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Optical time domain reflectometer based on dual repetition rates
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(1. School of Optical-Electrical and Computer Engineering, University of Shanghai for Science
and Technology , Shanghai 200093 , China;
2. State Key Laboratory of Precision Spectroscopy, East China Normal University , Shanghai 200062 , China)

Abstract; An optical time domain reflectometer with dual repetition rates was proposed based on the sin-
gle photon detector with InGaAs/InP avalanche photodiode. Two arrays of laser pulses with slight dif-
ferent repetition rates were injected into the fiber to monitor the fiber broken point. A fast single photon
detector was adopted for high sensitivity in reflected pulses detection with reduced measurement time.
By adjusting the difference of the repetition rates, not only the measuring range of the system can be

DOI:10. 11972/j. issn. 1001 —9014.2017. 06. 015

extended ,but also the measurement accuracy can be changed.

Key words: optical time domain reflectometer, dual repetition rates, single-photon detector

PACS: 42.87. -d, 85.60. Gz

Ell

T

JCEF P BRAEHE L 1) 5y Mtk 2 e T S 3 i 32
TR, DA R B S (5 SR v, X B B A 7R 4R
oAl PR PN e e MM (EUE” ST A E: 952
SHYX (OTDR) s & e S S AR, FIHDEEF i
T M 1) RS A R R IR B, BRIV AT H ROl
CREERE 005 B BT RO TR 28 (SPD) 19 Fii
A S S AR 25 i) 3 24 | 3 25 1 B AN = 2R
e A PR BE L T O O e, 0 e R R RE T
SR DRI BT BTG PR 25 04 6 B SR S A

W Fs HEA.2016- 10- 12, 1&[E HER:2017- 04- 13
E£WAB X ARFFE4S (11404212,11604209)

JEZ0E . 2013 4R, [ L TR RS SR /N
R T —AN 3T EDFA ORI G 14 i 9 Ji A1)t
S S ) A AOCEF L TR S, 7 20 km 9 £%
P ES FARMS T 20 m ()73 [H] 43 R

FIAT%EET SPD [y OTDR 1 = 241X =Fl SPD,
SR SR OGS BRI AR TR
FB AR B TR D 45 FHE S 9 K 2 506 1
#r. OTDR A SPD 1124 12 i 2 4 e 5 K5 #8000 21
K AP B 013 S A 5, BT A R i T 4R 0 B
B TR B A 1 2 R 28 A
LRGN, , 71X AN v, 20N

Received date: 2016- 10- 12, revised date: 2017- 04- 13

Foundation items: Supported by National Natural Science Foundation of China(11404212,11604209)
YE& @/ (Biography) : #{= 5t (1991-) , 55 i@ e a A, Wi H o0 AR . FRN S OCLF 2By T . E-mail :334931929@ gq. com

* 1B 1E& ( Corresponding author) : E-mail: hpzeng@ phy. ecnu. edu. cn



728 4h 5 2 K F W 36 %

RERS = SCREAS R v WG, SR I R FHEE S5 i Ak
RO T BRI RS X AR B R L OO T AT R
U SR L BT R I R R S R Y
i 55 L 98 288 P8 AR P S R ) B I, AR
YRR H TR 8 AE BRI AR G 75 1 7
g L e (R H e AR IR 1 A A5 B 5
FHAG RS R L T8 S0 oK R B T 4 0 28 A
TR B AR 0 PR, S5 —
e A RN A5 R I 355 3R L e 7 7 ] LA A2 3 L 18
TLFBI . 78 B I8 of, 3L F InGaAs/InP HRL
KT BRI HERE L, RN PR S, 25 %R
ARICRHHE T InGaAs/InP T i S — 44 (APD)
() SPD £} OTDR 42U R 4G5, I T —F LT In-
GaAs/InP 25 5 v Z M A8 B H000 2% 1 3R B
SRR o 358 AL A 7 8. 3 3 SR R ORUER A A R
AR 773k BB AE 4 TH R SR 23 1 ] Bt 1 L DU
R

1 EF SPD X fk$ %] OTDR MEFix

SCH 2 T DR SO T B S E A I R 4
2 PR 1R S R B 55, 2R LB BRI 8% T 12
R B 25 . Herp bk o4 %2 o 10 MHz B 3 5
D al HIO A - D) 20k 11,55 wW. A3
Fh R el R BCR FH 43 B, JHE b 5 ik 2% 5 ik
FEON43 dB, AT N — T DL DL R
Z =5 AW RECH-34 dB, {56 R T2 SPD
ey 77 dB. FI A5 SPD HZ U B A ik vl (4 fiE £
2.31 x 107 J. fkrfteh 1550 nm K, % 5 BN
TRER M 1.28 x 1077 ), i i 35 Al 4 ik b ROk
FHk 0. 18.

HRAEARA AT A2

P(X =k) =

o (D)
Hof X RIETH b 5 — A HOL B OB T4, A
TR T A POY =) e MO
Biole b e TR T & AR, A P T L
Bk OL TR 0 HIRERE 83. 5% LT AR 1
MR L 15, 0% DL FHOK T4 T 2 W% R
1L 5% B 6B HOLBKIT 2T %
ANF 15 5 i TR A S B O T 1
W2 LT MR T KRS TR A
FEATHEERIAT.

RUBKIITS) OTDR S 1155815 5400, AT T4
45 Jy LRI TR R ] R 0 58 .

JCAR S AEICET AP AL i I 2o AT 4R, 8 s A5 A
R BRI 51 i 2 i )8 1 SRS Y 4
MR, JRZ 2 B LR G {R 578 SPD B4 250
B8 T B v I R B R R RIS SOt Y
Tk E , LA e v Bk e . SR FHXUBK o 371 554
RIS, BV S S0, X370 B3R B R MR -
FURE, BRAE L BEXTIN 4273 9 3 0 2 e 1) 3 2 R
JEPIB BRI ZE(E (Ar) . RS AL GRG0 5
ST T kTN T S A ARG B . I
AL VRS LD FEF SR X SPD [ Jk e, AR 455 9 51 fk o
JIRTIOE R HE IR i, BRIV A3 e G 27 W7 i A B A

2 LHREE

H L AT, B e A 5 R AR 4 LD LU
SPD HAAL[E B BB E5. LD STk moeE 5% &
I R A P S I T A AOGET, e JE H R
TP YNE REYINSE [ TS R 280 B 7Y W 351 JNE: A
AW ZFELE S RER-HMWERS A
AFG3252 [ Tektronix {55 & 2%, S G 24
LD D)} SPD $2 At [R5 B 8045 5. 1550 nm K Y%
ok O 2 >R FH S 6 AT BA T A 78 ik o el B2 BIK B
M. POGES R A U S Y6 i DFB-1550 3064, LD
WKWK FE R 1 ns, it Bk oG 28R, BOEFR
25 (SPD) 2k A L g B A o BH 3 A BR A Al iy
SPD4SMFO7 BT HR #% , H T ARSI %64 100 kHe
~100 MHz, 25 HEC B T TIKGE A 1 ns. AR SCSL GG
() SPD f FE#R % & A 47 V, A IEIFE ISR A H , 4b
PRI AR B Z) R LD CRAE R AT R O S e
FEIEHMEE 1550 nm Jk MOEaF e, B R
MRS RE I = , BUR DG F IR ES. PR 785k FHAE
PR PR AT 5, AR D) BRI 51 5 ik ol A% i 1.
2.046 km L }% 9.928 km SR FH B T2/ F) 4 G652D .
OLEF. PC 2B ICA L, 1L H i ) LABVIEW
P AT R ] SPD I RARBE.

() s
(@]

signal Generator

=

LD@ 1550 nm

lock :
SP.
Attenuator

—_—

Circulator

.3—%©

1

Bl Seee e

Fig.1 Experimental apparatus



6 BB TR R A B S 7%

3 WAk 3 RIE

3.1 WRkHFIRESH

ATy 58 W AR £ 7 R A0 R - 0 4R RS B R
SPD 55 #i 3X ( Geiger-mode ) ) 5 42 45 5 1 Jlik i 184
S 1 H AR AR KR R 25— 2, LD &5 SPD 1] ik
v AR ]

BF— U DN B 2 ik PO R DA B SPD [ E &R
WERBEE R f,, BG5S B A AR AE 25 (55 45 SPD
FTRK T K LD [Tkl LD 5y ka5 5 2027 4%
B, MICME T BDG LR Wi Ab 25 RS ] — AN R E
IS, A5 5 B AT S ab U 3 AR AR ]
Ukl f 2 SPD, ILISE SPD 1] ik b AR — 2 BE RS
FRAER MR LD k{55 2 2 d A R A ik
ME ST TR A E2EA, WILHH 5228 95 LD 7]
ik vh B FERT Ok 5 SPD [k b 5E @A, Bk oh (5 5
HEAE MRS SPD 23 kA5 Hi 9145 8 S| KL+t
B SEE— AN I BRI SPD B 0 AN KT
BE S UL IL BOBER A n AW, 43 31iE 5% SPD
H BTS2 o . B8 HH BRI 56 — A T A1
TERF A Ly .- FARILIT LD 5 SPD ]k op 5¢ 4 &
A, RS EEIR IR, FAREE YK
LD 24T 4R IR & SPD b i T2/ 4 LD |y
PRk E S, B TSR B3 LD Sl ik A 5k 09 A
V). Ay e T B 3% 5y — AR A T

B U D R T O AR DL . SPD [ E R
PR E N Sy, Herp f, <, FIBLE I LD 3 55 s 4
5T IR OG5 5 5 SPD 3 F AT Y
FIPkpRERS e 2 E S, YAk E S 8 2 E A,
SPD %A 5 AN , BT N I] ' 73 B8 25 3R
B4y e T IR RIS 0 T B, 5 1, .
IXANLE RS S B SPD 1145Ch [7] 25 £5: 9% 1) 28 H{E i
H Lgelay b+

HEANR f, RV AR f, 05 JA 0T ) 22
N AL A £ T 2, AT AR BB EOE BK o 1
FIWr T A AT SERT 228 AT. 3@ ad AT 5 Ae oA N,
Ho N IF B, N & LD 26 2F S R 0 E
SPD Jiffifis [J $5 305 14 B E5AS e ik . PR Rl DA SR AR L
FOFEIR BB ], SR 2 T 1B s Ab A R S L. [R) 3
W 5t R FH X o s R A 3 F A8 R ] SR AR W A5
BfER.

AR S S5 v LA DT I SRR AN K] 2 T

H 1l 2 W1, SPD T AEAE w6 A=, LD ik ol
555 SPD [Tk (5556 & F &, SPD NEBAY APD

BT RIS B AL, H

LT ERIES T kop

B2 R f, 5 A R
Fig.2 The optic path diagram at frequencies f, and f;
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Table 1 The results of the experimental data
Physical length Repetition rate A Measuring length  Alength
/km /MHz " /km /m
10.000&9.999 0.01 9.957 29
5.000&4.999 0.04 9.942 14
9.928
2.000&1.999 0.25 9.940 12
1.000&0. 999 1.001 9.922 -6
10.000&9. 999 0.01 11.922 -33
5.000&4. 999 0.04 11.945 -10
11.955
2.000&1.999 0.25 11.968 13
1.000&0. 999 1.001 11.962 7
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