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Tx: Transmitter, PC;( i = 1,2,3 ): ith polarization controller,
PMF,(i =1,2,3): ith polarization maintaining fiber, EDFA:
Erbium-doped fiber amplifier, OBPF: Optical band-pass filter,
A/D: analog to digital converter, D/A: digital to analog

converter , Rx: Receiver
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Fig.1 Experiment setup for PMD compensation

55 10 Gb/s [ RZ 306055 . B4l 2% thikd
JEE 2350 Al A €2 FEORR 8 2% ( TC-PMDE) #1 PC, . PMF,
F 1k, Horh TC-PMDE H 22 Bt AR i 't 21 BE AL 2% 156 1M
J5Cs ) FH DR A D6 2T (R il FEE RO, SO I FA s FU s,
7 AR AT 22 v 5 23 A () 4 A5 (L 1L . TC-PMDE
(1) 2253 BEINTZEC DGD) e /MEL 10 ps ey, T K L&
14 20 ps, It K1H 40 ps. PMF, /=42 60 ps DGD. #M
2R DLAN 2 By PMD [ 2% PMDC, B PC,,
PMF, , PC, , PMF, FIHUFE [ 1545 Hl B H A4 i . PC,
PC, Jy HL¥5 6 21 55 I 70 0 9 45 13l 2%, PMF, Rl PMF
I3 P2 20 ps F175 ps DGD. 7E 28 i 4 A0k 0 4% i
OGS S PR (DOP). Yol 5 &t 4R U5 2 A
PR, — A A DR AR I, 5 — B AN R B A DL R
R AR A4,
1.2 EF DOP &y PMD E# LK DOP 5iRf3 %
PN

DG EE % PMD JE 4 HUR WHE 5 1 7 A
BT PR — B PR IS T FL S b Ry 5 A
HOP RN AL R A SO, i S SR U R



1352 T

S

33 %

AR AT I, AT 2 A A R O v &
Gy . MR AR IOG EE h K DOP {5 5
R FH D e A0 5 6 P OGP Stokes Z s w5, 485~
sy o N IHE Dop

DOP =7”1J;32”3 (1

% Stokes ZH#l AL 5 5, I H DOP 1E 4
RS T 5 AR E RIS, B2 Ca) S 15
10 Gb/s RZ 4 DOP 5 DGD [k %, H bk 84

A EA 53 6y =0. 5.

DOP 155+ [ W 75 = Y5 T e 4 % v 1) o g
FREHE R R A/D B s . X HCR T
R o N R (LSBT R85 S )85 50 N
S, DOP ¥ I RS 249 20 0] 8 ok . B 2Ca),
(b))~ Ce) s O B RS20 2B A 755 40 AR 22 U U iy
ARSI £E . B 2Ch) R fE S A L 9B s,
SOV LA (1 400 2% 3 A 0 O T AT ) A8 O
2Ce) NPT G BEE 1) DOP IR .

10 Ity

Qg fﬁﬁlﬁmwm % i
08 ,3" g % t = 10"
& 07 F : % ‘7 10 :
5aafﬁ oty cE g N 5.
O5pet e g gaf B 10 PTIm . , £
a4 —— < ': P ; s = 02 Witk Glier
P . 0 : = N - Vb
<40 20 0 20 40 60 80 500 1000 (500 2060 2300 3000 JU 500 1000 1500 2000 2500 3000
DG Relative spectrum Time’ms
{aDOF vu.DGL or 100G/ RZ(—05) {B)Signal speclrum (O The DOP variely

W2 JEEWE

Fig.2  With & without filters

TR IR 5 B — B[R], 1T DOP g SIZ Ay A4S il
1, e E KRR RAMEE LT HREEN
DOP BI{H . NIt id 3% 50 FiAS R PMD AR & R 11
DOP i F 5 6 W 1 205 2%, Wil 3 Bz, 10 Gb/
s RZ 15 DOP BI{H 2 0. 84.

R S x Error bit _
g A Noerror bit
b=} 5 X X X x v Synerror
=4 %
l&g %X % %‘xﬂ‘;“
ERN X5

= X

— A RA Rmn

05 06 07 pop 084 09 10

3 10Ghb/s RZ # 4% ¥ DOP 5 BER * %
Fig.3 DOP to BER for 10 Gb/s RZ

2 PMD BENMIME: REENRIRE

2.1 #MERRE— A DOP 9% &
oA A 41 5 o1 2 4 i H RS P SR BE B 1) DOP

B . Ik Pl 42 1) 48 A P v R 415 % B 1 DOP 1,
RS 15 345 L R 5 B % DOP (K56 &, T 3R %01 PMD
AMEZE [ DOP 4341 . R4 DOP si%ly =V, V,,
Ve, Vs Vi,V V, e[2,6 1V CIRATE H 1) L 6 4F
5 1 28 O 4 2 1 2 B P I HL R O ~ 10V, XY Ser
(AR AR, 4V OHL O Y 200 FIARAE B0, D — A
MR E R 0D . O WL 7R DOP 23 A R 450, B 56
FREDO .42 R DOP e KAEM LRI &V, V,, Vs,
V), 58 VLV, SRIGAE V,, V, 38 DG BT, v 45
DOP 73458 . Bl 4Ca).(b).(c) 4 TC-PMDE # &
ANTA) R 2 H T IS DOP 43 A1 .

HT P 4« M2 2 ) TR AE 2 AN Jry i R AR, BT LA
MRFZDIMEA 2R RS R BAEAME

2l %5 TC-PMDE )15 A8 14 1 5 2 , I 5t 75 B R A5
() B B B30 3k ok %D B2 4 8% PMID (19 48 /N A5 4k AT T 1

oA

24 5D

8.m| &5 emnt 2 (

_ T
035404355055 20235303540435035 53055
I alilobal maximum ', AGlobal maximum . AGlobal maximum
(@) (b tch

4 mEAMEREYSTERE

Fig.4 The excursion of global maximum point

TC-PMDE {EAH 4 FE B2 EARBIL T 505K 3R 46 1) B 6 oy
P, BTAE g K 56 S0 M i (AT RO B
2.2 PSO HEIMZEZSIMEHR

PMD [ Y (M2 ZE SR AR DOP R 155 5, il

RIS, i PC, A1 PC,, $k 3] DOP 4 Fife K
RIS A V, Vo ViV, R AT AR
SR, FURIE 3R 4 B R SRR AL, WIS
A KM . B R 100 AN E, KA



11 3] VESEAE . B2 e RS HORM 2 10 19 3 I 59 B S B 1353

100* L 1 fZMp gL . X T2 B i I #E
AME I R 2 TR B2

P75 B8 R SRR 1) PRl el 2) 38 40 FA
NSRBI RARL s 3) Pl i . 160 (1) 98 R S0V
SR SIOH FE A MR, AR AR B 59 mi—— & & BN =)
FR AR HL 52 M 75 E MR R . JRATTRE 45 48 28 B
BEAT T o3 BTk 90, i 4 ) I 1 Kennedy #1 Eberhart
SRR FRRL T RO A SR X T A L o M L i 4k
A1) 2 4 Ry B A A &R il AR A . FRATTIEST
AN VOB LN T PMD & B AM2, I 3RA T Ak
WAL PMD [ 38 W AM2 4R

PSO HIEYI A — B BEHLRL 7, 4R 5 i i 7 21
BRI BB A . PSO L7553 PP AL J 45 H)——42
Jr &8 JiE AL RO SRS AT Ja ey . 4 R AR s S R FR REAS
BRI R TR AE 0 B DA, 7R — IS
(AL R AR ST B Y T & [ QU A T & St
SR H ORI, 5 — DRI R AR KT
T B A e R A8, X R BV AR 9 GPSO B4k . 1K Fl
SRS, AEAR IR 23 BN R R . SR 340 i 4
Ry AR AR U 2 R b ) — 3 A B O
AL S, XF N ELVERR A LPSO Sk . EIX PP &5 R,
ANERJE AL 1 O e A, I 48 i 21 2 TR 1
I 2 S I LU 300 26 i A 1 LIRSS R B 1 e £
1B, SSCHE T A4 R A0 S 5 0 25 5 B N Jd 8 e AR B ) AN
G . AEFRATI LI, N T 20 AN KL
LPSO 9% . 5 4 10 Gb/s RZ f ) PMD #M22%%
PN

: =
e FIIRE - |
[
T =

tajBack-to-hack{ h)Before compensationt c)A fier oo pensation
B'5 RZ M2 R

Fig.5 The eye diagrams before and after automatic

“E
=
=
o=

PMD compensation for RZ

Shy DB B TR s SO TR IR B G —
W D/A B R — R D/A [k, g o g4k K
A2 1D/ A B 3K 45 1 H T 5 ON L A i A 4% 7 88
) SR R R G RROE 3D N BT IR R I HEAT 1Y 20
R A/D et O THENIEH, ARG T —k D/A I
Uy . SIS WA I T B TC 2 20 0. 7877 ms.

RE LPSO 48 R RE, AT T W N W
SEHG: BEALIEE PC, BB AN YIRS 2 AT 50
WA, R R B AL 50 K, 0 B IR B ok
DOP i, W 6Ca)d fiizs . &K 5 e, i DOP &
2345 0. 89, =T DOP JCit5 1 0. 84.

PLO.89 N RFEFF L1418, 1817 50 k¥
RRET Ge vt RF U i (1) S AR UCEL, SLA Atk vl

Kl 6(b) it . BARREIAE 5 IRLAW, UEB LPSO
H AR5 ) 2 4 2% 048 2R 5 ) FIAR I eSSk 40
AL F AR RAMER ] . R REARP A 20 MR iz
&, WAL T8 8l dv H— AN B . B B, LPSO
R BFE L4 5 x20 x0.7877 =78.77 ms.

=]
2
=
3
=
go
EV]
= . o
8 (180
2 o23s 1 20 30 40 30
Mumber ol icration
{a)
S0prer - - .
S Inhp
Ml .
012343 10} ) 30 ) 30
Number of iteration
(b

B 6 (a)LPSO Yskf I, (b)ILPSO & XK # 43t
Fig.6 (a)Constringency of LPSO, ( b )Statistics of LPSO

2.3 REEEE

TSR BRIG LB AR R4, Y6274 % 1K) PMD
VbR BENLAR AL . AF 0 BE N AMESS, A RE
R B AR M R AN . RES A
PR SV S i PMD BN A, A FR A b
“CHIEN”. B AR TR R R, R4
JR AR F o IE R PMD IR 1) 54k

THH A 1R B R R S AR RO CDFP) VA AE
2 Y 2 )R i W 7 R 2 T R AR AS IR ARG . FRATTAN
LPSO [0 75 g g AN 22 o 23 1) 48 2 R v v 43 31 )3
B Hos AR R s ), JER A T A N AR R A
e A, BB T DY B el B PMD M2 28 42 1) SR 5.
Seit 244 38 R B DOP 58 LA, Bl B RS 3
PREZFE -, N 4% % 0 i DOP i . 24 DOP KT i
I AEAE I 98% ), 72 )7 L8l E, 4 DOP /N Tk PR
IS, B P 0T SR 22 IR 1) LPSO &, JF4R#5 DOP
i 25 1D BRAEL RTINS, U 48 R X )Y [ . R R 1T R
BN AR 86% , 155 % DOP & T- % AH K, 3R B
BEBCIR LIS AR , ANRE gk S BRI, BRI 75 SR AT 42 )R
R

IR ST VL IR R A

1) 7 B A5 R gt b BT AR K O RE )

2) 2 Y PR IR RELT .

3) FE AR SRR Y PRI B, B B2 0SB (1)
S B AR A
2.4 BERERENSEZEZEN TR

FESERS A B of, DL— /NI 0T 0. 7877 ms
KR, A0 5% 50 s BER% DOP 4L (B 7(a)). 0 &



1354 T

¥ W 33 &

23339 ms B4 A JE B 18 2R IR AN B P A AU 2%
SR EE B DOP A2 46 4% Bl £E 23400 ms I (4] 7
(a)D), ki3 LPSO R 5%, 78 ms J&, 18 R F 5
FEAH, BE#% DOP TF2 0.98 CI 7( b)) Bl G i sh iR
EEFERE, M 23479 ms 2 39732 ms( & 7Ca) DEIQZ
IR, PRER V5 B A& 42 BE B PMD (152 1k, B
BRI I JE R 15,75 ms CIX L) BR B2 00 18 5 45 J=) 356
LPSO LB ERER T — IR & AR 20 ANRL 1 S FE I : 20 x
0.7877=15.75 ms), .5 39733 ms I FIH185 K 4
RACKE 7C(a) @), FREFFEIT AR B AME PMD, It
Iy 58T 3 B3 R B A 39733 ms % 39811 ms
X482, DOP (HIE 4 0.97C ] 7Ce)), Bl 5 FHIX
HENBRESIRAS

1.0_ T

0.8 I i y . . . ‘. S|
% 06 '\/ B
0'4;// A s O A

02
0O 05 10 15 20 25 30 35 40 45
Time/ms X10*
(@)
1.0
08
2 0.6 |
R - |
02 i
O i
23000 23200 23400 23600 23800 24000
Time/ms

(b)

02 rdi

i

0 ]
39500 39733 40000 40200

Time/ms

©
B 7 (a)50s /1 DOP ty 78 & AR, (b) 2 R R /5
DOP Z ALK S B 7Ca)DAH K ), (¢ )PMD K & B

Fama i /7(a) QA K)

Fig.7 (a)DOP variety in the duration of 50 s, ( b ) Dop
variation before and after searching procedure( zoom in
Fig. 7Ca)@ ), ( ¢ )System reaction while PMD bursting

( zoom in Fig. 7( a)®@))

3 WMERSGEESTRIALER

5K B 20 B FVECE AR Al B, FRATI 8
HTWE 1 FRE PMD (M2 RS . %R L
IANZS PMD FME I DCEEAE T4 2L, — R R IR
VEAS B (1) v B, R IR I oot 4 T AR e A A A

2.2 FrpoE S [R] 570 n] 2R R BURE S st
FREFFEN T, e 5 RO VLR T, ZH,
T 8 IR 1. fEmBOGEFREE T, 1 ps RS
ARBEAE A 25 P BOK &= B4 15 B 2%, I DA 2
5B I 8] 5 o 1R A — B 40, 4K B 52 e i AR 3
FRGE SO, I 0 CASR 3, LU A B 3 N

40400 40500

SR ARG ITERE, b SERIAEAT R B4
Message sequence chart Time sequence of Compensation Time Unit

) Interface Interface Compensated
Algorithm sofware hardware optical path
—/ ——

——

Send data 71 I Write data
comm72} |Analogsigrjal
and Output [ 77:231

T Analogsignal $7%5
T interface T63 - lnput
whole T i R

sample

©TBE

IR

19
Send data

arith

B8 AM B A T 8y B F AT
Fig.8 Analysis of one compensation time unit
&1 AMEEE B TEMAR S
55 KE B ST AP PR RE Al AR SGHAEAT)

Tye  0.7877 ms #MZI ]85G
Tiertace 0. 77800 ms ‘55 H5H 2% 132 B L fff ) 1 250405 e 1)
Ty 0.0077 ms HBAZOHIKIZAT I A
71 0.5500 ms [ &0 H0 k5 A0 (1 0 2 44
¥l ws Y D/A F TR I A
k) ws L PR A8 g Y B[R]
T4 ws AL GHER I Y
5 ws F AR ROCIE Y
76  0.0070 ms A/D fuidi#
77 0.0021 ms FM55 ALK A
e 0- 1820 ms SRHF 20 AL A5 5 FT I 1)
8 ps AL AP A R SO (]
79 0.0290 ms T UEHIN [H]

MR 2, D/AVA/D Bedfe b T I [A) B G 1)
70.5% F 17. 4% , M ODFEE R EAE 1% . w2
AL, o 2 A R R R P S A R R
L, R R, AR E A BRSO S AL
FIR T RAEFSEAE . HBER m M2 R G2 1
K, e LB R BT PMD HIE N M R4

(RS . LU E, —SOR AN ZS PMD R %
RS
4 it

TATHCI I T A 2 A A € B 19 B M R
gt , Hop RS (1 PMD BURESR FH DOP I &5 S 15t
PEHISECR A T 3T PSO (1998 R IR k2 50, R
YT 2 R B T AR e b BN Ry SRR AR P L
FREVE N IR R Sk B M R S O 8 R R
78.77 ms, PRERW N 15, 75 ms. 48R AR B 45
(R B E 8 ) A F M S B R GeHh PMD [ 22748
MIGEAE, hy gl PMD #MERG M SEHAAFT T T R4F
RS
S 3k

1 Heismann F,

Fishman DA, Wilson D L. Automatic

compensation of first-order polarization mode dispersion in a



11 3] VESEAE . B2 e RS HORM 2 10 19 3 I 59 B S B 1355

10 Gb/s transmission system. Proc ECOC' 98, WdCl1,
1998. 529 ~530

Rosenfeldt H, Knothe C, Ulrich R, et al. Automatic PMD
compensation at 40 Gb/s and 80 Gb/s using a 3-dimentional
DOP evaluation for feedback. O0FC"2001, 2001. PD27
Kikuchi N. Analysis of signal degree of polarization
degradation used control signal for optical polarization mode
dispersion compensation. J Lightwave Technol, 2001, 19
(4):480 ~ 486

Fd, BICE, . m R R g P Y PMD RS2,

5 Rasmussen J C, Isomura A, Ishikawa G. Automatic

compensation of polarization-mode dispersion for 40 Gb/s
transmission systems. J Lightwave Technol, 2002,20(12):
2101 ~2109

SRIGEG, TE, VR L, &, JGEFE AR R GE T i (0 i H
IEAME SIS, T %1k, 2003,32(12) : 1474 ~ 1478
Zhang X G, Yu L, Shen Y, et al. Acta Photonica Sinica,
2003,32(12):1474 ~ 1478

Clerc M, Kennedy J. The particle swarm-explosion,

stability, and convergence in a multi-dimensional complex

TR, 2002,31(8):941 ~945
Wang F, Zhao W Y, et al. Acta Photonica Sinica, 2002, 31
(8):941 ~945

space. IEEE Transactions on Evolutionary Computation,

2002. 58 ~73

An Adaptive Algorithm for Dynamic Polarization Mode Dispersion
Compensation and Its Realization

Shen Yu',Zhou Yaping',Zhou Guangtao',Zheng Yuan', Zhang Jianzhong', Chen Lin', Zhang Xiaoguang',
Yu Li', Xi Lixia', Yang Bojun', Huang Shan’, Chen Shuo®,Zhao Huafeng”, Yao Minyu’
1 School of Science, Beijing University of Posts and Telecommunications, P. O. Box 123, Beijing 100876

2 Department of Electronic Engineering, Tsinghua University, Beijing 100084
Received date:2003—09- 16

Abstract An adaptive algorithm for dynamical compensation of polarization mode dispersion ( PMD) in optical
transmission systems was proposed and realized in the experiment. It gives a good solution of global optimum
searching in multi-degree of freedom PMD compensation avoiding to be trapped in sub-optima. The algorithm
demonstrated itself a good characteristics and fast speed for global optimum searching and tracking in PMD
compensation. The time used for global optimum searching is 78.77 ms and response tracking time is 15.75 ms. In
addition, in order to apply it in real system, sampling and feedback control module, the core of the PMD
compensation, is deeply analyzed.

Keywords Optical communication; Polarization mode dispersion; Dynamic compensation; Sampling and feedback
control
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