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A Novel Distributed Fiber-optic Sagnac Sensor for Eliminating Dead Zone

FAN Yan-ping, CHEN Ming-xing, WU Jian-dong, ZHU Ling, LIU Yong, WANG An
( Laser Centre, Anhui Institute of Optics and Fine Mechanics, Chinese Acamdemy of Science, Hefei 230031, China )

Abstract: A novel structure of fiber-optic Sagnac sensor, which could eliminate dead zone, was proposed. The optical
path circulation was realized by a 2 x 2 coupler. The optical path was analyzed based on Jones matrix. If the length of
delay loop was selected properly, the dead zone of the sensing optic-fiber could be eliminated and the disturbance of false
zero frequency could be filtered. After filtering and smoothing, the signal, acquired at eight different points, was fitted by
least-square method and the zero frequency was obtained. According to the experimental results, the source of disturbance
was located with maximum error 68m and minimum error 3m .The validity of the structure was testified, which indicates
that the structure could be used to monitor the leakage at long distance pipeline.

Key words: distributed sensor; 2 X 2 coupler; Jones matrix; zero frequency point
]
0 51 B

BEERENRFRE, MAMH., RRASERGEER, BRNETEhekEs, HXEEEALEE
BABENERTIE, BT&MERNMHNESEHEER, B55EEE/RM. B6, ity
ER, XREERBEMEERER T, BARLWENTHBMEARBNEER TGN, EEk
EEMRAMEABR T RENRRE, BREEY. BEPMEED, SchdEms, Bk, EhsEng?,
Hrh T Sagnac T FEAIS HAICT E M BRBARUH TR, 08 ES. KA ESRAEHT
FIZHIRRS. 12 T SR HEMNERE.

fE&Fh Sagnac Z5kgrh, MEREEHPITIHLEEREGRIRIR Sagnac T EHH L E BT EERK
— A AT IR, I T S BNk B B R B SO IR IR, AR AT K A 1Y
5. MBZRER. KABRERE, LAYMENERTE, SESREBEURMETFLESHE, X
T2 RN T BRAFIE 225 . K £ 510 Sagnac HF &AM k% 8 TR A TIE SRB S IRRNLBA

B AR 2008-11-05, WrBIHEME A 2009-04-07
ELME: HEFERABEFRRRE S R FEHR G % BT H (20080603); HRBEEXHEEALRYWE
EEEA: HEEEA1983-), BAUE), HHIE&EA, FHHIRE, TEASOLSEBRMESREBFEMZ. E-mail:fypofeas@163.com,



%36 X518 EEE % MGl B H Sagnac AKX IE &R 141
XIG . AP T &FEHINY Sagnac THH{UMER L, I T —FEMfiR, Zavwk, BRHERL
KR G, HRHEE AT T KR,

1 SHRRBREMRIRE

SR BERRGEIE | DR, B~ 252 WA BRREOLF RT3k, JHOZARE B 53— MR
A SR E . Hoh R TE AD 2,

BOE SR HAVIAFASEM In SAST, 2 33 BEBNFR, —FHN 45 D, X& 22 BaH
5y AFR, BSEHAE Out B4, Hrh REHA

L
1) In-A-D-E-G-F-D-A-C-B-4-Out, i .
2) In-A-D-F-G-E-D-A-C-B-A-Out, 8 @ 22 F
3) In-4-B-C-A-D-E-G-F-D-A- Out, o — G
3x3 A T x D E
4) In-A-B-C-A-D-F-G-E-D-4- Out; Out
5) In-A-D-E-G-F-D-A-Out; B 1 AKXt hE
6) In-A-D-F-G-E-D-A4-Out, Fig.1 Structure of distributed fiber-optic sensor

HAME A BN 4BC £E—E, WiETEA BRI NBKT, FLTLIZ0E, Hha)
fir B REAAE L TEEN, E-G-F XM T—BRIERNLT, BANE S 58 6 RAERAETH, HhTrHE
EHE, AHERRE-HES R, HREHD REXTKE LNEREATRENHETEE, LRSS
6 MASHERNIREETY, RETHER 1 52, £ 3 54 FTHREENLE—ERKE. MBEHE
FAGBMEXE 1 53, 4 FHUREE 253, 4 T, EAZEEMRENELT, 222 B8R0
Eeh 1:1, 3x3 #9%h 1:1:1, BBA A IRIERETAERE 2 Bk

KZS{«/E/z 0 } K2A=[i‘5/2 0 }

0 272 0 iv2/2
i2rn/3
K, - V3130 K, - J3/3e 0 | M
0 +3/3 0 V3736173

Hrp: Kos, KisH0 Koa, Ksa 53 BUOA AR A TR R AT IERE . RSN A o, x), BIARIZR
. cos — .,

ﬁﬁ%ﬁ&=Lmﬂ,Mﬁ%L2‘l4ﬁ%ﬂ%mﬁ

El — e[i(w(lz‘x)w(/;,X))]K3AK3AK2AK25K3SE0; E2 — e[i(f/’(fzyx)ﬂp(fl»X))]KMKMKZSKZAKSSEO :

E, = e[iwm‘x’wmJmKaAKzAKstMKsAEo; E, = e[iw{u’nw{’}’x»]K3AKstzAKsAK3AEo ()
2 0
0 i2
E= 2[ei((puz']r)w([l’X))I(sAI(MI(ZAI(ZSIQS + eiw(lz‘nwm,X))KsAKstzAKBAKSA ]EO (3)

Hﬂit(l)ﬂ%]KstzA =K,, K, =[ :|’ BTLA E\=E;, Es=E,, %Hﬁﬁﬂﬁﬁﬁb

Fe5E A

I = A+ Bceos(e(t,,x)+ @(t;,x) — p(t,,x) — p(t,,X) + Ad) 4)
Kb A, BARRRIES, ACAHEBBERMBMZE, n. b, 6. EEE ER—STEATRSI R, AE
TR 1, =1+ 2 b 2220 e g oppran 20 BAR
HIBEEY, v ATENLFHRIEE,
B Sagnac JAT FH AR FHIRR TR FARITAEE, BRI, FNBAESRA,
HGRRFS, BORS ARG B ROEE R h R K SR E, HEEREIININDN, %l
FoWA —ERERNEZ), FEXRMIFENESR/D, MIEA RE S TaEm L mERERE 4, X

SAEEBEXAEKY, WmESri/ miatEhE, .
Ap=p(1,,x) + (t;,x) — (t,,x) — p(t,,x) (5)

L2
s L=t+—25 t, =t
v



142 TR 2009 %7 A
L, NEen, DEEZBB/NAAG, D5, DMER, B L=2x+Lerc B, BEAEMZER/D,

BB EHRFER IR, BRLMERSI 2 BB A, MR/ MR EEME A, BE MR LT

FEEERRBGI TR A a)=qusin(arty), o AIEIARRAOIEIE, P ER, oRIEEHmE, REPH

MR A 6.7% KA, mjﬁﬁﬁiiiﬁ?&d\ﬁ%ﬂ:iﬂi—“”%*Eﬁ%%;ﬂ‘zﬂitt U

(4 t)

I x Ap = 2¢, sin————L= cos(a(t - f “—Ly+y) (6)

%Eﬂﬁﬁﬁ%ﬁwﬂhutﬁﬁﬁ%,%ATHﬁ&R%EM%@Mmﬂﬂuﬁ%REO
2 EfShRERE
FEARGA EFG MR IE Lo #I% L1, LoRBLR/D, TR, MHGERFoR Y

t+t,+t,+1 .
_I__Z_i_“_)_l. A}/)cosa)i (7)
v

AVAARELE S, B EARE ARSI E SR —RE ST, Yolx/v)=@/2)+ Na Bk oL, /2v= Mn
B, MA8%), AchE, BTSSR 50 kHz UL EEERRES, FiLAREM oL, /2v= Mu R ENHE

PR T 50 kHz BE L,<4 000 m SIEERBCRERIH TSR, MG SHIE E B _EIREIA LB TULE
W RRILE

Ap=2sin2Le
2y

C

~n " ™ ﬂ (k Ky%%) (8)

£5A % EOGIEA T B R E BT, £ 308 L BUE 24 2 000 m, 3 FARIEIR AR.OE 24 1 310 nm,

ThE % 1 mW, RE-RIRAFRITE Y 80000 Hz, RAEAK A 163844, L35 10232 m, 7E x=1000m
MHIL ARSI IE SR 2 fir, LRER B REFBRLE EAFEEBRIE.,

*"I“Rﬁ T B8 & e A ghiE sk 0.5 0.5

BULEEHRT AR, B DBCETRISE 5 2
B, EROMERTREERDES. D £
WA SIS, Wk, HRERBF [ | <
B—RRIES, 2BRERSHE3@ES, & & 2
{55% Matlab i 17 FFT 25 #8240/ 3(b) iy "’f) . - '°~500 "
52, HHHESSEFEEARE, THEBN Time /s T Timess
GESTERIIEMA, B/ bk, #EEE (@) EHHES (®) thaE
S A AL S BN F i S E 4 BTR, (9 Senal wilnondisubance (0 Signal with dsurbance
B S BRI, LB 2 L 000m RRAARA LA G
%’J\{EF, E"(%/J‘{Ej‘ﬁbﬁgiﬁ 5}[“]@ 4 EP% Fig.2 Signal of non-disturbance and disturbance at x=1 000 m
A B/ ME S, BB SR/ MER BB —/ MR R/ N S FREINE, UMEEHA.
03 20 0
E 0.2 % 0 g
2 E s 10}
= 2 20 2
S 0 S 40 T 07
% -0.1 °§ -60 ; -30
= -0.2 ~ -80 — — 1 E
00 005 01 015 02 0 1 2 3 4 -40 . : :
Time /s Frequency /10 kHz 0 ;re uencz /lOkHz3 4
(2) Bfafs e (b) FFT HUR 12 2 neney
(a) Original signal (b) Signal after FFT
B3 ki iT2 e A URSE 5 B4 fRRFREGETRY

Fig.3 Time-domain and frequency-domain signal when disturbing Fig4  Signal after filtering and smoothing



%36 X5 18 BEF % — MBS BRIEX AT Sagnac 5y M L ek 143
FIRLLER %, B IERRR ST TEMLRS, BRMEEWE | Fin: ARPALER, %
RN AN EMEREBANERELE/N, EXERMEEN, FEEIRIT.

A1 EXRREERZHME

Table 1 Detecting value at different points m
Actual distance Measure I  Measure2 Measure3  Measure4  Measure 5 Average Error

9732 9743 9752 9762 9651 9787 9739 7
9232 9301 9143 9176 9217 9309 9229 3
8732 8 587 8 650 8614 8894 8 596 8 668 64
8232 8127 8291 8216 8136 8050 8164 68
7732 7757 7 641 7 699 7 681 7 801 7716 16
7232 7201 7267 7150 7211 7267 7219 13
6732 6 692 6701 6728 6720 6736 6715 17
6232 6221 6243 6209 6224 6239 6227 5
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