%38 5 8
2009 4 8 H

P/ R S
ACTA PHOTONICA SINICA

Vol. 38 No. 8
August 2009

W G 2 A% s 1O T i Ik S P TR BIE 5T

B A R B R AR, TR B R R

4 la

(I WK% a TP LRAR.bOEHIER SHIMER, JLat 100084)
(2 FP g T AR 55 LA A RS Rl B AR HG LT 86R8 065201)

W OEAXERTHI R EREBRL T REEENBIE LS E 42K PDR(Polarization Diversity
Receiver) Z R # AT T b o H7. B3 = A PDR ZF X, xf i h o9 R R A 2 B A4S S 8 ATR I, 46 %
BRAEMABBESETIRNFR TG ITIZARBTOAL ETHFETAXRAEL - TEARN T K
JA AT R Edyit B ey Aa4s & i 2K ok PGC(Phase Generated Carrier) fE A3 Keg Ao 4 £ R %
WTHEEREFHRTIEITAARE TGO YA RELEES=Z5PDR FXA A TR EWITH 6
PGC MRS AN ik % P A6 %o, FILT 3 BB A 1 B B b A4 45 5 69 22 1 iR

KR THRRAERE Rk EE Ik 30 A4 A R B

FESES . TN247 Mk FRIZAD : A

0 518

AR SK P BT A% S R D6 AT A% e 4
W 32 R TEM BTy 12— R R AT AL R A
I — KR Y BB 2 AT DS B A i R
BES A BOGET T 854X T AR ER 43 1 6 £ A7 A 2 BT
SPG AEG A AL 1R OGRS 1Y I IR 25 & AR R
P Y K A T T A B I R 2SS — BT, 23 il
T WG T IR B R AL 7 A IR VR AR PR
O B i I PR 285 58 42 E A I PR HOG S8 A A T T3
155 IR BE I N Z. Ry 7 T A5 5 fif 0 s
Hb PR AT B U A LA 5 o 7 T I I PR o
WA T WG S Y+ — IR

2 HIff TR 9 B 'G £T A2 S v A Ml 4 o 7 () R
AR A A ORI G T 2 R BLS i B 07 A
i 73 e I 5 =30

BT ROEVIH A A AL A B PGC i 8 £¢
AR BA R 3 S0 B RE IR 515 5 ry
T ik 4 a8 XA 3 DCM ( Differentiate Cross
Multiply) 8 PGC fif 3 £ A AH e, AR 47 9 25
A TR BT R BCT WS 9 08 B AR AL R .
PDR AR 256 5 F IEVI R B PGC ff 8 B AR 7T
DL BEAC b e ke T 90 B OG T A5 I8 A 2 G0 1) Dt 41 2 7% 1)
8.

A SCH PDR $R 5 58 T SCOE VI 19 PGC fif
P BARGE G B i I - 2 9% HAL S AE T T 2D 2F
A S (R B 3 52 FH & e i T e s ] DL R — 1) g

B R EHE AR R A R (2006 AA0AAL02-03) ¥ Bh
Tel:010-62781372  Email:jingzhenguo@ tsinghua. edu. cn
WA B .2008-06-17 4= 8 #1:2008-07-23

XEHE.1004-4213(2009)08-2024-5

R 73 B DN B TC A5 5 AR L 14 Ak I B fif R If 53 52
W51 Hh T A S 2T I A3 D A 22 9 Il A K it e
I8 T RGEM A . i b 71 B A AR TE MRS
L5H.

1 HBREIRRE SR PDR 7%

7£ PDR 77 & Ster T &0 is . &
WY Jr 5 X Jr a0 A A i A . H R D g TR
.

JCET T WA A% BV i XY O 1) 9 i 4R
o343 5k

| Acos(wt¢a)

| A, cosCat~+ga 450
A AL A, 23R AR B RS S XY P 1]
PRIT BRI L » w JEEHI ga R P DR IR T 1) 19 22
FEARDL » 6 2 PO IR 7 1o 1) FH 32 22

Z % ) XY I 1] 09 O 4k 23 2300

JB,,cos(wt-ﬁ—sﬁB)

}ByCOS(wt+¢1;+8n)

X B, B, 7 2L RS M (55 XY PiJ7
T Al 0 0 6 0140 6 2 b i A AR IR O 1 ) 2 3R AT
B8 2 WA IR J7 15 B AR A0 22

AR BT 5 AS i E ) 2 R A5 ) RH LT A P R
JeyeaEI 1. WA

(D

(2)

[Al+AI=1

‘ (3)
|B2+B:=1

s 5 4312 7] 0 7 1m) £ 52 1] LUAS 2]

A, cos (wtt$a)cos 0 (4)
A, cos (witga+on)cos (5 —0) (5

B, cos (wt+¢p)cos 0 (6)



8 39 FRIUR [ 2 45« T 85 RG24 R A T D0 IR 2 9 £ AR BIF 5T 2025

B, cos (wt+ ¢y +0y)cos (- —0) <)

TE R A #i 22 J5 TR s 2R 2 T 915 5 45 8 oh
P=(A.cos §)*=(A,sin )*+(B,cos )*+
(B,sin ) +2A,A ,sin fcos fcos 4+
2B,B,sin fcos Ocos 5y +2A,.B, (cos 0)* »
cos (s —¢p) T2A,B,sin fcos fcos (s —
¢ —0p) T2A,B, (sin 0 cos (gy—¢s =)+
2A,B, sin fcos Gcos (g —¢pT0n) (8)
S rbR] LT R A R AR 745 R 1 2SR AR 5 LA A
Q=cos( ¢, —¢p)[2A,B.cos )’ +2A B,sin 0+
cos fcos 0+ 2A,B,(sin 0)*cos(84 — ) +
2A,B sin Ocos fcos Sasin (¢a —¢,;)[2A‘I.By .
sin fcos Osin(dp) —2A B, (sin ) *sin( §4 — ) —
2A,B, sin fcos fsin 8, ] 9
N AL B
M=[2A.B.(cos )*+2A.B,sin fcos fcos dp+
2A,B, (sin 9)*cos (84 —0s) +2A,B,sin 0 »

cos fcos Sa | (10)
N=[2A,B,(sin cos Osin 83 —2A,B,(sin )* -
sin(§y —85) —2A,B, sin fcos fsin 8, ] (1)
’cos( )= M
D=
(12)
) . N
sin (@) =————
VM?+N?
JUES)
Q= VM +N?cos(gr—¢5—a) (13)
E X T WAG S 1A SR
2 2
Kzﬂﬁ;ﬁf (10)

i E A PDR J7 %84 =75 PDR J7 sUFIES
PDR 5L,

=& PDR 5 2 BG4 T W AU 4 R S
WAL = AN w/3 f B BRI A% . SRS R I A% 43
I, AT DL =2 PDR R = A KR RS 19 A
4R 0,7/3,27/3.

T SR IBCA 0 B KO 8 R A T AR 3] =
A PDR Jy 2 = A R0 445 i HB 1) A8 00 32 e K Y
— TR S B R R R K = 1, S /NE
Koo =0. 38, RIE 5 d5 K % 3%y Je KA R0 B2 1Y
38%.

PR 38 ok =25 PDR J5 =X, e 8 ik A fi 4k 2 35T
WET R EE N AR.

TMA T3S PDR Jy 2, 38 5 OGLF T 3 AU Y
3 R AN L /2 ff BE R A A L AR S R AR

W28 23 B ] L WA PDR 7 211 B A K i
i 1 A8 BE 43R 0 m/2

AT R A SO B K 2 AR R W] DL 3]
A PDR J5 2 5 A8 D00 285 o %) A7 2800 B A R A —
P& T A5 5 AR e KA Ko = 1 B/ MA K i = 0.

A LA B, 7 A L IE A2 B T A R D i 2B ) 8L
A PDR J7 i A5 8R vT g th I P 5 A2 4L S 80T
O AAEENING. XMIE R R WK T
o6 S =0t - ELAI % 77 11 43 5] 0 A4S A D i 1) i
PR J7 I — BB

E I SE A I & g0 — 0 o — & B 25 1 1%
G TG BT S IS A 0 A B G R
23 1B Ak B T s I 0' . B0 SR ] — 3R i 1 465 e L
AL 2 i i O 1R Ak 0 T3 i 41 ' dn 2R A R
P % 56 1) e R G EE 2928 10 dB, W] sk 3 PDR
J5 2 A AR B d5 K — B T W A5 5 0 5 S/ IME
Koiw=0. 1. 7 F 09 18 3= 4> %K #§ PBS (Polarization
Beamsplitter) # 4 A 1Y 5 A~ K5 i 57 1) 1F 349 /2 B AR
/2 F L AT LAA 45 G — i 1 18 O i i 5% 2 XL
A& PDR J7 23l 9 58 2 1 fi 4R 52 7% .

P 9 53 £ A 7 58 RE A5 gkt I ik 3 BT W R 5
TR IS H 2R BT W5 5 By O 4k 528 1k
53R 25 T BT BRI B 1 T A5 5 R00R BE A — 8 3
FEl N A8 Ak 7 B 25 G ELAR W B D6 £ 1 U5 A i
AR kP B 1 T 9545 5 A R0 BE A AR Ak A
A7) 5 245 2R 1) 52 )

2 RFTFHRIBARK

R T IGEF TP AR [\ 1 T A5 5 T S IO 7
5 ARG T R T B TR S AT
PEAL B SGEF T WAL H AT AT 0 R R 5 %02 PGC
P AR, PGC fifk ] £ A T8 5 4 X0 't 5 0 47 43 4 3
] o E T 95 A e 7 A A AL 20 T B AE T A e ) A
(AR AR

PGC {8 Jr i v OB Er T ¥ AL i i oy

I=A++Bcos [ Ccos w.t+¢(1) ] (15)
K. ARTWHESWERS,.B &2 TWHESNWIRE
JE 5 C o T 0 A8 4 W8 58 o Ay T TN 3030 1) £ AR
@ =T B AR A5 5

PGC fi# i J7 A 2T DCM AT S E Y5
1 RN E % fE S 3T DCM 1) PGC fi i H AR
LA VR 0 A 7 25 R 32 BT WE T 1A SO0 BE B Y
Wel . e B AR I A AR L SRR TR S I ik
SEASHR T WAE 5 09 A RO B 22 A T BR
.

BT SROEYIT AR PGC i g (L 1D



2026 T

¥ 4 38 %

IF Modu laser
[Freq generater |
1F

2F

Low| L,
Pass

[arctan+]Octan ¢{Fringe}»Output

Lowl|L,
Pass

H1 #TREWITHEMN PGC MR & A
Fig. 1 PGC demodulating technology based on ARCTAN

calculation
) AR SEVARLJR: |l — 000 38 AR U B ™ A X S IR R A T
1 A A R G 2 . T R A R A R R B — %
RN AT AR K T VAE 5 43 5 — A A A8 R

A 2 I A Bfe L AR S AR U D A A B
45

LIZBL(C)sin (1) (16)

L, =BJ, (C)cos (1) (17

JCEPJ (O], (OJEREN CHHE—K 1 Br
VUFE IR BRI 2 B DL R 7K BRI

AT ROEYIT R PGC 8 J7 b 8 38 3
AR 30 908 5 1) 1 A B L 7 31
J1 (O
J. (C)

W C MM J, (O =], (O)

SR i SR B IE VI ek B 36T LAAS B AL 5 o,
VAT IR R B 2n AT .

BT REVIHH 9 PGC g 5 AR L HA A7 I

SR RLE X AMAE. A Z TWHESRE B E
M. X FEAE SR F PDR J5 X OR 0 BR i ik 2 35 19 R 46
rh L 2 RO 32 T O R A O I B0k [T S
S AR AR B S R, AN T B A A ) 2 R E AT AT
il & 1E.

BT RIEYHE M PGC M A T BHA N
HES IR Z T VAR 5 08 B 0 52 9 R A0 SR S
) DCM J7 sCAH HE » 38 B i op o £ 5 i g 4 S %%
) e RS 1 52 T 55 7 DA R B X RE L il 5 PDR
J5 G5 6 R — PR B35 4 3 G EF T 85 A 5 1
W .

3 XEMR

TE S5 P SR = A O 5 1) EL R /3 A B Y
=75 PDR ZaF R I — 4> SMEF28 HUBEEF 44 2 1Y
JCEF L vE R b T ¥ A T A5 L M = g

AR BT 800 A5 A A0 3 e R Py — %

L/L,=

tan ¢(2) (18)

TWAE T AT R T ROEVE F Y PGC i /44 3]
W ACRARLAE B 1 B I 4k T 9% 19 10 58 /R b+
WAL I R WA 2.
Fiber Laser
Py
N e *
@e Mirror
‘ ‘ ‘ [T KD
| — } Egi } ’ ™ Michelson interferometer
| ‘ PDR

PC & Demodulator
B2 HBBRERZENTHIURR AL
Fig. 2 Polarization induced fading eliminating interferometer

experimental system
XF G AT T A i T F B R G — o W Y I

EZPFEﬁ%% X G L T WAL S HAL F e 27 AT P30

W e A (5 5 B D iR 25 % PDR i i A 4%

F:““thE’J T W E S EﬁWmf“Lﬁlﬂ%wn%ﬁn
Kl 3 7. PDR i A 85008 B fe R — B T (5
(O 3 e K AE N 2.4 V8 B /IMELY 0. 99 VL B
WAG T BB R KA BRI R 4200, 5HiR =
A PDR fiy 9015 5 i R vE O e KA RO JE
38 V0 Y IR T BE AR — 2. I A0 W = T REIR (E Y
J DR o T A B G2 Y B — 2 093 i BE R K — 5
[E1 800 e 352 BE 3 D7 A /8 AR G i IR A T i
PDR fii th A 2508 B B KB — B T 5 5 A £ ml
AE S b T PR S A R BT G 5 1S .

2.6
Max=2.4V
2.4 in—O 99V

i “ N ; i H‘

\
|
0 200 400 600 800 1000 1200
Sample point

3 #a TPDREMEW THEEHNRAAREEL L
Fig. 3 Maximum efficient amplitude change detected by PDR

292

[}

‘gfz Al
\V .l

——— =

<16
514
5
£12
[88)]
1.0
0.8

during distortion
il %t PDR %y 9 4 25008 B2 e K T 5 5
AT I T R IE VI PGC f# A, [6] B XH& 6 27 547
PE 2. e RN 0 E 5% AL AE 0 S LT L
PR A ALAE S 25 R an & 4, g R AR Z |

T S MRS LA S ETWHE T REZ LR
AR



8 3

FRIUR [ 2 45« T 85 RG24 R A T D0 IR 2 9 £ AR BIF 5T

2027

P-P amplitude VS.time
351 375
[ Freq=120Hz 379 e s

25+ Amp=36.7 rad 36.5
360,

Phase result/rad

[ Denllodula_ted ph.ase relsult Of. interflerencg si gnall from. PDR‘
0 0.02 0.04 0.06 0.08 0.10
Time/s
H4 wmhrkxESFAER

Fig. 4 Demodulated phase result eliminating polarization

induced fading
4 Hig

ASCER M T 454 PDR $0RFIAE T SRV is B

19 PGC fiff 1 A figp D 6 £F T 95 100w B 2 7% 0] & 1

Ji % ik =35 PDR J5 =, 6B 48 ik 4% S Ot i 4k 25

THIHETHESZLEERENAR ETHESA

RO BEAE — @ S N8 Ak, R T I IE YT is ) PGC

AHALAR 5 A R H AR AR 7 I 6 85 2R A 52 T 3045 5 IR

JE K% B2 . 455 PDR SR FIEE T BB Ylis 35 1)

PGC i A A, B8 58 2 TH BROG LT T WA b i 4k

T 150 S BT 95 8 27 A% SR b R A A S 1 B

e 3.

2% ik

[1] WANG Zefeng, HUANG Lei, LUO Hong, et al. Pseudo
working-point control detection scheme for interferometric
fiber-optic hydrophone[]J]. Acta Photonica Sinica, 2008, 37
(1):39-41.

FEE L EA B A T W EDGLF K WT 28O AR A8
JkLI] e F 2. 2008.37(1):39-41.

[2] ZOU Qilin. WANG Li-wei. PANG Meng. et al. Down-hole
Seismic survey system with fiber-optic accelerometer sensor for
3-dimensions vertical seismic profile [ J ]. Acta Photonica
Sinica , 2008,37(1).77-81.

ARBLEE, E AR Ve L 4. 3 4E VSP BT K # - F HhiE R 4
4[] T2, 2008,37(1).77-81.
[3] TAN Jing, CHEN Weimin, WU Jun, et al. Study on long

(4]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

distance pipeline destruction alarm technology based on
Sagnac/ Mach-Zehnder Interferometers [ J]. Acta Photonica
Sinica , 2008,37(1):67-72.
T L BRAR R SRR L A5 ST YA 4% 00/ LT - 4 T 3 R
AT 3 7 R U B R BE ST LT ). 06 T4, 2008,37(1)
67-72.
HU Liang , YU You-long , LI Ruo-ming, et al. Research on
pressure  sensing based on  all-fiber Mach-Zehnder
interferometer covered by silicon rubber[ J]. Acta Photonica
Sinica . 2007,36(7) .1277-1280.
WSS ARE o A WL AL REAR RS0 MY 42 6 £ Mach-
Zehnder T AX 4 I 7 & AT 52 [T ]. S5 T %4, 2007,36(7) .
1277-1280.
CIAY K. K, ANTHONY D. Overview of high performance
fibre-optic sensing [ J ]. Jowrnal of Physics D: Applied
Physics, 2004, 37(18) . R197-R216.
PENG Bao-jin, LIAO Mao, LIAO Yan-biao. et al. Study on
measuring sensitivity of fiber-optic hydrophone [ J]. Acta
Photonica Sinica, 2005,34(11):1633-1638.
AR, B, BUIE Y, . ORLR KW 2% R A g [T .
SETF2£4R  2005,34(11):1633-1638.
LIAO Yan-biao. Polarization optics [ M]. Beijing: Science
Press,2003:158-160
BEAE . A= M. U Rt BL A% AL . 2003 158-160.
MENG Zhou, HU Yong-ming, XIONG Shui-dong. All
polarization maintaining fiber hydrophone array [ J]. Chinese
Journal of Lasers, 2002, A29(5), :415~417.
P B BEOK R A, AR OGLF R WT & BE 5 [T, b [ i
36.2002, A29(5), :415~417.
KERSEY A D, MARRONE M J, DAVIS M A. Polarisation
insensitive fibre optic Michelson interferometer[ ] . Electronics
Letters, 1991, 27(6) :518-520.
FRIGO N J, DANDRIDGE A, TVETEN A B. Technique for
elimination of polarization fading in fiber interferometers[J].
Electronics Letters, 1984, 20(8):319-320.
DANDRIDGE A, TVETEN A B, GIALLORENZI T G.
Homodyne demodulation schemes for fiber optic sensors using
phase generated carrier [J]. IEEE ] Quantum Electron,
1982, QE-18(10):1647-1653.
WANG Li-wei, ZHANG Min, MAO Xian-hui, et al. The

arctangent approach of digital PGC demodulation for optic

Interferometric Sensors. [J]. SPIE, 2006,6292:62921E



2028 T o 38 &

Polarization Induced Fading Eliminating Technique for
Interferometric Optical Fiber Sensor

JING Zhen-guo', YIN Kai'*",ZHANG Min'", WANG Li-wei'*, ZHU Yao-qiang®,
WANG Zhi-qiv*, WANG Hong-hua*, LIAO Yan-biao'
(1 a. Department of Electronic Engineering ;b. Department of Precision Instruments and Mechanology ,
Tsinghua University , Beijing 100084, China)
(2 Research & Development Center, China Oil field Services Limited , Yanjiao , Hebei 065201, China)

Abstract : A method of polarization induced fading eliminating with PDR (Polarization Diversity Receiver) is
analyzed theoretically. Complete polarization induced fading is avoided through tri-state PDR method. The
phase measurement result of PGC(Phase Generated Carrier) demodulating technology based on ARCTAN
calculation is immune to amplitude change of interference signal due to polarization induced fading.
Combination of tri-state PDR method and PGC demodulating technology based on ARCTAN calculation
overcomes the problem of polarization induced fading in interferometric optical fiber sensor and ideal
demodulation of phase signal will be implemented.

Key words: Interferometric optical fiber sensor; Polarization induced fading; PDR (Polarization Diversity
Receiver) ; PGC(Phase Generated Carrier)
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