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Li Luchuan’?, Lu Bin**, Wang Xiao*®, Liang Jiajing”*®, Zheng Hanrong®?,
Wang Zhaoyong”, Ye Qing”?, Fang Zujie’, Pang Fufei', Cai Haiwen®*""
"Key Laboratory of Specialty Fiber Optics and Optical Access Networks, Shanghai University,
Shanghai 200444, China ;
*Key Laboratory of Space Laser Communication and Detection Technology, Shanghai Institute of Optics and
Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China ;
*Center of Materials Science and Optoelectronics Engineering , University of Chinese Academy of
Sciences, Beijing 100049, China

Abstract This paper proposes an internally modulated chirped pulse based direct detection type phase sensitive time
domain reflectometer (¢-OTDR) system with high signal-to-noise ratio (SNR). Based on theoretical analysis, we
find that the stimulated Brillouin threshold increases with the increasing injection pulse energy, the high direct
current component of the detection signal keeps the signal and noise separate, and the SNR can be enhanced. Then
a statistical evaluation method is proposed to calculate the SNR of the sensing system. Meanwhile, an internally
modulated direct detection type ¢-OTDR system based on the distributed feedback laser is experimentally studied.
The frequency chirp range introduced by internal modulation is controlled by the tunable filter. Compared with the

traditional ¢-OTDR system, the proposed system can obtain similar SNR and smaller distribution variance and
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realize higher measurement reliability. Additionally, The proposed system has the advantages of low cost and small

volume, and the tunable filter can be replaced by fiber Bragg grating in practical application. It can improve the

flexibility of application and provide a new idea for engineering.

Key words optical communications; phase sensitive time domain reflectometer; internal modulation; chirped pulse;

signal-to-noise ratio; low cost
OCIS codes 060.2370; 060.2310; 060.2630
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Fig. 4 Measurement results of internal modulation chirp. (a) Spectrogram of beat signal when continuous wavelength A =1548.973 nm;

(b) spectrogram of beat signal when continuous wavelength A=1549.088 nm; (c) pulse frequency change after stitching
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Fig. 5 Detection signal patterns. (a) Detected signal of internally modulated direct detection type

¢-OTDR system; (b) detected signal of traditional direct detection type ¢-OTDR system
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Fig. 6 Comparison of detection signals of two systems. (a) Original time domain signal of internally modulated direct

detection type ¢-OTDR system; (b) original time domain signal of traditional direct detection type ¢-OTDR system;

(c) first-order differential of disturbance signal of internally modulated direct detection type ¢-OTDR system;

(d) first-order differential of disturbance signal of traditional direct detection type ¢-OTDR system
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Fig. 7 Statistical distribution characteristics of disturbance signals of internally modulated direct detection type ¢-OTDR
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KAGSHEIWE o AH 7.8, ELN 12.8, FEHB
Sy EFRLN L B A5 5 0 BE A, 23 WE T A M 75 b,
Bl 7 rpii Sk A B TR, &0 5 T 45 SNR #2255
45.7 dB, HPE sy Bk 8 T 40 dB DL B HR
114, 25 EAraR , i B3R A o-OTDR &R 48
SNR i B 5 1% 48 B4R W A o-OTDR % 4t
4 (E B B TR RS L R G 0 RR e M T R L T SR
BoR

4 it
LT DFB #0628 50 07 8 24 4 0 o

i

10 minutes

OTDR Z %t Al 47 250 4 7 057 B 3l 5 55 B iz o, ml 4
AR U R FBG AR R FBG X P i i 1Y
W WEK S5 PR A7 45 ] () B ] DL 22— 20 1R A
(coupler) 43t oy — I 4 fin— B A oy, Fovp— g 28 0
PR 1 R AR I o-OTDR 2 %5, 0] % &b F 4 5l ik
FFshASM a5 55— AR 203 FBG, B85 3 98 42 98 1Y)
WA WEK Jk ot o BRARS A T 6 7 A G EF L /E 8 OTDR {1,
Xof O T Vi 4 W 48 306 A7 8 A 5 X G EF B RE i AT 0 A
WGEE o-OTDR.OTDR RS 45 & 8 ffR .

SR DR oA 98 ] 2 75 | B W WK 807 Ik v S 7 K R
BIOCEAERE T, 32 26 LF v i A Ze PR R08 1 52 ), 1

0806003-6



EDFA

= FBG

switch |

FUT

8 IUHEIE o-OTDR.OTDR &4t
Fig. 8 System with two channels of ¢-OTDR and OTDR

FERE B S A A AL ) (SPMD O £ 53 K A9 1
BUT 2 PEOLE B T RE Ko R 58 AT R
BB [ I A K B B A A SR rh B 2 R B
ik, FE . WIS EAE R o-OTDR R 4AE
PRI i rh R AR BE R B S AL B R -
OTDR FRZEAH I (19 12 L RE .

5 4 1w

Pl T — R A AT U KK b BG n o-
OTDR SNR By J5 ¥, Wi Wk Jik v i i X7 DFB 306 %%
18 PR R ) AR A5 o8 R K b 1 A R DO TT LA K
PETE LT v ) 32 3 LK AL 42 v ADGRE L 2
FHERMAE 5 P i 0 43 i, ORAIE T {5 5 5 W 5 i A
XA Sz . TR RS R G T G O vk o P A ) R
WA o-OTDR &A% 5165 HEFDM -OTDR R4
(9 SNR #EAT T 276 1FH AR 48 52 50 45 5L . i o 1
A o-OTDR RS K SNR 434 B f& 2,
2/ B L BTS2 BK i B B g 8 47, ml Sk
. TESEBR R L BT FBG AR T 8 T UE
#i KU FBG X A 7 il W Bk 2R A7 45 ) X
FIH DFB 306 7% 09 P9 il BRI -OTDR &
Gl ERI A SO A N — KKK T4 B
PRI o-OTDR WY RLA 380 T R G i R 16
P, WA T —F0K OTDR WieF &M 2RSS ¢
OTDR 8 5E 7 RGEAHLE A KA ZE A RS X
Sk TR R R AR AL T Y LI

2 % x M

[1] Masoudi A, Newson T P. Contributed review:

(2]

[3]

(4]

(6]

[7]

(8]

0806003-7

distributed optical fibre dynamic strain sensing [J].
Review of Scientific Instruments, 2016, 87 (1):
011501.

Ye Q, Pan Z Q, Wang Z Y, et al. Progress of
research and applications of phase-sensitive optical
time domain reflectometry [J]. Chinese Journal of
Lasers, 2017, 44(6): 0600001.

MR, WRBOE, ERRBE, A BSO8R SR
R 5% A0 BL A B [T]. f ok, 2017, 44.(6):
0600001.

Tarlor H F, Lee C E. Apparatus and method for
fiber optic intrusion sensing: US5197847 [P]. 1993-
03-16 [2019-03-01]. https: // patents. glgoo. top/
patent/US5194847A/en.

Pan Z Q, Liang K Z, Ye Q, et al. Phase-sensitive
OTDR
detection[C] // Optical Sensors and Biophotonics,
November 13-16, 2011, Shanghai. Washington, D.
C.: OSA, 2011: 83110S.

He X G, Liu F, Qin M Z, et al. Phase-sensitive

system  based on  digital  coherent

optical time-domain reflectometry with heterodyne
demodulation [ J]. Proceedings of SPIE, 2017,
70323: 103235Q.

Masoudi A, Belal M, Newson P. A distributed
optical fibre dynamic strain sensor based on phase-
OTDR [J]. Measurement Science and Technology,
2013, 24(8): 085204.

Tu G J, Zhang X P, Zhang Y X, et al. The
development of an &-OTDR system for quantitative
vibration IEEE  Photonics
Technology Letters, 2015, 27(12): 1349-1352.

measurement [ J J.

Wang K. Research on the practical technique of

multifunctional optical fiber security monitoring



th i

#

G

(9]

[10]

[11]

[12]

system based on the phase-sensitve OTDR [D].
Shanghai: Donghua University, 2015: 32-48.

T BE TR A B I R B T Y 2 D RO T &
i R AR R B S (D] . Bl ZRAERS:, 2015:
32-48.

Martins H F, Martin-Lopez S, Corredera P, et al.
sensing over 125 km with
enhanced SNR using phi-OTDR over a URFL cavity
2015, 33

Distributed vibration

[J]. Journal of Lightwave Technology,
(12): 2628-2632.

Yang G Y, Fan X Y, Liu Q W, et al. Frequency
enhancement of direct-detection phase-
OTDR by
multiplexing[J]. Journal of Lightwave Technology,
2018, 36(4): 1197-1203.

WuMS, Fan XY, Liu Q W, et al. Highly sensitive

quasi-distributed fiber-optic acoustic sensing system

response

sensitive using frequency division

by interrogating a weak reflector array [J]. Optics
Letters, 2018, 43(15): 3594-3597.

Liu J W.
characteristics of DFB lasers and its measurement
methods[D]. Tianjin: Tianjin University, 2012: 38-
44 .

X SLHE . DFB HOG & 09 9838 3l 25 R 1 K I 47 5 ¥ BF

Research on the dynamic tuning

[13]

[14]

[15]

[16]

[17]

0806003-8

FEID]. K RERAE, 2012: 38-44.
Duan H. The response characteristics  of
semiconductor lasers based on rate equations [D].
Qinhuangdao: Yanshan University, 2010: 21-51.
BUER . R T AR T R Y 2 T RO A R R A P BIF 5
[D]. %85 : #ilK¥%, 2010: 21-51.

Smith R G. Optical power handling capacity of low
loss optical fibers as determined by stimulated Raman
and Brillouin scattering [J]. Applied Optics, 1972,
11(11): 2489-2494.

Gabai H, Eyal A. On the sensitivity of distributed
acoustic sensing[J]. Optics Letters, 2016, 41(24):
5648-5651.

Fernandez-Ruiz M R, Martins H F, Costa L, et al.
Statistical analysis of SNR in chirped-pulse ®-OTDR
[C] // 26th International Conference on Optical Fiber
24-28, 2018,
D. C.:

Lausanne,

OSA, 2018:

Sensors,  September
Switzerland. Washington,
WF16.

Agrawal G P, Olsson N A. Self-phase modulation
and spectral broadening of optical pulses in
semiconductor laser amplifiers [J]. IEEE Journal of

Quantum Electronics, 1989, 25(11): 2297-2306.



