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therefore necessary to monitor PDL over time tceolesthe
Abstract-We investigate the behaviour and impact of statistical behaviour of PDL. We present in thipgraPDL
polarization dependent loss (PDL) in the presence of measurement over a 4 hour period on a laboratargl gnd
polarization mode dispersion (PMD) in an optical deployed buried single mode cable.
network. PDL and PMD degradethe optical transmitted
signal and therefore limit the system performance. Il. MEASUREMENTMETHODS
Besides measuring PMD by the Jones matrix
eigenanalysis (JME) method, we also determined it from
the fast Fourier transform (FFT) of the PDL data and
the results are compared. Long term PDL measurements
are conducted which show that PDL changes
significantly with wavelength and varies only dightly
with time.

In order to address the impact of PDL and PMDaon
optical network, accurate measurement techniquesicioe
implemented [13]In our experimental set up the frequency
domain JME method is used to measure PMD and PBL ov
a wavelength range of 1520 to 1570 nm. This method
incorporates a tuneable laser source, polarizatoorroller
and polarization analyzer [13, 14]. The PDL and Pbfla
system are obtained by launching three stateslafipation

Index terms — polarization dependent loss, polarizationtsops) at the input and the corresponding ouUtpUPSSO

mode dispersion

analyzed.
I. INTRODUCTION
he increase in bit rate, 10 Gb/s and above, results ll. RESULTS AND DISCUSSION
increasing influence of polarization effects on thie

error rate (BER) [1]. The main polarization effeate ~ The influence of PMD in a PDL link was investigd by
polarization dependent loss (PDL) and polarizativade maintaining a constant PDL but varying the PMDFlg. 1,
dispersion (PMD). PDL is defined as the maximumngea the spectrum of a PDL element (in this case a pfites)
in the optical power transmitted through an opticalvith a PDL magnitude of 0.2 dB is shown. Maintagniime
component over all possible states of polariza®®Ps) magnitude of the PDL element constant, PMD is ohiced
[2]. PMD is defined as the relative time delaywsstn the in increment of 2.21, 3.15, and 5.45 ps. The PMDs wa
fast and slow principal states of polarization (BSkh increased by adding in a polarization maintainirnigref
optical fibres [3]. The combined PDL and PMD calsmge (PMF) of a specific length. It can be seen from. Higa-d)
power fluctuations, degrade the optical signal as@ ratio that the frequency of PDL fluctuations depends ba t
(OSNR) and consequently increase the bit error (BER) magnitude of the PMD introduced. The highest flattn
[4]. Researchers have up until recently, focusethereffect rate of PDL is observed for highest value of PMDBgbps).
of PDL [5] and PMD [6] separatel\5ince both PDL and N
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PMD are present in optical links, they should bdradsed 03 w:
jointly. 01f E
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The impact of PDL on a PMD link [7, 8] has been : :

investigated. In this paper we show how the presesic oaf PUD =221 ps ]
PMD causes PDL to vary with wavelength, resultimg i _. 02F ]

increased signal impairments. We take advantag¢hef

PDL (dB)

wavelength-dependent PDL to deduce PMD informatiorp 04 PMD =3.15ps 3
through the fast Fourier transform (FFT) method. 02 3

PMD has been found to be statistical and irrepritdec ook . . . . E
with time [9]. This is attributed to the variatiai external 0.4F P ' PMD = 545ps | ]
perturbations such as temperature, wind and otbeations o AN // AN N / AN N
induced in aerial and buried fibres. This statistlehaviour oaf Y T e Y
impact the telecommunication network as it leadsi¢mal %520 1530 1540 1550 1560 1570
distortions. Since some factors affecting PMD also affect Wavelength (nm)

PDL [10] and PMD also influence PDL [11] [12], i i Fig. 1: The PDL spectrum in the order of increasimagnitude of
PMD from 0.06 ps to 5.45 ps, for a 0.2 dB PDL elemm@mx2
splitter).



Therefore PMD in a PDL environment will lead to Hnig Table 1: PMD values obtained from the JME and tR€ &f the PDL data

wavelength-dependent PDL which leads to an incréase
signal fluctuations.

Because of the wavelength dependence of PDL due
PMD, a fast Fourier transform (FFT) can be apptiedhe
PDL data, from which the PMD information can besiméd.

JME result:
PMD =2.979 ps
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Fig. 2: (a) PDL versus wavelength and (b) its FFihe

concatenation of a PMD and a F elemen.

The JME gave a PMD of 2.979 ps while the FFT gave
PMD of 2.997 ps, which is a difference of 0.6 %hivit
experimental error. The FFT method is based onfabe
that a PDL element in a PMD environment becomes
statistical quantity that varies with wavelength.deployed
optical fibres variations in birefringence and madepling
distributions also contribute to PDLs’ statisticadture,
increasing the signal impairment.

The two methods are further compared using aipécal

Q) Power (mw)

Device PMD from JME | PMD from FFT

to (ps) (ps)
50:50 1x2 splitter 0.050 +0.005 0.062 +0.020
Isolator 0.135 £ 0.002 0.137 £0.080
Attenuator 1.113 +0.011 1.126 +0.180
Single mode fibrel 2.979 +0.021 2.997 £0.233
Single mode fibre2 7.008 +0.341 7.142 £0.642

We performed simulation using VPI Transmission Make
modeling software to illustrate the impact of b&BL and
PMD through visualizing the eye diagrams. The a@ggréam
is a superposition of pseudo-random patterns dimgisf
zeros and ones of the transmitted bits. An operirgieates
undistorted signal while a closed eye shows higligyorted
transmitted signal. This is represented in Fig. 3.

The eye diagrams corresponding to combinatiofPBE
values (0 and 3 dB) and PMD values (0 and 1.5 msew
generated through a simulated link. The largestopgning,
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ﬁ‘ig. 3: A simulation of eye diagrams for opticakrtsmission
network with (a) no PMD and PDL (b) PDL of 3 dB ahgs PMD
(c) PDL of 0 dB and 1.5 ps PMD, and (d) PDL of 3 dRld.5 ps

devices. Results are shown in Table 1. As expedtes, reépresented by the shaded part, are observed wien t

PMD results from the JME and FFT methods compaeeyl v €ffects of PMD and PDL are set to zero (Fig. 3@jhen 3
dB PDL is added, the upper section of the eye stodied

alternative method for determining PMD from PDL,igth @nd the shaded region is reduced (Fig. 3 b). Thigiad of
1.5 ps PMD (PDL = 0 dB) leads to a highly distorese as

well. Therefore, we can conclude that this techaiggi an

confirms the impacts of both PMD and PDL in an cgti

network.The standard deviation for the PMD obtained usin%e

the FFT method is higher than that of the PMD otsdi
using the JME method. The satellite peaks are ties that
contain PMD information, while the central peakrizs no
information related to the PMD.

presented by Fig. 3 ¢ and the shaded regiondisceal.
oth the presence of PMD and PDL lead to the cotaple

closure of the eye as represented by Fig. 3 d. Wbigld
indicate a very high bit error rate (BER). It cas deen that
the combined effect of PDL and PMD results in a muc
higher signal distortion than each individually.



PDL is usually measured over a range of wavelerajtlas
given time. Since the factors affecting PDL carpalsiry
with time, it is therefore necessary to monitor Pdr given
wavelength as time changes. We performed four Rdir

measurements on a 24.74 km fibre spool and a 288 k-

buried fibre. Figure 4 (a) and (b) show the contaaps of

the measured PDL respectively. Both figures show. PD;

changing slightly with time and significantly with
wavelength.

In Fig. 4 (a) the small changes of PDL (step sif¥s @B)
with wavelength is attributed to the changing birgfence
within sections of the single mode fibre. This birgence
splits the polarization modes that travel along fheer
which result in increased signal distortions.
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Fig. 4: Contour plots of PDL as a function of tintela
wavelength for (a) fibre spool and (b) buried cable

The change of PDL with time is very minimal. Thutd
be attributed to the lack of external perturbatieosh as

temperature which can induce birefringence and mod®]

coupling. In addition, the JME method is highly siéxe to
any disturbances (movements, vibrations etc.). Néecfore
believe small disturbance on the fibre during measents
also contributed to the slight PDL changes.

The same reasoning can be applied to Fig. 4 (B). P
remained constant with
wavelength. This is due to the fact that buriedefibare in a
stable environment. Therefore further long term Rididies

needs to be conducted for PDL measurements in durie

cables. This stable environment means that the fiour
period is insufficient to fully monitor the PDL eion of
the fibre due to slow temperature changes.

time while changing witH6]

The presence of PMD in a PDL environment results in
PDL being wavelength dependent. The greater the PMD
magnitude the more wavelength dependence PDL become
his PDL wavelength dependence due to PDL-PMD
interaction allows one to calculate PMD from thelPdata
hrough the FFT method. A good agreement was found
between the JME and FFT methods. Simulations sheiv t
PDL-PMD interactions increased signal distortionsd a
consequently high bit error rates. PDL varies ificantly
more with wavelength than with time for a laborgtéibre
spool and deployed buried fibr&his is because PDL
variations with wavelength are due to birefringeraned
mode coupling changes along the length of the fibre

The PDL change with time is small due to limited
temperature changes that cannot excite significant
birefringence changes. Therefore longer time PDL
measurements are to be conducted in future. Thesdts
indicate the importance of fully addressing the actg of
PMD and PDL which will assist in devising appropeia
measures for their active emulation and compensatio
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