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Sensor demodulation system using PBS and PMF
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Abstract: A demodulation scheme based on Polarizing Beam Splitters (PBS) and inter-modal polariza-
tion interference in Polarization-maintaining Fibers(PMFs)was proposed to implement the wavelength
demodulation of fiber Bragg grating sensors and to improve their precisions and stabilities. Using the
principle of matrix optics, the mathematic model was established theoretically and the relations of sys-
tem output signals and Bragg wavelengths of fiber gratings were obtained. The influences of the
length of the polarization-maintaining fiber, polarized angles of input light to the principal axis of PMF
and the orientation of PBS principal axis on output signals were researched and a method to improve
the sensitivity of the system was presented. On the scheme above,an experimental system was set up.
The results demonstrate that the scheme is feasible, in which the average precision of the wavelength
demodulation is lower than 1 pm and the temperature measurement range is 90 C. The demodulation
system has higher precision and its stability is better than that of the M-Z interference device.

Key words: optical fiber grating; sensor demodulation; Polarization-maintaining Fiber (PMF) ; Polari-

zing Beam Splitters(PBS)

Y 5 B #3:2009-10-15; 4&1T H #7 :2009-11-20.
ELUH:BE AR IEE BT H (No. 60677003) 5 b 35 17 # Z2 3k 4 L 45 ¥% By 351 H (No. XK100130637)



1924 r K TR 518 3%
TR TBAF B s AR Ye e A6 EL W m 3R
1 3 = [ 1 PBS F 8l 19 77 11, % A £ E. AR 98 7 1] 5 4

6L A5 i ¥ e M (FBG) AR g — Bl 1 1 f%
A s ELA R A RS P LR SR R L R D A AN
RO s FERST /N 38 T 7 i I A e P B R
PER PR R ] O A 15 B e 5% T —
RS H L, C&d) N TR ERRgE .
ARk, 25 BRI D' £F A ks M E AT AL B R
Gi ot & JRAFARE S AR it TR e ST A A
5 (1R O A IR K AR Ak R IR T A Sk TR . R
B N A IEFE W 55 10 56 T 6 27 ik K gk 07 1) )y ik
G 2R . VT A U kY JF-P O B A
KT I O M i 2 Uk RN LT R Ok IR
AR o F-P IR SRR S R £ i HL
O 25 AL Hofd R T LAGRE) 1 pm, T L
i R DR B R v A R I A E A B SR Y
2 — AH R0 TV A% R R g8 R AR M-
Z TWALF Michelson T W AL 5 1), Z 55 I R
AT HRAR A B T B AT A S B g

AR IEE T W IR L EFHT RS
i OB R 5 A G O R L LT T AR
LR KB GEF 55 A GG AR 1 I DL
B 43 SR A% 3250 07 06 R G R R R L B T
F TR G L (PME) Fil i 9% 73 o 45 (PBS) (19 T ¥
R R G, IF AT T SE I I E L 45 R 5 e 4 B
— G UEM T AT R R A5 R
B RS T A LS IR B R AR A

2 RERAME B R R A RIE

BTG LR MG i i R Ge A i an &l 1
TN A IR A I e e Bk O 2 5 i (Optical
Fiber Coupler, OFC) it A S £F Y6t , 36 12 45 Fir 7%
S S5 A 00 A5 D6 15 1 A S ST AR  A AE
BT —AuH . LIRS E. A sLiEA R
CEr, A B2 Lo BTG 4k 75 o] 1O £F
I FE A 5 1 AN — B0 AR H R 2 A TE 5 i
AAEBLE . PR 3 B s 5 & —BIR
L ) BAASOGET HE AR IR 23 R A TSR 2 S
2 4 A TE S R O & B T B S N PBS
W ORI RR Y EV ME,, Bl 1

i Cer EohJe f N o B s AR O EF 515 PBS
Ehh e SN B.

Optical

OFC) Im
ol OFO)——it
. <—Ll—>

Polarization 4 B
controller rr -+

|
| _Frlarged view_

Chip
Imicrocomputer]

B1 JRer M i R & e 45 4 s 2 18
Fig. 1  Schematic diagram of wavelength demodula-

tion system for FBG sensors

I FH 4 B2 ' 2 D B T R % ) B A
RY, A5 2 5 O AL R
Ep=Ty + T, Ts + T, + E,,. (1
Hrh E, R ASOES T, T, 535100 A B WS 1%
54 1 AT R B

cos @ Sin g cos § sin f3
o el L B
—Sslna COS«a —sin 3 cos fB

(2)
DA 6 2T 1% i L O
xp(id,) 0
Tsz[e peio . } s (3)
0 exp(id,)

Horp 8,08, 43 5 A R A Ot £F P 18 Bl A 467 48 3R .
— A BT L Ly SRR IR S A AR AT K
JEAR S L AT LU 34 B A E) PBS IR IR S A
WU B E AR T R 2 SR AR R DG £ 1) PBS, X K
)X — /N BB F 19 4 T AT 2088 AN, PBS i
AT LIS A .

0

J, 4

A Z00% T OB AE PBS & 5 i A 467 52 A FF A
HAMBM WIS, Ao L L5y
2 T HFE . B DL A KR A K (D A1 PBS W
A s A% B, FE,

» 1 07 0
B 1Tm,f]:[ },uﬁﬁu ZTUU,7:[
0 0 ¢ Lo



559 19 FEE ARG LR O P 53 o R0 DR i D' 2 19 12 S i ] 3R 48 1925
£ [[cos a * cos B+ exp(id,) * exp(id) —sin a * sin 8 * exp(id,) ° exp(id) ] » E;n} (s)
1 ’
Ez:{ . . . . . . } ’ (6)
[ —cos a - sin B+ exp(id,) * exp(id) —sin a * cos B = exp(id,) * exp(id) | « E,,

PBS Wi th i H OGNy
11 :<E1y . E1>912:<E2y: * E2>7

I, =[cos* a * cos’ B+ sin® a *

I, =[cos” a * sin® B+sin® a * cos” f+2sin a * sin B cos a * cos B+ cos(8,—38,) ] I, |

A L g2 g A B IR D665 . O 3 16 Of i Ot 47
g Rl b AL E N 0=0., — 0, = 2m *
B, Ly/x, Horp By S A i 0t 7 45 X0 3 . A
ASPEHK . 4
K,=1—2(cos’q *
K,=4sin ¢ * sin B+ cos a * cos f3
AR (T 15

I,=0.5X(1—K,)—0.5K,

cosz‘8+ sina ¢

sin”®) %

I,=0.5K,+0.5K, * cos(2x * By, * L, /2)
D)
4
I,—1I,
71T =K, +K, »cos(2x+ B, * L, /) .

(10)
L0 T LTI 5 52 SN 75 4 3 11 B o
SR 2 2 15 OB 0 L 0 K AL R AR K
L, UG 506 B 7 10 S AR e BB BRRL. JEZF O
MR R S K A 5 B S R M R T R A
=2, CT Hor 2, £ 0 CIELF Y6l i R 55k
K. C ORI LF MR IE RHC T HRIE. Lo
g R REML SR S ENHEZE. K, Al
K, ki, o7 DA K, 2 5 05 0 40 it K,
B oy SR RO IR, B g BT A7 1 —
R 7R A SE g BT K 75 £ S M A
S 35014 7 EL 5 7 L4 3 5 DR s U6 14 30 5%
IR R 2
PG 4 28 PIN 45 PBS H th 9 96 35
LA L B % U 4 b 675 1o
T A/D B3 K R B 035 5 5 b BT
{5 2l ok 2 P LR S B IR AT AL B R
R 5 i LabVIEW 58 i e 152 83 OF
AT VT ) (. 62T S R H

sin’ B—2sin ¢ * sin B+ cos a *

e cos(2w* B, * L,/

Forp << 3R g I E] 7 33 4H th 2K (5) (6) 3k A

] * co (5‘,*5\‘)] . I,
cos 3 * cos | N

S B AR AR o (Bt 23 78 Ak o ph 0w R G 0 3
F18 38 J3E 728 A+ I S I 2 Y L B2 - I ] ]

USRS 27 ' M A S A A N Y L B
AHe D B 235 g [ A 3 P DR O a2 i 9 8 R
T ML AR S .

3 R AT

AR ADEAET AR T &S e
XEF g FIA SRR MM . HOGEF S R
KHERERLMERR B HZERE p A LR
BRI 5 T KRR,

B R CE K EZER . B 28 a
=n/3.$=2x/3 Wf, Ly £ 0~2 m ZE AL} Jir % i
M) g A R RMZ QK 1 550~1 555 nm) .,
ME R A, p B2 M AEES L A
O Ly BROK R BHORE B R AR A =X O L Ly AR

1
0.8}
0.6}
04t
02}

= 0r

-02}
—04}
~06}/

155 1551 1552 1553 1.554  1.555

A/um

Bl 2 RARELT KIEARRFR p KA MXR
Fig. 2 Relations between 5 and A for different lengths

of polarization-maintaining fibers



1926 e K TR

%18 &

Xt 5 B> K SZ R IR K. ORI . i
S5 3] v )RS 0 SRR e IR B PR R DL £T
ENE 2 B FT LAF g BEA 22 R AR L Ly
D0 o S L i — B e BB rp — B 9 X ]
PEAT AN RS IO AR 45 T i A 00 ki JRE 9 BT 3 B
T Y PR DG AT L

HRZEMmBEMBWIEM. B 3 h L =
2 m,p=2mn/3 W .a 0 B x A4S R 7 FlA
MR . BRI Y o RIS, 9 BEA 22 ALY
JE AN A A R B2 Bl B SR RE R A AR AL 2 o
=n/4 8 3n/4 WK, F K. g B A A AL RS B
B sa=0,7/2 B m I KK 2k, B I G 125 4G
)RR, O FTC6) 1l LLF L Bl a
JEXTARIC R XS 9 MRS o MIIF] . DRI 76 BT iR
T B0 1 S 98 R G0 v O e FR RO /4 T 3n/4 Y
a FIBH.

1
0.8+ N "
0.6 i \ On i ("
041 g 0 : 3
0.2} ‘ \ /A3 n/4)
[l 0 '/ //‘ \.
;oS VA
-0.2¢F ey \\ ~\ [ N v
. . i) v
—0.4} o e ) e
-06L i/ oAy
~ ' '/'/ N\
0.8 -\\\;// \\\\)//
—1 L L L L L L L L L
1.55 1.551 1552 1553 1554  1.555
Apm

B3 A« F g FEKLHXR

Fig. 3 Relations between 5 and A for different «

Fh L MR 028 SR 23 i R 8 RO [] 114 45
R 2 J0mT LAV 2 8 I ik 2R A0 RN 5

4 EIRIIE

MR DA b JRHR AR SRS TS R G IR AT
T AR R A ST DA UE R SR AT AT
Rk AT EOL 3 AQ4321D B LR
WS I 0 1 A8 Ak L FLAE 56 R 0. 01 nm, B /N A 3
K5 EE S 0. 001 nm; fi H% 43 A 45 1 )R DOE R A B A=
7 P R e R Ry 64 B RE Al LR i Ot £F
PM1017-A it K& A ™ 1K <4 mm, K&
b2 m;PIN &R M 0.85 A/W,A/D 5 16

A7 B A0 RS B 5 FH R R DN 540 R S Ak R RN TSR AL
WMASHIE A CWFH . AQ6370 Stk oY
PEAT [R5 %0 e A I & B /N 43 BE#E 2R 0. 02 nm,
S5 A AT R OG AR FE 1 550 nm ] 1 560
nm PN S BN E 4 TR B PBS W i Y
SEmRA A R . T G LR A B S O
KA RECH 0. 01 nm/ C K4 & 4 1945 7]
VB IZ R g n] & W K AS B fl ol 0.9
nm X S 4 3 R 9 LN A 90 C
1
09|
08|
071
0.6 3,
0.5
04t
03"
02l ;"
01} I", '

0 L5 Lo o
1550 1552 1554

Light intensity

1556 1558 1560
A/mm
B4 SRR EIRY L L R A R R4
Fig. 4 Output spectra from PBS at different lasing

wavelengths

BCRE ARG 1 R R HOE AR R 10 min £
fili TG IEREAT 1 30 REIH . I 9EEE Y 10 nm,
it AR g E. B S AT
Forh 10 YR 25 58 AT DL . 10 RS R0
SVEARYS .

Y o o v . o
1552 1554 1556 1558 1560
A/nm

5 ZWHIMT 7 5P KL R ML

Fig. 5 Relations between 5 and A for 10 time scans



EIEAN 5 MG D 9% 23 5 2 DR Dt 016 2T 119 12 S 3 R 2 1927

WRSEHE L ARG S %55 —10 dBm
B SP- 3 43 BE 2R 0. 054 pm(F 2 A/D H 4 fi;
o) . i F AT EEEOGER RN 1 pm, i 2
S5 BB E R pm BEYL, BON M IZX RSB K
SYHERAE L pm DLF LM EAEE <1 pm,

S E 5 FA H 2 A /N D 22 R TR
F 3 A7 T P G R K I R 2 L B A
e Tl 7 5% 2 ARG B D7 i 4 o o e 1R 2%

T X A G £F B, MR AE 1077 B 4
PRI I 2% 3R G0 %) PR 85 3 FE AT A — 2 A AR . B4R
WA 58 4 R 48 BB (9 5 i, AH o i/ T H
VB R 7 6 PRI T S R N PR ) TR o T Ok £ ok
A 1% 95 it R R G i R e 1k

5 & #®

ASCHR T — R DR D 06 £ 04l U 70 A o

S % Lk

[1] MOREY W W. Recant advances in fiber grating
sensors[J]. SPIE, 1996,2594:90-98.

(2] K% A, #EH, TR, F. ETHIBCL G

B2 A AN LR AL AR [T ). B & 4R, 2008, 28
(4).779-781.
ZHANG J L, YU CH X, WANG K R, etal.. The
displacement sensor with temperature compensation
based on chirp fiber grating[J]. Acta Optica Sini-
ca »2008.,28(4):779-781. (in Chinese)

(3] &AL, #4EM. FEKE. % 5EFCE oLk
M&T]. FEk, 2002,29(2):131-134.

YU Y L, TAN H Y. Active spatial wavelength-di-
vision multiplexed fiber Bragg grating[J]. Chin. J.
Laser, 2002,29(2) :131-134. (in Chinese)

[4] FERREIRA L A,SANTOS J L,FARAHI F. Pse-
udoheterodyne demodulation technique for fiber
Bragg grating sensors using two matched gratings
[J]. IEEE Photonics Technology Letters, 1997,9
(4) :487-489.

(5] AR, x88K, £E&.F. LTAEXFRF-P g
A OGE M R R B R LT 4 sh ook A2,
2007,36(6) :906-909.

LIANG Y CH, JIANG SH J., YU ZH Q. et al..

G LT ML 2 il 9 7 56 4 T RS 20 BT 1 KR
PR E AT T R A G AT IR B 3 i 1 A X
B 1 D' 5 5 A 5 AR AR R R B L e R R
D ET K Il U #f1 J3E 981 8 0 655 AR 8 00 R
MT5k. BT RE ARG, AT TS, 5%
B as REW] X RGP T R <1 pm(F Y
FAREARLY 0.1 C) I EAFE<<+1 pm, il
MAFEE D9 90 C. 5HESeer Setl g 8 t
7 G5 F TRT B R M g HLRG IDORS JE vR  XOGEF
S AL AR B Tz A SR . 5275 S0k
[17-18 JFT BT B 7 S8 M EL - A 7 SR BB A B 5 Z A
IFi 14 Ak VT ARS 2 {ELD'E 5 45 ) S o ff B, A7 00 fige 9
PE /N RN T 3 dB AR g AR
B ORI X TR I AR A R A AR
AT 4 At o 2 E T S RE ARG R ALY T L A5 IR R
4. NI DT & WS H G017 ], [18 Bk se i
J7 S HA TSR A S

Fiber Bragg grating sensor demodulation technique
based on asymmetric F-P filter[J]. Infrared and
Laser Engineering » 2007,36(6):906-909. (in Chi-
nese)

[6] M ok, TaA,F. 1S F-PEHETHE

TE G S S5 S e R Y B TR LT ], e F A
% I A2, 2007.15(5) :651-655.
YANG X H, ZHANG Q H, YU Y S, et al..
Measurement of temperature-insensitive strain based
on reflected bandwidth demodulation of tapered fiber
grating[ J]. Opt. Precision Eng., 2007,15(5):
651-655. (in Chinese)

[7] xlak, &uk, 0. 5. —FRIANDLE LML

OB 2 T AR R ORT U7 ik [T ). ok 5 4R, 2004, 24
(2):109-202.
LIU B,TONG ZH R,CHEN SH H. A novel meth-
od of edge filter linear demodulation using long-peri-
od grating in fiber sensor system[]J]. Acta Optica
Sinica, 2004,24(2):109-202. (in Chinese)

[8] BALL G A, MOREY W W, CHEO P K. Fiber la-
ser source/analyzer for Bragg grating sensor array
interrogation [J]. Jouranl of Lightwave Technolo-
gy, 1994,12(4) .700-703.

(9] &urwl. RAL. £ F. A HMERRAGEE 5
PRI e FHAS5E 8, 2002,15(4): 17-



1928 e R %18 %
20. adjusting the reflectivity of fiber loop mirror using

[10]

[11]

[12]

[13]

[14]

ZHANG X M, YU Y L, ZHU Y. Techniques for
fiber bragg grating sensor system demodulation[ ] ].
Optoelectronic Technology & Information, 2002,
15(4) .17-20.
B AR AR KR T TR R R
e ARG [T % F 4 .2001,21(8):987-
989.
YU Y. TAM HY, CHUNG W H. A fiber bragg

(in Chinese)

grating sensor system with interferometric demod-
ulation technique[ J]. Acta Optica Sinica, 2001,
21(8):987-989. (in Chinese)

CHANG S, KIM J, YU B A. A fiber bragg grat-
ing sensor demodulation technique using a polariza-
tion maintaining fiber loop mirror[J]. IEEE Pho-
tonics Technology Letters, 2001, 13 (12);: 1343-
1345.

Fav.rar, B84 TR RG L
S BN LR S T] AwF - #k, 2008,
19(2) :146-148.

LIJZH, RAO Y J, RAN Z L. A dynamic strain

A%

sensor system based on a tunable fiberring laser
UJ]. Journal of Optoelectronics Laser, 2008, 19
(2):146-148. (in Chinese)

ZHANG J L, YU CH X, WANG K R, et al..
Demodulation system of fiber grating sensors
based on phase-lock and cross phase modulation
[J]. SPIE,2007,6781 67812L-1.

B F AR 5E R e )T O P A4 ) A % 2 Y
LT IR SR [T, # 22 F 3, 2007,56(8):
4677-4685.

FENG S J, SHANG L, MAO Q H. Continuously

EER N

FEWMA962—) . . bt @ Hfz
A A UL 1991 4F T b 5 R HL K2
PAFWA A0 F 5GBS %
FOGET 38 15 J7 |0 38 F B R BF SR
E-mail: krwang(@bupt. edu. cn

[15]

[16]

[17]

(18]

a polarization controller[J]. Acta Physica Sinica ,
(in Chinese)

He LB 552 A
HE T A2,2007,15(4)

2007,56(8) :4677-4685.
FW . RER A EE,
BAEGMPEFRLT]. &
473-476.

LIL. LINY CH. FU L H. et al..

¥.
5

Research on
spatial division multiplexing of fiber Bragg grating
sensors[ J 1. Opt. Precision Eng. ., 2007,15(4);
473-476. (in Chinese)

Ak gk, g, A AL SAT LR I O T i 15
[J]. AeFAVEAR K 5 5 4R.2006, 32(11):1362-
1364.

YANG Y H, LIU B, LI L . Reflection polariza-
tion maintaining optical fiber temperature sensor
[J1. Journal of Beijing University of Aeronau-
tics and Astronautics, 2006, 32 (11):1362-1364.
(in Chinese)

Ré L, TR, REF.F TR EAEICMIE
BRG] R F A E £ 42,2009,17
(5):943-950.

ZHANG J L, WANG K R, YU CH X, ez al..
Application of fiber loop mirror to demodulation
system of fiber grating sensor[J]. Opt. Precision
Eng. . 2009,17(5):943-950. (in Chinese)
Rk, REF,ER e, F AT RRETWIGL
TR e R 7 1R (D], 4 2 4 4R 2009, 58 (6)
3988-3994.

ZHANG J L. YU CH X, WANG K R, etal.. Fi-
ber grating sensor demodulation method based on
polarization interference[ J]. Acta Physica Sinica ,

2009,58(6):3988-3994. (in Chinese)

R (1977—), B, WA
+ L 8 Bz, 2009 4F F b 5t R K
NG S e AR NN B R W (1B
235 7 F 9 . E-mail: zjl@ henu.

edu. cn



O EIEAN 5 MG D 9% 23 5 2 DR Dt 016 2T 119 12 S 3 R 2 1929

REF (1946 —), L. Wdb vl AL # BEFA983—), B, K| A, THf,
- o B A4 S, 1969 4F 5k T b 50 ) 2006 4F-, 2009 4F F b 5T IR L K 2% 4 )
: M 2EBE . FE BN T 5L (E o P AL, EENE 3G E

ZE 05 T W BF 9% . E-mail: cxyu @ bupt. ,‘ O M B #F 5%, E-mail: zhaoooo @
edu. cn é gmail. com

R GK (1985 —) , 2 A A A, A+
WF5EAE . 2007 48 b 5UME H R 27 3K 2
T EEMNGOLLLME B R 5
OCDMA [ 5% . E-mail: linjin8618 @

gmail. com

® THE
BUEL R B 0L B T LED B3 38989

(BAA% AREEFAN RADLAGEHARGREEALBE, R E 30007D)

Sy LED SO 88 HL o6 2 51 3 1 SR M a0 5K g v it 0 & A 4 5 A0 R 5 Bl ol TR
LED ROttt . K ARG BIe AR i 22 3 10 503105 i AHROR AR 1 R Jeae A~ A v il i £ 5 78 800
PN 2% i A ) SR I % ) e o B P A 1) 1 T = 2 s ) A ) T T i . B 4 SR Ot S i AR
HA AT W . BT A BOLER BEUS A7 0t e 4 K D)% LED S6 IR i g it L I B 6 B & SO 45 il e 12799, Hok
REMCER AR EI 7106, 5 R FI R sUROGAS BB J5 S8 AR LL . HOBRE MR A 42 5 1 2006 . i (A FR U
T 7000 A RO T O S SRR B



