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Disturbance Detection in Distributed Fiber-Optic Sensor
Based on Time-Delay Estimation

Xu Haiyan Xu Qie Xiao Qian Zhang Yi Jia Bo
(Fiber-Optic Research Center, Fudan University, Shanghai 200433, China)

Abstract A novel double Sagnac distributed fiber-optic sensor based on Sagnac interferometer for determining the
position of disturbance along an optical fiber is presented. The configuration and operating principle of the system are
illustrated, and the location principle and method for the detection system are analyzed. The system realizes the
location of disturbances by using the adaptive time-delay estimation with the least mean square (LMS) algorithm in
the time domain. Theoretical analysis and experimental results show that the proposed technology can realize the
detection and location of the disturbed signal rapidly and effectively. This method is simple and can be obtained
easily, and it has high measurement sensitivity and location precision. The maximm location error is less than 20 m.
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Fig. 1 Structure of the system based on double Sagnac

distributed optical fiber sensor
B HSETR & OB A ¥4y 5 25k B, TR
A, B4 HA B-C-D-D—EF—FRM2
F,—E—D —D—B fil B—D—D,—E—F,—FRM2—
F/—E—D—D-C-BMWHOLRETH JEE 1T
Wil TP, [WELH 4R H-G—F—F—
E-D—FRMl-D—E-F—F -HfH F-F—
E—D —FRMI—D,—E—F —F—-G—H Wt L4
T IJE T — A TR g, i 1P*, TP A IP? 45
FXIAR S S AR ] L X A TP,
P AH T AR 2 3 B 3l A B 9 3 5 5
P PR AT 4 i e s = i
E = Epexp{jlot+¢t—n) +¢t—w) +o 1}
(D
E, = Eyexp{jlwt+¢t—z) +9lt—7) + ¢ ]}.
(2)
XSO AR AR A4 5 B B 15 5 % By s
FERRE RS ARG DL T PIAOEIIRIEAESE S Eo s

@ v HPIHOCHIRIR AL 50 FOGBAIR 3ot — 1)
Mgt —1) IR — AT EHE ¢ — o Mt —1 B X
5 BRI A A AR AE AL » ot — ) Bl ot — 1) 43531
N AT IAE ¢ — o Ml — o WZIZ B sh ik E
AARRLB AL 7oz oz 23 0R

o 71(L1 +L3)

2 T
¢

. = n[L, +L;+2(L,+ L) ]
2 ¢ ’

_ H(L(|+L| +Ly)
T3 — ’

¢

o T’II:Ld +L] +L3 +2<L2 +L%>]

Ty — : ’ (3)

c
XLy A2 B8l G E RS . L, W E 3 3
MIPRES . Ly W IEIR LR R KB . W O i) T 3 58 i
TN

I, = Efjcos[Ag (1) + @1 — ¢ ] 4)
Krf Agy (o g TP rh AR ER I 2l 51 S 1Y 2 9 A1 7 722
. Fm N

Ap (1) = ¢t — ) + 9t — 1) — gt —73) —

~ n(l, +L3)]
¢

ot —1z,) ze[z +

(5

n(L, + L, 2n(L, + L,
0[1— ( j_ ) 2n( C+ )]
K o) = ¢ —nly/c) — (1),
[ B A, (o) 2 TP? H SRR 30 51 19 80 i) A4
(R A |

Agy (D :@[t_ M}r

C

0[# n(L, C+L3) B 2n(LIC+L3>} -
GO AT AL, Ag () FI Agy (1) HBH P 5
IFIR] 2 A SR A5 5 4 Hoh e e BRI ANE 5 R
Olt—n(L,+L)/c]) M Olt—n(l, +Ly)/c]sMi 0t —
n(Ly + L) /c—2n(L, +Ly)/c] F 0Lt —n(L, + L)/
c—2n(L; + L) /c] ZHME S GH — G HEE
b 2nly /c BT E] L TEEATEEERET Ag (O F1 Agy (O fF
TE— 7 (I AE , PRI 2505 2 ¢ << 2nlls /¢ Z50FIF Agy (2
FAGy () BB 2206 A0 AR

o n(L1 _Lz)
Ar = %. 7
1 (O AT AE S i 2 EASC &R
o (D ARG B B 2 WK EE L Ny

L, :Hﬁff'f/”, (8)

A L=L+ L, BB SR b — & fH.



6 19

VPR RESE . I T IS 3 19 20 A0 SO 4T 4% 80E

1605

FH (8) 2] 138 o SR IBCAE 3B B i) Ac BT LA E 3

AL E

3 B3 N A

B RSB R] . B 1 iR B E AL R GEH PIND

I PINZ (95 A5 5 120 A2 t<<2nLy/c PRI 225K

FEJG T 230 R R A0 T (S5 A a8 2 AR A BT )
yvi(n) = s(n) +v, (), 9)
yo(n) = As(n—D) + v, (), 1o

KA sOO AWM =AM TWAE T 0 GO A v, (0)

RN PR = SRS RS i R B A R R

PAEE A RM LB RE. D AWIES Z P ER,

AT LU v GOy, (o) 2Z2 18] 1 5 5 Ak B0 Al 71 42

B D, RS E 5 &AL

H U AT O S S L AR GG B S A T Y A A

e T P0shE O i MERA M. DR, 38 45— A B 1 I
TEAGTEIT R B . SR /N J7 % 22 (LMS)
a1 P[] EE SR T vk AT DA 32 AR ot AR AN W 9
LYSE R S @SR I R A S BT WIN i SRR
PG 5 B AEARLPE L 75 B 1) I S Al 25 2

3 I I S A T Tk S AR T B I IR RO B Ak
A 5l — MRS IR AR A Go R
R Cr) W WAL A A 6T 1 PR A5 5 2Z [B] B B[R] 22 3R . LMS
[ 30 A7 B () A 3R Al ) SR BRAE L An 1] 2 TR . B R
UE U AR AR IR AE B 18 N 3% AR rp 2 20 S 900 AH 7% U8
Wgs by (n) WIEERLL A8 v, G Y sGo) il T s(n —
D) Y H & N ISR g ISy, G 5 yGo) 34 5 1%
22K 5 /N NI (e — D) 5 s(n— D) B AR
R IR o 3 N 1 8 i AN R ik A (L AL A B Al T Y
o 1) ZEE 3R

EEON Ly /z\"(”)

1 8 + T

: s(n—D)kJ i +

i Iyl(n) y(n) timedelay estimation
- + | w(n) T

i Eiz E LMS peak detection

Bl 2 LMS [ 3& J s ] 3 3R A 1 J5t 2 ]
Fig. 2 Principle of LMS adaptive time-delay estimation
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