mIBHIZY
2006 #£ 12 A

b/ R ¢
ACTA PHOTONICA SINICA

Vol. 35 No. 12
December 2006

Experimental Research on Obtaining DGD from the Degree of
Polarization Ellipsoids”

Duan Gaoyan'?,Zhang Xiaoguang’?,Yu Li""?,Zhang Ru'?, Yang Bojun'*?

1 Department of Physics,School of Science ,Beijing University of Posts & Telecommunications ,Beijing 100876

2 Key Laboratory of Optical Communication & Lightwave Technologies ,Ministry of Education ,Beijing University of

Posts & Telecommunications ,Beijing 100876

Abstract

By using the degrees of polarization (DOP) ellipsoid method, the values of differential

group delay (DGD) and the direction of the principal sterte of polarization(PSP) were obtained

from limited sampling data in the experiment, which provided the most key factors of the feed-

forward compensation scheme. Moreover, the values of DGD obtained from the experiment were

accordant with that of the theoretical values when the DGDs were less than 30 ps. Results
indicated that DGD and the orientation of PSP could be obtained by using the DOP ellipsoid

method in the experiments,
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0 Introduction

Polarization

( PMD )
compensation has become a hot topic in recent
yearst' 1, Most PMD compensation experiments
adopted the feedback

feedback technique must adjust excessive control

mode  dispersion

scheme. However, the

parameters continually, which may trap the
controlling algorithm in local sub-maxima, It may
expend too long response time and it is also
difficult to PMD
totally. Recently, a feed-forward control scheme

compensate the high-order
was, proposed™®}. Moreover, a kind of theoretic
model that can compensate the first- and the
second-order PMD completely was presented-*.
The feed-forward scheme can avoid this kind of
undesirable situations, According to the principles
of the feed-forward scheme, PMD information in
the fiber link is obtained in advance, and then the
feed-forward control algorithm can quickly adjust
parameters of a compensator into the desired
states. So,the key of the feed-forward scheme is to
get PMD information in the fibre link in advance.
In this paper, an experiment was set up to
obtain the degree of polarization (DOP) ellipsoids.
In terms of the relation between the ellipsoid and
PMD information, differential group delay (DGD)
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and the orientation of the principal state of
polarization (PSP) were obtained from ellipsoids,
which offered an important factor for the feed-
forward PMD compensation.

1 The relation between DOP
ellipsoids and DGD
DOP ellipsoids

polarization scrambler can determine DGD®, The

obtained by wusing a
polarization scrambler placed at the fiber input
generates the random input states of polarization
(SOPs) uniformly distributed over the whole
Poincaré sphere., If there is no PMD in the
transmission fiber link, the Stokes parameters of
the output signals would satisfy the relation s =5}
+ 52452 ,and DOP=1. All the output SOPs form a
perfect sphere in Stokes space with unity radius.
For the first-order PMD in the fiber link, the
Stokes parameters satisfy the relation s >s% + 5%+
st ,and DOP<C1, with the exception that the input
SOP is aligned with one of the PSPs (in this point
DOP=1). All the output SOPs form an ellipsoid.
These indicate that there is certain relation
between DGD and DOP ellipsoids.

If the input signal is regarded as the Gauss
shape pulse

R(t) =exp (— 7 (Aw/2)?) , where Aw=1/T,
and T, is the original pulse width, From the DOP
ellipsoid formula*!
s
o=
the relation between the DGD and the axes of the
ellipsoid is obtained'”
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where r; represents the shortest axis of an ellipsoid.

2 The experimental setup

Since the equation (2) shows the relation
between DOP ellipsoids and the DGD, it is to be
expected that DOP ellipsoids can be determined
from the output SOPs in order to get DGD. An
experiment was designed for obtaining ellipsoids as
shown in Fig. 1. A gain-switch distributed feed-
back laser was driven externally with a 10Gb/s
microwave source for non return-to-zero (NRZ)
format generation. A variable time-delay ranging
from —40 ps to —70 ps was used as an emulator to
generate the DGD., An optical band-pass fiiter with

First-order PMD emulator

Laser . _
Taer] J Scrambler—l»—bm@g

T

IScrambler contr! Variable DGD contr! DOP ellipsoid data ﬁtting|

Fig.1 10Gb/s NRZ experimental system for obtaining
DOP ellipsoids
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3 dB band - width of 0 . 8 nm was used to suppress
amplified spontaneous emission (ASE) noise from
the erbium-doped fiber amplifier (EDFA). The
central wavelength was 1563. 16nm. An in-line
polarimeter with analog bandwidth of 700 kHz was
used to measure the Stokes parameters S;, S,, S,
and S; instantaneously

3 An algorithm for processing
sampling data

The output SOPs spread all over an ellipsoid.
It was found that it would require at least
thousands of SOP sampling data to form an
apparent ellipsoid in the experiment. Fig. 2 shows
the 8000 sampling points of the output SOPs with
different DGD values. However, the more output
sampling data are, the longer the time consumed
for the PMD compensation. Table 1 shows the time
spent for sampling and processing of 8000 data.
However, the feed-forward scheme required
compensation quickly. It is expected to obtain

ellipsoids with sufficient accuracy and with less

sampling data.

" DGD=26 ps .

-1 -1

Fig.2 8000 sampling points of output SOPs with different DGD values

( PSO )
algorithm'™ is adopted to settle the problem. An

Particle swarm optimization

ellipsoid is described with 6 parameters 7y 75 s 73 »a»
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Fig.3 The orientation of DOP ellipsoids in Stokes space

B s 7 » three radii and three orientation angles as

depicted in Fig. 3, A standard ellipsoid equation

4 W 4
% 5:22+—r;~=1 (3)
1 2 3

is expressed in the principal axis coordinate system
S”,— 8", —S”; by three rotations —a, —f8, —7.
Thus the problem of obtaining ellipsoids can be
described as a problem of finding the minimum of
the following function by adjusting 6 parameters
r1sTzsr3sasfs?.
F(risrysrsasfy) = \

S + " o —l—S”/Za" ) ’

ri rs 3

N

2

n=1

MIN

(ry vy srgsa o)
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where N is the number of sampling SOP data. As
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long as the function in the parenthesis is close
enough to zero, the corresponding ry 757352585 7
are the right parameters that determined the DOP
ellipsoid.

Only 100 sampling data was collected in the
experiment, PSO algorithm searches and gathers
these sampling data to obtain DOP ellipsoids. The
Table 1 compared the time spent for obtaining
ellipsoids from 100 sampling data with that from
8000 sampling points. Results indicated that the

searching algorithm is effective.

Table. 1
DGD/ps  Sampling points Spent time/s a/ ()
8000 3.0750 —
10 100 1.278 58. 289
8000 3.014 =
26 100 1. 249 57. 650

4 Results and discussion

DOP ellipsoids are obtained from selected 100
sampling data. As shown in Fig. 4, the unequal
DGDs accompanied DOP ellipsoids with different
shapes. An ellipsoid is formed when the DGD is
10 ps. And a needle - like spheroid comes into being

" DGD=10 ps™-...

5 ot S,

Fig. 4 Sampling points (black dots) from the experiment
and the DOP ellipsoids (curve line) obtained by
using PSO algorithm

with DGD equal to 26 ps. The figure also shows
that the orientations of both the ellipsoids are
invariable for different DGDs. The direction of the
changeless gradient is the direction of the PSP.
The Table. 1 gived the direction of PSP, a.
PSP is not given from 8000 sampling data because
the calculation would spend much more time by
itself. It was not fit for the PMD compensation.
While PSO was applied, the values of @ and DOP
ellipsoids were obtained at the same time. And the
values of o with the different DGDs were identical.
DGD values were gotten with the equation
(2). In Fig. 5, the solid curve was the theoretical
results and the dotted curve was the experimental
results. When DGD was small, the measured DGD
values accorded with the DGDs of the variable
delay line. However, the deviation appears when
the values of DGD were larger than 10 ps. And the
maximal gap was 3 ps,which was derived from the

approximate disposal of the equation (2). And the

imprecise instruments and incorrect operation
might also lead to the error.
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Fig. 5 DGDs obtained from the ellipsoid in the experiment
versus DGDs of the variable time-delay

In addition,the two curves are parallelled with
the same trend, which meant that the DGDs
obtained from the experiment were correct.
However, the curves deflected along the same
direction when the DGD value is larger than 30 ps.
It meant the model of DOP ellipsoids is likely to be

not fit for the large DGDs.

5 Conclusion

DOP from. limited
sampling data in the
ellipsoids, it obtain the direction of PSP and the
DGDs which have the good linear relation with the
DGD values of the theoretical values. DOP ellipsoid
method is effective on obtaining DGD and PSP

when DGD is less than 30 ps.

ellipsoids are gotten

experiment. From the
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