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ABSTRACT

Over the recent years, the need for high capacity and high broadband wireless
access were in demand and in order to satisfy it various technologies were intro-
duced among which RoF came into existence which has low attenuation, immunity to
electromagnetic interference and superior signal integrity. Therefore, it enables the
transmission of signal over long distance and thus improves the capacity and mobility
of the optical transmission system. In this review, we would concentrate on analyz-
ing the effect of fiber nonlinearity such as Four wave mixing (FWM) effect in long
haul transmission system. Basically, FWM is an impairment due to the interaction
of field intensity with the fiber refractive index which results in signal broadening,
undesirable signal modulation and attenuation and thereby limiting the transmission
capability of long-haul system. A parametric analysis for reducing the power level
of crosstalk generated by FWM by incorporating various optical components in the
communication link is done and optimization based on channel spacing, input power,
fiber length, bitrate, is performed.

This article discusses the nonlinear effect, four-wave mixing (FWM), which lowers
the performance of optical communication systems. The concept of Linear polariza-
tion was introduced to reduce the effects of FWM. Here, orthogonal polarization is
used with the modulation technique NRZ. Linear polarization was found to reduce
the effect of FWM more than round polarization. Weaknesses of the four wavelength
mixes were analyzed for various levels of input power. The capacity of a four-wave
mixing product (FWM) is assessed by an optical spectrum analyzer. System perfor-
mance is analyzed in terms of quality factors and BER.

Keywords - FWM, WDM, RoF
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Chapter 1

Introduction

Data rates have significantly increased in recent years as a result of the steady rise
in demand for wired and wireless networks [26]. The micro cellular system was de-
veloped to meet the rising need for high capacity and high-speed broadband wireless
connectivity. This technology, which consists of numerous small cells, has garnered
interest as a useful way to provide high-speed and high-capacity communication by
optimizing frequency use. Nevertheless, due to the high cost of installing several Base
Stations (BSs) to cover the entire service region, this method has some drawbacks.
The investment is increased by the inevitable need for complex channel control meth-
ods among BSs for spectrum delivery and hand off operations. By adopting a system
design in which complex operations are carried out at a Control Station (CS) rather
than a Base Station (BS), this enormous increase in data traffic can be handled [27,28].
Radio over Fiber (RoF), which is a primary access network solution for high-speed
communication systems, uses optical fibre to transmit radio signals [29]. Optical fibre
with low attenuation, high signal integrity, and immunity to electromagnetic interfer-
ence is used in RoF technology. As a result, it makes wireless networks more mobile
and ubiquitous by allowing signal transmission over large distances.

RoF is a technology that uses radio waves to alter light. For wireless access, this
light will be sent over optical fibre [30-31]. The key benefits of employing optical fi-
bres for radio signal transmission include their large bandwidth, low transmission loss,
and immunity to electromagnetic interference [32-33]. Using this architecture, a cen-
tral station may generate optical and ultra-broadband radio transmissions. The base

stations receive the modulated optical signals that have been transmitted across the
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optical fibre. The subscriber will receive the base station’s demodulated millimetre
wireless signals after they are broadcast through the antenna. The spectral efficiency
of mobile services rises with every new network technology release. The mobile wire-
less industry has been growing, inventing, and expanding since the early 1970s. From
0G to 4G, mobile wireless technologies have seen four or five iterations of innovation
[34-35]. The first generation of wireless networking technology, most frequently re-
ferred to as cell phones, is what the term "first generation” refers to. Mobile radio
telephones and other technologies like the Mobile Telephone System (MTS), Advanced
Mobile Telephone, and 1G technology, which replaced 0G technology, In the 1970s
and 1980s, Push to Talk (PTT), the Improved Mobile Telephone Service (IMTS),
and the Advanced Mobile Telephone System (AMTS) were developed [36]. Unlike
its replacement, 2G, 1G wireless networks used analogue radio signals. It has Low
capacity, erratic handoff, poor voice connectivity, and lack of security due to audio
communications being replayed in radio towers, making them susceptible to outside
eavesdropping. Hence the proposed Model of 8/32 RoF-BF — Linear Polarizer System
is used to mitigate the FWM effects which clearly shows the reduction of FWM side
band power enhance the Q Factor in comparison with the normal DCF-EDFA 8/32
RoF-BF system.

Dept. of ECE 2



Chapter 2

Literature Review

This section, presents an overview of some works related to the proposed approach.

[1] Is based on an improved 32 channel 256 Gbps DWDM-based RoF optical system
with the ability to transmit data at 8 Gbps per channel and provide the best signal
reception over distances of 60 km and 120 km, the integration of DCF and FBG as
dispersion compensators has been examined. When used in 8 channel mode with a 4
Gbps per channel bit throughput, the suggested system achieved a very high Q) factor
of about 79 for 50 GHz channel spacing. The observed spectra also demonstrated a
significant 6 dBm reduction in FWM side band power level. The transmission quality
was shown to be significantly superior than the existing WDM-RoF systems for long
distance traversal (120 km) and constrained channel spacing (50 GHz). Here they also
do the comparative study with the existing two RoF systems. First off, the suggested
technique produced a fantastic Q factor of roughly 79 for when used in 8 channel mode
at 4 Gbps per channel bit rate and 50 GHz channel spacing, lowering FWM side band
power level by an average of 6 dBm, as seen from the measured spectra. Second, the
simulated 32/256 DWDM-RoF system achieved much higher values of Q factor and
BER, especially for constrained channel spacing, when compared to another current
16 channel RoF system (50 GHz). Consequently, it can be concluded that compared
to the current WDM-RoF systems, the proposed DWDM-RoF system is significantly
more efficient for long-distance transmission at 50 GHz channel spacing.

In [2] All the necessary hardware for converting an electrical signal to an optical
signal and vice versa is included in a RoF network. To enhance the number of wave-

lengths sent by a single fibre, WDM systems are used in optical links [47]. It has been
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noted that nonlinear deficiencies in the RoF system are caused by inelastic scattering
and variations in the fibre core’s refractive index with optical intensity [48]. Self-
Phase Modulation (SPM), Cross-Phase Modulation (CPM), and Four-Wave Mixing
(FWM) are examples of non-linear impairments caused by the interaction of the field
intensity with the fibre refractive index. Brillouin (SBS) and Raman (SRS) are exam-
ples of non-linear impairments caused by stimulated scattering mechanisms. These
flaws reduce the long-haul system’s capacity to transmit by causing signal broadening
[49], undesired signal modulation, and signal attenuation. Given that they produce
an accumulated effect over a long distance, these non-linearities are extremely impor-
tant for the deployment of the RoF system. When compared to a WDM system, the
non-linear effects are seen to be less severe for a single optical channel. A statistical
analysis [50] for lowering the power level of crosstalk produced by FWM has been
described. To lessen the FWM effect for the deployment of RoF systems, an opti-
mization technique based on performance factors (channel spacing, channel power,
and fibre area) has been presented. FWM has a significant impact on WDM systems
because it causes crosstalk, which lowers system performance. Moreover, channelling
with irregular spacing was suggested for WDM systems to lessen the FWM effect.
The FWM crosstalk power for three channel systems is calculated using an analytical
model that is provided in this study. A 32Gbps simulation model for an 8-channel
system is also suggested in order to mitigate the FWM effect by the use of the Bessel
Filter. The reduction in FWM can be accomplished, it is decided, by lowering the
input source power and increasing the quantity and spacing of input channels. Here
FWM Sideband power is reduced by 4 dbm.

In [3] Data traffic over optical networks has increased as a result of the internet’s
tremendous growth in popularity today. Increase the optical bandwidth in the WDM
system to handle the traffic load. It can provide the high baud rate data transmission
requirements [51]. While data traffic on optical fibres increases, the number of wave-
lengths in a compressed wavelength division multiplexing (DWDM) system also rises
[5,11,19]. The nonlinear effect will grow as the optical fibre’s resistance rises, which
might affect the signal’s effectiveness and ultimately lower system performance [52].
To lessen the Four Wave Mixing (FWM) effect, an orthogonal polarisation technique is

used in this research and is examined. When compared to the current circular polari-
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sation method, the suggested orthogonal polarisation method reduces FWM products
more effectively. It has been employed with a variety of modulation schemes, includ-
ing NRZ, RZ, GAUSSIAN, and RAISED COSINE. Analysis of FWM reduction is
done for different input powers. The use of RZ with orthogonal polarisation provides
the best reduction in FWM among the four approaches.

According to [4] to minimise the nonlinear effects such as Four Wave Mixing
(FWM) of dense wavelength division multiplexing (DWDM) for optical long-haul
networks, chirped Fibre Bragg Grating (FBG) has been developed. Also, many chro-
matic dispersion levels have been used to investigate the proposed approach. While
using Chirped FBG, optical amplification is necessary to both amplify the signal and
counteract fibre loss. After demultiplexing, the Chirped FBG and EDFA would be
applied to ensure fewer nonlinear effects in data receivers. Moreover, the FWM im-
pact has been studied at various dispersion values. Opti system simulator has been
used to mimic the suggested solution. Also, the study has concentrated on two optical
communication scenarios, the first with low chromatic dispersion and the second with
high dispersion, allowing evaluation of the impact of chromatic FBG on FWM mini-
mization in both cases. Thus, the simulation results demonstrate that the suggested
solution using Chirped FBG delivers low FWM nonlinear effects and high chromatic
dispersion correction regardless of chromatic dispersion level, which enhances syn-
chronisation and signal transmission in WDM long haul networks.

According to [5] reliable parameters that contribute to the formation and en-
hancement of FWM are examined, modelled, and based on extensive sets of results,
a thorough analysis has been done to lower the FWM. The simulated results gener-
ated using Optisys simulator and nine crucial parameters reveal extremely insightful
information for the elimination of nonlinear effects in WDM. Nine different param-
eters including input power, channel spacing, number of channels, core size of fibre,
modulation technique, duty cycle of input, optical gain, and effect of placement of
OA (Optical Amplifier) with DCF (Dispersion Compensating Fiber), have all been
examined in detail. The results of these simulations have been thoroughly examined.
These attributes metric analysis provides us with detailed insight into how various
parameters might be traded off to lessen FWM. Also, by utilising their parametric

analysis, they can optimise their systems without reducing bandwidth or adding any
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additional hardware. Based on the simulated results with the antecedental mentioned
system characteristics, it is determined that a real trade-off needs to be made to best
reduce FWM.

[6] is thought to be a 32-channel 40-Gbps system, the effects of FWM for different
input power levels, effective fibre areas, channel spacings, and modulation styles are
examined. With the Single Parameter Optimization (SPO) technique, an optimum
DWDM system is created taking all of these factors into account. Here by changing
the channel spacing, input power and various modulation format they have analysed
the effect of these parameters on FWM. They concluded from their observations that
the following conditions, such as the channel spacing should be as high as possible,
input power should be as low as possible, the fibre cross-sectional area should be as
high as possible, and preferably RZ modulation is to be used in comparison to NRZ
modulation, can be maintained in order to minimise the detrimental FWM effect for
higher data rates and long-haul communication systems.

In [7] Here they examined the effects of four-wave mixing (FWM) and cross-phase
modulation (XPM) in this research. As a result of its precoded property, the results
demonstrate that ODB performs better when it comes to reducing the FWM and
XPM effects. The FWM-induced sensitivity penalty utilising ODB is decreased to 2
dB from the erratic sensitivity penalty based on NRZ and PAM4. Furthermore, using
ODB reduces the XPM-induced sensitivity penalty by 1 dB, outperforming NRZ and
PAM4 modulation formats by nearly 5 dB.

In this research, here use NRZ, PAM4, and ODB modulation formats to inves-
tigate the non-linear effects in WDM-PON based 5G fronthaul networks, including
the XPM effect in C-band and the FWM impact in O-band. When compared to the
unpredicted sensitivity penalty when utilising NRZ and PAM4, the FWM-induced
sensitivity penalty is lowered by using ODB by up to 2 dB because of the precoded
feature. Moreover, the ODB analysis performed by the XPM has a 1-dB sensitiv-
ity penalty, which is more than 5 dB better than the NRZ and PAM4 modulation
formats.

The first step is to examine the sensitivity penalty caused by FWM in 5G fronthaul
networks built on WDM-PON As can be observed, for 110-2 BER, when Channel
1 is transmitted after BtB, the acquired sensitivity is -22 dBm. However, a 2-dB

Dept. of ECE 6



Simulation And Experimental Investigation of Mitigation of FWM Effects

sensitivity penalty is incurred when Channel 1 is transmitted after 20 km SSMF due
to the -20 dBm achieved sensitivity. More significantly, Channel 6 experiences the
most severe FWM impact because it is in the middle of the channels and its BER
(using Low Density Parity Check (LDPC) coding) cannot even meet the BER criteria
of 110-2, resulting in an erratic sensitivity penalty. Moreover, PAM4 gives comparable
results, as seen in despite the unpredictable FWM-induced sensitivity cost of Channel
6. When Channel 6 is transmitted after BtB/20 km SSMF, it can be demonstrated
using the ODB modulation scheme that the acquired sensitivity is -22 dBm/-20 dBm,
leading in a 2-dB sensitivity penalty. Moreover, the FWM-induced sensitivity penalty
can be mitigated by utilizing the pre-coded characteristics of ODB at the Tx side. In
[53], the optical phase conjugators (OPCs) are used to mitigate the FWM effect and
a 0.8-dB mitigation improvement is achieved. In [54], polarization mode dispersion
(PMD) emulators are employed for eliminating the FWM effect, obtaining a 5-dB
mitigation improvement. While, the use of additional devices in will undoubtedly
increase the system cost. After comparison, it is clear that our work is showing
structural simplicity and improved performance.

In [8], It emphasis that one of the main limiting phenomena for wavelength di-
vision multiplexed optical communication systems is four wave mixing (FWM). In
optical communication over single mode fibre, this work analyses four wave mixing
with sub-plank higher-order dispersion (HOD) parameters up to eighth order. For
various channel powers, effective core areas, and channel spacing, the four wave mix-
ing power with a mixture of dispersion parameters up to eighth-order dispersion has
been examined and compared with the predominant second-order dispersion parame-
ter. It has been found that the combined effects of dispersion parameters can reduce
four-wave mixing by 10-15 dB and make it easier to infer the performance of four-
wave mixing using HOD parameters. Hence, the results can offer greater guidance in
selecting fibre characteristics for effective FWM control across a range of applications.

The impact of higher-order dispersion parameters on FWM has been thoroughly
numerically analysed and is reported in this study. The existence of higher-order
dispersion characteristics reduces the FWM power by 10-15 dB, as shown theoretically
and analytically. The FWM power is suppressed by a combination of dispersion

settings after 50 mW channel power. So, at higher pump outputs, the combinations of
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dispersion parameters lead to increased optical communication system performance.
Our findings can help modern fibre optic systems choose the best fibre parameter
choices and can be used to develop effective dispersion correction strategies for long-
distance communication networks.

In [9], In this study, experimentation and modelling are used to investigate the in-
fluence of nonlinear effects on the WDM-PON system enabling 5G fronthaul. There
are established 25 Gb/s NRZ multi-wavelength systems with a 200-GHz transmis-
sion channel spacing of 25 km SSMF. The experimental results demonstrate that
even when the phase matching criterion is roughly satisfied in the O-band, the sec-
ond channel of the 4-channel example cannot exceed the BER threshold of 1.0 x
103.The findingsindicatethat, whenthesystemreachesthepowerbudgeto f30.9dB.

The number of additional wavelengths greatly increases when the number of wave-
lengths is increased to 4. It demonstrates that when the channel spacing is raised to
400 GHz, the number and powers of new frequencies are decreased in the 4-channel
situation. Because the signals are delivered in situations with high input power, tight
channel spacing, and zero dispersion, the FWM effect is easily observed in studies.
According to the experimental findings, when the transmitted wavelengths are in
the zero-dispersion zone in the O-band, the second channel cannot surpass the BER
threshold of 1.0 x 10%inthe4 — channelsituation.

Additionally, the 12-channel WDM system is simulated, and the results demon-
strate that, in the worst case, only the first and last [55-56] channels in the O-band
may meet the BER criterion when the power budget of 30.9 dB is met.

[10] Cross Phase Modulation (XPM), Stimulated Raman Scattering (SRS), and
Four Wave Mixing are the nonlinearities that develop in WDM systems (FWM).
Moreover, it is discovered that the channel spacing, input power, and dispersion all
affect these nonlinearities. Two strategies to get rid of FWM and SRS effect have
been put forth in this study. Initially, by increasing the input power, the fibre optic
link has been studied. According to the analysis, increasing the input power causes
the FWM impact to rise. However, for long-distance fibre optic links, the transmis-
sion power should be at its maximum. Before going via the fibre link, the circular
polarizers are alternately placed in each transmitter to lessen the FWM effect. The

best distribution of input power is another approach that has been suggested to get
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rid of SRS. By distributing the transmitted power in a random manner, the undesir-
able power tilt caused by the SRS effect is reduced. The software used is OPTSIM
and OPTISYSTEM to conduct the simulation investigations. The simulations were
run for multichannel systems with uniform channel spacing. It was discovered that
the system performance was also enhanced by the optimal power level allocation.
Several modulation approaches are used to lessen the nonlinear impairments [57].
As the system is used over greater distances, the launching power should be increased
in order to achieve high data rates. On the other hand, if the transmission input power
increases, nonlinearities also do [58]. The nonlinear effects like FWM and SRS were
examined and mitigated here for varied input power levels. Circular polarizers also
lessen the FWM effect, and BER analysis is used to determine how much input power
should be used optimally. The transmitted power is distributed at random to reduce
the SRS impact. By changing the input power level, the fibre optic link has been
examined with 8, 32, and 64 channels. According to the analysis, the FWM effect
can be reduced by adding alternate circular polarizers before transmission. When the

input power level is between 0 and 4 dBm, the system performs better.
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Chapter 3

Proposed Model

The goal of this article is to reduce the effect of four-wavelength mixing (FWM) by
incorporating the concept of Linear polarization into WDM systems. It uses Linear
polarization and NRZ modulation to reduce FWM. FWM impact strength is tested for
various input power levels, such as 0 dBm, 10dBm and 20 dBm. An optical spectrum
analyzer is used to analyze the FWM power. BER analyzers examine eye charts, Q
and BER factors to analyze system performance. Fig. 3.1 represents the Transmitter-
Receiver section of the proposed system. Fig. 3.2 represents and illustrates the
concept of the 8/32 RoF-BF configuration incorporating DCF and EDFA to analyze
the FWM effects and thereafter we bring forth in Fig. 3.3, the proposed 8/32 RoF-
BF-Linear Polarizer system which is also shown clearly in parts and with the help of a
block Diagram from Fig. 3.4-3.6 to distinguish the difference in increase in mitigation
of FWM effects and thereby the increase of ) Factor for high data rate transmission

systems.
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Figure 3.1: Transmitter-Receiver Section
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Figure 3.2: Setup of 8/32 RoF-BF System incorporating DCF and EDFA

Figure 3.3: Setup of 8/32 RoF-BF System incorporating Linear Polarizer
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Figure 3.6: Setup of 8/32 RoF-BF System incorporating Linear Polarizer Part 3
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Filter, amplifiers, a transmitter, a transmission medium, and a receiver make up
the system. The Mach-Zehnder Modulator (MZM) and a light source, which produce
continuous wave millimeter wave optical signals that transmit at various wavelengths,
make up the driver circuit of the transmitter seen in Fig. 4(a). The driver circuit has
line coding formats that convert the ON/OFF pulses produced by the PRBS genera-
tor, which has a bit rate of 4 Gbps, into Non-Return to Zero (NRZ) format. The NRZ
coding scheme is used because it is simple to implement and has a small spectrum.
The MZM superimposes this coded information signal onto a high frequency optical
carrier. Long-distance communication is improved when the MZM and Erbium Doped
Fiber Amplifier (EDFA) are used together because the MZM couples more optical out-
put power into an optical fiber, supports faster transmission rates, and offers minimal
chirp and excellent compatibility with the EDFA. A linear polarizer produces a beam
of light whose electric vector is vibrating primarily in one direction with only a small
component vibrating in the direction perpendicular to it thereby reducing the reflec-
tions. To boost system capacity, the WDM combines the modulated optical output
from many laser transmitters operating at various wavelengths. Through Single-Mode
Fiber (SMF), the multiplexed optical signal is transmitted. SMF transmits data at a
high rate and travels farther than Multi-Mode Fiber (MMF), although the transmis-
sion distance is constrained by the dispersion and non-linearities caused by the fiber.
To make up for the loss and dispersion, optical amplifiers and Dispersion Compen-
sating Fiber (DCF) are used in a link. The first amplifier in this link serves as an
in-line amplifier by boosting the incoming signal from a low level to a predetermined
level. The design includes an EDFA because it offers the necessary optical amplifica-
tion with the least amount of extra noise. The DCF receives the amplified signal and
produces equal and opposite dispersion ranging from 70 ps/nm-km to 90 ps/nm-km
to link dispersion, resulting in zero chromatic dispersion. A pre-amplifier needs to be
added before the optical receiver to accommodate the demand for increased receiver
sensitivity and SNR. As a result, the second EDFA serves as a pre-amplifier with high
gain and low noise levels. Bessel Filter must be incorporated into the architecture
of the optical fiber link in order to reduce the fiber nonlinearities caused by the spe-
cific FWM. Bessel filters are used in design because they have characteristics such a

maximum flat group delay, slow cut-off and overshoot, and—most importantly—they
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maintain the wave shape of filtered signals in the pass band, which directly results
in the optimum phase response. The receiver receives the filtered optical signal. The
optical detector, filter, and bit error rate (BER) analyzer make up the receiver in Fig.
3.1. To reduce the noise produced by the link, the Positive Intrinsic Negative (PIN)
photo detector turns the incident optical signal into an electrical signal. This signal
is then filtered with the aid of a Low Pass Bessel Filter. The BER analyzer evaluates
the receiver’s performance in terms of the Eye Diagram and Q-Factor. Three visual-
ization tools—the optical power meter, the WDM analyzer, and the optical spectrum

analyzer—have been used to show the impact of nonlinearity in optical fiber.
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Chapter 4

Simulation Results And Discussion

The simulation result of 8/32 RoF-BF system using NRZ pulse generator along
with DCF and EDFA is analyzed for varying channel spacing and input power. A
long-haul RoF system incorporates an optical Bessel Filter to lessen the non-linear
effect, particularly FWM, because the evaluation of non-linear impairments using the
Non-Linear Schrodinger Equation (NLSE) method requires complex calculations. In
the suggested system, the FWM effect can be diminished by significantly increasing
the channel spacing (50 GHz - 100 GHz) while concurrently lowering the channel
input power (20 dBm to 0 dBm). The following simulation parameters are considered
in order to assess the impact of channel spacing in the proposed RoF system: input
power level (0 dBm), fiber length (100 km), and dispersion (16.75 ps/nm-km). Fig
illustrates the impact of expanding channel spacing and varying input power at the
output. The device uses a Bessel filter to cut down on sideband power produced by
fiber nonlinearity. It is obvious that as channel spacing is increased, less power is
produced at the filter’s output. But because the SNR is determined by Q-Factor,
this power will not lower the SNR. Additionally, Q-Factor is raised, but the 50 GHz
channel spacing yields the best Q Factor results and reduce the sideband power by
-40 dBm.

Now we bring forth the introduction of Linear Polarizer into the link and results
of mitigation of FWM effects has been analyzed by varying channel spacing and input
power. The results of the link has been analyzed by fixing the polarization degree of
each channel at conditions of Zero degree and Forty Five polarization angles.Fig. 4.1-

4.29 depicts the comparison of Q Factors in respective channels when the combination
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Figure 4.1: FWM side band power results using 50 GHZ Channel Spacing and 0dBm
Power

Figure 4.2: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power

of DCF and EDFA is incorporated in the link and when Linear Polarizer is introduced
in the link along with DCF and EDFA.Also we have done an analyzation study of
incorporating Circular Polarizer in the link along with DCF and EDFA and from Fig.
4.27 | it is concluded that the use of Linear polarization gives better reduction in the
power of FWM products while comparing with the use of circular polarization. Here,
FWM is reduced by adjusting the polarization state of the adjacent channels.Fig. 4.14
represents the variation in Q Factors and BER of Linear Polarization at Zero Degree
with the variation of channel spacing and input power and Fig. 4.20 represents the
the variation in QQ Factors and BER of Linear Polarization at Forty Degree with the

variation of channel spacing and input power.
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Figure 4.6: Q Factor results using 75 GHZ Channel Spacing and 0dBm Power
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Figure 4.9: Q Factor results using 100 GHZ Channel Spacing and 0dBm Power

Figure 4.10: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using

0-degree polarization

Dept. of ECE



Simulation And Experimental Investigation of Mitigation of FWM Effects

e
Fres
s

Figure 4.11: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
0-degree polarization

Figure 4.12: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
0-degree polarization

Figure 4.13: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
0-degree polarization
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SPACING 2 - Q FACTOR 4 - Q FACTOR 6 - O FACTOR 8 - Q FACTOR

ODB-50GHZ 71.6867 65.631 59.449 57.3593
10DB-50GHZ 33.561 0 29.9843 0 22.6729 0 19.2585 0
20DB-50GHZ 1.99561 1.24E-02 1.97801 1.28E-02 1.82561 1.88E-02 1.31698 5.20E-02

0DB-75GHZ 15.7133 4.06E-56 3.48561 0.000184678

ODB-100GHZ 15.5865 2.97E-55 2.03236 0.0210567

Figure 4.14: Tabular representation of results for zero degree polarization

0 Degree linear polarizer-50GHz
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m channel 2 TL6E7 33.56 15995
m channel 4 65.63 25,984 197
m channel 6 55.445 22,678 182
channel 8 57.35 18.255 131

Power in dBm

Figure 4.15: Bar Graph Representation of Q Factor using 0-degree polarization

Figure 4.16: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
45-degree polarization
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Figure 4.17: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
45-degree polarization

Figure 4.18: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
45-degree polarization

Figure 4.19: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
45-degree polarization9
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SPACING 2 - Q FACTOR 4 - Q FACTOR 6 - Q FACTOR 8 - O FACTOR

0DB-50GHZ
10DB-50GHZ

20DB-50GHZ

0DB-75GHZ

0DB-100GHZ

77.696 70.1061 69.1312

54.4714 0 51.8651 0 44.4392 0
6.78764 3.64E-12 6.77132 4.03E-12 5.39981 2.18E-08
19.3768 4.03E-84 1.99514 0.0188735 0 0
19.5115 2.92E-85 2.30758 0.0084307 0 0

61.275
43.1422 0
3.88359 3.03E-05
0 0
0 0

Figure 4.20: Tabular representation of results for Forty Five degree polarization
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Figure 4.21: Bar Graph Representation of Q Factor using 45-degree polarization
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Figure 4.23: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
circular polarization
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Figure 4.24: Q) Factor results using 50 GHZ Channel Spacing and 0dBm Power using
circular polarization
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Figure 4.25: Q Factor results using 50 GHZ Channel Spacing and 0dBm Power using
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Figure 4.29: FWM SBP using 50 GHZ Channel Spacing and 0dBm Power using Zero-
degree polarization

Dept. of ECE 26



Chapter 5

Conclusion

Using the optisystem Version 20 simulator, a thorough and in-depth examination
of significant contributing parameters was conducted to determine how these char-
acteristics affect FWM.Analysis was done by 2 different methods in both (I) 8/32
RoF-DCF and EDFA incorporated system and (II) 8/32 RoF-BF DCF and EDFA-
Linear/Circular Polarizer incorporated system:

-Varying channel spacing of various CW laser source (50 GHZ - 100 GHZ) -Varying
transmitter power of signal source

Keeping the number of input channels to eight with a simultaneous reduction in
channel input power (20 dBm to 0 dBm) in the proposed DCF and EDFA incorporated
system. We can see that the simulated results for the system with the aforementioned
requirements concludes that a real trade-off needs to be made to reduce FWM as much
as possible. The 8/32 RoF-BF DCFA and EDFA system’s viability has been examined
and proven in this study. The operation of channel spacing, power level, and channel
count has been examined to determine how well the system performs. Based on the
findings, it has been found that the FWM effect diminishes as the channel spacing
and signal source power are at 50GHZ and 0dBm respectively. According to the
simulation results, keeping the channel spacing at 50 GHz and the input power level
for the 8-channel system at 0 dBm will lessen the effects of the FWM effect.Bessel
filter integration results in a significant reduction of the FWM sideband power by
-40 dBm for system incorporated with DCF and EDFA for 50 GHZ Channel spacing.
At the same time we can also see that Q Factor level rises to 46.34 for the same

whereas for 75 GHZ and 100 GHZ channel spacing the Q Factor falls to 33.02 26.32
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respectively.

Thereby when the system is additionally intergrated with Linear Polarizer and
Circular Polarizer respectively it is noticed that with the channel spacing at 50 GHz
and the input power level for the 8-channel system at 0 dBm will lessen the effects
of the FWM sideband power. We can observe that the Linear polarizer at Zero
Degree when incorporated in addition to DCF and EDFA 8/32 RoF-BF System and
by consequently simulating by increasing the channel spacing and increasing the input
power along with NRZ modulation, the FWM sideband power reduces by -90dBm for
polarization at zero degree and -100dBm for polarization at forty five degree which is
double the leap from the 8/32 RoF-BF system when incorporated with just DCF and
EDFA.

We have also done an additional analyzation replacing the Linear Polarizer with
Circular Polarizer and we can observe that the () Factor ranges form 68 to 57 when
compared to Q Factor range from 77 to 61 of Linear Polarizer with 45 degree polar-
ization form and Q Factor range from 71 to 57 with zero degree polarization from
which we can infer that Linear Polarization when incorporated in optical link performs
better than circular polarization.

From all the different parameters and mitigation schemes analyses we have done
throughout the simulation we can conclude that the Linear Polarizer incorporated
system performa better than DCF and EDFA incorporated system as well as DCF
and EDFA along with circular polarizer incorporated system at 50 GHZ channel

spacing and 0dBm power.
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Chapter 6

Future Scope

RoF-Bessel filter and Linear Polarizer integration results in a significant reduction
of the FWM sideband power by -100 dBm. Additionally, the current research might
help us comprehend non-linear effects in the RoF system better. When deploying the
RoF system in future transport networks, the proposed system can be expanded to
use adaptive modulation formats by utilizing external modulation. Also by Increasing
the number of channels and incorporating DWDM system, we can contribute to in-
creased availability to users maintaining effective data transmission rate and receiver

sensitivity with least distortion in a cost effective way.
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