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ABSTRACT

A communication system in which light is used to carry a stream of information is called
Optical Communication System. A modern optical communication system consists of optical
fiber, optical amplifier, switches, laser and different advanced technologies for setup a
communication link. In this dissertation most of the work focuses on the performance
analysis of fiber optical communication system and wireless optical communication system.
Over long transmission distances, the use of an erbium-doped fiber amplifier (EDFA) reduces
attenuation in the information signal. Non-linearities in the fiber cause dispersion. Some
common techniques for reducing dispersion effects in fiber-optic communications are
dispersion compensated fiber (DCF) and fiber Bragg gratings (FBG). The research nowadays
focuses more on less complex system with higher achievable data rates and optical wireless
communications (OWC) is a viable alternative for both inside and outside high-speed
wireless access. These laser-based systems provide a low-cost framework link with high data
rates (up to 10 Gbit/s) and could be a solution to the high bandwidth constraint.

The first part research work of this dissertation describes different types of DCF techniques
using cascaded uniform and chirped FBGs. The proposed models are composed of four
consecutive uniform FBGs connected to the transmitter. The transmitter is modulating the
amplitude of signal and the use of DCF with cascaded FBG enhances the overall system
performance. No matter how much dispersion is reduced but the fibre optical communication
has issues of complexity, high cost of implementation and prone to cable damage
(interference) while implementing them physically. So, the next part of the project focuses on
wireless optical communications like OWC channel which can reduce the issues of fibre

optic communications. OWC system under environment choppiness is implemented using a



wavelength division multiplexing (WDM) method. WDM is employed to increase signal
strength using optical amplifiers, resulting in a better signal to noise ratio at the receiver. A
WDM OWC system based on hybrid optical amplifier configurations is suggested, which

offers a viable option for low-cost and high-efficiency systems.

The simulation is done on Opti system 7.0 software. The software is used to compare the
results of DCF technology for pre, post, and balanced fibre arrangement with and without
cascaded FBGs at a rate of 10 Gbps on a 120 km SMF and to enhance the Q—factor and

reduce the BER of WDM OWC system under rain and dust.

The benefits of high Q-factor and less BER achieved using OWC are further experimented by
using modulation techniques like amplitude shift keying (ASK) and physical shift keying
(PSK). This also removes complexity of using free space optics (FSO) in the channel. EDFA
amplifiers are also used and a comparison study is conducted to determine which modulation
technique is more effective for communication. This part of the research examines the
performance of an OWC system based on ASK and PSK modulation techniques by varying
OWC parameters under various atmospheric conditions such as rain, mist, haze, and snow.

Finally, the simulation results are discussed and analysed.
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CHAPTER-1

INTRODUCTION

The development of the global telephone network in the 20th century has led to many
developments in communication systems. Use coaxial cables instead of corrugated cables
for high performance. The first coaxial cable connector, used in 1940, was a 3 MHz system
capable of carrying 300 audio channels (or a single television channel). The bandwidth of

these systems is limited by cable loss which increases at frequencies above 10 MHz

These constraints prompted the creation of microwave communications that use wave
power at frequencies between 1 and 10 GHz. In 1950, scientists rediscovered optics to
provide solutions to improve communication skills. Optical fibre was invented in the 1960s
and has been used to make gastroscopes and other devices that require fibre shortening. The
concept of using glass fibre for optical communication is changing as optical fibre can carry
light in the same way as trapping electrons in copper wire. Therefore, the fibres can be used

in the same way that they are used every day for like electric wires.

Performance of any optical communication system can become better by removing the
dispersion from it. The consequence of chromatic dispersion over the execution of an optical
fibre system is called inter-symbol interference (ISI). In ISI, pulse spreading takes place, due
to which pulses at the output overlap with each other [1]. To reduce the dispersion, dispersion
compensation techniques are adopted. Some trending techniques are dispersion compensating
fibres (DCF) and Fibre Bragg gratings (FBG) [1]. DCF is used to compensate the dispersion
loss caused by single-mode fibre (SMF). Moreover, DCF also attains negative dispersion that

makes it special kind of fibre.



Depending on the location of the SMF and DCF, three compensation configurations are
available: Pre-DCF, Post-DCF, and Balanced DCF. In pre-DCF, DCF is activated before
SMF. For post DCF, DCF is switched after SMF, and for balanced DCF, DCF is activated

before and after SMF.

Another Versatile approach for dispersion compensation is Fibre Bragg grating (FBG) [2]. It
is @ miniature piece of optical fibre. It has a small refractive index in its core. For a uniform
FBG, the spacing of these indices is equal, while for a chirped FBG (CFBG), the spacing of
these indices is not equal. Uniform FBG also reflects one wavelength of given bandwidth,
AL, and allows to pass all other wavelengths [2]. The wavelength which gets reflected is
called as Bragg wavelength. Chirped FBGs reflect more wavelengths unequally from

different places of the core due to which it reduces dispersion.

In this paper, dispersion compensation schemes are studied using four uniform cascaded
FBGs at the transmitter side. Transmitter and receiver are connected with three different
schemes of DCF. CFGBs are used at the output to compensate the accumulated dispersion
over the fibre. Comparative results are presented with and without cascaded FBGs. The
analysis of the model is in respect of bit error rate and quality(Q)-factor. Wavelength range of
cascaded FBGs are changed according to the user defined parameters. Results are shown for
193 THz range of frequency. Gain of erbium-doped fibre amplifier (EDFA) is 20 dB with
noise figure (NF) of 2 dB. The bit rate of the system is set at 10 Gbps. The length of SMF is
taken as 120 km and length of DCF is 24 km. The parameter for dispersion in SMF is 16.75
ps/nm/km and parameter for dispersion in DCF is -80 ps/nm/km. Principle of dispersion
compensation is shown in figure 1.1, this presents that the addition of positive and negative

dispersion decreases the overall impact of dispersion in the system [1].



SMF(positive
dispersion)

Zero \

DCF{negative
dispersion)

Figure 1.1: Principle of dispersion compensation fibre

This research work is organized into different chapters. Chapter 2 discusses the dispersion
compensation techniques. Chapter 3 shows the simulated models of different techniques of
DCF with and without using Cascaded FBGs. Comparative simulation results are shown in

different plots in chapter 4.

On the other hand, optical wireless communication (OWC) is a telecommunications and
computer networking technique that enables a free-space line of sight (LOS) path to transmit
information between two points [15]. The OWC is based on optical communication,
however, unlike an optical fibre cable or an optical transmission line, it does not use solids as
a transmission medium. When a physical connection is not conceivable due to cost or other
factors, OWC is generally used [16]. Since this technique enables atmosphere as a form of
media of transmission, it is inherently wvulnerable to atmospheric phenomena. These
interruptions will have a substantial effect on OWC transmission performance. The
turbulence in the surrounding environment will cause a rapid fluctuation in received power,

lowering the system'’s quality.



Furthermore, the interruption due to beam of laser will disrupt the transmission intensity in

communication, which can be enhanced by the use of an amplifier [17].

Free space optical (FSO) communication is becoming more popular as the demand for high-
speed communication systems grows. Optical wireless communication uses lasers as a carrier
signal to provide ultra-high-speed and large-capacity communication. Optical wireless
communication is prioritized over radio frequency (RF) communication. because it has a
narrower beamwidth through the use of lasers, as well as many other advantages such as
decreasing the size of the antenna, lowering the power used for the communication system,

and providing a higher data rate.

The elements that result in signal attenuation are minimized by utilizing various novel
approaches as OWC is a fastest growing field, because of its vast range of applications.
Wavelength division multiplexing (WDM) deployment is one example of such a strategy.
Optical amplifiers are another option. Combining both of these strategies can be beneficial to
the OWC system [22]. According to the International Electrotechnical Commission Standard
[27], eye safety regulations limit the maximum permissible emitted power at the transmitter
(e.g., below 10 dBm for 1550 nm). Therefore, when using the OWC channel, the transmitted
power is set to 9dBm. Using the suggested model, we expand our work in to examine OWC

channel under dust storm and rainy weather conditions.

Under dusty and wet weather circumstances, this paper compares two systems that differ in
the configuration (config.) of optical amplifiers in WDM systems. Chapter 7 includes the
analysis of WDM OWC system under dusty and rainy weather conditions. Chapter 8 includes
the simulation models using optical amplifiers for the attenuation and visibility range for dust

and yearly rainy weather condition of Jaipur city.



Chapter 9 contains the research findings and discussion.

For many years, optical fibers have been used to meet this demand. However, one
disadvantage of these fibers is that they are not suitable for deployment in remote areas,
which increases the system's cost. Previously, free-space optics (FSO) appeared to be the
most efficient option in various weather turbulence. The research should be focused on more
robust technology that can work effectively in choppy environments, and optical wireless

communication (OWC) can be proven to be a viable option in this regard.

Excess gain of up to 40 to 50 dB with a low noise figure of 3-5 dB is among the benefits of
EDFA. The pump power of this inline amplifier is high, and the gain stability is good. EDFA
has low crosstalk in addition to high gain characteristics. The use of EDFA amplifiers in a
hybrid configuration can significantly improve system performance [33]. The third research
work will examine the OWC channel in the rain, fog, mist, haze, and snow weather

conditions using the proposed model.

The system architecture for ASK and PSK modulation techniques is covered in chapter 10.
The simulation setup for ASK and PSK modulated OWC design using a hybrid configuration
of optical amplifiers (HOAS) is included in chapter 11. Furthermore, with reference to
previous research, a comparative analysis is presented under various weather conditions. The
conclusion of the research work is covered in chapter 12. Chapter 13 covers the research

work's conclusion.



CHAPTER-2

LITERATURE REVIEW

Different research papers are studied on dispersion compensation fibres, fibre Bragg gratings,
FSO under dust, visibility range in different weathers, WDM FSO using optical amplifiers.
Many researchers have designed models to reduce the dispersion from the transmitted signal
through fibre optic. This chapter includes the literature review of all the research papers that
are useful in reducing the dispersion from the transmitted signal, to design a free space
communication system using OWC channel, and to enhance the signal quality while using

modulation techniques using OWC channel approach in environmental conditions.

1. First, in research data, using DCF and FBG as the scattering charge method can
improve the system's overall performance. In this article, DCF and FBG, which
are dispersion compensators, were compared by comparing the Q factor and 100
Gbps BER of SMF at 120 km using Opti system 7.0 software. Therefore, we
recommend using DCF as the best way for compensating for chromatic dispersion
in pre-compensation mode [1].

2. In the second study, cascaded fibre Bragg grating (FBG) are introduced to
decrease the dispersion of optical signals in a single type of optical fibre. This in
turn improves performance, as observed by a slight error rate (BER) and a positive
factor (Q factor). The design consists of four equal parts of FBG connected to the
transmitter to receive the narrow linewidth (AA) of the optical signal, that is the
main delay. Optisystem7 makes it possible to simulate a prototype in a WDM

system with or without a prototype over a distance of 200 km.



The criteria that did not show a 12% improvement in performance were examined,
including visual imaging, Q factor, and BER [2].

. Optical signals are distorted as they travel along with a fibre optic transmission
system. This is one of the most critical issues in fibre optic transmission, usually
due to dispersion. In a third research paper, the wavelength division multiplexing
(WDM) method was used to apply the DCF. At different frequencies, this WDM
system identifies with and without DCF. The DCF's performance is verified by
simulating the results of parameters such as quality, eye shape, and BER [3].

. The fourth study presents the use of DCF in DWDM transmission mode and the
transfer of light emission energy. A standard DWDM with 200 GHz channel
spacing, 300 km optical transmission length and 16 channels of an erbium-doped
fibre amplifier (EDFA) was used in the Opti system. Contrasting to functions is
consistent with bit rate (BER), Q factor, and gain power for optical power
conversion from -4, -2, 0, 2, 4, 6, 8. and 10 dBm at 10. Gbps and 40 Gbps bit rate.
The results showed that the 16 channels with DCF at bit rates of 10 Gbps and 40
Gbps in total reduced cracking. The release of optical power had a major impact
on the performance of high bit rates [4].

. At wavelengths near to Bragg resonance, fibre arrays operating in transmission
mode will offer considerable dispersion. The net dispersion of the stopbands of
two subsequent networks is considerably affected when numerous networks are
cascaded for a Wavelength Division Multiplexing (WDM) application. In the fifth
study, the distribution of fibre networks is discussed step by step, and apply a
classification for the simultaneous payment of the dispersion and dispersion group

(GVD) for several methods of experiment in the WDM optical wave system.



We also discuss the advantages of the differences that result from the cascade
gate-based add-loss multiplexers [5].

. A traveling-wave semiconductor optical amplifier is a useful device for
eliminating the effect of fog on free-space optical communication links. With the
presence of this efficient device, multiple TX/RX system architectures are capable
of improving performance under fog atmospheric effect by ensuring higher
received power and lower bit error rate. The study employs a simulation tool Opti
system 7 to implement the architecture of a multiple TX/RX system with a
traveling wave semiconductor optical amplifier under fog atmospheric conditions
[15].

. The aerial FSO communication system has been thoroughly discussed, from its
fundamentals to error performance using OOK, PPM modulation schemes. The
atmospheric channel's properties have also been illustrated in terms of
transmission loss and scintillation [16].

Due to the multiple benefits, it provides, FSO is advancing in a variety of fields.
Several parameters have been enhanced, and steps are being taken to make the
system more cost effective as well as effective. The system, which consists of a
hybrid combination of amplifiers, EDFA and SOA, has achieved a data rate of 2.5
Gbps. The proposed WDM FSO system based on hybrid optical amplifiers has
been a cost-effective and efficient system [18].

. The OWC is described and its system performance is characterised in work [17].
Atmospheric effects (attenuation and turbulence), channel models, and
connectivity performance parameters such as bit error rate (BER) and path loss in

weak turbulence were also investigated and discussed.



10.

11.

12.

The OWC system has been designed and simulated for performance
characterization with Subang terrestrial.

To predict signal attenuation, a dust storm effect based on a recent empirical
model is proposed. The results show that a dust storm has a significant impact on
system performance, particularly when there is dense dust and the possibility of
maintaining a connection is lost. According to this study, an FSO could play a key
role in the next generation of wireless networks, which could span hundreds of
metres [19].

Because FSO performance can degrade due to adverse weather conditions, efforts
are made to achieve peak performance. Using optical amplifiers is one such
technique. Optical amplifiers not only improve SNR but also extend the system's
range [22].

In research paper [35], A new approach for evaluating the behaviour of an ASK
and PSK modulation-based FSO system using a coupler-based delay line filter
under different climatic conditions has been presented, with a high Q-factor and

BER close to 0.



CHAPTER-3

DISPERSION COMPENSATION TECHNIQUES

This chapter describes the mathematical distribution of dispersion compensation fibre (DCF)
and fibre Bragg gratings (FBG). Additionally, various DCF configurations (such as pre, post,
and balanced) are also discussed here.

3.1: MATHEMATICAL ANALYSIS FOR DCF AND FBG

The generally used fibre for transmission links is common single mode fibre (CSMF). CSMF
has a dispersion of 17 ps/nm/km in 1550 nm window [2]. For longer distance of transmission,
this dispersion becomes immense due to which it reduces the signal to noise ratio and
simultaneously increases bit error rate. So, the main objective with DCF is to induce the
negative dispersion in the working range of wavelengths [1]. Induced negative dispersion

compensates the positive dispersion and quality of signal improves.

The relationship of dispersion with the second derivative of propagation constant (f) is

shown in equation (3.1.1) [1].

D= —2mc d?p _1 (2% + wdzne) (3.1.1)

A2 dw? ¢ dw dw?

Where, ¢, 1, w and n, represents the speed of light in vacuum, wavelength, frequency and

index(effective) respectively.

Equation (2) is defining the constant of propagation-

B = kone = %ne = ZTHne (312)

Effective index number can be defined as-

10



n, = An, +n, (3.1.3)

Where, An, is representing difference of effective index and

n, is representing cladding’s refractive index.

Now, equation (4) is defining the dispersion as-

D = 2ol folne | 2ned koo (3.1.4)
= Dwaveguide + Dmateriai

The equation (5) given below is showing the elimination of dispersion [1].

DrrLrr + DpcrLlpcr = 0 (3.1.5)

Where, D, is coefficient of dispersion for transmission fibre, L, is representing the length

of transmission fibre, D is coefficient of dispersion of DCF and L is the length of DCF.

Another discussed technique for dispersion compensation is FBG. These are very flexible in
use. FBG can perform single as well as multichannel DCM which are not practical with DCF
[1]. FBG has a grid period defined as the distance between two vertices of the refractive
index. Narrow spectrum of wavelength Az is mirrored by FBGs, while it passes all other

wavelengths. Mirrored wavelength is Bragg wavelength shown in equation (6)-
Ap = 2An, (3.1.6)

Where, Az is denoting the wavelength(nm) which got reflected, A is representing the grating

period (nm) and n, is the refractive index (effective).

3.2: DIFFERENT CONFIGURATIONS OF DCF

11



There are mainly three configurations of DCF techniques which are described below as:

3.2.1: PRE-DCF TECHNIQUE

In the pre-DCF technique, the DCF fibre is positioned in front of single-mode fibre
(SMF)and then the information is transmitted. Due to this placement, the dispersion of the

signal gets reduced. The block illustration of this technique is given in the Figure 3.2.1

DCF —»D— SMF 4>D_. RECEIVER
» «

s
A

TRANSMITTER

h 4

OPTICAL AMPLIFIERS

Figure 3.2.1: Pre-DCF technique configuration

3.2.2: POST-DCF TECHNIQUE

In the post-DCF technique, the DCF fibre is placed after the single-mode fibre (SMF)and
then the information is transmitted. Due to this placement, dispersion of the signal gets
reduced but it is not less as compared to the pre-DCF technique. The block illustration of

this technique is given in figure 3.2.2.

TRANSMITTER

h 4

r
s

SMF A’D_ DCF 4>D_. RECEIVER
" <

OPTICAL AMPLIFIERS

Figure 3.2.2: Post-DCF technique configuration

3.2.3: BALANCED-DCF TECHNIQUE
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In the balanced-DCF technique, DCF fibre is placed on both the sides of SMF or pre-DCF
and post-DCF are combined together. Due to this technique, the dispersion of the signal gets
reduced more than the single pre-DCF and post-DCF technique. The block illustration of this

technique is given in the figure 3.2.3.

DCE ‘ :_ SMEF ‘ > " DCF .‘ > — SMF |
% x
OPTICAL AMPLIFIERS
RECEIVER 4—q‘

Figure 3.2.3: Balanced-DCF technique configuration

TRANSMITTER

h

Equations 3.1.1 to 3.1.6 are covering the mathematical analysis of DCF and FBG in section
3.1. Different configurations of DCF and their block illustration are presented in section 3.2.
3.3. CIRCUIT MODELS AND SIMULATION

First released in 2000, Opti System is a fast and robust new software development
tool. Users may plan, test, and replicate their ideas with this tool. as many visual
combinations of processes as possible. As the discussion progresses, so do
software development tools. In fact, Opti wave recently added new technologies
that streamline communication and device control. These add-ons allow users to
run experiments remotely and use Opti System’s extensive library of visual aids
and photonic devices to create objects lost in their experimental setup, thereby
eliminating the need for users to use materials. essential. Users can also modify the

experience with simulation results during design.
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Opti System’s simulated environment has found a niche in education and training,
giving these schools the opportunity to study optical network without the need for
luxuries. This is particularly useful for teaching students about optical
connectivity and for introducing new network professionals to various network
design systems supported by Opti System. Opti System’s wide selection of
applications means that each of its users can hone their skills in a variety of

optical configurations, resulting in better workforce planning.

This chapter discusses the simulation models performed on Opti system 7.0. The
configurations of DCF which have been discussed in chapter 3 are shown here

with cascaded FBGs and without cascaded FBGs.

3.3.1: OPTI SYSTEM 7.0

In an industry where cost-effectiveness and efficiency are critical to success, the award-
winning Opti system can reduce the time and cost of developing optical systems, connections
and components [9].

Opti System is a cutting-edge, quickly expanding, and a robust software development tool
that allows users to plan, test, and simulate software virtually any kind of optical connection
in the stratum of transmission of a diverse range of optical networks, including LAN, SAN,
MAN, and ultra-long-haul. From the component level, it enables optical communication
system design and planning to the levels simultaneously, as well as visual analysis and
scenarios [9].

3.3.2: SIMULATIONS

The proposed models of DCF technique are of three types based on the placement of DCF

with reference to SMF. These are discussed as pre-DCF, post-DCF and balanced-DCF.
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Based on these three discussed techniques, three circuit models are simulated Figure 4.2.1 is

representing the simulation models for different compensation techniques.

(©)

Figure 3.3.2.1. Simulation of: (a) pre-DCF model, (b) post-DCF model (c) balanced-DCF
model.

The transmitter part of the system contains pseudo-random bit sequence generator (PRBS),
CW laser of 1550nm wavelength, Mach Zehnder modulator (MZM) and non-return-to zero
(NRZ) pulse generator. The signal is sent at bit rate of 10 Gbps. The course of the channel
consists of SMF of length 120km, DCF of length 24 km and EDFA amplifiers of gain 20 dB.
Channel path is connected with the loop control having no. of loops equal to 1, which means

signal is getting amplified one time.
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Position of DCF is changed with respect to SMF so that all three (pre, post and balanced)

techniques of dispersion compensation can be verified.

Receiver section of the system consists of PIN photodetector to transform the optical signal
of light into electrical signal. It is further connected with low pass Bessel filter and bit error

analyser to obtain the Q-factor and BER of the signal respectively.

Figure 4.2.2. is representing the simulation models of amplitude modulated signal for

different compensation techniques.

(a) (b)

Oscibosoope Visusicer 1

(©

Figure 3.3.2.2. Simulation of amplitude modulation system: (a) pre-DCF technique, (b)
post-DCF technique (c) balanced-DCF technique.
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The transmitter part of the system contains a pseudo-random bit sequence generator (PRBS),
CW laser of 1550nm wavelength, amplitude modulator (AM), and non-return-to-zero (NRZ)
pulse generator. The position of DCF is changed with respect to SMF so that all three
techniques of dispersion compensation can be verified. The receiver section of the system
consists of a PIN photodetector to transform the optical signal of light into an electrical

signal. The specifications used for simulation are shown in Table 3.3.2.1.

Table 3.3.2.1: Simulation specifications

Sr. Parameters Value
No.

1. System bit rate (Gbps) 10

2. Frequency (THz) 193.1
3. Length of DCF fiber(km) 24

4, Length of fiber (km) 120

5% DCF attenuation (dB/km) 0.3

6. Fiber attenuation (dB/km) 0.2

7. DCF dispersion(ps/nm/km) -80

8. SMF dispersion(ps/nm/km) 16.75

DCF circuit simulations, shown in Figure 3.3.2.1 and 3.3.2.2. are further analysed by
introducing cascaded FBGs in each of the three techniques of it. To implement this concept,
four cascaded uniform FBGs are connected after MZM of the transmitter part. The
wavelength of FBGs and CW laser are matched. Signal is then transmitted to the channel path

via loop control.

At the yield of channel path, chirped FBG is connected which is used to eliminate the
dispersion existing in the signal. Then the signal travels through the PIN photodetector, low
pass Bessel filter and finally observed at BER analyser. Figure 3.3.2.3. is showing simulation

models of pre, post and balanced techniques of DCF with cascaded FBG.
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Figure 3.3.2.3. Simulation of: (a) pre-DCF model with cascaded FBGs, (b) post-DCF
model with cascaded FBGs, (¢) balanced-DCF model with cascaded FBGs

Figure 3.3.2.4. is showing simulation models of pre, post, and balanced techniques of DCF
with cascaded FBGs for the amplitude modulated signal.

(@ (b)
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Figure 3.3.2.4. Simulation of amplitude modulated: (a) pre-DCF model with cascaded
FBGs, (b) post-DCF model with cascaded FBGs, (c) balanced-DCF model with cascaded
FBGs.

Simulation of different dispersion reducing models with the help of DCF and FBGs are
presented. Specific parameters decided during simulation are given in Table 3.3.2.1. Different
configurations of DCF (pre, post and balanced) are combined with cascaded FBGs as shown
in Figure 3.3.2.3 and 3.3.2.4. The simulation software tool i.e., Opti-system 7.0 is easy to use
and readily available on internet.

3.4: DISPERSION COMPENSATION MODEL WITH WDM

WDM systems are popular among telecommunications firms. It increases network capacity
without installing extra fibre. Using distinct wavelengths of laser light, the WDM technology
in optical communication carries multiple optical carrier messages on a single fibre. The
WDM technology achieves bidirectional communication over a single standard fibre with
improved capacity. The advantages of WDM include increased capacity, transparency,
wavelength reuse, scalability, and dependability.

A basic WDM system consists of a transmitter and a receiving end. At the transmitter end, a
number of multiplexers are mounted, each of which multiplexes multiple optical signals onto

a single fibre.
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To disperse the signal to various users, demultiplexers are inserted at the receiver end. At the
receiver, an electrical signal is created by converting an optical signal. via a photo detector.

Resulting signal is then distributed to a large number of consumers.

The aforementioned simulation model presents three different compensation schemes that can
be implemented using cascaded FBGs. In order to make the system effective for different
users at the same time, a wavelength division multiplexer (WDM) and a demultiplexer are

required. WDM is easy to implement and also provides higher signal bandwidth.

Different signals of different wavelengths (193 THz range) are multiplexed together and then
transmitted through optical links. Due to the different wavelengths, unnecessary signal
mixing is avoided, and a demultiplexer is used to distinguish between signals and send them
to the appropriate recipients. Figure 3.4.1. shows the system model of WDM multiplexer and

demultiplexer with multi-user cascaded FBG and DCF.

Transmitter Cocaded | | Recener-1
! me |
. \ =

Transmitter- (ascaded 3 5 e y Recemer-2
2 FBGs SE - 3

Transmitter- Cacaded | -"‘"Hf \\“* Recerver-3
1 FBGs

Figure 3.4.1. Cascaded FBG and DCF model with WDMs for multiple users.
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Cascaded FBG and dispersion compensation model is shown in Figure 3.4.1. This model
comprises WDM so that different transmitters or users can send different wavelengths
through a single channel. This model has been simulated with all the mentioned
configurations of DCF in section 3.3 and the results of these simulations are presented in next
section 3.4.

3.5: OUTCOME AND DISCUSSION

This chapter displays the outcomes of simulation models that are presented in section 3.3 and

section 3.4. Comparative plots are made for different configurations of DCF with cascaded
FBGGs and without cascaded FBGs.

Comparative results are presented for each technique of DCF system shown in Figure 3.5.1.
and Figure 3.5.2. at different frequencies. Figure 3.5.1. is showing the comparative Q-factor
plot obtained at different frequencies for pre, post and balanced DCF techniques with and

without use of cascaded FBGs.
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Figure 3.5.1. Comparative Q-factor plot of: (a) pre-DCF model with and without using
cascaded FBGs, (b) post- DCF model with and without using cascaded FBGs, (c)
balanced-DCF model with and without using cascaded FBGs.

The simulation of pre, post and balanced DCF models shown in Figure 3.3.2.1. are observed
at different frequency range of 193 THz. By changing the frequency, slight changes are
observed in quality(Q)-factor and bit error rate (BER) of received signal. Similarly, the
simulation of pre, post and balanced DCF with cascaded FBG models shown in Figure
3.3.2.3. are also observed at different frequency range of 193 THz. Frequencies of cascaded
uniform FBGs and the chirped FBG connected at the yield are changed simultaneously to
match with the wavelength of CW laser. Average Q-factor and average BER are then
computed for three dissimilar frequencies and based on that, pre, post and balanced
compensation techniques of DCF model with and without cascaded FBG are differentiated.
The Table 3.5.1 is showing the average Q-factor of DCF techniques with and without using

cascaded FBGs.

Table 3.5.1: Observation table for Average Q-factor of DCF techniques with and
without cascaded FBGs.

Sr. Technique Average Q-factor Average Q-factor with | Percentage

No. Cascaded FBGs improvement
(%)

1. Pre-DCF 14.34 18.011 25.59

2. Post DCF 26.581 35.987 35.38

3. Balanced DCF | 14.256 17.517 22.87
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Figure 3.5.2 is showing the comparative logarithmic plot of BER observed at BER analyser

for pre, post and balanced DCF technique with and without cascaded FBGs.
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Figure 3.5.2: Comparative bit error plot of: (a) pre-DCF model with and without using
cascaded FBGs, (b) post-DCF model with and without using cascaded FBGs, (c)
balanced-DCF model with and without using cascaded FBGs.

Average bit error rate is taken for three frequencies in 193 THz range and based on that, pre,
post and balanced compensation techniques of DCF model with and without cascaded FBGs
are differentiated. The Table 3.5.2 is showing the observations of the BER of DCF techniques

with and without cascaded FBGs.
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Table 3.5.2: Observation table for average BER (logarithmic) of DCF techniques with
and without cascaded FBGs.

Sr. No. Technique Average BER | Average BER (dB) with | Percentage
(dB) Cascaded FBGs improvement (%)
1. Pre-DCF -45.435 -71.707 57.69
2. Post DCF -14.248 -26.623 86.85
8 Balanced DCF | -45.219 -69.325 53.30

As it is evidenced from the Figure 3.5.1. that by introducing a set of cascaded FBGs at the
transmitter part, Q-factor of the signal is increased which means there is lower rate of energy
loss in the message signal. From Figure 3.5.2, it has been noticed that cascaded FBGs have
reduced the bit errors in the signal which means the transmitted bits have not been altered due
to noise or distortion. Among all the DCF techniques, the highest percentage change in
performance of cascaded FBGs is observed with post-DCF technique. This technique is then
studied with WDM mux and de-mux for three different users which mainly is useful for
multiple applications. The best Q-factor is obtained at 2.5 Gbps. The Figure 3.5.3 presents the

plot of Q-factor with and without cascaded FBGs with WDM.

Plot of Q-factor at 2.5 Gbps
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Figure 3.5.3. Q-factor of cascaded FBGs with WDM mux and de-mux for three users.
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From Figure 3.5.3 it is observed that post-DCF model provides improved Q-factor for three
different users in presence of cascaded FBGs with WDM mux and de-mux. Figure 3.5.4 is

showing the eye diagrams for three different users.
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Figure 3.5.4. Eye diagrams of cascaded FBGs and DCF with WDMs for: (a) user-1 at
193.1 THz of wavelength, (b) user-2 at 193.2 THz of wavelength, (c) user-3 at 193.3 THz
of wavelength

Figure 3.5.5 is representing the coding and decoding in the post-DCF with cascaded FBG
model and WDM at the transmitter and receiver side respectively. These are seen with the
help of oscilloscope visualizer connected at transmitter and receiver side. It has been
observed that the obtained time span is same at both the sides, so the correct information is

retrieved without dispersion.
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Figure 3.5.5. Post-DCF with cascaded FBG and WDM model: (a) coding at transmitter,
(b) decoding at receiver.
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The Opti system simulation for reducing dispersion has been implemented successfully. This
chapter presented different comparative plots among DCF configurations with cascaded
FBGs and without cascaded FBGs. The results are taken relating to Q-factor and bit error rate
(BER) and eye-stature. The wider the eye is opened the better is the amount of information
received. Oscilloscope visualisers are connected to the system to show the coding and
decoding at the transmitter and receiver.

Comparative results are presented for each technique of the DCF system with amplitude
modulated signal shown in Figure 3.3.2.2. and Figure 3.3.2.4. at 1550 nm wavelength. Figure
3.5.6 is showing the comparative Q-factor plot obtained at 1550 nm wavelength for pre, post,

and balanced DCF techniques with and without the use of cascaded FBGs.
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Figure 3.5.6. Comparative Q-factor plot of pre, post and balanced-DCF model with and
without using cascaded FBGs.

The simulation of pre, post, and balanced DCF models shown in Figure 3.3.2.3 are observed

at 1550 nm of wavelength.
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By changing the frequency, slight changes are observed in the quality factor and bit error rate

of the received signal. Similarly, the simulation of pre, post, and balanced DCF with cascaded

FBG models shown in Figure 3.3.2.4 are also observed at a 1550 nm wavelength.

Frequencies of cascaded uniform FBGs and the chirped FBG connected at the yield are

changed simultaneously to match with the wavelength of the CW laser.

The quality factor and bit error rate are observed on bit error analyser and based on that, pre,

post, and balanced compensation techniques of DCF model with and without cascaded FBG

are differentiated.

Table 3.5.3 is showing the Q-factor of DCF techniques with and without using cascaded

FBGs.

Table 3.5.3: Observation table for Q-factor

cascaded FBGs at 1550nm.

of DCF techniques with and without

Sr. Technique | Q-factor Q-factor Percentage

No. without with change
cascaded cascaded
FBGs FBGs

1. Pre-DCF 13.837 17.159 24%

2. Post-DCF 26.692 36.961 38%

3. Balanced- 12.619 16.721 32%

DCF

Figure 3.5.7 is showing the comparative logarithmic plot of BER observed at BER analyser

for pre, post and balanced DCF technique with and without cascaded FBGs.
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Figure 3.5.7 Comparative bit error plot of pre, post and balanced-DCF model with and

without using cascaded FBGs at 1550nm.

The bit error rate is observed for 1550 nm of wavelength and based on that, pre, post, and
balanced compensation techniques of the DCF model with and without cascaded FBGs are
differentiated. Table 3.5.4 is showing the observations of the BER of DCF techniques with

and without cascaded FBGs.

Table 3.5.4: Observation table for average BER (logarithmic) of DCF techniques with

and without cascaded FBGs.

Sr.No. | Technique BER BER with | Percentage
without cascaded change
cascaded FBGs (dB)

FBGs (dB)

1. Pre-DCF -183.07 -283.46 54%

2. Post-DCF ~-356.67 ~-975.187 ~100%

3. Balanced- -151.83 -267.58 76%

DCF

As it can be clearly seen from Figure 3.5.5 that by introducing a set of cascaded FBGs at the

transmitter part, the Q-factor of the signal is increased which means there is a lower rate of

energy loss in the signal.
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From Figure 3.6.6, it is observed that cascaded FBGs have reduced the bit errors in the signal
which means the transmitted bits have not been altered due to noise or distortion. Among all
the DCF techniques, the highest percentage change in performance of cascaded FBGs is
observed with the post-DCF technique. Different eye-statures obtained from the simulations

are shown in Figure 3.5.8 and Figure 3.5.9 for without and with cascaded FBGs.
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Figure 3.5.8: Eye-statures showing Q-factor and BER of different DCF techniques

without cascaded FBGs for (a) pre-DCF, (b) post-DCF and (c) balanced-DCF.

(a) Pre-DCF (b) Post-DCF
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Figure 3.5.9: Eye-statures showing Q-factor and BER of different DCF techniques with

cascaded FBGs for (a) pre-DCF, (b) post-DCF and (c) balanced-DCF.

In the eye-stature of Figure 6.8, the Q-factor and BER have risen as compared to Figure
3.5.9, indicating that the DCF approach with cascaded FBGs delivers better signal than
without cascaded FBGs. Through observations of Q-factor, BER and eye-stature, it has been
observed that the system is working good with cascaded FBGs instead of non-cascaded FBGs
and the major improvements among the DCF techniques are found for post-DCF technique
with cascaded FBGs, which is providing the maximum Q-factor, minimum BER and good
eye-stature. These results prove that the proposed system for dispersion compensation is

suitable to use for optical communication links.

Figure 3.5.10 depicts the decoding of DCF techniques for amplitude modulated signal
without and with cascaded FBGs at the transmitter and receiver, respectively, in the WDM
model. An oscilloscope visualizer attached to the transmitter and receiver sides is used to
observe them. The acquired time span is the same on both sides, indicating that the proper

information is retrieved without dispersion.
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Figure 3.5.10: Decoded data on oscilloscope visualizer without and with cascaded FBGs

for (a) pre-DCF, (b) post-DCF, and (c) balanced-DCF.

The notion of amplitude modulation utilizing distinct DCF techniques by employing
cascading FBGs is also analysed using WDM mux and de-mux for three separate users,
which is primarily helpful for many applications in different wavelength ranges. At 2.5 Gbps,
the greatest Q-factor is attained. The plot of Q-factor with and without cascaded FBGs in the

WDM model of amplitude modulation is shown in Figure 3.5.11.
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Figure 3.5.11: Comparative plot of average Q-factor of DCF techniques for amplitude
modulation with WDM mux and de-mux at 2.5 Gbps for three users with and without

using cascading FBGs.

In Figure 3.5.11, the value of Q-factor is computed for three different frequencies ranging
from 193.1 THz to 193.3 THz, and the average value is displayed. When cascaded FBGs are
used in the WDM system, then the resultant average Q-factor is higher than without cascaded

FBGs. At 2.5 Gbps, the obtained BER in the WDM model is zero.

This section 3.5 has shown outcomes of simulations done in section 3.3 for all the DCF
configurations with using cascaded FBGs and without using cascaded FBGs. Later the same
system has been simulated with amplitude modulator at the transmitter side. After all the
simulations, it has been observed that the proposed model utilising cascaded FBGs with DCF
technique work best with the post DCF configuration. The percentage change in Q-factor and
BER by using post-DCF configuration is highest every time as compared to pre-DCF and

balanced-DCF.
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CHAPTER-4

WDM OWC SYSTEM ANALYSIS

This chapter analyses the performance of free space optics medium under dust and rainy
weather conditions. The yearly rainy weather data is taken specifically for the Jaipur city of
Rajasthan. Under both the climatic conditions range and attenuation varies according to the
empirical formulas given in equations 4.1, 4.2, and 4.3. The block illustration of the

simulated model is given in Figure 4.1.

(0

OWC Channel

Figure 4.1: WDM OWC setup illustration.

The system is made up of three parts, as shown in Figure 4.1: a transmitter, a transmission
medium, and a recipient. The transmitter consists of a pseudo-random bit sequence generator,
continuous-wave laser, NRZ pulse generator, and Mach—Zehnder modulator. The receiver
has a PIN detector and a Gaussian low pass filter, and the medium of channel is air.
Performance is measured using a BER analysers and an optical power meter. The system is

evaluated to have the lowest BER at 1550nm, which is the low attenuation window.

The simulated system has made use of a WDM network. The design incorporates optical
amplifiers to enhance overall performance and minimize linear and nonlinear effects. An

optical amplifier is comprised of a fibre core and an injector signal that activates the
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incoming signal. In the layout design, amplifiers can be used in a variety of ways, such as
post-amplifiers, pre-amplifiers, and inline amplifiers. The amplifier's position in the system
varies in each of these configurations. The need for an amplifier not only helps improve
signal strength but also makes it possible to travel even farther. A communication system
should be reasonably priced as well as reliable. The fading in the received signal occurs due
to different weather conditions which are main cause for power degradation. The analysis of

two weather conditions, such as rain and dust are done in this paper.

A. Dust

Dust storms are severe weather events. These are distinguished by high gusts of wind and
dusty air over a wide area. Dust storm particles are less than 100 micrometres in size. These
can cause severe turbine airflow, limiting clarity to the few miles. The storm's duration can

range from a few days to a couple.

The visibility range (V) is the distance over which the transmission drops to 2% of its initial
value. Blowing dust or haze is defined as light dust with visibility ranging from 1 km to 10
km. Blowing dust is caused by wind-blown dust, whereas haze is caused by a dust storm that

occurs a long distance away from the observation location.

FSO signal attenuation, occurs in dry and semi-dry areas prone to dust storms, is given by eq.

(4.2)-

o = 52 x V-195¢B/Km (4.1)

Where, V is the visibility in km. Because, it introduces less absorption loss, this model is
suitable for 1550 nm, the standard wavelength in optical communications. The changes in
attenuation versus visibility range of dust are shown in Figure 4.2. This model is used to

examine and analyse the FSO link by considering the Q-factor and BER. The values of the
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results attained will be used to evaluate the technology's necessities and constraints. Table 4.1

shows how the attenuation varies with dust visibility range.

Table 4.1: Variation in attenuation with visibility for Dust

V(Km) Attenuation(dB/km)
5 9.59
10 4.63
15 3.02
20 2.23
30 1.46
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Figure 4.2: Attenuation versus visibility plot for dust
B. Rain

Rain has a significant impact on OWC link. Variation in droplet size frequently causes
reflections as well as chromatic aberrations in the atmosphere. The formula of attenuation as

a result of rain is given by eq. (4.2)-
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a = a.R?dB/Km 4.2)

The above equation depicts a linear relationship between rainfall rate and attenuation. Here, a
and b are frequency-dependent parameters, and R is the rainfall rate in millimetres per hour.
Non-selective scattering occurs predominantly because raindrops are larger than the
wavelength of the light signal, but Mie scattering can also be used to calculate attenuation

values. The specific rain attenuation equation is provided by eq. (4.3)-

Aspecific = 1.076R%67dB/Km (4.3)

The above equation denotes specific rain attenuation, and R denotes rate of falling rain in
mm/h. [11,12]. The rainfall rate and range data of Jaipur city is taken for different years and
based on that attenuation is calculated as shown in Table 4.2, which provides the yearly
rainfall rate, range, and attenuation for Jaipur rain conditions. While Figure 4.3 and Figure

4.4 shows the attenuation variation with visibility range and rainfall rate for rain.

Table 4.2: Observation of yearly rainfall rate, range and attenuation for rainy weather

in Jaipur city.
Year | Rainfall Observed | Attenuation(dB/km) | Average
(Up rate(mm/h) | Range Attenuation(dB/km)
to (km)
2021)
2015 | 213.6 2 39.14 8.55
2016 | 124 10 5.8
2017 | 2.8 25 2.14
2018 | 0.5 60 0.67
2019 | 17.2 5 7.23
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2020 | 3.4 20 2.44

2021 | 35 20 2.49

40.000 - —m— Attenuation

35.000 -

)

)
o
o
o]
o
|

25.000 +
20.000

15.000

Attenuation (dB/km

10.000

5.000

0 10 20 30 40 50 60
Range (Kms)

Figure 4.3: Attenuation versus visibility range plot for rain
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Figure 4.4: Rainfall rate versus attenuation plot for rain

In this chapter, two weather conditions have been analysed which are dust and rain. The

change of attenuation versus the visibility range is shown through different plots for each
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weather. The rainfall rate has been observed for Jaipur city from year 2015 (highest) to 2021
with its changing range each year. The observations are shown in Table 4.1 and 4.2. The
same data has been kept in Opti system software while doing the simulations.

4.1: WDM OWC SYSTEM SIMULATIONS

This chapter discusses the simulation work carried out to design optical wireless
communication (using OWC channel) system using hybrid configuration of EDFA amplifiers
to make it more efficient than FSO (FSO channel) in dense climatic conditions.

The system was designed using Opti system 7.0 software. The reason for using 1550nm
wavelength is because of its low attenuation properties. The beam divergence of the system is
set to 2.5 mrad, and the aperture size at receiver end is set to 30 cm. The system is built with
amplifiers in the WDM network in mind. The amplifier has a gain of 50 dB. This paper has

discussed three configurations of the system.

In system config.-1, three optical amplifiers were used. It's a three-channel WDM OWC
system with the ability to expand the number of channels based on user demand. As shown in
Figure 4.1.1, it employs an optical amplifier on the transmitter side in a post-amplifier
configuration. Before the WDM, the message is amplified, and then it is forwarded for
multiplexing. The channel is joined and the output is depicted using a corresponding

multiplexer and de-multiplexer.

Figure 4.1.1: System config. | simulation using three optical amplifiers
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Two optical amplifiers are used in system config.-1l. The setup is similar to the previous
config. of the system, but the amplifier is in a distant region. Analysers are then used to
examine the output. Figure 4.1.2 depicts system config.-1l's design layout. The amplifiers are
used in two different ways. It is unaffected by the number of consumers because, irrespective

of how many are implemented, only two channels are used.
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Figure 4.1.2: System config. Il simulation using two optical amplifiers

Although, there is no significant difference in the performance of the system with 2 or 3
optical amplifiers. However, a better system configuration is presented that employs a hybrid
amplifier configuration. Figure 4.1.3 depicts the situation. As can be seen, that the proposed
system combines both system config.-l and system config -Il. The hybrid system
configuration was chosen because it yields a high gain from the combination and has a higher
channel handling capacity. The advantages of both configurations can be obtained by

combining them.
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Figure 4.1.3: Simulation of hybrid configuration of the system
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Different configurations using optical amplifiers (EDFA) are discussed and simulated in this
chapter. Among all the configurations i.e., pre, post and hybrid, the hybrid configuration of
EDFAs is more robust to provide high Q-factor and less BER.

4.2: RESULTS FOR WDM OWC SYSTEM UNDER DIFFERENT WEATHER
CONDITIONS

The outcomes of simulated models of section 4.1 are shown in this section. Moreover, this
chapter also discusses how the Q-factor is changing with respect to attenuation and visibility
range for each weather condition. The performance of all the EDFA configurations using
OWC channel is compared by using different plots.

Two system configurations are compared in this study, under dusty and rainy climatic
conditions. System config.-1 have a post-amplifier configuration, and the number of op-amps
used in this configuration are determined by the number of users required. Three users are
considered in this analysis. Only two amplifiers are used in System config.-11, one following
WDM at the transmitter and the other preceding WDM at the receiver. According to the
different weather conditions applied, it is observed that system config.-11 is providing better
quality factor over system config.-1. Both the system configurations are combined for hybrid
system configuration and the hybrid optical amplifier configuration is found to have the

highest Q-factor.
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Figure 4.2.1: Q-factor plot of Dust at 2.5 Gbps (a) against attenuation (b) against

visibility range.

The Figure 4.2.1 is showing Q-factor changes for dusty weather condition at 2.5 Gbps of bit
rate. The signal quality is changing with respect to the attenuation and range of visibility. The
Q-factor of system config.-11 is comparable to config.-1 and Q-factor of hybrid system config.
is highest. The obtained bit error rate (BER) is O for all the three system configurations.

Figure 4.2.2 is showing eye diagrams for system config.-1, 1l and hybrid configured optical

amplifiers under storm/dust.

perti
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(a) (b) (c)
Figure 4.2.2: Eye-diagram plot of dusty weather for: (a) System config.-1 (b) System
config.-11 (c) Hybrid System config.

The changes in attenuation for rain are noted according to different years of rainfall rate and
based on the equation. Different visibility range provided different values for attenuation and

average attenuation is calculated for all years. The obtained attenuation is 8.55 dB/km.
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Figure 4.2.3: Q-factor versus visibility range plot for Rain at 2.5 Gbps

The Figure 4.2.3 is showing the average Q-factor for rain at 1550 nm and 2.5 Gbps. The
obtained BER is 0. The Q-factor is decreasing as the range is increasing and it is slightly
better for system config.-1 as compared to system config.-1l and the maximum value is
obtained for hybrid config. throughout the range. Figure 4.2..4 is showing the eye diagram for

different systems under rainy weather condition.
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Figure 4.2.4: Eye-diagram plot of rainy weather for: (a) System config.-1 (b) System

config.-11 (c) Hybrid System config.

The results show that the hybrid configuration of EDFA using OWC channel is improving the

Q-factor and BER much more and is proved to be working better in dense climatic
42



conditions. The eye-statures of all the configurations are shown and the larger eye-opening is
observed in hybrid configuration which shows that the retrieved signal has high quality and

minimum errors.
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CHAPTER-5
SYSTEM ARCHITECTURE OF ASK AND PSK MODULATON

TECHNIQUES

This chapter deals with the research work for enhancement of coupler-based delay line filters
modulation techniques using optical wireless channel and amplifiers at 100 Gbit/s. The block
diagrams are shown for the proposed systems for each modulation technique by using new
components like OWC channel and EDFA amplifiers. The optical amplifiers used are in
hybrid configuration with gain of 50 dB so that they can increase the signal amplification.
5.1.ASK MODULATION TECHNIQUE WITH HOAS
Figure 5.1.1 presents a block diagram of the proposed OWC system, that implements

ASK modulation as well as a hybrid configuration of optical EDFA amplifiers.
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Figure 5.1.1: ASK modulated OWC system using HOAs.

The first stage is the transmitter, which includes a continuous wave laser, an optical amplifier
with a gain of 50 dB, an AM modulator, a pseudo-random bit sequence generator, and an
NRZ pulse generator. The NRZ pulse generator encodes the digital data from the bit
sequence generator and modulates the amplified signal from the laser via the AM modulator.
The following stage includes delay line filters, which are used to compensate for the
dispersion effects caused by atmospheric turbulence [35]. The coupler's coupling coefficients
are used to change the dispersion slope, and the dispersion slope value can be designed

accordingly [36]. To improve signal quality, the central stage is an OWC channel connected
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to two optical amplifiers. Last stage consists receiver where the optical detector detects the
signal and converts it to the electrical signal. The receiver is the final stage, where the optical

detector detects the signal and converts it to an electrical signal.

5.2.PSK MODULATION TECHNIQUE WITH HOAS
Figure 5.2.2 presents a diagram of the proposed OWC system, that implements PSK

modulation as well as a hybrid configuration of optical EDFA amplifiers.
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Figure 5.2.2: PSK modulated OWC system using HOAs.

The first stage is the transmitter, which includes a continuous wave laser, an optical amplifier
with a gain of 50 dB, a Mach Zehnder modulator (MZM), a pseudo-random bit sequence
generator, and a PSK pulse generator. The PSK pulse generator encodes the digital data from
the bit sequence generator and modulates the amplified signal from the laser via the MZM
modulator. The following stage includes delay line filters, which are used to compensate for
the dispersion effects caused by atmospheric turbulence. The coupler's coupling coefficients
are used to change the dispersion slope, and the dispersion slope value can be designed
accordingly [36]. To improve signal quality, the central stage is an OWC channel connected
to two EDFA amplifiers. Last stage consists receiver where the optical detector detects the
signal and converts it to the electrical signal. The receiver is the final stage, where the optical

detector detects the signal and converts it to an electrical signal.
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Section 5.1 and 5.2 discussed the block diagram of proposed system. The components used at

the transmitter, channel and how they are working is discussed.

5.3: OWC DESIGN SIMULATIONS

In this chapter simulations are shown for the proposed design of ASK and PSK coupler-based
delay line filters modulation techniques. OWC channel is used in place of FSO channel to
make system more robust under climatic conditions and EDFA optical amplifiers are added
in the hybrid configuration to enhance the system performance

5.3.1. ASK MODULATED OWC DESIGN SIMULATION

Figure 5.3.1 depicts the simulation of an ASK modulation OWC system using HOAs under
various climatic conditions using Opti system software. The optical transmitter is made up of
a Pseudo-Random Binary Sequence (PRBS) generator that generates data bits at a bit rate of
10Gbits/sec. This is encoded with a Non-Return to Zero (NRZ) pulse generator. A
continuous-wave laser with a power of 9 dBm and a frequency of 193.1 THz is amplified and
modulated by encoded bits via an EDFA amplifier and an optical amplitude modulator. The
modulator's output is the optical signal, which is fed into the delay line filter via x-couplers.
Depending on the coupling coefficient, the first coupler divides the input signal into two. One
of the split signals is phase-shifted, while the other is not. Then, at the second coupler, they
are recombined. These are split, time-delayed, and phase-shifted yet again. Finally, they are
combined at the third coupler to receive the compensated signal. The free space medium
(OWC channel) connected to EDFA amplifiers is analysed under various climate conditions
by varying the range. A PIN photodiode and a 3R-regenerator are used in the optical receiver.
The PIN photodiode converts the received optical signal into an electrical signal [37]. The
original bit sequence is stored in the 3R-regenerator. The results are analysed using

oscilloscope visualizers and bit error rate (BER) analysers.
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Figure 5.3.1. Simulation of HOAs based ASK modulated OWC system

5.3.2. PSK MODULATED OWC DESIGN SIMULATION

Figure 5.3.2 depicts the simulation of a PSK modulation OWC system using HOAs under
various climatic conditions using Opti system software. The optical transmitter generates data
bits at a rate of 10 Gbits/sec using a PRBS generator, which is then encoded using a PSK
pulse generator. To generate the optical carrier signal, a CW laser with a power of 9 dBm and
a frequency of 193.1 THz was used. The output of the PSK pulse generator modulates the
EDFA amplified optical carrier signal with an MZM modulator to produce the PSK
modulated signal. As previously explained, the modulated signal is passed through the delay
line filter to improve the performance of the OWC system. The compensated signal is routed
through the OWC channel, which is linked to amplifiers. The performance is evaluated by
using various ranges and attenuation values of the OWC channel that correspond to various
climatic conditions. To obtain the original bit sequence in electrical signal form, the optical
receiver has a PIN photodiode and a 3R-regenerator. Finally, the performance is evaluated

using oscilloscope visualizers and a BER analysers.
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Figure 5.3.2. Simulation of HOAs based PSK modulated OWC system.

This chapter has discussed the Opti system simulation for OWC system using HOAs and
modulation techniques. Section 5.3.1 discussed the proposed amplitude shift keying
modulation based on DLF. The data rate of the system is changed from 10 Gbit/s to 100
Ghit/s to check the simulation results. Similarly, section 5.3.2 discussed the proposed phase
shift keying modulation based on DLF with same data rate of 10Gbit/s to 100 Gbit/s. The

comparative simulation results for both the systems are further discussed in section 5.4.

5.4. RESULTS FOR DLF BASED MODULATION TECHNIQUES USING OWC
CHANNEL AND AMPLIFIERS

In this chapter, different results are shown in tabular form for different climatic conditions.
The results are based on the simulations done in section 5.4. Moreover, the comparison is
also made for the reference system and the proposed system under similar climatic
conditions.

In [38]-[39], the author described the effects of various weather conditions for different
atmospheric turbulences such as rain, fog, haze, and so on, as well as the maximum visibility
range and attenuation present for such climatic conditions. Table 5.4.1 shows the parameters
of the FSO system under various conditions. Tables 5.4.2-5.4.5 show the OWC channel using
HOAs system parameters for various climatic conditions such as haze, rain-mist, snow, and

medium fog.
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Table 5.4.1 Atmospheric parameters under different climate for free space optics

communication

Atmospheric Attenuation
Condition (dB/km)
Haze 20

Rain and mist 30

Snow 40

Medium Fog 70

Table 5.4.2. Output for Haze condition

Work Attenuation Range Q- BER Bit
(dB/Km) (m) factor rate
(Gbps)
ASK (ref) 20 3500 56.5069 O 10
PSK (ref.) 20 3500 57.0486 O 10
ASK 20 5000 1133373 0 100
(Proposed)
PSK 20 5000 357.637 O 100
(Proposed)

Table 5.4.3. Output for rain and mist condition

Work Attenuation Range Q- BER Bit
(dB/Km) (m) factor rate
(Gbps)
ASK (ref) 30 2500  31.4472 2.2%- 10
217
PSK (ref.) 30 2500 34.039 2.85e- 10
254
ASK 30 4000 62457 O 100
(Proposed)
PSK 30 4000  86.83 0 100
(Proposed)
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Table 5.4.4. Output for snow condition

Work Attenuation Range Q- BER Bit
(dB/Km) (m) factor rate
(Gbps)
ASK (ref.) 40 1900 44994 O 10
PSK (ref.) 40 1900 46.139 O 10
ASK 40 3000 75524 O 100
(Proposed)
PSK 40 3000 115.009 O 100
(Proposed)

Table 5.4.5. Output for medium fog condition

Work Attenuation Range Q- BER Bit
(dB/Km) (m) factor rate
(Gbps)

ASK (ref) 70 1200 16.114 1.004e- 10
058

PSK (ref.) 70 1200 17535 3.84e- 10
069

ASK 70 2000 18.708 1.52%e- 20

(Proposed) 078

PSK 70 2000 22.1501 5.065e- 50

(Proposed) 109

For haze conditions, the proposed HOAs-based ASK modulation and PSK modulation have
5000 m line of sight and a high-quality factor of 113.373 and 357.637 at higher bit rates of

100 Ghbps, respectively.

For rain and mist conditions, the proposed HOAs-based ASK modulation and PSK
modulation have 4000 m line of sight and a high-quality factor of 62.457 and 86.83 at bit rate

of 100 Gbps, respectively.
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For snow conditions, the proposed HOAs-based ASK modulation and PSK modulation have
a 3000 m line of sight and a high-quality factor of 75.524 and 115.009 at 100 Gbps bit rate,

respectively.

For medium fog conditions, the proposed HOAs-based ASK modulation and PSK
modulation have a 2000 m line of sight and a high-quality factor of 18.708 at 40 Gbps and

22.1501 at 50 Gbps of bit rate, respectively.

Eye diagrams for various climatic conditions of HOAs based ASK modulation with DLF and
PSK modulation with DLF are mentioned in Figure 5.4.1 and Figure 5.4.2 that include

maximum quality factor, minimum BER and threshold.

— el

phautur Pzt | Tl :'..':J.’"K‘:".'\.L 7 oo T, i e . i

(@) (©)

E - Sesload? = _[E BER Analyzer Eaeli=id
SP—— [rar— = ] o o

T o e

it Pustue oty ool e L, St ' ractor P Tt e, b

(b) (d)
Figure 5.4.1. Eye-diagrams for HOAs based ASK OWC system under (a) Haze, (b)

Snow, (¢) Rain and mist, (d) Medium fog condition.
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Figure 5.4.2. Eye-diagrams for HOAs based PSK OWC system under (a) Haze, (b)

Snow, (¢) Rain and mist, (d) Medium fog condition.

The results shown in tabular form are proving that the proposed system is working much
better with the reference system where FSO channel was used without optical amplifiers. The
proposed system using OWC channel can be used in dense weather conditions also at higher

data rates with good Q-factor and BER almost to zero. The eye-statures shown in Figure 5.4.1

and Figure 5.4.2 are proving the error free signal of good quality factor with larger eye

opening.
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CHAPTER-6

CONCLUSION AND SCOPE

This chapter provides the conclusion for the research work done to reduce dispersion
(Chapter2 -6), to make wireless optical communication using OWC channel (Chapter7-9),
and to design ASK and PSK coupler-based delay line filters modulation techniques using
OWC channel and amplifiers at 100 Gbit/s (Chapter 10-12).

6.1.CONCLUSION OF RESEARCH FOR DISPERSION COMPENSATION

The work carried out in this research is mainly focused on reducing the chromatic dispersion
in the signal by using the DCF and cascaded FBG concepts with a system bit rate of 10 Gbps
for 120 kilometres of SMF fibre. Overall observation shows that introduction of cascaded
FBG technique with DCF technique is useful in reducing the dispersion of the system and to
obtain better quality of the signal. Among different DCF techniques, the post-DCF is
providing the highest Q-factor of 35.987 at 10 Gbps and pre-DCF is providing minimum
BER of -71.707 at 10 Gbps. The maximum percentage change in Q-factor and BER is
35.38% and 86.85% obtained for post-DCF technique. The comparative plots and figures are
presented for amplitude modulated signal as well. Among different DCF techniques, the post-
DCF is providing the highest Q-factor of 36.961 minimum BER of -975.187 dB at 10 Gbhps.
The maximum percentage change in Q-factor and BER is 38% and ~100% respectively
obtained for post-DCF technique. It is concluded that using cascaded FBGs with post-DCF
technique can lower down the dispersion better for 120 km length of fibre and is also

providing good Q-factor.

6.2.CONCLUSION OF RESEARCH FOR WDM OWC CHANNEL WITH EDFA

HYBRID CONFIGURATION
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Due to the numerous benefits, it provides, OWC is advancing in a variety of fields. The
system, which is made up of a hybrid combination of amplifiers is accessible at data rate of
10 Gbps. The attenuation and range of the OWC channel are changed accordingly to the
dusty and rainy weather conditions. The Q-factor obtained is approximately same with two
optical amplifier and three optical amplifier configuration and it is obtained 198 (highest) for
hybrid configuration of the system. Moreover, the hybrid configuration of WDM OWC
system is simulated at 10Gbit/s with signal wavelength of 1550 nm and it provides average
values of Q-factor and BER; 10.878 and -114.667 dB (107°27) respectively, which satisfies
the basic limit of Q-factor (>6) and BER (<107°99). Under different climatic conditions, the
presented WDM OWC system based on hybrid optical amplifier configuration has shown to
be a premium and effective system. This system can be used in states like Rajasthan where

the atmospheric conditions are extreme and dust storms are more frequent.

6.3.CONCLUSION OF RESEARCH ON “ENHANCEMENT OF COUPLER-BASED
DELAY LINE FILTERS MODULATION TECHNIQUES USING OPTICAL
WIRELESS CHANNEL AND AMPLIFIERS AT 100 GBIT/S”

An improvement in the performance of an ASK and PSK modulation techniques with

coupler-based delay line filter is presented by utilising hybrid configuration of optical

amplifiers and OWC channel under various climatic conditions which is providing high Q-

factor and BER to almost zero. The proposed study is compared to previous studies

conducted under similar conditions. At bit rates up to 100 Gbps, the HOAs-based PSK

modulated OWC system is found to be more efficient than the ASK modulated OWC system.

The overall research work done here can be used to implement those systems which can
improve the Q-factor and BER by reducing dispersion using FBGs and DCF fibres, by

enhancing the channel capacity using OWC channel and by increasing the message signal
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intensity using EDFA amplifiers under different climatic conditions like rain, dust, haze,

snow, fog.
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