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I 38 PS4 (SMF) 5 BRME LT (DCT) 4373 B A 1E 0 BORT F (Bl R B0k 1, SEBl e 47 6 Mt
B P v T o A EE AR R GUR A AR 254, A RR R HE B — v e ik, BRI AR 2 S o Bk BN 48 22 [ B 3R
ICEAEM K 50 B85S, KIS S T 4R a g R, i id g 57 DCF-SMF XU 18 Fl (0 5 22 5 1E AR
R, HIGS TS AR S BB R ZE N R GRS R SRR I, AT VAR SR ATk 1 MHz, i fE
Z AR RN 28 G S RCBIE IR A DN, B RIS Y R AR 575 CC R ERBN L b, 1L RN 25 1%
BT IR AR R YRR JT 2 16.8 pm, DCF-SMF XUl 18 52 15 F P shif KGR J7 29 11.9 pm, 18R F
RIS R 3575 2279 6.4 pmy B Js8G v, fRTRZEVERE AT Ik 0.9998, MR EZ1 7 8.5 pm.

KR ORI, W IE PRDOLLT, BRI, Rk R

PACS: 42.81.-, 42.81.Pa, 42.81.Uv

1 5 =

Fe 47 4 Hi A% S M (fiber Bragg grating, FBG)
R EA R & ARBVN PR T B ok 2 5
H 1 A AT S 28 SRR T )2 B T
A FR R 2 SR A0k 12 (E AR R AR i i 4y
AT B P VRS S 2 R Bl ATL M I 5 TR v P 0
TR S 5 4R — e AE kHz B 2 MHz Y & 45 2%
A, FBG 1% 825 14 5 52 1) T 1% e K g R R
LV S B ey O G AR S Lo U RS A O, 2
FBG 7£ b e Sk 380 87 FH H i A5 e 10 [17) DG B ) 2t
z—.

KT FBG G L o i i s fg i, B A Ah A
Gkt AT T RURAR R WA, 2008 4, i E 3 1L oK
Jung % 1 Fi| F 8 B -4 (Fourier domain mode
locking, FDML) HEOGHEIAR, S8 1 31.3 kHz [
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FBG A% & B 51 e i i R; 2009 4, H AR 5K
Nakazaki 25 (6] SzH 7 56 T (4 B 5 R ) FDML
FABBO 2% A R V2, MR TE B IS 1 40 kHz; 2014
fE, EE IR G0 7 K 2 van Hoe %5 1 SR
AL HL (micro-electro-mechanical system, MEMS)
AT GRS I 28 S HL T 13 AN G LR A B
100 kHz = i /. 72 N, 2004 4, BT K54
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BB kHz Bl 2007 45, KEEKEZEINSE ) SR 2k
T A AL R 3 22 v 1 3B °F 1 Mach-Zender T ¥ fif
WECR LI T 10 kHz O ## R E 3, 2015 4F, AR
RO DO SR 43 A S i a0t 2% (DFB) #4761 49
i, SCI T 1 nmOGIETE A 100 kHz [ FBG OL4F
M e A
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Kl 22515 5, DFB UG 886 1% 3 #0A fg sk 3
1 nm Y0 A A, DG IE IR/, En BIRA
B, A SCHE R B M2 G 4F (dispersion com-
pesation fiber, DCF) 5l B4 (single mode
fiber, SMF) £ [ ta. X 43 Bl HL A i i 11 5 1F
i 12 R H, S BAE 5 7 A AN R B SR R
R, SEBOGER M S E ks R, RGRH
BOCLT SR, To TR S AT AR E & G A R K& KA
i, B O kbR R RAR R SO O Ik i i 4 22
SEELGM K A BAE B R RS AR, i A g
DCF-SMF SURHE 5 6 X0GEE, 51 N2 6l ket
BB IEAS R, A7 R0 58 1 AR R 25 56 2T AR A
L3 T i A K 0 A 3R 2 5 2R 0 il VR R RE TR S )
HA ol kg AT A AR i, ST

HE A FOCEF ML R G . AR %07
IR JR B, JFREAT 1 SIS

2 B
2.1 FRARIE

1 TR N3 TR 4R (BN I FBG i
K R G TR B vl ik O 88 Ok B S
FERK IR FBG G B B R 5, TE R ) A i ik
MR A2 C1 RN O e 4T 5 35 18
FeeF 4, BT DCF 5 SMF 75 [ i (i X 4
HA SO O IE B HURE AN R 0 ko e s
SERGEE A AN FERZE. TLEL DCF 5 SMF K
%, i SMF /115 5 #H% T DCF W15 5 R e 2 ik 4
Gk C2, BN ARRE 1L C SR X thE 5,
PG S — B SR b 4, 38 S Wk b e A
R AT SIS A i K S A0 B B AR A
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Fig. 1. (color online) A high speed and high precision demodulation system of FBG based on fiber dispersion effect.

W Ly 5 1 RS E G FBG#r 51810

W FBGH#L SR B 18 ik o, MBOGE R &

e ST ARG A C1 IS a0

{TLr = Lynest/c ’ (1)

TLi = LiMegr/ ¢ + 2dinese/ ¢

Ao, L Ak INBOG#S & H 4 FBGH#r KU I

a8 CLTERCEE, d EERM G FBGHr 5

FBG#i HAEE, neg NG OHEITHE, c NE
L.

TEA A 48 CLAL, X T i3 AN DCF i i 1% 4 1

Gk, W roere 5 ook 77 M N FBG#r 5

FBG#i 5 Bk i A C1 Ak 215E S s P8I0 28 1 )

[a], ]

{TDCFr =(Lpcr + ALpcr)nper/c+ Tor @)

cr, = (Lpcer + ALpcor)nper/c + Toi
Hr, (Lper +ALper)nper /¢ NIKIHGEE DCE H
DAl A e B SRR IE I 7o, 15 7os A6k DCF
TR BUER; Lpcr, nocr, ALpcr 7379 DCF
PSR 2588 R it % & DCF KAk F 43 an
Tk FEE 38 50 5 e K P e R
SRR HE R M, oy FTR NN
™i = ™r + (At — Ar)Dpcer, (3)

X, X 5 A AR BOCE S 225 il i
K, Dper AEEMEGL GG W (1), (2),
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(3) AT, Sk O & & B S E O S
& IBOE M s 5 48 DCF i i 2134 6 BRI 28 1 5
WA 7 5 7 43N

Tr = TLr + TDCFr
= Lnefr/c + (Lpcr + ALpcr)nper/c + Tor

Ti = TLi + TDCFi
= Lynest/c + 2dinegs/c + (Lpcr + ALper)

x npcr/c+ Tor + (A — Ar) Dpcr

(4)

W FBG#i 5 FBG#r [ Gk ) i 18] [ K% 73,

— 7 = 2dinee/c + (A — Ae)Dpep. (5)
(5) AT, X ATFRH

Ai = A + (Tir — 2diness/c)/ Dpcr. (6)

(6) 2, 1 IR 5 ] FBG#r 8 48 2 D K\ A
B WM di, Dpor S RCAEE, TR &
i 5 A, BRI DOF ] s2 8 FBG 3K
R, RAVIIEA bR E N B di, AR 4 Bk o i)
Vi) 1) B8 7, B RT 3R H K . (EARI H DCF )
PR, AR RN 45 K I, FBG#1 5 FBG#r
] PE d; B8R, MG d; 52 B85 52 ) 7= AR 1 K FE AR 3))
Ady ArT 2N, H (5) X HF 2dinest/c > DpcerlA;,
JE M ) BE d; 2 T00Pt 3 7™ R e Ok K N 1 R O
NARIERE P, HER Ad; FI52M, A R SMF
5 DCF 8t & HA — B Fe 1%, 18 DCF-SMF
SRR R SUBITE AT R . fERR SRS CL AL, X T
HBEN SMFF 38 38 ££ 51 (1358 43 e ik v, 838 38 s
£FREBHCN Deyr, W H (5) ZNAT1F 215K 6 R 85
i FBG#i 5 FBG#r ST ki Gt [l 8] 5% 3/, 4

Tiry = Ti, — Trl = 2dinoff/c + DSMF</\i — )\r). (7)

HRAZ (5) A (7) 3, RIAT SRS 1% BOEHE FBG#4
DK N LB R d:

Tir = Ti

Tir — Ti/r/
A=A+t —""-—,
Dpcr — Dsmr (8)
di = [Ti'r/ - DSMF(/\i - )\r)] X C/2neff.

1 (8) A4, it HyE DCF-SMF XUEIE, A8
AT BE Ad; TRBh I s2ma, Ak 5 Goks FE I [F] i r]
)25 56N S d; IRIFEAR, TG 75 2 BT b5 52 45 Mt i)
PR MGR T Se e H DCF-SMF 240 A48 77 4k
MK EA ALper, ALsvr 58 W T2 50l fE

MIBARH, 5 RGN E SRR — P
G

2.2 BERBEIE

FEEF I RS D T i (9) 2se S,
1dr w? d?B.

T LA 2nle dw?’ )
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NP I R AR W HG c N AREHOLE. HE

SN, AR B AL N ps/ (kmenm), B ERAL

A RE T ik T I 1] 5 6 AR O, SR FH K e i e

72 M 3 XOEIE S B HLE D = Dper — Dswr JEAT

M, KEEZIN 15 km I B HCME G AT 5 8% 8

I £ Ky U T 7 1543— 1558 nm 8 B 4 1 il 25
e 2 fios.

—2.10
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Fig. 2. The dispersion coefficient curve of DCF-SMF.

B 2 H DCF-SMF A [R] 63 K AL B2 A i
ZANE, 11545 nm 5 1557 nm &4y HI % B —2.18,
—2.35 ns/nm. LA1543 nm Y S, MG LK
4 1545, 1557 nm G5 25 el 2 8] i) 4E %
(Tir — Ty ) P ANZIN —4.34, —31.57 ns. K DCF-
SMF Sz im 9 e E W1 —2.2 ns/nm, FJH (8)
AR 1S P M K 1544.973, 1557.350 nm, N
WRZE AN 27, 350 pm. 24 MR K SRR R €8
1B -5 3 AME AH ZE ORI, B 7= A ™ E R 72, I UME
TEAE /N3 2510 ] PR S A K .

IR R G RE L, 55 B R IR
5. DCF-SMF XU 8 5 th 26 78 F ok i B A 3l L
BN, RAZMEME UBRIRE R E, e A

D = —0.0139); + 19.27. (10)
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SEE, MR (8) TR N

Ai
/ (—0.0139)\ + 19.27)(1)\ = Tir — Ti'v/, (11)
A

KA, A, 1 — v BUNCHIE, (U NFRERE. R
il 12 € R 4y T B AT ORE B A R O £ e R KA
B3 25 TSR 0B B AR R 5 00 TORE 2R fige i
FRR 221 DA L, AT WL BE G B0 2 Y T R 15 €
fige U 1R 222 B ORCBR K, T SR £ RS R AR T ) £ 8L
KNG HE N Re 5 b€ EAH LA, BA REFH

W R £F 76 1550 nm i B L B 4
17 ps/nm-km [ 15 km SMF & & 86 24 A
0.25 ns/nm, A%} T DCF %) —2 ns/nm 1 &2 8 #
BN, P AN SMF (5 BUE RE IR /N, A AR
AR, MEER d DA (8) M. il xt
TRl 2R @S, SR F U AR REAEAR ARG € 5O S A
W, AR IE R R AN SR AR 22, 1R SR R
[F I AT A ROE R R G S)ATE L 2R T SRR 0,
ARSI T 15431558 nm i B A AL,
TR B R, R w2 LA ST AR HE
AR, AT — DR TT R G 3h A5V B KRG L.

— b
1.2 F r”—____‘w
=
£
N 0.8
EN
=
B
& 04
e

- - - E{ERE

e U
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K /nm

K3 (MTIEG) GHCEERR S ORI ELERR R 2Z I B

Fig. 3. (color online) The simulation diagram of demodulation error with dispersion constant value

and dispersion model respectively.
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B4 FT s iR R GHE . SR80 R AR B
RIS IR (ASE), %t 15301570 nm 9 i &
BG5S, W HIE 1 MHz. K5 20 ns 55258
Pk A 48 R Bl 2 S AA G TBOR 2 (SOA) R AT 5
FEE R 1) T B 58 1 Fik o e, 20 R 2% 3k N O A A

BEB, SO ek R A 2% CL A N R, — %
NGBS 52, 50 VR AT AT VE JORS B S —
R B HIELF K %% (EDFA) i K#E X DCF-SMF
WUBTE, 2806 BRI % (PD) H# o 55, i
Keysight DSAX93204A . KA 3 80 GHz. It} [A] 43 #¢
HIK12.5 ps I md R 4R EE 5. BEGME
2F 58 AR A K A2 N 15 km; Sa4F e
FH 44 FBG s M B, St 263578 90%.

WES [, oL
FBG#r | FBG#1' FBG#2 FBG#3
ASE |- S —L =m0 —
ey J'(:ESITQ%E ) e [
S fikp % A - _,
((‘)) ot YV Ve
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Lottt thta th ty

4 (MTRE) WK RSHER

Fig. 4. (color online) Diagram of testing system.
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3.1 FRARITM RS ELEIE

I8 I N 7 S256 56 F DCF-SMF fi@t i v] 47 14 A%
K& RE. SCO6 IS K FBG#r B T 25 °C1H 7 A 47 L
WK N 1545.719 nm, ) FH ARG 5% — 4 7 75 48k
R FBGHL It 0 B 7, A 3 52 31 i 1) 35 5 B A%
Bl5 (a) 5 B 5 (b) 23 0 9 it o 82 75 11 5 6 i 40k
% e S A Y R A WGEEE, B 5 (b)
DCF i i 5 SMF 3@ & fik v 7] B& 72 5 7o 53 310 M
248.47 ns F1258.06 ns, AP S AL B g 2 X
AN = 1549.991 nm, d; = 26.28 m, 5 iE{E
7 1550.003 nm A S 18] B 26.25 m FEA A [F]; 4
FBG#1 52 M. JJ4E FH & A2 1.89 nm iEFZ i, B 5 (b)
B 3k o B AH BB #, Hob DOF il i 5 SMF Ji i
DRNER Ay = —3.9 ns, Aty = 0.43 ns, fAAN
(11) RN, = 1551.883 nm. A); = 1.892 nm, 5
He A R 284K 1.89 nm — 5. 1IEW] DCF-SMF X{
TR TE VE AR R S A M O B A B AE R R & T
ITHE.

I8 7 SIS HRORE B — 41T 2225 B 50 um, M)
BB %5 2000 pm, 105 EERFE B IR S
TR U A, R R v UL A B i T R
Jik i eAE 5= AR AN 1 MHz, FRYE 725 % 2% B UCK:
FERHE AT K AR, R IA 1 MHz. 6 (a)
BT 7s AR 45 5, 1 MHz 8 R R 507 R A% 22
(RMSE)N19.9 pm, & #4214 0.9988. #
KAF SRR E SN L, 10 VT3 )5 iR 2 %
ik 100 kHz, fifR45 R 411 6 (b) s, RMSE X
J98.5 pm, LA M2 2V FESE T %2 0.9998.

FABHOI 5% 22 G0 1A 6 45 e 0 9 K i R A
B, BEAT R AR AR, APkt T 25 °C
TR I, SRAE 10 125 J5 1 48040 10000 44, FFHIH
E TG BT, SR T B, WL, &R
G fig 1 &5 FAE H0ME 1550.007 nm &b RS, H
T 207 90 ] i I ] 14 FE AR LR 47— 2, 10000 X fif 1
ZEW Y )5 % (STD) N 6.4 pm, KRG FaE
KA.

(a)
FBG#r

[=)
T

FBG#1  pRG#2
=

— R%H - - - 2w
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1544

J
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P /nm

K5 (MTIEG) BEEL

1556

0.4
0.2 — 0.3 -— (b)
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0.3 0
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>
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il
E
1 1 1 1
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fi$T8] /ns

(a) JIEAOLHE; (b) w7 A I IR Y

Fig. 5. (color online) The change of waveform: (a) Spectrometer spectrum; (b) time domain waveform of

high-speed oscilloscope.
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FRAE P A /nm

6 (FTIRE) s R
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R?=0.9998
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15515
g
=
Z
= 15510
Z
=
1550.5
1550.0 f & , , (0
1550.0  1550.5 1551.0 15515  1552.0
bRl /nm

(a) 1 MHz %3 (b) 100 kHz %

Fig. 6. (color online) The results of demodulation: (a) Rate of 1 MHz; (b) rate of 100 kHz.
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1550.08F
STD = 6.4 pm Pkl
1550.04}
g
=]
~
P
& 1550.00
g
1549.96 -
1 1 1 1
0 2000 4000 6000 8000 10000

7 (MTIRG) Rgikae Mg R

Fig. 7. (color online) Results of system stability test.

3.2 REHMIMR

a3 A O 4T A% I R G 52 B B IR R 5
Gy P AR RO ] B H Bl Ady J Ui i K FE R 5]
ALpcr, ALgyr. ARG ANFIZE M FBGHr
DCF-SMF XU E fe g 1l 55 LR ahm, i 0 R
GURE R S ARoE M. T THD B L S IR L A R B
X R G HATRIS.

WE LMW % K ES5 km, HIFBG#r 5
FBG#i [ 5 km, Xf FBG#r 85 #l, I %k
— IR BE T FBG#, BB P96 O 3K 2 0 o
1541.972 5 1554.108 nm. ¥ FBG#r 5 FBG#i <
B AL S e 28 (oot B TR 48, BB R
5—75 °C, it 5 °CA 4k, BAUF ST =L 30
Ad; WX 2R G0 B2 B s e 5000, [F) 45 2% 1 T A U £
W, R 8 sk fas. A A DCF #H47T FikiE
JE55, 5 DCOF-SMF XU IE X Ltk 1 30E ' i A B

Wsh Ad; RGN, fARRSE B 8 L ATR.

K] 8 1, DCF-SMF 1] FBG# H O K fif 3
KA ZAG IR 28 A IR AL 52, Al 2K 28, SR
FEEHE 10 T3 G i 45 5 ST D 9 16.8 pm; X
FIH DCF i i 52 il B 52 e ™ B8 52 4% ) e PR 3 oK
10 T JE 45 3 ST D 3614 pm. X EL AT 40
K DCF-SMF XUEIE, 245066 20 55 1% 8%
PR 28 L AT I AR () s, AR RS P A B4 T

15651 ¢ gTD— 3614 pm ® DCF
A STD = 16.8 pm A DCF-SMF
A&
¢
g 1560 >
! »
~ [ 2d
K o
:{g 7
2 "
¥ 5551 "
e O Wl Wy Wi §
U
& J
¢
1550 L L . y !
0 15 30 45 60 75
/T

8 I LR LD AL R
Fig. 8. The test result of sensing network with tem-

perature disturbance.

[ H, S A A SR 2 e i, 5 PR K %4
15 km [1) DCF 5 SMF Fry i ]l R 4 B T i35 56
W W EIREMN 575 °C Bk 5 °CA L, WIERUE
HEK M) ALpcr, ALsyr MERIEN. 25
WORUNBEAE S, 40 ) 75 °C P REWIE, WK 9 (a)
JIrw, TR S5 2 TR R A SR R O 4 SR
K9 (b) oK.

—5C
0.6p @ —40C
—75C
Z 0.4}
N .
E:!i - --‘ ” & W M
0 =tdA- M \"Avary \"4" (AVan \ A"t {7 var v
0 200 400 600 800 1000
Hf1H) /ns
g 1550.10} (P) i glﬁi‘%‘\
= —Z (=)
0
X 1549.95}
%
1549.80 STD =11.9 pm
0 15 30 45 60 75
R/ C

90 (MTIRE) SUBHEE KR

(a) TUIRBET; (b) AL R

Fig. 9. (color online) Dual-channel temperature disturbance test: (a) Oscilloscope waveform; (b) demodulation results.
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B9 (a) s I a4 R AR B % vl 4, iR 7t
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Abstract

Fiber Bragg grating sensor is widely used in military, construction, transportation, aviation and other fields due to
its advantages in high sensitivity, high precision, high multiplexing and small volume. However, in some special fields
such as ultrasonic flaw detection, high-speed vibration and aeroengine monitoring, the signals are rapidly changing, thus
requiring high speed sampling. But the demodulation speed of traditional fiber Bragg grating demodulation techniques
is hardly to satisfy the requirements, which seriously limits the application of fiber Bragg grating sensor in these fields.
To solve this problem, in this paper we propose a dispersion compensation fiber (DCF)-single mode fiber (SMF) dual-
channel demodulation method. Based on the SMF and the DCF with the characteristics of positive and negative
dispersion coefficients in the anomalous dispersion region respectively, and combining with the optical time domain
reflection technology, high speed and high precision demodulation of fiber grating can be realized. This system adopts
the whole fiber structure without wavelength scanning, and the grating wavelength and position information can be
obtained according to the pulse delay difference under a single optical pulse. There are three factors that quite influence
the system accuracy and need to be solved: the grating space disturbance which is caused by the temperature change of
the sensor network fiber; the dual-channel length disturbance caused by the DCF-SMF dual-channel temperature change;
the dispersion disturbance caused by the inaccurate dispersion difference of the DCF-SMF. By constructing the DCF-SMF
dual-channel, adopting the reference grating and introducing the dispersion difference correction model, these influence
factors are solved. The case of temperature disturbance elimination is tested by the 5-75 °C temperature experiments.
And the results are as follows: when the temperature of the sensor network fiber changes, the standard deviation of
this dual-channel demodulation system is 16.8 pm, while only using the DCF single-channel to form the demodulation
system, the standard deviation is 3614 pm. And when the DCF-SMF dual-channel is disturbed by temperature, the
standard deviation is 11.9 pm. For a long time demodulation under constant temperature, the standard deviation of this
system is 6.4 pm. Thus the influences of the sensor network fiber temperature change and the dual-channel temperature
change on the system demodulation accuracy are effectively reduced. The feasibility and accuracy of this method are
also verified by the strain experiment. Experimental results show that the highest demodulation rate of this method is
1 MHz, while the linearity can be up to 0.9998, and the accuracy is about 8.5 pm. So the system with the dispersion
difference correction model has a high precision. Therefore, this novel demodulation method has advantages of high
speed and high precision, good stability and large dynamic range, and it is very applicable to quasi-distributed fiber

Bragg grating sensing system.

Keywords: optical fiber sensing, single mode fiber, dispersion compensation fiber, high speed and high

precision
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