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Abstract

In this paper investigates a Polarization Interleaving (PI) technique with two modulation format (direct modulation and Carrier Suppressed
Return to Zero (CSRZ)) for application in long haul optical system to mitigate the effects of the dispersion and nonlinear. The system is
designed with 5 GB/s, 200 Km, 100 GHz channel spacing Wavelength Division Multiplexing (WDM) four channels. The simulation results
are validated by analyzing the Quality Factor (Q-factor) versus power and Bit Error Rate (BER) versus Signal-to-Noise Ratio (SNR). It is
found that there is an improvement in channels after the PI. For optical direct modulation at 6 dB SNR, an improvement about (0.4 0.8 and
0.6) orders of BER for channel 1, 3 and 4 respectively, while the same performance in channel 2. In CSRZ for the same SNR an improve-
ment of (6.6 4.6 4.8 and 6, 4) orders of BER for channels 1 2 3 and 4 respectively. While in the term of Q- factor of Po=0 dBm. For optical
direct modulation in improvement of (2, 3.2 and 0.7) for channel 1, 3 and 4, and there is a reduction in performance to the channel 2about
0.5 Order. An improvement (41.5, 31.7, 39 and 35.7) order of BER for 1,2,3,4 channels respectively. Generally, the threshold power after
polarization technique has been improved about (0.5, 10) orders in term of optical direct modulation and CSRZ respectively. All results
are expressed in form of BER verses SNR and Q-factor verses power.
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FOPAs can be designed for use in WDM communication systems
[5].Bangjiang Lin, et. al., 2017, experimentally demonstrate optical
Multiple Inputs and Multiple Outputs (MIMO) transmission for-
Non-Orthogonal Multiple Access (NOMA) based Passive Optical
Network (PON) using P1 [6].

1. Introduction

The variety of services offered in optical communications has
driven to increase the demand for optical transmission because it
provides a wide bandwidth and a high spectral efficiency[1].The
addition of more channels by reducing the distances between the
channels also the increased data rate has led to increased crosstalk
and increase the nonlinear and distortion effects that disturb the sig-

2. Overview

nal in long distances, especially Four Wave Mixing (FWM), which
is the most important factor in the destruction the signal in the
Dense Wavelength  Division Multiplexing(DWDM)  sys-
tems[2].One of the techniques used to reduce the FWM problem is
the PI technique which employed in several studies to improve
spectrum efficiency such as:Haider J. Abd, et. al., 2013, demon-
strate an approach to make a reduction in nonlinear optical impair-
ments by utilisingPl technique, it was found that the FWM power
was drastically reduced to -64 dBm when the polarization technique
was used[2].Juhao Li, et. al., 2013, have been proposed an experi-
mentally 40-Gb/s P10rthogonal Frequency Division Multiplexing —
Passive Optical Network (OFDM-PON) with double sideband
modulation for high speed next generation optical access net-
work[3].Junfei Shi, et. al., 2014, presents a cost-effective 40Gb/s
transmission scheme for OFDM-PON over 100km Single Mode op-
tical Fiber(SMF) based on double-sided multiband and
P1[4].LeebaBabu, et. al., 2016, used the Fiber Optical Parametric
Amplifiers (FOPA) that used for multi-wavelength amplification in
WDM systems. They used parallel polarized pumps and PI of
WDM signals can be used, leading to an additional improvement in
the signal quality. By mitigating the crosstalks by these techniques,
WDM signal quality can be improved and hence high performance

The odd numbers of channels are fed to the multiplexer and passed
to the polarization controller which it changes the States Of the Po-
larization (SOP). The even numbers are multiplexed and followed
by polarization controller with a 90° phase shift. At the end of trans-
mission part, the channels are multiplexed using polarization com-
plainer to combine the output signals from each polarization con-
troller. The received signal will be processed by the polarization
splitter to separate the orthogonally polarized signals from each
other. Demultiplexers are used to allocate each signal to its re-
ceiver.The general block diagram of the entire optical system is
shown in Figure 1.
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Fig 1: Block diagram of the proposed optical system.
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The stander equations of the PI at the receiver side are de-  Two types of modulation schemes will be explained in this para-
scribed as follow[7]: graph. The first one is the ordinary optical transmitter, which con-
— sists of Continue Wave CW-laser and an electrical signal fed into
En=1In+ \/E[I"“Ll thhgthyyt ot ] the Mech-Zender modulator as shown in Figure 2, and the second
is the CSRZ.This type is characterized by phase alternates between

; 2 _ 2
ln(t) x |En = |In| the adjacent bits by the =.So that, in even position of bits (2n), the
+ \/E[In- Iypq + 1, 1,4 signals have a O degree phase shift, and in odd position of bits
+1 I + ] (2n+1), the signals have a m degree phase shift.It's produced by
n+1-‘n-1 passing the Non-Return to Zero (NRZ) signal to the Mach Zehnder
+ e[[hs1)? + et |? + L |? + [z + Modulator (MZM) modulator to achieve the optical signal that
.. ] (2 modulated a gain with sign pulse generator by another MZM mod-

ulator. This mechanism can be illustrated by Figure 3[8,9].
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Fig 2: Block diagram of the direct modulation schemes.
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Figure 3: Block diagram of the CSRZ modulation schemes.

In our system, a comparison between an optical system with and
without Pl technique has made. Figure 4 shows four channels
WDM system with 100 GHz spacing between each channel.

Loop Control
Number of loops = 4

Polargation Controler (30)

Figure 4: software layout of the proposed system.
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The optical fiber link that showed in the Figure (5) consists of four
loops. Each loop has (50Km) fiber length with attenuation of (0.2
dB/Km). An amplifier will reduce the attenuation of the fiber link
with a gain of (10 dB).

Optical Fiber
Length = 50 km

Optical Fiber 1
Length=5 km

Figure 5:Optical link diagram of the system.

A Dispersion Compensation Fiber (DCF), with following parame-
ters length (5 Km), attenuation (0.5 dB/Km) and dispersion (-167.5),
used to remove the dispersion in the optical fiber. Finally, in the
single loop, there is an amplifier with (2.5 dB) gain to eliminate the
attenuation of the (DCF) link. The signal traveled through (200 Km)
fiber length to the receiver.The data rate of the system is (5 Gh/s).
With two modulation schemes (ordinary optical transmitter and
CSR2Z), the performance of the system was evaluated in terms of
the versus BER and power versus Q-factor for each channel (even
and odd channel) of the optical PI scheme.

4. Results and discussion

Figures 6 to 9 show that the performance of the BER versus SNR
for four channels with and without PI. It can easily be seen that the
performance in CSRZ is better than the performance of direct mod-
ulation after P1. In this scenario, the BER of each channel will eval-
uate at SNR=6 dB. The BER performance of the channels is (-5.6,
-6, -6.6 and -5) for direct modulation while the CSRZ is (-11.8, -
10.6, -10.6 and -10.8) for channel 1 to 4 respectively. We can see
that channel 1 has the best performance, while the channel 4 over-
comes the channels 2 and 3 that they have the same performance.
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Fig 6: SNR and BER for channel one at different modulation formats before and after PI

SNR vs BER with and without Polarization Interleaving.
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SNR vs BER with and without Polarization Interleaving.
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Fig 8: SNR and BER for channel three at different modulation formats before and after PI.
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SNR vs BER with and without Polarization Interleaving.
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Fig 9: SNR and BER for channel four at different modulation formats before and after PI.

Figure 10 illustrated the behavior of the system before PI for direct modulation precisely channel four has the best performance at the
threshold point nearly 0dB while generally all channels lave convergent beveller After P1 as seen from Figure 11 the performance of the
WDM system has been improved and that can be observed by the shifting of the threshold point about 3 orders in power. That mean
whatever the power of the channel increased after PI (that less impairments) with reach the threshold point is better than increasing the
power in case of before PI Now for figure 12 the performance of system with CSRZ after Pl has a threshold power at 10 dBm and that
clearly an improvement has been observed For comparison purpose channel four has been taken, At 0 dB, the Q-factor in case of direct
modulation before Pl 28 and after P1 29.8 while in case of CSRZ modulation it was 65 so the improvement by 37 order in case of CSRZ
and 1.8 order in case of direct modulation after PI.
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Fig 10: Q-Factor versus BER for WDM system with optical direct modulation before PI.




International Journal of Engineering & Technology

205

4 Quality Factor versus Input power before Polarization
Interleaving.
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Fig 11: Q-Factor versus BER for WDM system with optical direct modulation after PI.
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Figl2: Q-Factor versus BER for WDM system with CSRZ modulation format after PI.

5. Conclusion

It is clear that the nonlinear effects have severe damage to optical
signals, especially at long distances. The PI technique was used for
a 200 km long optical system with four channels spaced by 100
GHz away, for two modulation scheme (direct modulation and
CSRZ). CSRZ gives more reduction in the nonlinear effect as well
as better performance in the behavior of WDM system than direct

modulation. In term of BER at SNR, there is an improvement about
(6.6, 4.6, 4.8 and 6, 4) orders for channels 1 2 3 and 4 respec-
tively.An enhancement by order (41.5, 31.7, 39 and 35.7) have been
achieved in term of Q-Factor at power =0 dBm for 1,2,3,4 channels
respectively. And threshold power improved by (0.5 and 10) for op-
tical direct modulation and CSRZ respectively.
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