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5k [, Rodriguez-Barrios 25 19 5% Fl — B 4 &
JOKEUAS 75 km AR & T B RSB N 3 °C B SEE &
H; Martin-Lopez 25 160 7 vEHE ) & b 8
K, T 201048 H#IE 7 100 km % & PE .
2 m A A R S S5 R O B B Ok
iz P B B N 7 R 1) IR, 2011 4 2
H, Soto %5 I3 T FI| FK M 75 2 54 O 35
I8 JEAR AL KR B IR R B R FER L. B2,
i RIBCKAE R T 100 ki BOTDA [ 38 ZE {77 1 H
HRKWES.

££ 52 i BOTDA Ak & 5k 2% 5 J7 17 1921 Bao
WFFTA 9 SR A A (FDM) ik &5 &6
% B LA AN ) A BLIKATRS IR A% 8O 41 HR Gk ok,
TR B 7 A LU 25 . U, SRS B
55 5%6F B e 27 A7 HL P 38 25 0% G (B AT R A S, ki
A S5HMIeAER, CAHmGlEIE Rk, Rk E T

1.5 OB RE 2\ 2 m 2% W] 43 0 26 1) K 5 4 UK.
Fy—Fhove IR AR R A & A2 & B 4 A (TDM) J7
22021 2011 44, Dong & POIE TR 5
4t BOTDA AR, fliig s 5638k 1 il
B i PRI 2 R R S, TR R B AT B
BEAT R I, ARG K g T TR OGS B
FE. KIS, FDM J TDM A& B A A 24
GEFEEREAES

2012 4, HLFRHS K0 5L BAE R Gt 7e kit
WLIEA 0 (random fiber laser, RFL) 4574 (1 2 it
b, AR T BT RENLDG RO A b 8
K (DRA) #i kS, B 5 F ) B A 140 A =X
JEEF AR IR IR S BT, PRI T T 4k BOTDA
1) S i 5 T S E % (40 08 142.2 km (1.5 °C;
5m), 154.4 km (£1.4 °C; 5 m)).

#1 KIEE BOTDA BFt#kfE (It Tl H A 7R
Table 1. The research progress of long-distance BOTDA.

5 HITIEE = AR SCPREER /km ¥R /m K RE
1 OL, 2010 Liang et al. Z 53 ki (DPP) 50 0.5 0.7 MHz/12 pe
2 OL, 2010 Soto et al. Jelkrhgtis (OPC) 50 1 2.2 °C/44 pe
3 JLT, 2010 Jia et al. —Kr DRA 75 10 +0.6 °C
4 JLT, 2010 Barrios et al. —K DRA 75 2
5 OE, 2010 Lopez et al. —kr DRA 100 2
6 PTL, 2011 Jia et al. —kr DRA4+OPC 74.6 2.5 +1°C
7 OE, 2011 Soto et al. —Fr DRA 120 2 2.1 °C/45 pe
8 OL, 2011 Soto et al. T 120 3 3.1 °C/60 pe
9 OL, 2011 Dong et al. TDM 100 2 +2 MHz/+2 °C
10 JLT, 2012 Dong et al. FDM+ 14k 150 2 1.5 °C/30 pe
11 OFS, 2012  Vinuesa et al. —Hr DRA4+OPC 120 5 1.9 °C/38 pe
12 PTL, 2012 Soto et al. —Kr DRA+OPC 120 1 1.3 °C/26 pe
13 JLT, 2012 Vinuesa et al. —kr DRA 100 2 1.2 °C
14 OE, 2012 Vinuesa et al. —Fr DRA4-DPP 100 0.5 2.9 °C
15 OE, 2013 Hu et al. AHTFRE I 72 5 1.8 °C
16 ~ MST, 2013 Taki et al. —Wkr DRA+DPP+OPC 93 0.5 1.7 °C/34 pe
17 OFS, 2012 Jia et al. #F RDFB-FL #izff DRA+OPC 122 4 +1°C
18 OE, 2013 Jia et al. EF YL EHZE R DRA+OPC 142.2 5 +1.5°C
19 OE, 2013 Jia et al. &4 DRA+OPC 154.4 5 +1.4 °C
20 ICOCN, 2016 Qian et al. &4 DRA4+OPCH+W-PCA+NLM 157.68 8 +0.65 °C
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2016 4E 4, Soto % 22281 43 T iz F A &
b B EEA (AF R 135 M8 JE %) $2 7 BOTDA 115
bE, 7E 50 km &£ BOGLF B SEIL 1 Eis 4] 14 dB
(15 e LR T, B S, AR AR I =) 3 4 1 e
+i AR (non-local means, NLM) 55 437 28K F ik
MIRADHARBEAT 4, JFER 13T R AT
BOTDA B/ 73 43R, &7+ 1 NLM J5 3% i) 1&
YRR R, SEEL T 157.68 km (£0.65 °C; 8 m)
Torh 4k BOTDA P40, 3% 13 1124 A1 E KRS
BOTDA It 5tk .

1.2 ETHEERILFHEHKDY
BOTDA

KB EOT, T KL 4 (UL-FL)
2 Y DRA N s 2. F52 b DRA )il
IR s SE P, kTR S UL-FL #1142 ) DRA
1] HH Stentz [ Nielsen 5542 H. ARAIT7E 1.3 pm I
BRI T 8x10 Gbit/s 551141 km JoH 46tk
g 260, (R FLBORRE M (LG TF o1 2 L 1 25
A A TS R H AR LR PRI D7) B AT G R 4R
. A/NYIAE R PR Y 2 UL-REFL 132 (1) % DRA
SERII AL b, B IR A TIOR R 1. AN, %
77 Z 8 T K R B BOTDA 5 A A% K, Szl
T 142.2 km T 4R IRER B 5 m S 8] 4 FEER K
+1.5 °C RN E B .

K145 T 3B UL-RFL s (1) — i DRA
SEARGE R Je S B, B AR T AT iz P

WDM1 WDM2

DFB 1550 nm

Z=0 Z=L

l _ 142.2kmSMF _ )
<A g

(@

1 #T¥IE UL-RFL K"K DRA R40458 & L6 %
B

Fig. 1. System structure and experimental setup for

forward pumping DRA using UL-RFL withring cavity.

K2 (a) 45 T ANFHhIE DR 44 T I RFL 3
SPGB AR, s DR K (30.5 dBm) B
P e AT T4 2 16 25 15 55 — 1§ 4b (1454 nm). Bl
ERWE TR TFE, 1454 nm WEAE IZ B G, X2
TR K AR KK (1462 nm) F B ZHL 1t

A, SO W 3] 1464 nm LU IE AT 58 R % X
ot F& 5 5 K B WO S =X DY g VR A (FWM) A H
BR. Fealth, RE®iEE E T RIS
(WDM 7 1455 nm ¥ 17 %5 2059 20 nm), M
) 7 AR LR PR R TE N I AR IR 1X S
BT UL-FLOGBOR A B X, X T4
TN &, FBG LAY 9608 <0.5 nm, 3206 & %
SN, AT FBG 5 8 I Re & T, (1330 20k
53— R 28],

Pump power@1366 nm, (a)

a:30.5dBm; b:30.7 dBm; h

-40F ¢:30.9dBm; d:31.1 dBm:
e:31.8dBm; f: 32.5 dBm;

| 9:33dBm; h:33.8 dbm

Relative spectral density/dB

Wavelength/nm

27| —#=Backward pumping
=8—Forward pumping

On-off gain/dB
o

[ H
300.5 31 315 32 325 33 335 34 345
Input power of primary pump/dBm

2 REHEZ TR &M R RFL U 638 S 563 o
(a) BHHEE; (b) JFxMas
Fig. 2. RFL lasing spectrum (a) and on-off gain (b) for

different input pumping power.

B2 (b) 45 H T AN [FlHhiE D 26 46 1F T BT O3
a1, WELFEH 1550 nm NG5 II% N -5 dBm,
W17 1366 nm fhiz Dh 2 DL B A 25 il BT
5, RO B (~ 30.9 dBm) J&, JF % 25 B ik
BRI, R BT S T Adhis 4
PER, 2 Th R — @ i, B e Th R A A
R B A MR RTS8 25, Ak, & AL Sxd BT
~ 29 dB I 25 51 ~34.2 dBm s Th 3.

LLBOTDA RN, ¥R} 1% 77 RAEAB KB & o
AR T PR, LR E MR 3R %
B EF B Z B, BK N 1422 km, BB
A WS AN [F] 6 A 5L YK SR8 (BFS). JL B 6 4 11
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A1 BLH A RS 72 228 /N T A BLK I 25 3% (BGS) 9 2
(~ 39—56 MHz), LAHi{R SBS e KAk, In#k s
FLF R 142.152 km 4k, HIE AR Ry 40 °C.

W 0 ARG 5 4 AR 25 LA I U A BN
AR AH I, W] A9 R B AR O AR IR B 4 A,
Bl 4 (a) Bt s, THE bR E 22 20 A0 ] A1, f K & A
W ELN £1.5 °C (fL F{5 M Ik (SNR) f iK1
~ 110130 km), 0—94.5 km [X [A] ()3 25 55 K, X
JSE (00 B AN P K. B4 (b) AR T4 5 m

PC DC
(000

[awe |

1550 nm FBG

Computer

»
EDFA2_r l—ll_ PS VOA2 CIR1

EDFA3

PRI IR EE 70 A SRR 40 °C AR
A SRR AT S B, T E AT AT, R
GESLRRAs 8 7 HER LI 5 m.

S REE AR RGN E, IS PRI A
XToREEMEFS (RIN) $e 19 204 RBEA%; 53— 51,
FXF TR B DRA, 32 —BriiafF M, 18 g (g
RANE >40 km &b, B F R T R 50K i 5 16 LL

EDFA1

v

142.2 km sensing fiber

CIR2

VOA3

PD

K3 TPl UL-RFL A2 142.2 km BOTDA L35 8
Fig. 3. Experimental arrangement of BOTDA using UL-FL based DRA with ring cavity.
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Fig. 4. (a) Retrieved temperature distribution after Lorentzian fitting along sensing fiber; (b) zoomed view

of temperature distribution around ~ 5 m hot-spot.

1.3 ETHEIAAEALSRKESFLDES
MAHBOTDA

BEF 8 — RFL #1328 i AT 7 DRA B A B
ME R R, M %5 % 2B 122 km o) A A%
& H T RERLROE R A i e R ECR S 4 o) A

SR, T AR A SRR 2T (1 i R U R O s
(~ 4.5 x 107° km™1), k7 EHHE R B
(TR HIE %), (£ E KRB b /1L & &
girh, W m RS R 2 2 NIRRT
ff P I R, 1%/ AR — R A B AR ROE =
B fil1iz 5 (K A HOE AR (LD) —Firilig iR &

074207-4


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

) I % R Acta Phys. Sin.

Vol. 66, No. 7 (2017) 074207

DRA 7%, AL R, % RN A
THKEE B BOTDA, £ /8%0H 5 1] 2E{#1 22 154.4 km,
HARFF S B HEF N 5 m, MEAGE N £1.4 °C. X
& H AT [E Fr_E BOTDA 1% KT8 H 4k 1 Bt 2.
fill & REL — B ihiz 5K 5 LD — P fihis 1
RE DRA J7ZWE 5 Fros. WAt D 3 A

2".order pump 1SO1

Point feedback

WDM1

FBG (1454 nm)

Signal input (1550 nm)

154.4 km SMF

CC PP

Random distributed feedback

A 1) 1455 nm 1= D 2K M 75 LD J8 i fm 9% 5 o 2%
(PBC) H &, KRR I i) — B 4hiz, 8 o fm i AH ¢
1 25 5 B A3 2R, Bh Al — B iz B i WDM2
TN TGET, e i B0 3 75 40 A 40 5 B OTDR &
OSA . THHEESHTIRE DRA 55 —F X
[l DRA 1) X 51 9.

1502 1%-order pump

Signal output

K5 fha RFL 5 LD —FirfligiiR& DRA 41 552503 H
Fig. 5. Principle and experimental setup of proposed H-DRA formed by RFL and 1st-order pumping.

— Gaparr — S

an-of
10F 124d8  19.0dB 230dB 269dB  31.2dB

Proposed hybrid pumping

Gain distribution/dB

0 20 40 60 80 100 120 140
Distance/km

Bl6 AFEIFIRIY S Fedhia T A AF T I 28 A

— Uan-olr — —

10¢ 7.7dB 11.2dB 18.6 dB 227dB 288dB 4

Bi-dirctional Ist-order pumping

Gain distribution/dB

80 100 120 140
Distance/km

(a) WRAHIIZ; (b) XA —krihiz

Fig. 6. Gain distribution under various on-off gains: (a) Hybrid pumping; (b) bi-directional 1st-order pumping.

Bl 6 Bt 7~ AN [F) DG 38 2 2% A T TR G s &
— X s B3 55 o0 A, v LUE Y, BEE T O
3G, £ rhigER R, IR A s e 1Y 5
BHTRN LY 40 km &b, T 2B0TT 6 88 25 4%
PR, R X e s AR B 25 A7 T4 20 km
Ab. X —FF R EIRT TG R SNR, FH e {f 7%
iy /R B E

Bl 74 7 RA RN EOL S —Fr K =
LD VR & iz K FE 2 BOTDA s246 %8 5, A B K
132 't 1 & A AE 0 TR 6 PR A A SE AR AR, H
T A5 BL K iz BE 5% 3 Stokes Y151 ¥E, 7] B 52 31 )2
Stokes Jt; 38 7 1 FH, 3X FF A B M il oz W H D) R
JGEF B FEAT BIA Az, ATAH 1 HE R 8K
R, 51 Simplex 4m s H AR - SNR, i KR
255 bits, G5y 9.1 dB.

PRI 5K e 75 LD [H] 7] 4% 4 v] A5 25030 1]

2 - BRI RIN #:%, B 825t T ARz &8 T g
T 1T PR A EL M0, V9 8 SR FH A TR~ 350 T8 (256),
Ho—Fr DRAfEH = DI FRL#hig. o] LLE H,
i R — B U1 32 3R P H B 1 e S R AR, R
SO AL JBORS BE; ThoR AR G Hhis 50, se il T
RIN #8 5| i 5 e s . E R 1366 nm iz
A BRI 50 B e s H B 20 3R 5 45006 &
) A% i, CERFIE P E BE T, RIN #5547 58 15 2
B 55 PR A (~kHz B2 O, Szt B e 47 40 3 3
o, M MBARER T, B AR R E A H
LR BEARA. AR IR G2t AT BLIRIRS 2 AN [ (29
10.882, 10.870, 10.867, 10.870 GHz) VU BE4F4H
B, HEE S AL T ~ 11.965, 60.389 M 106.772 km
b, 3% BLIEARAE H FDM 4R (fi B IR 2 {H i
ANF AR LK 25 1 35— 60 MHz 2154 58), LA
B K SBS1EH].
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Microwave
*\

1SO1 >

Probe

EDFA1 VOA1

sy Brillouin pump

FBG1 164.4 km SMF

EDFA2 PS VOA2 CIR1 WDM1 (1454 nm) WDM2

Sync

L. ‘Proba 2™ order pump 1*-order pump
(1366 nm) (1455 nm)

PD VOA3 CIR3 EDFA3

K7 EERHBOLS — K KL LD R &g BOTDA SLi03 E

Fig. 7. Experimental setup of long-distance BOTDA with H-DRA incorporatingRFL and 1lst-order pumping.

2.0 L e i e S B Inom m e m e
(b) Frequency shift:10.870 GHz
Bi-directional 1st-order pumping

(a) Frequency shift:10.870 GHz
P S N Proposed hybrid pumping
W

VT Additional strains

.

Amplitude of Brillouin
trace/arb. units
=

PR PR TR TR R i : PP Al U WP WP Pl deal i e ool
10 30 50 70 90 110 130 150 010 30 50 70 90 110 130 150
Distance/km Distance/km
B8 ARz MMEMSFTAR EWIIE (o) IREHIZ; (b) WA —krihiz

Fig. 8. Brillion traces without decoding: (a) Hybrid pumping; (b) bi-directional 15t-order pumping.

9 (a) 45 T A& B £F 32 0 110—154.4 km 90, 110, 130 J% 150 k) £ ffAD i A HL K 38 25 13
V0 B 28 MR P A BELH Y 25 0. AR AR h, Jeer R Bilgh T I Bk P E. vTRLE Y, A BN A
Ui 154.334 km 4% 5 m Y4B TR IsAE H, HiR A 8 15 I 4E ~ 3560 MHz SGFH A, b4k, hT%
k9 30 °C, N 26.2 °C. A E HIALIE F T XA R ) S T A DR, AR I
(SPM) J i il ASFa i (MI) 512 ) JF 28 1 3 2 AR SR 51 R 1) 2 W 2 1 K 2 i AR T, KW HhiE
A NS I H A\ D% (~ 2.5 dBm) Khr2HhiE THAETT 2 58 4 ).
N TH 3 (1366 nm £ #1124 33.7 dBm, 1455 nm H.— RDFB-FL # i2 ) DRA #h 18 20 % 8 ik
LD #ihiz }y 26 dBm) #fif 104k, R FIHE R (77 BLR iz D %), 3 # R K AE T SMF 1 Fifi 1 H
I, %N (—16 dBm) B 7 ik, KEE S RBOBUIK. IS RS Th R K 5] R AR L
F A EEL 90K 260 320 AR T A 16 VR TICT 88, DRI, AR ] @R, A 5 IR — )@, AN TR A LD — By
BIRIRECH 4080. FTEAE H, BEBOGA R IR iz 5 EENLEOL B gl A, 88— R AR
FFEME L. AR, 765 m N # R AELE B B A B H DRAZ 1. %07 RABA B K is 0%,
B AZ A AR T B BE ALY 35S B e 75 i Rs

K9 (b) 4t 7 OB e AR A7 E (10, 30, 50, 70, (P F XA — iz ~ 0—4 dB). #t—3, HiZJy

074207-6


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

) I % R Acta Phys. Sin.

Vol. 66, No. 7 (2017) 074207

RN T K EE B BOTDA, 78 AN 4% 7] 3 9
(5 m) I EAHERE (£1.4 °C) FIRTHE N, i
rh 4 A% B PR BS A & 154.4 ki, B)3& T 24 E BR_E
BOTDA I & TE H 4 A% I BE . 1X — 25 SR 3R L
FEIFR T 1) B 8RR 7 s Th R

(@ 0 0.02 0.04 0.06 0.08 0.10

Dy, 130 _
/51‘7’70@/ 120 = *"""10 0510 IGHZ
km 110 1088'% requency SV

Brillouin response/arb. units
o o
i
)
;
=,
=3
2 o | L
S
3
< o |
w
Q \
=\
4

06

0.4

02

Brillouin response/arb. units

e SN NBIAEZ A i L 2) B BEATLUR s 1 e 1
HE 2 EIRADCET WL, B R 7Ot im (5 L 3)
iR 75 LD — B iz i 51 A5 ik 1 iliz -8 91 RIN
Fers.

(b) Dotted lines: before fitting | 2 10 km, 38.9 MHz
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Table 2. The development history of phi-OTDR.
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2 OL, 2005 Juarez, et al. EDFA 12 200
3 OFS, 2009 Rao, et al. Py Rl IETAESON 62 400
4 JLT, 2010 Lu, et al. EDFA. b Z & 1 10
5 ACP, 2011 Pan, et al. EDFA £ A T4 3.5 5
6 MST, 2013 Masoudi, et al. EDFA AR { fift 14 1 2
7 OFS, 2014 He, et al. EDFA . 4%y & F 1.1 10
8 JLT, 2014 Martins, et al. R[] — B = TBOK 125 10
9 OFS, 2014 Wang, et al. AR ) O T ioall] 124 40
10 OFS, 2014 Martins, et al. R[] B = UK 125 10
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Fig. 10. ®-OTDR setup based on bidirectional 15! order Raman amplifying and heterodyne detection.
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EPRBH LG, R T BRI/ R G fik & A
W, Rk R AR B E N 770 He, 5L KNG
BeihF. R TAEERTIZRAE T, HE 11 (d),
R GE L AR 0 AL B A7 T 100 km B3z, R0k
TEARFT RSN S IEF T — AT NAR 5256 1, IR HL
97.51 km /EAMIRALE. AT RIEZ ARSI &K
M REATI, 97.51 km AL 5 m ZHERAEFEIR & HL PR &
(PZT) EWeer s F T AT R sh k. PZT i3
55 R IETZ Y, MR R 25—375 Hz, IR
LA 208 3 pm. W AL TEAS RS2 T (1 H
D&k an il 12 s, 5IMARIRSME 5 5020 8
B, P R G s KA Z 0 8 375 Hz, ik

074207-9

Amplitude/arb. units

2 ARG B R R N AT 385 Hz.

— 25 Hz
|1 — 50 Hz
—— 100 Hz
—— 150 Hz
] —— 200 Hz
250 Hz
—— 300 Hz
350 Hz
—— 375Hz

0.015

0.010
e

0.005

75 150 225

Frequency/Hz

300 375

12 97.51 km AR FIMHIRSNE 5 T K E D)0
Fig. 12. Auto-power spectrum in different vibration

frequencies at the location of 97.51 km.


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

) I % R Acta Phys. Sin.

Vol. 66, No. 7 (2017) 074207

2.3 ETHXEREMAR e-OTDR

H£F A BLIH K (FBA) H AR & —Fh 3L T SBS
(BT B o A sUBCOKH AR, A EL I o R Az
TH2 8 /A (AR R), A B ST
ITHOR 3R, FBA BT #38 T 4 @ I T 64 4z
SR (FRA) iR iz &, 2014 &, A FEEAH
UK FBA H R I NBIJe 4L K R G, A H
6.4 dBm 175 [ A7 BL st SE I T AR R N
100 km. 25 [f]4r $E 24 10 m [ ®-OTDR, A ELAE
F28.0 dBm 75 M $7 2 iz 1M 5, K155 011G

2nd-grder Raman pump
(1365 nm)

Fiber laser
= ——
I 1SO1

s 2

Source

WDM1 —— S W \WDM2
_—

M LY B g 45,

N T B KRR FE L AE {1 &-OTDR 4% S i 55,
Pt T —FoB B 2 X B A AUBCK (HDA) 2R,
ST =R FE B HE 7, 8 e-OTDR 1)
i B PE B AE K B T B RS 175 km (2 A 4y
HEZ N 25 m, R JELAFIRAELI N 70 dB).

P13 R B s T HDA BRI R B, AR Y6 2F
(1) BFS (AN [, Firfd FH A% 866 2F W] BA 43 i = B

— M4 (Seg. 1)+ 2 =G4 (Seg. 2). =4
(Seg. 3). 2B LRI BFS 555 — 6 4F . 5 = 4T A
K.

1st-order Raman pump

(1455 nm)

LD
U
1SO2

Brillouin pump
L

Fiber loop mirror

13 HDA HiAJRHEHEE

Fig. 13. Technical principle diagram of HDA.

T R A L s YR T A B2 Ok
Thae, (152 cmm BLIBOR BN, = B R AR AR 26—k
. B S 56 (1550 nm) 3 E TR
Wb 2 AhIE Ot (1365 nm) HOK, &=L s
S R JE 1A — B = iz 6 (1455 nm) UK AS
A N HhIE oK, A B hIE % (~ 1550 nm,
SR 5155 Sk 2 — 0 BLINATRS ) 75 A BOB AT
H 22 B — BB 20K, 1540 HLIM IS BE S At
BRI, B O ARNGES EERNHE R
B = A s oK. &Mz 7 AEE E
HN—BOGA P RE S IR EEHOR, TR+
(A5 5 63552 21 43 A TBOK, AT AT LASRAS B K
ToH Ak fE R FE B, X Aoy X R A BOR AR AT
DAL F 73 A7 O 4545 B R G 1 e K R G fh I
FEES.

i AT B B HDA 7 RO, SR
K P B B = AT AL MO 8 (URFL, 2T —F
Fr 2 AL EHOR) VB OIS IR 1 R o T
L HDA 77 Mot b, s Th i Bah Ran i 14 fr
o, HETT %0, M T URFL 248, i BK s B
SRFEM 175 km ABFFAE AN BTG K, B F2 155 km &b
KB R, IRE TS, PRI T 175 km AbiEAN

1455 nm — Ffrfi 8 s HRBOE .

0.4 Seg. 1 Seg. 2 Seg. 3
5 L] 28
i =BPinHDA |  f ‘
i —RPINHDA :/ [ & =
= i -~RPIinURFL [/ c
= 15 5
[ [
0.2
3 3
o o
108
D o nn e il

0 25 50 75 100 125 150 175
Z/km

14 KA HDA BRR i 84z (RP) 545 Bz
(BP) Th& 53 4ii LA KK URFL BARE 19 RP 43

Fig. 14. Power distribution of 1455 nm RP and 1550
nm BP with HAD and URFL, respectively.

2

2

c

=}

_E- H

g Seg. 2 i Seg. 3

5 |

=

1]

a

= |

2

=

= 3

o !
0 - _/\..._//
o 20 40 60 80 100 120 140 160 180

Z/km

K15 A URFL K& HDA J7 5 W5 R BUR U207 Bk b
Fig. 15. Rayleigh backscattering trace comparison be-
tween URFL and HDA schemes in simulation.

074207-10


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

38 % 3k Acta Phys. Sin.

Vol. 66, No. 7 (2017) 074207

15 3R FH PR AS [R5 S84 21 BRI ik o't
) B B BN B 7. B 15w, EAE A
URFL K J7 S8 F SR e i 0] 55 O 5 P2 AE 2
37 km ALK BB KAE, B R B 402 0 AN HE S A
KMEAE T ICAEALARILRE o 2 B RDE LTS, Bt
SRR B BB R LTI AT AR S A%
TR B2 s 15, Fi A FHOR 5 53 /& Fp 42 T B
HRHEF S, 52 TR IS R, /£ HDA J7
ZEH, Seg. 2 HE TG HAT HIK IS PEHL T,
5T AL AR 2 Seg. 3N Z B H 17— 2 Hhiz

. 50/50  %0/10 @ ‘;ﬂc“‘. '

b oD, Somputer
order Raman pump
(1365 nm)

m-wwm :
VOAJ.{ 50/50
J

= ‘T"’;

= ¥
Probe pulse w
Cir.3

BOKR, #E—24Em 7 ERIBUE 5 . B 15 Fr
R E KR LLE B, HDA H R J5 2 0] DL sk sz
MK FEE Y OTDR & 4:.
5T HDA HiR KA =R B A, 8T —%
FEIESE AT KN 175 km ] @-OTDR SE5: R 45 %)
EE 7 AR s 500N AL RIS 5 BT 2 iem B
RN SR A %, R RIE T &AL E e
%ﬁidﬂ?ﬁakjﬁﬁ%ﬁﬁz MR T R G0 R Fe e 1 it
RV E ANl N Sy RS v ol EX S PN 4 el
ﬁéﬁﬁﬁ““ SIS RGHESR A 16 Fiias 149,

EDFA

Brillouin pump

FBG

1".order Raman pump

1

(1455 nm) W
2
88km S0km 37km |s%' e
ﬂ-m

% Fiber loop mirror

K16 JET HDA ff) ®-OTDR 3:5%¢ & ]
Fig. 16. &-OTDR experimental setup based on HDA.

—All pumps on
wio BP

\oltage/V

40 60 B0
Distance/km

0 20

E 17

% T 1 s 1o

\oltage/V

AFHEZE T # ©-OTDR MLk (a) fiE 2T 5K MAT RIMHNIE; (b) iz &IT 5 AT A —

—All pumps on
........ wlo 1st-order RA

175

80 100 120 140 160 180
Distance/km

60

20

0 40

priv iz

Fig. 17. ®-OTDR traces: (a) All pumps on vs BP off; (b) all pumps on vs 1455 nm semiconductor RP off.
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Fig. 18. ®-OTDR traces: (a) BP frequency shift at 11.022 GHz vs without BP; (b) BP frequency shift at 11.047

GHz vs without BP. Insets: comparison of the signal inside the fiber and the noise outside the fiber.
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Abstract

Distributed fiber-optic sensing (DFOS) is one of the most important parts in the fiber-optic sensing field, due to the
following advantages: 1) there is no need to manufacture sensors on the fiber; 2) fibers are able to realize transmission
and detection simultaneously; 3) long-distance/large-scale sensing and networking can be accomplished prospectively; 4)
the spatial distribution and measurement information of physical parameters such as temperature, strain and vibration,
can be obtained continuously along the fiber link, and the number of sensing points on a single fiber can be up to several
tens of thousands. Due to the above tremendous superiority, DFOS has found wide application prospects, including
perimeter security, oil/gas exploration, electrical facilities and structure monitoring, etc. This paper overviews recent
progress in ultra-long distributed fiber-optic static (Brillouin optical time-domain analyzer) and dynamic (phase-sensitive
optical time-domain reflectometer) sensing at Key Laboratory of Optical Fiber Sensing and Communications, UESTC.

This paper summarizes our work on both basic and application studies.
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