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Abstract: In this research paper, the effect of four wave mixing (FWM) has been analyzed and compared for different
channel allocation schemes such as equal space channel allocation (ESCA) and unequal space channel allocation
(USCA) schemes for a Dense Wavelength Division Multiplexing (DWDM) system. The simulated results have been
analyzed for fixed numbers of channels (N=8). We have evaluated the Quality-factor (Q-factor) of the DWDM system
for different parameters such as optical fiber length, laser power, channel spacing and data rates. In the ESCA and
USCA schemes, the Q-factor varies from 27.72 dB to 5.95 dB and from 40.47 dB to 6.25 dB respectively as the
distance increases from 25Km to 125 Km at a bit rate of 8x10 Gbps. The results of simulative observation revealed that
the unequal channel spacing provided better Q-factor for DWDM system than equal space channel allocation scheme
Further, it has been observed that on decreasing the channel spacing between input channels, their mutual interference
increases and thus, the effect of four wave mixing also increases. Similarly, as the channel spacing increases, the FWM

effect decreases for the DWDM system.
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I. INTRODUCTION

Ever since ancient times, one of the principle needs of
people was to communicate. This need created interest in
inventing communication system for sending message
from one place to another. Many forms of communication
systems have been appeared over years [1]. The basic
motivation behind each new form was to improve fidelity,
to increase data rate and to increase the transmission
distance between two locations. As internet traffic
increases day by day, optical network has been considered
as the only mean to ensure delivery of large capacity links
in a flexible, dynamic and reliable way [2]. Dense
Wavelength Division Multiplexing is a fiber optic
transmission technique that employs light wavelength to
transmit multiple signals [3] and to make an effective
usage of the fiber bandwidth and achieve high system
capacity [4]. Dispersion and fiber nonlinearities are the
parameters which restrict the transmission distance and
bandwidth of DWDM system [5]. Fiber nonlinearities
become a problem when several channels are co-
propagating in the same fiber [6]. The interaction between
propagating light and the fiber can lead to interference,
distortion or excess attenuation of the optical signal [7].
The fiber nonlinearities fall into two categories, one is the
stimulated scattering and another is Kerr effects. The most
important types of nonlinear scattering within optical fiber
are stimulated Brillouin and Raman scattering, both of
which are usually only observed at high optical power
densities in long single mode fiber [8]. A considerable
amount of optical power is radiated in the opposite
direction which destabilize the laser at the transmitter is
known as Stimulated Brillouin Scattering [9].
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Stimulated Raman Scattering is responsible for
transferring a small fraction of power energy from one
channel to another where photon of certain energy is
destroyed and new photon at lower energy is generated
which limit the performance of DWDM system [10].
Nonlinear effects which can be readily described by the
intensity dependent refractive index of the fiber are
commonly referred to as Kerr nonlinearities [11]. The Kerr
nonlinearities leads to different effects such Self Phase
Modulation (SPM), Cross Phase Modulation (XPM) and
Four Wave Mixing (FWM) [12]. The change of phase in
the optical signal due to change in the refractive index
caused by the power fluctuation of the same signal is
called Single Phase Modulation [13] and change of phase
in optical signal due to change in refractive index caused
by other channel optical power fluctuation is called Cross
Phase Modulation [14]. FWM is one of the dominating
degradation effects in WDM systems with dense channel
spacing and low chromatic dispersion on the fiber. If in a
WDM system, the channels are equally spaced, the new
waves generated by FWM will fall at channel frequencies
and thus, will give rise to crosstalk [15]. When wavelength
channels are located near the zero-dispersion point, three
optical frequencies (Vi, Vj,VQ will mix to produce a fourth

inter modulation product Vijkas shows in equation (1).
Vijk = Vi + Vj - Vk (1)

The impact of FWM on a communication system depends
on the fiber parameters (A and Leg), the number of
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channel, channel spacing and power transmitted. The most
straightforward method to reduce FWM effect is to space
channel unequally [16]. Vishal Sharma et al. [17]
demonstrated an 80 Gbps dispersion compensated DWDM
system to evaluate BER, Q-factor and received power after
an optical span of 100 Km in the presence of FWM under
the impact of equal and unequal channel spacing.
Simulation results showed an efficient improvement in Q-
factor and received power with unequal channel spacing in
high speed DWDM system. Amarpal Singh et al. [18]
modified techniques equal and unequal channel spacing
with polarization, equal channel spacing with alternate
channel delay, optical coupling and varied laser power to
reduce the impact of FWM in DWDM system.

Surinder Singh et al. [19] analyzed the FWM effect in
different spectral efficient orthogonal modulation format
at equal spacing of 50 GHz and 100 GHz to design long
haul WDM system. Jian Guo Zhang et al. [20] proved that
unequal channel spacing scheme is treated as one of the
most effective method to suppress FWM waves from
falling into the desired signal channel. Bassem K. Abd et
al. [21] integrated unequal channel spacing and duo binary
modulation format (NRZ) to suppress FWM crosstalk in a
four 10 Gbps channel WDM system and result showed
that performance is better by using unequal channel
spacing with duo binary modulation.

Till now, many simulative communication models have
been proposed to reduce the FWM effect. Comparison
between equal and unequal channel spacing with eight
numbers of users is rarely considered in the literature
studied by us. In this paper, the effect of FWM at the
system output is considered for different values of optical
distance, channel spacing, laser power and bit rate.
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This paper is further divided into five different sections. In
section 1, the introduction of four wave mixing effect is
presented. In section 2, the schematic model is proposed.
Section 3; describes the simulation setup for an eight
channel DWDM communication system. In section 4,
results, discussions and comparison of equal and unequal
channel spacing has been presented. Section 5 covers the
conclusion of this research work.

Il. SCHEMATIC MODEL

An optical transmission system has three basic
components: Transmitter, Transmission medium and
Receiver as shown in Fig.1. The schematic model for
optical communication network implementing the four
wave mixing effect for various value of spacing between
different input channels/users. The transmitter section
consists of CW laser, modulator driver, PN-sequence
generator. The signal transmitted from each of transmitter
is combined together using a multiplexer. The combined
signal is amplified so that it can be transmitted over long
distance without its degradation. Then the multiplexed
signal is sent over the fiber which adds the nonlinear effect
like four waves mixing in the transmitted signal. Then the
signal is de-multiplexed at the receiver side, the receiver
contains the PIN photodiode, a Bessel low pass filter, 3R
generator and Bit Error Rate (BER) analyzer.
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Fig.1 Model for the Communication System
1. SIMULATIVE SETUP

This DWDM system is set up by the simulation software
Optisystem™. In this simulation model, the effect of four
wave mixing is implemented on changing spacing between
the input channels. The optical transmitter T1-T8 is used
to setup the simulation model. The continuous wave laser
L-1 to L-8 is used to create the carrier signal. The Number
of channel are used by carrier generator are eight at
different channel spacing of 25 GHz, 50 GHz, 75 GHz and
100 GHz. Bit sequence generator is used to generate
pseudo random bit sequence (PRBS) data format (NRZ) at
different bit rate of 1 Gbps, 2.5 Gbps, 5 Gbps, 10 Gbps
and 20 Gbps. Afterword’s, the output of laser is modulated
with a LiNbO3; Mach-Zehnder Modulator (MZM). Table 1
shows the value of various simulation parameters used in
the DWDM system setup. The extinction ratio of MZM is
taken as 10 dB. The reference frequency of CW source is
193.1 THZ and power varies from 0dBm to 10dBm for
this model as shown in Fig.2. The modulated data from the
entire channel is combined with the help of multiplexer.
The transmitted optical signals have been over single
mode fiber (SMF) with different length varies from 25 Km
to 125 Km. All the attenuation, dispersion and nonlinear
effects are activated. The erbium-doped fiber amplifier
(EDFA) amplifies the signal in the transmission medium
to avoid losses. At the receiver section, the combined
signal is de multiplexed into eight number of user
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51 52
\
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-1
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TransmitterT-1| 71871
|
PRBS — NRZ Optical DEMUX
‘ SpectrumF 1*8
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Fig.2 Simulation setup for the DWDM System
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Table. | Simulation Parameters for the experiment setup of
DWDM communication system
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Parameter Value
Reference Wavelength 1552.52 nm
Attenuation 0.25 dB/km
Dispersion 16.75 ps/nm/km
PMD Coefficient 0.5 ps/km?
Effective Fiber Core Area 80

EDFA Power 10 dBm
No. of Channels 8

Line Width 10 MHz
Extinction Ratio 10dB
Modulation Type NRZ

PIN Responsivity 1AW

The optical signal is detected by a PIN photodiode having
responsively of 1 A/W. Then the signal is passed through
the low pass Bessel filter having an insertion loss of 0dB.
The original bit sequence and electrical signal are
recovered with the help of 3R generator for all the DWDM
channels. An optical spectrum analyzer (S;) is placed at
the output of multiplexer to analyze the input signal. Other
optical spectrum (S,) and (S3) are attached at the output of
SMF and de-multiplexers respectively to investigate the
four wave mixing effects. An electrical BER is kept at the
receiver output to compute BER, Q-factor and eye
opening.

IV. RESULTS AND DISCUSSIONS

The performance of a DWDM system has been measured
at the receiver output with the help of BER analyzer and
Q-factor is analyzed. Different channel allocation schemes
i.e. equal and unequal space channel allocation schemes
are considered. Fig.3 shows the graph between Q-factor
and fiber length which reveals that for fixed power 0dBm
and NRZ modulation format for ESCA scheme. The graph
shows that Q-factor decreases as distance increases but
increase in Q-factor with increases in channel spacing.
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In Fig.4, the graph has been drawn between Q-factor and
distance which shows the comparison between ESCA and
USCA schemes. ESCA scheme, the Q-factor varies from
27.72 dB to 5.95 dB as the distance increases from 25 Km
to 125Km and with USCA scheme Q-factor varies from
40.47 dB to 6.25 dB as the distance increases from 25Km
to 125 Km. It has been observed that USCA scheme
implemented for the DWDM system shows the better
result than ESCA scheme.

Further, the system is investigated under the influence of
equal and unequal channel spacing by evaluating the input
power which varies from 0dBm to 10dBm as shown in
Fig.5 and Fig.6. It has been observed that with increases in
input power, Q-factor decreases an optical span of 50 Km
in the presence of four wave mixing effect. FWM effect
increases with increase in input power but the increase is
not same for equal and unequal channel spacing. FWM
effect is less for USCA as compare to ESCA scheme.
Eight channel DWDM system with equal channel spacing
varies from 25 GHz to 100 GHz distributed among the 8
channel in the presence of four wave mixing effect as
shown in Fig.5.
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Fig.4 Comparison of Q-factor and optical fiber length
between ESCA and USCA schemes for DWDM system
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Fig.6 Comparison of Q-factor and laser power between
ESCA and USCA schemes for DWDM system
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Fig.7 Comparison of Q-factor and bit rates for ESCA
scheme at different channel spacing.
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Table 11 Q-factor/BER comparison of ESCA and USCA channel schemes for DWDM System at a bit rate of

8x10Gbps.
ESCA 27.72 5.95 1.8x107%¢° 1.2x10°%
USCA 40.47 6.25 1.4x102% 1.9x107%
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Fig.10 Eye diagram patterns of (8x10) Gbps DWDM system for different channel spacing of (a) 25 GHz (b) 50 GHz
(c) 75 GHz (d) 100 GHz at an optical fiber length of 50 km in the presence of FWM mixing.

Then the comparison has been done between ESCA for
0.4 nm spacing and USCA for 50 GHz slot width. It has
been observed that the USCA scheme of channel
allocation in WDM system is the better allocation scheme
as shown in Fig.6. The simulation setup shown above is
also used to analyze the effect of change of bit rate on the
equal and unequal space channel allocation scheme. Here
SMF of fixed length 50 Km has been used with input
power of 0dBm and NRZ modulation format for eight
numbers of users. Hence, the effect of changing the bit
rate as showed in Fig.7 and Fig.8. Fig.7 shows the
variation of Q-factor as bit rate changes from 1 Gbps to 20
Gbps with different channel spacing between the users for
equally spaced channel allocation scheme.Fig.8 shows the
variation of Q-factor from 100.6 dB to 4.44 dB for equally
spaced allocation scheme and from 109.5 dB to 15.9 dB
for unequally spaced channel allocation schemes. The
results show that with increase in bit rate Q-factor
decreases. Table 2 shows the different values of Q-factor
and BER obtained for the DWDM system for ESCA and
USCA schemes. The maximum value of Q-factor is 40.47
dB for USCA scheme has been achieved which is 12.75
dB enhanced from ESCA scheme at the data rate of 8x10
Gbps. Fig.9 shows the variation of Q-factor with the
spacing between the input channels. The graph shows that
the Q-factor increases as the spacing between input
channels increases. Q-factor is maximum, when the
channel spacing is 100 GHz and Q-factor is minimum,
when the channel spacing is 25 GHz. Fig.10 shows the eye
diagram of the receiver output for the various values of
channel spacing. As the channel spacing is less, the
interference between input channels is large and thus, the
eye diagram is poor in amplitude and shape as shown in
Fig.10a. The eye diagram shown in Fig.10d is
unambiguous than as shown in Fig.10a. Hence, it has been
observed that on increasing the channel spacing from 25
GHz to 100 GHz, the inference between the adjacent
channel decreases and thus, the FWM effect also
decreases.
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V. CONCLUSION

In this paper, we have investigated the effect of four wave
mixing on eight channel (N=8) DWDM system at different
parameters such as optical distance, laser power, channel
spacing and bit rate. The performance has been evaluated
in terms of Q-factor under the impact of equal and unequal
channel spacing for the DWDM system. It has been
observed that reduction in channel spacing to
accommodate more interference between the channels in
the presence of four wave mixing, which degrade the
performance of the DWDM system. The simulation results
show an efficient improvement in Q-factor with unequal
channel spacing as compared to equal channel spacing for
the present simulative DWDM system. A maximal value
of Q-factor of 40.47 dB has been obtained for USCA
channel scheme based DWDM system, which is enhanced
by 12.75 dB than ESCA based DWDM system. Further, it
has been concluded that on increasing the channel spacing
between input channels, the effect of four wave mixing
decreases.
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