(23):4922—4927.

Kim Y H, Hong Kwon, Jeongjun Kim, et al. Distributed mea-
surement of hydrostatic pressure based on Brillouin dynamic
grating in polarization maintaining fibers[J]. Opt. Express, 2016,
24:21399—21406.

FREAME . B TR ' T i R G £ b A LUK 2 2 i Y 12 1k

447



Ea

B
*

51 %

[37]

[38]

[39]

448

FE[D]. MR 08 IR I HE T4, 2016:38—43.

Zhang shaopeng. Brillouin dynamic grating in a polarization
maintaining photonic crystal fiber[D]. Harbin:Harbin University
of Science and Technology, 2016:38—43.

AEAE, TR, R R T A BN S A O M R 1 )
LR, 05 S0 T/, 2023,52 (11):256—264.
Zhao lijuan, Yin xingli, Xu zhiniu. Design of transverse pres-
sure sensor based on Brillouin dynamic grating[J]. Infrared and
Laser Engineering, 2023,52(11):256—264.

BAEAE, RS, R RO D SR O 2 A BN
B ICHHE R T]. D624, 2021, 41 (07):9—17.

Zhao Lijuan, Liang Ruoyu, Xu Zhiniu. Brillouin dynamic grat-
ing sensor based on novel photonic crystal fiber[J]. Acta Optica
Sinica,2021,41(07):9—17.

Song K Y, Yoon H J. Observation of narrowband intrinsic
spectra of Brillouin dynamic gratings[J]. Optics Letters, 2010,
35(17):2958—2960.

Zou Weiwen, He Zuyuan, Kazuo Hotate. Demonstration of
Brillouin distributed discrimination of strain and temperature us-
ing a polarization-maintaining optical fiber[J]. IEEE Photonics
Technology Letters,2010,22(8):526—528.

Wang Kangbo, Ma Zhe, Zhang Jianzhong, et al. High spatial
resolution sensing of temperature and strain without cross sensi-
tivity based on chaotic brillouin dynamic grating[J]. IEEE Sen-
sors Journal, 2023,23(9):9317—9322.

Hotate K, Zou W, Yamashita R K, et al. Distributed discrimi-

[43]

nation of strain and temperature based on Brillouin dynamic grat-
ing in an optical fiber[J]. Photonic Sensors, 2013, 3:332—344.
5. o0 A RO ET T ) A2 I SC BRI SE[D ], J#8 - HL 7
RHE R, 2020:49—58.

Hu Xuemeng. Research on key technologies of distributed opti-
cal fiber transverse load sensor[D]. Chengdu: School of Opto-
electronic Science and Engineering, 2020:49—58.

Zhang H, Teng L, Dong Y. Distributed salinity sensor with a
polyimide-coated photonics crystal fiber based on Brillouin dy-
namic grating[J]. Journal of Lightwave Technology, 2020, 99:
5219—5224.

Bergman A, Yaron L, Langer T, et al. Brillouin dynamic grat-
ing time-domain slope-assisted fast and distributed strain sens-
ing[C] //23rd International Conference on Optical Fibre Sen-
sors. Santander, Spain, 2014:997—1000.

Bergman A, Langer T, Tur M. High spatial resolution, low-
noise Brillouin dynamic gratings reflectometry based on digital
pulse compression[J]. Optics Letters,2016,41(15):3643—3646.
Jiang T, Zhou D, Ma Z, et al. Distributed birefringence mea-
surement of a polarization-maintaining fiber with an extended
range based on an enhanced Brillouin dynamic grating[J]. [IEEE
Photonics Journal, 2020,12(4):1—7.

Okawa Y, Kendy Yamashita R, Kishi M, et al. Distributed
measurement of Brillouin dynamic grating spectrum localized
by an intensity-modulated correlation-domain technique[J]. Op-

tics Express, 2020,28(14):21310—21317.



