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Abstract

This study reported the performance evaluation of various distributors and exchange
elements configurations in the optical fibe%mmunjcation system. With the increasing
demand for high-speed data transfer, Dense Wavelength Division Multiplexing
(DWDMéechnnlngy has become an attractive solution for optical communication
systems. This paper presents the design and performance analysis of a DWDM-based
optical communication system w&diffcrcnt channels. The system consists of multiple
channels, each transmitting data at a different wavelength, which are combined into a
single optical fiber using a multiplexer. A demultiplexer separates the channels at&
receiving end, and each channel's data is recovered separately. We analyze the
performance of the system by measuring its bit error rate (BER), Quality Factor, and
signal-to-noise ratio (SNR) under different conditions. We also examine how varying
the channel spacing affects the system's performance. Our results demonstrate that the
proposed systelﬁm achieve high data rates and excellent performance with low BER
and high SNR, making it a promising candidate for high-speed optical communication

S}’Slt:]'l'ls.




(1]
Certificate of Approval
Declaration of Candidate

Acknowledgment

Table of Contents

Abstract

Table of Contents
List of Figures
List of Tables
List of Abbreviations
Chapter1

Introduction

11
1.2
13
1.4
1.5
1.6

16.1 Fiber Optic Communication:
16.2 Free-Space Optical Communication:
163 Visible Light Communication:
1.6.4 Coherent Optical Communication:

1.65 Quantum Optical Communication:

1.7
18
19
1.10
111
1.12
1121
1.12.2
1123
1124
1.125
1.126

Introdua;gw
History of optical communication System

Background of optical communication System

Working Principle of optical communication System

Recent work of optical communication System

Bbh W N R b o 3

Advantage of optical communication systems based on a different channel...............

i

Low Power Consumption:

Scalability:

Immunity to Crosstalk:

Enhanced Signal Quality:

Multiplexing and Multimode Capabilities:

0O D0 D0 D0 00 N~ Oy hoWn

limitation of optical communication systems with different channels

Attenuation and Losses:

o

Dispersion:

Nonlinear Effects:

Power Budget Constraints:

(T T Vs S (e T Vo ]

Crosstalk and Interference:

10

Noise:

10

Vi




1.12.7 cChannel Capacity Limitations: 10

2.8  Signal Quality and Regeneration: 10
Wavelength Division Multiplexing (WDM): 10
Dense Wavelength Division Multiplexing (DWDM) : 11
1.13 How many types of DWDM 13
1.13.a  Coarse Wavelength Division Multiplexing (CWDM): 13
1.13.b  Long Wavelength Division Multiplexing (LWDM): 13
1.13.c  Ultra-Dense Wavelength Division Multiplexing (UDWDM): 13
1.13.d Coherent Wavelength Division Multiplexing (Coherent WDM): .....c.cooeuiumruvenunrnn 13
1.13.e  Hybrid Dense Wavelength Division Multiplexing (HDWDM): 14
1.13.f  Colorless, Directionless, and Contentionless (CDC) DWDM: 14
1.13.g Gridless DWDM: 14
1.13.h  FlexGrid DWDM: 15
1.14 The name of different channels in optical communication 15
1.14.a Single-Mode Fiber (SMF): 15
1.14.b  Multimode Fiber (MMF): 15
1.14.c  Free-Space Optical (FSO) Communication: 15
1.14.d Coaxial Cable: 16
1.14.e  Waveguides: 16
1.14f  Plastic Optical Fiber (POF): 16
1.14.g  Optical Satellite Communication: 16
1.14.h  Quantum Channels: 16
1.14. Submarine Optical Cable: 16
1.14, Terrestrial Optical Networks: 16
1.14.k Intra-Chip Optical Communication: 17
1.14.1 Optical Wireless Communication: 17
1.14.m Orbital Angular Momentum (OAM) Channels: 17
1.14.n  Mode-Division Multiplexing (MDM): 17
1.14.0 Space-Division Multiplexing (SDM): 17
1.14.p  Polarization-Division Multiplexing (PDM): 17
1.14.q Coherent Optical Communication: 18
1.14.r  Optical Freguency Division Multiplexing (OFDM): 18
1.14.s  Quantum Key Distribution (QKD): 18
1.15 Objective of Research: 19
Chapter 2 21
Literature review 21

vii




2.1 Literatlﬁe review

2.2 Design of DWDM-based Optical Communication System:

23 Performance Analysis of DWDM-based Optical Communication System:..........cccc....

24 Different Channels in DWDM-based Optical Communication System: .........cccccueueene
Channel Spacing in DWDM-based Optical Communication System:

2.5 Optical Amplification in DWDM-based Optical Communication System: .........ccceeeewe

2.6 Filter Design in DWDM-based Optical Communication System:

2.7 Mode-division Multiplexing in DWDM:-based Optical Communication System:.........

2.8 Polarization-based Multiplexing in DWDM-based Optical Communication System: ..

29 Coherent Detection in DWDM-based Optical Communication System: ........cccccereene

2.10 Nonlinear Effects in DWDM-based Optical Communication System: .........ccccoeeeeeeeene

2.11 Network Topology in DWDM-based Optical Communication System: ........cccoeeeeeeeene

2.12  System Optimization in DWDM-based Optical Communication System:........cccceeeeee

2.13 Metro and Data Center Interconnect in DWDM:-based Optical Communication

System:

2.14 Roadmap for Future DWDM-based Optical Communication System: ........ccccoeeeeeenne

2.15 Cost-effective Design in DWDM -based Optical Communication System:.........cccco...

Chapter3

System Model

3.1
3.2
3.3
3.4
35
3.6
3.7
3.8
3.9
3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17

Introduction to Optisystem

CW Laser

Pseudo-Random Bit Sequence Generator

NRZ Pulse Generator

Mach-Zehnder Modulator

Transmission Line Library

PIN Photodiode:

3R Regenerator

BER Analyzer

Optical Spectrum Analyzer

wavelength division multiplexing (WDM) MUX :

DWDM Demux

Optical Amplifier

Optical Fiber

DWDM system in optisytermn

Proposed System in optisystem using 4 Channel

Proposed System in Optisystem using 8 Channel

21
23
23
23
24
27
28
28

28
28
29
29

29
29
30
32
32
32
32
34
36
37
38
39
40
40
a1
a2
43

45
46
a7
a7

viii




3.18 Proposed System in Optisystem using 16 Channel

Chapter4

Result Analysis

4.1 Proposed System performance analysis using different channel.........cccocoiiieee
4.2 Q Factor Analysis

43 Bit Error Rate Analysis

4.4 Eye Diagram Analysis

45 Comparison With Existing Work

Chapter5

Conclusion

5.1 Conclusion

5.2 Achievement

53 Limitation

54 Future Work

References

48
51
51
51
54
58
60
62
64
64
64
64
65
65
67




List of Figures

FIGURE 1.1 BLOCK DIAGRAM OF WM . . oot e e et e e e e e
FIGURE 1.2BLOCK DIAGRAM OF DWDM SYSTEM. cuvvutaeieeceeiaeeecn eesmns e sses snn e mns e en snemnn

FIGURE 1.3 BOLCK DIAGRAM OF CWDM ....oes e e e e aees e e e s eesmn e aen

FIGURE 2.1 BASIC BUILDING BLOCK OF OPTICAL DWDM TRANSMISSION ...

FIGURE 2.2 BLOCK DIAGRAM OF OPTICAL AMPLIFICATION INDWDM.....ccovvvvreeeee

FIGURE3.1: CW LASER IN OPTISYSTEM ....oeoueitecveeueeee e euisiaseae s eaeas st et e ene e saeenenmranee
FIGURE 3.2: PRBS IN OPTISYSTEM ... eveeivaraee e eieaesermnsncen e serases sen sesssrase sssassnsas essmsenes
FIGURE 3.3: NRZ PULSE GENERATOR IN OPTISYSTEM ...vvienevereissesenemraseansasansnsessansenes
FIGURE 3.4: MACH-ZEHNDER MODULATOR IN OPTISY STEM ..oevisvveeeareseaeceraens e samrenes
FIGURE 3.5: PIN PHOTODIODE IN OPTISYSTEM .....eeueuieeeeuisieeeae s e seae v er e een e s eneeeranee
FIGURE 3.6: 3R REGENERATOR IN OPTISYSTEM ....cveeetereienceaerasesse sensaraseascnsansnsensemsenes
FIGURE 3.7: BER ANALYZER IN OPTISYSTEM ...ccierueeeturseieneaerasesssnsmsssraseaseassnsnsessansenes
FIGURE 3.8: OPTICAL SPECTRUM ANALYZER IN OPTISYSTEM ..eeevnvveerenreneascasaensersansenes
FIGURE 3.9 : WDM MUX IN OPTISYSTEM ...ccueiuecveeuee e e enis e eaeae s eaeas v et e ene e e enenmranen
FIGURE 3. 10: DWDM DEMUX IN OPTISYSTEM ...coveeveeeien e seraees sen sessarase e cns s sns e samsenes
FIGURE 3. 11: OPTICAL AMPLIFIER IN OPTISY STEM ...uvuvuveien e eerases sen sensaraseasenssnsnsesamsenes
FIGURE 3. 12: OPTICAL FIBER IN OPTIS YSTEM ....cccrveeetanseienseserasesssnsasssraseassassnsnsenssnsenes
FIGURE3.13 : 16 CHANNEL DW DM INOPTISYSTEM ....covirieiieieieie e v e e eras
FIGURE 3. 14: 8 CHANNEL DWDM IN OPTISYSTEM ...ooevivieceeereis e eenearneaeces e ens e samsenns

FIGURE 3.15: 4 CHANNEL DWDM IN OPTISYSTEM .uucuveetee e seerssssis sees sra s snses an sessnsssen aen

FIGURE 4. 1: PROPOSED SYSTEM PERFORMANCE FOR Q FACTOR AND BER USING

DIFFERENT CHANNELS ... oo oo e e eee e ee e ee e e e eem e s eme e ee e semmem s emem e eme e ean
URE 4.2: OPTICAL SPECTRUM ANALYZER FOR 4 CHANNEL ....vvieteie e e

FIGURE4.3: OSA FOR 8 CHANNEL oo

11
12
13

26
27

33

35

37

38

39

40

41

42

43

45

46

49

48

47

51
52
53




FIGURE4.4: FOR 16 CHANNELS ...t ettt ttmeens s eas e esses e a1 eems s s ensen s e emse et ean
FIGURE 4.5:%
FIGURE 4.6: Q FACTOR FOR 8 CHANNELS ....cvvre e e v e e e eeeeee st eeeenans e e sen e ers e resreens
FIGURE 4.7: Q FACTOR FOR 16 CHANNELS ... oo.oovoe oot et oo e
FIGURE 4.8: BAR DIAGRAM OF Q-FACTOR FOR 4,8, AND 16 CHANNELS ......ccvuvirereannen
FIGURE 4.9: BER FOR 4 CHANNEL ......evet ittt ittt estes e st e e sesesee e ssesaes sen s st es se see e e e s
FIGURE 4.
FIGURE 4.
FIGURE 4.
FIGURE 4.
FIGURE 4.
FIGURE 4.

FIGURE 4.

10: BER FOR 8 CHANNEL ...vvetvstssaaeare e sssen srmsssnsessesesnses sen sessssn e assassnsas anssmsnses
T1:BER FOR IO CHANNEL . .veeiviieesieaeeeen evmessnses e sesnses sen sesssrn e assnssnsas anssmsnses
12: BER FOR 4,8, AND 16 CHANNELS . ...cetutemeeeies cemnsee ensennsre e sesen sn s nse ssnean
13: EYE DIAGRAM FOR 4 CHANNEL ....ooiiiiitiet i e e eeee et e e se e aee e e s
14: EYE DIAGRAM FOR 8 CHANNELS ... ...ooen e ree e se e e e sem e eem e
I15:EYEDIAGRAM FOR 16 CHANNEL ...oovvitiieie e veeae s et eeasaen e e cae s eas an e aennnn

16: EYEFOR4, 8, ANDD 16 CHANNELS ...cceuvenseeies seesnnsee eneennsse s e sen sn s n s ssnenn

ACTOR FOR 4 CHANNELS . ... et cteetveees e eesnsesan eeesn s e ssees srnsmnsessn sessmss e aen

53
55
55
56
57
58
59
59

61
61
62

Xi




List of Tables

TABLE 2 1: REQUIRED PARAMETERS AND VALUES «.vvuvivee it eseeee e ssmas e e e enn e mas e en eaemn
.20

TABLE 2 2: SIMULATION PARAMETER

TABLE 2 4: COMPARISON BETWEEN DIFFERENT TECHNIQUES ....ccivvieeee e eenen semneneereaes

TABLE 4 1 Q FACTOR VALUES FOR DIFFERENT CHANNELS «..ovveivaeere seesennes semnsnen ereaes
TABLE 4 2: BIT ERROR RATE FOR DIFFERENT CHANNELS . ... v tvveeie csasses s essnn e sns e en essmn
TABLE 4 3: EYE DIAGRAM FOR DIFFERENT CHANNELS ... v covveaveeeis sessnss e sses san e sns e en sssmnn

TABLE 4 4: COMPARISON WITH EXISTING WORK . ..eeertieeerae e eraeseaen e srearemes semnsnen sreaes

24

27

57

62
62

xii




Hz
THz
GHz

MB

ps or s-1
MBps
Gbps

cm

km

gicm3
kl/m
ps/THz/cm

dB/m
dB/cm
dB/km
T

d

List of Symbols

Hertz

Terahertz

Gigahertz

Frequency

Angular frequency
Wavelength

Pi

Byte

Megabyte

Second

Per second

Megabyte per second
Gigabyte per second
Meter

Millimeter

Centimeter

Kilometer

Micrometer
nanometer

Per Meter

Meter per second

Per Centimeter

Gram per centimeter cube
Kilo joule per meter
Per second per terahertz per
centimeter

Decibel per meter
Decibel per centimeter
Decibel per kilometer
Percentage

Diameter

Xiii




b

n
A Speed of light

°C

gcrm;i

Radius

Width

The major diameter of the ellipse
The minor diameter of the pipe
Ellipticity

Pitch

Degree Celsius

El]i;ﬁ'ciiy

The major diameter of ellipse

The minor diameter of ellipse
Watt

Xiv




WDM
BWDM
PRE
AMP
SMF
MOF
PM
0D
NRZ
RZ
FSO

MSF
MCF
M-TIR
ﬁOC
IEE
PTFE
MMA
SOA
EDFA
uv
PC-PCF
EML
Y-pol
PS

FS
LFM

List of Abbreviations
Wavelength Division Multiplexing

Dense Wavelength Division Multiplexing
Power Amplifier

Amplifier

ﬁngle Mode Fiber
Micro-structured Optical Fiber
Polarization Maintaining
Zero-Dimensional

Non-return o zero

Return To Zero

Free Space Channel
Three-Dimensional

Micro Steel Fiber

Multi-core Fiber

Modified Total Internal Reflection
6yclic Olefin Copolymers
Tetra-fluoro-Ethylene
Polytetratluoroethylene

Methyl Methacrylate
Semiconductor Optical Amplifiers
ﬁrbium Daoped Fiber Amplifier
Ultraviolet

Porous-Core Photonic Crystal Fiber
&ffective Material Loss

Y -polarization

Partially Slotted

Fully Slotted

Localized-function Method




Chapter 1

Introduction

6.1 Introduction

When it comes to features and benefits over conventional electrical transmission,
optical technology is a game-changer. It has a high data rate and ample storage. The
optical transmission system is composed of the transmitter and multiplexer. Modeﬁ
optical networks' transmission layer optical link design has never been easier owing to
Opti-System, an all-in-one optical network design and testing system [1][2]. Optical
signals of various wavelengths (1300—1600 nm) can travel apart from one another
without interfering. Wavelength division multiplexing (WDM) is a method for
spreading various wavelengths over a single fiber. A difﬁent light source with a
different wavelength produces each input. The advancement of the Erbium Doped Fiber
Amplifier (EDFA) propelled WDM to DWDM, the next stage. Without the creation of
EDFAs, DWDM implementation would not have been feasible. These amplifiers are
compatible with optical fibers that run in the same 1550nm wavelength window since
they operate close to that range of wavelengths. Special optical components and optical
modules, such as a low chirp integrated laser, EDFAs, a multiplexer, and a
demultiplexer, are needed to implement DWDM in an optical communication network.
To the transmitting fiber, an optical multiplexer couples light from several sources.
Before photo identification of individual signals, an optical demultiplexer is needed at
the receiving station to separate the various carriers. The demultiplexer must operate
within a tight spectrum window with distinct wavelength cut-offs to prevent erroneous
signals from entering the receiving channel. Crosstalk levels must not exceed -30dB.
The capacity boost, transparency, wavelength switching, and routing are some features
of DWDM.

Due to the big bandwidth, high data rate, and affordable, dependable optical
communication links available recently, the need for optical fiber technology is
growing every day in the telecommunications industry[3]. DWDM technology is now
being adopted to improve optical fiber networks' ability to transmit data and use

ACCEPTED manuscripts effectively[4][5].




1.2 History of optical communication System

Optical communication has been an important technology for centuries, expanding
from the use of mirrowd semaphore arms to the development of optical fibers and
laser technology for transmitting vast amounts of data at high speeds over long
distances. In the mid-1960s, the first digital optical communication system was
developed using light-emitting diodes (LEDs) and infrared ligE to transmit digital
signals over short distances between electronic devices. This laid the foundation for the
widespread use of optical communication in the telecommunications industry. The
1970s saw the development of optical fibers as a means of transmitting light signals
over long distances. The ecarly optical fibers were made of glass and had a high signal
loss, but research in the 1980s led to the development of low-loss optical fibers with
high bandwidth. Additionally, high-power lasers provided a tremendous boost in the
optical signal power and enabled optical fibers to transmit signals over long
distances[6][7]. Today, optical communication is a critical component of many
industries, including telecommunications, data centers, medical equipment, %Space
exploration. Optical communication systems are designed to transmit signals over long
distances with minimal sigal loss and interference. Single-mode fiber optic cable has
become the best channel for long-distance optical communication due to its lower
signal attenuation, allowing for signals to be tra%tted athigh speeds and across large
distances|8]. The development of advanced optical components, such as optical
amplifiers, optical switches, and wave]engﬁdivision multiplexing (WDM), has
enabled increased capacity and bandwidth in optical communication systems. Optical
amplifiers, such as erbium-doped fiber amplifiers (EDFAs), amplify optical s'ﬁa]s
inside the fiber, while optical switches and WDM allow multiple signals to be
transmifted simultancously over a single fiber [9][10]. Optical communication
technology has come a long way since ancient times, with the development of digital
optical communication systems, optical fibers, lasers, and advanced optical
components. It has had a significant impact on the way we communicate and receive
data, and its importance is only expected to grow in the future. Ongoing research and
deyelopment in the field will continue to drive innovation and improve the performance

of optical communication systems.




1.3 Background of optical communication System

Optical communication systems have revolutionized the telecommunications industry,
offering a high-speed, reliable. and cost-effective methﬁl of transmitting data over long
distances. The channel used for data transmission can have a significant in@ct on the
performance of the communication system. Multimode fiber, with its larger core
diameter, supports the transmission of multiple modes of light, making it a cost-
effective and easy-to-install option for short-range communication. Single-mode fiber,
with its smaller core diameter, supports higher bandwidth and longer transmission
distances, making it ideal for long-haul communication[[1].

The continuous advancements in optical communication have opened up new
opportunities in various fields, including aerospace, transportation, healthcare, and
security. The channel chosen for data transmission is pivotal to the system's overall
performance, and research is ongoing to improve the speed, bandwidth, and
transmission distance of each channel. Multimode fiber has widespread availability and
remains a popular choice for short-range communication. However, it is prone to
dispersion and attenuation, which can limit data transmission speed and reduce signal
quality. Single-mode fiber, with its lower dispersion and attenuation rates, offers
improved bandwidth and transmission distances, making it ideal for long-distance
communication applications. Free space optical communication has the potential to
revolutionize communication in remote areas where cables and other communication
infrastructure are not available. However, the channel can suffer from atmospheric
turbulence, which can cause weakening or scattering of the optical signals. Overcoming
these challenges requires advanced adaptive optics techniques to stabilize the optical
beam and ensure reliable and consistent performance. Optical power-line
communication offers an alternative to traditional copper-wire-based communication
systems, leveraging existing powerline infrastructure to carry signals. However, the
channel can be impacted by signal attenuation, noise, and interference from other
devices on the same powerline. Developing new modulation and filtering technologies
can help to improve the quality and reliability of the transmission. Advanced research
is being carried out, leveraging the principles of quantum physics 1o develop quantum
optical communication systems that enable ultra-secure communication by exploiting
the unique properties of quantum particles. These systems have the potential to provide

secure communication solutions that are resistant to potential attacks by eavesdroppers,




making them ideal for advanced military communications and other applications that

require high levels of security [12] [13].

1.4 Working Principle of optical communication System

Optical communication is a critical component of modem telecommunications systems,
offering high-speed and reliable data transmission over long distances. A proper
understanding of the working principles of different channels is essential for optimizing
system performance. Multi e fiber and single-mode fiber are widely used channels
for optical communication. Multimode fiber has a larger core diameter and can suffer
from modal dispersion, while single-mode fiber has a smaller core diameter, ensuring
signals propagate through the fiber in only one mode, minimizing attenuation, distortion,
and signal degradation over long distances|14].

Free space optical communication has many challenges, including the impact of
atmospheric turbulence, beam divergence, andﬁam noise. Adaptive optics techniques,
beam shaping, and error correction codes can be used to improve the channel's
performance. Optical power-line communication uses existing powerline infrastructure,
making it ideal for urban areas and smart grid applications. However, this channel can
suffer from signal attenuation and interference from other devices on the powerline. To
overcome these problems, modulation and filtering techniques can be used to improve
signal quality, and advanced powerline coupling and impedance matching can be
employed to reduce signal degradation.

The working principles of different optical communication channels are crucial to
optimizing system performance. Advances in technology are being made to improve each
channel's working principle and improve their performance. Optical communication is an
evolving field, and research, development, and innovative solutions are ongoing to

improve the efficiency, speed, and reliability of data transmission [15].

1.5 Recent work of optical communication System

Recent work in optical communication systems has focused on improving the performance
of existing technologies and exploring new applications.

One exciting field of the development of metasurfaces, which are surfaces that manipulate
light at a subwavelength scale. Metasurfaces can be used in optical communication
systems to enable more efficient light ransmission, allowing for higher data rates and

improving signal quality over a range of wavelengths. Recent studies have shown that




metasurfaces can be used to design compact and advanced optical components, including
multiplexers, switches, and receivers| 16].

Machine learning and artificial intellicence techniques are also being applied to optical
communication systems to improve systal efficiency and performance. Some recent
studies have shown that machine learning can be employed to predict the performance of
optical communication systems, allowing for optimization ar&improved signal quality.
Quantum mechanics to improve communication security. Quantum l& distribution
(QKD) uses the principles of quantum mechanics to generate a secure key that can be used
for secure communication. QKD has the potential to provide unbreakable encryption and
can be used in applications where security is a top priority, such as military and
government communications [17].

Overall, recent work in optical communication systems has focused on improving the
performance of existing technologies and exploring new applications. Meta surfaces,
artificial intelligence, and quantum mechanics are just a few examples of exciting new

developments in this field.

1.6 Advantage of optical communication systems based on a different channel
Optical communication systems offer several advantages over other communication
channels, such as electrical and wireless channels. Here are the advantages of optical

communication systems based on different channels:
[154]

1.6.1 Fiber Optic Communication:

Fiber optic communication is based on transmitting data through optical fibers, which
are thin strands of glass or plastic. The advantages of fiber optic communication
ﬁlude:

High Bandwidth: Fibﬁoptics provide a significantly higher bandwidth compared to
electrical cables. This enables the transmission of large amounts of data at high speeds,
making it suitable for applications requiring high data rates, such as video streaming
au:l cloud computing.

Low Attenuation: Optical fibers have low signal attenuation, which means that the
transmitted signals can travel longer distances without a significant loss of signal
strength. This allows for long-distance communication without the need for repeaters,
alucing costs and signal degradation.

Immunity to Electromagnetic Interference: Unlike electrical cables, optical fibers are

immune to electromagnetic interference (EMI). This makes fiber optic communication




morte reliable in environments with high EMI, such as industrial facilities or areas with
hcaa/ electrical equipment.

162 Free-Space Optical Communication:

Free-space optical communication (FSO) involves the transmission of data through
open air or outer space using laser beams. The advantages of FSO communication
include:

High Data Rates: FSO systems can achieve extremely high data rates, rivaling or even
surpassing traditional wired communication. This makes FSO suitable for applications
requiring high-speed data transfer, such as point-to-p(alt links or backhaul connections.
Immunity to Interference: FSO communication is immune to radio frequency
interference (RFI) and electromagnetic interference (EMI) since it operates in the
optical spectrum. This allows for secure and reliable communication without concerns
about signal jamming or interception.

No Spectrum Licensing: FSO communication does not require spectrum licensing,
unlike radio frequency-based wireless communication systems. This makes it a cost-
effective solution, especially in densely populated areas where radio spectrum is scarce

or expensive.

.3 Visible Light Communication:
Visible Light Communication (VLC) utilizes the visible light spectrum for data
transmission, often through light-emitting diodes (LEDs). The advantages of VLC
include:
Ubiquitous Infrastructure: VLC leverages existing lighting infrastructure, such as LED
bulbs, for communication purposes. This widespread infrastructure enables the
deployment of VLC systems in various indoor environments like homes, offices, and
public spaces without requiring a%tional infrastructure.
High Security: VLC offers a high level of security since visible light does not penetrate
through walls. This property makes VLC communication inherently secure against
eavesdropping or unauthorized access from outside the premises.
Immunity to RF Interference: VLC operates in the visible light spectrum, which is
separate from radio frequencies used by other wireless systems. This immunity to RF
interference ensures reliable communication in environments with heavy wireless

traffic or congested radio spectrum.




1.6.4 Coherent Optical Communication:

Coherent optical communication utilizes advanced modulation and detection
techniques to achieve high spectral efficiency. The advantages of coherent optical
communication include:

Increased Capacity: Coherent optical systems can achieve higher data transmission
rates by efficiently utilizing the available spectrum. This enables the transmission of a
larger amount of data within the same bandwidth, resulting in increased capacity and
improved network scalability.

Longer Transmission Distances: Coherent optical systems employ sophisticated signal
processing techniques, such as digital signal processing and forward error correction,
which help compensate for signal impairments. This allows for longer transmission
distances without significant degradation in signal quality.

Flexibility in Wavelength Allocation: Coherent optical communication systems can
dynamically allocate different wavelengths to different data channels, enabling
wavelength-division multiplexing (WDM). This flexibility maximizes the utilization of
the optical spectrum, allowing for efficient multiplexing of multiple channels over a
single fiber [ 18].

1.65 Quantum Optical Communication:

Quantum optical communication involves the use of quantum phenomena to transmit
information securely and reliably. The advantages of quantum optical communication
include:

Quantum Key Distribution (QKD): Quantum optical systems enable secure key
distribution using QKD protocols. QKD provides unconditional security by leveraging
the principles of quantum mechanics, ensuring that any eavesdropping attempt can be
detected.

Resistance to Eavesdropg: Quantum communication is intrinsically secure against
eavesdropping due to the no-cloning theorem, which states that it is impossible to create
an identical copy of an unknown quantum state. This property makes quantum optical
communication highly resistant to interception or tampering.

Quantum Entanglement for Enhanced Communication: Quantum optical
communication can exploit quantum entanglement to enhance communication
capabilities. Entangled particles can be used to transmit information instantaneously,

enabling faster-than-light communication in certain scenarios|19][20].




1.7 Low Power Consumption:

Optical communication systems require significantly less power compared to
traditional electrical communication systems. This is because optical signals experience
lower losses and require fewer amplification stages, resulting in reduced power
consumption. Lower power consumption is particularly beneficial in energy-
constrained environments and helps in achieving higher energy efficiency in data

transmission.

1.8 Scalability:

Optical communication systems offer excellent scalability, allowing for seamless
expansion and upgrading of network infrastructure. Optical fibers can accommodate a
large number of wavelength channels through WDM technology, providingﬁlually
unlimited capacity for future growth. This scalability is vital in meeting the ever-
Heasing demand for higher data rates and accommodating emerging technologies like

5G, the Internet of Things (IoT), and cloud computing.

1.9 Immunity to Crosstalk:

Optical communication systems are immune to crosstalk, which is the interference that
occurs when signals from different channels or wires overlap. Unlike electrical systems,
optical signals do not interfere with each other, allowing for dense packing of optical
channels without cross-interference. This attribute is particularly advantageous in high-
density communication environments, such as data centers or submarine

communication systems.

1.10 Enhanced Signal Quality:

Optical communication systems offer superior signal quality compared to other
communication channels. Optical signals are less susceptible to noise, distortion, and
degradation over long distances, ensuring high-fidelity transmission. Additionally,
optical fibers exhibit lower signal dispersion, enabling the transmission of high-speed
signals over longer distances without significant degradation.

1.11 Multiplexing and Multimode Capaﬂiﬁes:

Optical communication systems support various multiplexing techniques, such as
time-division multiplexing (TDM) and wavelength-division multiplexing (WDM).
These techniques allow multiple independent data channels to be combined and
transmitted simultaneously, increasing overall system capacity. Moreover, optical

fibers can support multimode transmission, where multiple modes of light propagate




through the fiber simultaneously. This multimode capability enables efficient

utilization of fiber bandwidth,enhancing overall system performance [21][22].
1.12 limitation of optical communication systems with different channels

1.12.1 Attenuation and Losses:

Optical signals experience attenuation and losses as they propagate through different
channels, such as optical fibers or free space. These losses can be due to fiber ﬁlterial
properties, bending losses, scattering, or absorption. Attenuation limits the distance
over ﬁich signals can be transmitted without significant degradation. Losses can also

limit the overall system performance in terms of signal quality and data rate [23].

62.2 Dispersion:
Dispersion refers to the spreading of optical signals as they propagate through the

transmission medium. Different channels can have varying dispersion characteristics,
such as «E)matic dispersion (resulting from different wavelengths traveling at different
speeds) and polarization mode dispersion (caused by different polarizations of light
%eriencing different velocities). Dispersion can cause pulse broadening, leading to
inter-symbol interference and limiting the achievable data rate and transmission

distance [24].
1.12.3 Nonlinear Effects:

Nonlinear effects can occur in opl'&l communication systems when the signal power
becomes relatively high. These effects include self-phase modulation, four-wave
mixing, stimulated Raman scattering, and stimulated Brillouin scattering. They can

distort the transmitted signals and introduce noise, limiting the system's performance.

1.12.4 Power Budget Constraints:
Optical communication systems have power budget constraints that limit the number
of channels or the distance over which signals can be transmitted. These constraints
depend on the available optical power, receiver sensitivity, and the losses encountered

in the transmission medium. [25].




1.12.5 Crosstalk and Interference:

In multi-channel optical communication systems, crosstalk and interference can arise
when signals from different channels interfe& with each other due to inadequate
isolation or channel spacing. This can degrade the signal quality and increase the error

rate.

1.12.6 Noise:

Optical communication systems are susceptible to various s%ces of noise, such as
thermal noise, shot noise, and spontaneous emission noise. These noise sources can
degrade the signal-to-noise ratio (SNR) and limit the system's ability to accurately

detect and interpret the transmitted information [26].

2.7 Channel Capacity Limitations:
The channel capacity of optical communication systems is finite, and limited by factors
such as the available bandwidth, modulation schemes, and noise levels. As the number
of channels increases, the available capacity must be shared among them. potentially

reducing the achievable data rates per channel [27].

1.12.8 Signal Quality and Regeneration:

In long-haul optical communication systems with multiple channels, the signal quality
can degrade due to cumulative impairments. Signal regeneration and amplification
become necessary to restore and boost the signal quality periodically. However, the
regeneration process introduces additional complexity, cost, and potential limitations
in terms of signal fidelity and timing.

These limitations highlight the complex challenges faced in optical communication
systems with different channels. The provided references offer furtherﬁights into
these topics, exploring advanced techniques, mitigation strategies, and research

advancements in the field of optical communications.

‘Wavelength Division Multiplexing (WDM):

Wavelength Division Multiplcxi&(WDM) is a highly advanced technology used in
optical communication systems for transmitting multiple data signals over a single
optical fiber. This technology allows for tlﬁfficienr utilization of the available
bandwidth, making it possible to transmit vast amounts of data at high speeds over long
distances. a fiber-optic communications, wavelength-division multiplexing (WDM) is
crucial for multiplexing optical carrier messages onto asingle optical fiber. It is possible

to use a single fiber strand for both capacity growth and bidirectional transmission. In

10




WDM systems, multiplexers and demultiplexers are used to combine and separaie
signals. Theoretically, both objectives might be achieved simultaneously by creating an
optical add-drop multiﬁexer with the appropriate fiber type. For a long time, optical
filtering devices called Etalons (Fabry-Pérot interferometers in thin-film coated optical
glass) have been employed [28].

Wavelength Division Multiplexing (WDM)

Transmitter Receiver

= Signal Flow =

Figure 1. 1 Block diagram of WDM System [29]

WDM networks typically use single-mode fiber cables with a Y-meter diameter. 50 or
62.5 m multi-mode fibers. also referred to as premises&nble, can be utilized in some
WDM variations. Based on their wavelength patterns, conventional/coarse (CWDM)
and dense (DWDM) wavelength division multiplexing systems are two different types
of WDM systems [30].

Dense avelength Division Multiplexing (DWDM) :

Dense Wavelength Division Multiplexing (DWDM) is a type of Wavelength Division
Multi%ing (WDM) technology used in optical communication systems. A method
called dense wavelength division multiplexing (DWDM ) makes it possible to transmit
many information streams simultaneously over a single cable. This offers a workable
solution for increasing the capacity of current networks without adding new fiber.

The method used the most frequently for backbone lines is DWDM [32]. It uses very
narrow channel spacing (around 0.8-1.6 nm) and supports a large number of channels
(up to 160 channels or more), making it an efficient and cost-effective technology for
high-bandwidth applications. These systems employ gaps as small as 0.1 nm or even
0.2 nm.

However, when spacing values get smaller, more transmission route parts—especially
DFB (Distributed Feedback) lasers—are needed|33]. Tens or even hundreds of parallel

optical lines may be transmitted via DWDM systems.
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DWDM is characterized by its normalized frequency of 193.1 THz. For optimal

performance, the wavelength cannot depart from the normalized wavelength by more
than 0.16 nm [34]. DWDM systems allow for the transmission of vast amounts of data
over long distancﬁv multiplexing multiple data streams onto a single optical fiber.
The data streams are transmitted at different wavelengths on the same fiber without
interfering with each other. This technology enables optical networks to operate at
much higher speeds, improving network efficiency and reducing costs. DWDM
technology has revolutionized optical communication systems and has hzﬁa significant
impact on the telecommunications industry. It has made it possible to transmit large
amounts of data over long distances, making it suitable for applications such as long-
haul and submarine communication systems, data centers, and high-speed infernet
backbone networks.

of the critical components of DWDM systems is thwtical amplifier, which
amplifics the optical signal to compensate for signal losses. The most commonly used
optical amplifier in DWDM systems is the erbium-doped fiber amplifier (EDFA),
which provides high gain and low noise while maintaining compatibility with standard

single-mode fiber [35].

Transpond A Mux  Post Amplifier Pre Amplifier Demux Transponders

Attenuate Hot Amgplify ] Convert
Channels to Power to Loy Optical
tical
SpmEonta Overcome i Channelto

Equalize :
OneFiba h
Power EISeE FiberlLoss Ehenes Signal

Covert signal Combine

to Optical
Channel

Figure 1. 2 Block diagram of DWDM system |36]
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¢313 How many types of DWDM
Dense Waveleng& Division Multiplexing (DWDM) is a technology used in optical

communications to transmit multiple signals simultancously over a single optical fiber.
There are several types of DWDM based on different characteristics and functionalities.
However, it's important to note that specific implementations and variations may exist

beyond the general types mentioned here.

113a oarse Wavelength Division Multiplexing (CWDM):

CWDM is a simplified version of laVDM that uses wider channel spacing between
wavelengths. It typically operates in the 1270 nm to 1610 nm wavelength range, with a
channel spacing of 20 nm. CWDM is suitable for shorter distances and smaller

networks where the number of channels is limited.

............................................................

Ny %

;
4,

Figure 1. 3 Bolck Diagram of CWDM [37]

1.13.b Long Wavelength Division Multiplexing (LWDM):
LWDM is a variation of DWDM that operates in the long wavelength range. typically
around 1550 nm. It offers a more cost-effective solution compared to traditional

DWDM for transmitting a limited number of channels over shorter distances.

1.13.¢ Ultra-Dense Wavelength Division Multiplexing (UDWDM):

DWDM is an advanced form of DWDM that allows for a higher number of channels
to be transmitted over a single fiber by reducing the channel spacing. UDWDM
typically employs channel spacing of 6.25 GHz or less, enabling the transmission of

more than 80 channels over a single fiber.

1.13.d Coherent Wavelength Division Multiplexing (Coherent WDM):
Coherent WDM is a technique that utilizes advanc%nodulation and detection

schemes, such as coherent detection, to improve the spectral efficiency and
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transmission capacity of DWDM systems. It enables the transmission of multiple

wavelengths on a single fiber, achieving higher data rates and longer distances.

1.13.e Hybrid Dense Wavelength Division Multiplexing (HDWDM):

HDWDM combines both DWDM and CWDM technologies to create a hybrid system
that supports a larger number of channels. It allows for the transmission of a mix of
densely spaced channels (DWDM) and widely spaced channels (CWDM) over the same
fiber, providing flexibility and scalability.

1.13.f Colorless, Directionless, and Contentionless (CDC) DWDM:
CDC DWDM is an advanced technology that enhances the flexibility and efficiency of
optical networks. It allows any wavelength to be added or dropped at any network node
(colorless), enables bi-directional transmission on any wavelength (directionless), and
provides contentions access to wavelengths without interference (contentions). CDC
DWDM facilitates dynamic and reconfigurable optical networks.

1.13.g Gridless DWDM:
Gridless DWDM is a flexible approach that allows for the use of arbitrary channel
spacings rather than being restricted to fixed channel grids. It enables more efficient
use of the available optical spectrum by optimizing channel spacing according to the

specific requirements of the netwaork, thereby maximizing spectral efficiency.
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1.13.h FlexGrid DWDM:

FlexGrid DWDM is an advanced variant of DWDM that introduces flexible and
dynamically adjustable channel spacing. Unlike traditional fixed grid systems,
FlexGrid DWDM allows for variable channel spacing, enabling optimal utilization of
the available spectrum and improved spectral efficiency. With FlexGrid DWDM,
channel spacing can be adjusted on a per-wavelength basis, accommodating varying
data rates and transmission requirements. This flexibility enables network operators to
allocate bandwidth more efficiently, adapt to changing laf fic demands, and optimize
network capacity. FlexGrid DW DM systems ﬁen utilize advanced modulation formats
and coherent detection techniques to achieve higher data rates and longer transmission
distances. By dynamically allocating channel spacing based on specific needs, FlexGrid
DWDM provides enhanced scalability and future-proofing capabilities for optical
networks. FlexGrid DWDM represents a significant advancement in optical networking
technology, offering increased flexibility, efficiency, and adaptability to evolving

network requirements [38].

1.14 The name of different channels in optical communication
1.14.a Single-Mode ]&er (SMF):

Single-mode fiber is the most widely deployed channel in cﬁ'cal communication
systems. It supports the transmission of a single mode of light, allowing for high data
rates and long-distance communication. It is often used in long-haul and high-capacity
applications.

1.14.b Multimode Fiber F):

Multimode fiber enables the transmissifa of multiple modes of light simultaneously.
It is typically used for shorter distances, such as local area networks (LANs) and data
centers. Multimode fibers have larger core diameters than single-mode fibers, allowing
multi& light rays to propagate.

1.14.c Free-Space Optical (FSO) Communication:

FSO communication involves transmitting information through open air, using laser or
infrared beams. It is commonly used for point-to-point communication in situations
where physical cables are not feasible or where high-speed communication is required.
FSO systems are employed in applications such as wireless backhauling, satellite

communication, and terrestrial links.
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4.d Coaxial Cable:
Coaxial cable is a type of guided transmission medium that consists of a central
conductor surrounded by a dielectric material and an outer conductor. Although it is
commonly associated with electrical communication, it is also used in certain optical
communication applications, particularly in cable television (CATV) networks.
1.14.e Waveguides:
Waveguides are structures that confine and guide electromagnetic waves, including
optical signals. They can be made of various materials, such as silicon, gallium
arsenide, or polymer-based materials. Waveguides are extensively used in integrated
optical circuits, photonic integrated circuits (PICs), and silicon photonics.
1.14.f Plastic Optical Fiber (POF):
POF is an optical transmission medium that employs plastic fibers to carry light signals.
It is less expensive and easier to handle than glass fibers, making it suitable for short-
range applications like home networking, automotive networks, and consumer
electronics
1.14.g Optical Satellite Communication:
Optical satellite communication involves the use of satellites to transmit optical signals
between ground stations or between satellites. It offers high data rates and low latency
communication links, which can be beneficial for applications such as remote sensing,
Earth observation, and deep-space communication.
1.14.h Quantum Channels:
Quantum channels are channels used for quantum communication, where information
is transrﬁd using quantum states instead of classical signals. These channels include
various techniques such as quantum key distribution (QKD), quantum teleportation,
and guantum entanglement-based communication.
1.14.i Submarine Optical Cable:
Submarine optical cables are deployed underwater to connect continents and provide
international communication links. These cables enable high-capacity, long-distance
transmission of optical signals across the ocean floor, forming the backbone of
international telecommunications.
1.14.j Terrestrial Optical Networks:
Terrestrial optical networks encompass a wide range of optical communication

channels deployed on land. These networks include backbone fiber-optic links,
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metropolitan area networks (MANS), and local area networks (LANSs), facilitating high-
speed data transmission between different locations.

1.14.k Intra-Chip Optical Communication:

Intra-chip optical communication refers to the use of optical channels for transmitting
data within a microchip or integrated circuit. It aims to address the limitations of
electrical interconnects in terms of bandwidth, power consumption, and signal integrity.
Intra-chip optical communication is an active area of rescarch for achieving higher-
performance computing systems.

1.14.1 Optical Wireless Communication:

Optical wireless communication, also known as Li-Fi (Light Ee]ity). utilizes visible
light or infrared signals to transmit data wirelessly. It offers advantages such as high
data rates, security, and immunity to electromagnetic interference. Optical wireless
communication is used in applications like indoor wireless networking and VLC
(Visible Light Communication).

1.14.m Orbital Angular Momentum (OAM) Channels:

OAM channels utilize the spatial modes of light with different orbital angular
momentum values. By manipulating the phase and vﬁefront of the optical beam,
multiple OAM modes can be generated, enabling the transmission of increased data
capacity over a single optical channel. OAM channels have the potential to significantly
enhancaoectral efficiency and data rates in optical communication systems.

1.14.n Mode-Division Multiplexing (MDM):

MDM is a technique that leverages the multiple spatial modes of a multimode fiber or
waveguides to transmit independent data streams simultaneously. By assigning
different modes to each data stream, MDM allows for increased data capacity over a
single f%’, enabling parallel transmission of information.

1.14.0 Space-Division Multiplexing (SDM):

SDM refers to the use of multiple spatial paths or channels within an optical fiber or
waveguides to transmit independent data streams. This can be achieved through
techniques such as multicore fibers, where multiple cores within a single fiber carry
separate data streams. SDM enables higher data rates and capacity by effectively
increas'ﬁ the number of independent communication channels.

1.14.p Polarization-Division Multiplexing (PDM):

PDM is a technique that utilizes different polarization states of light to transmit multiple

independent data streams simultaneously. By employing orthogonal polarizations, such
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as horizontal and vertical ,PDM enables the multiplexing of data in the optical domain,

effectively doubling the data capacity of a single optical channel.

1.14.q Coherent Optical Communication:

Coherent optical communication employs advanced modulation formats, coherent

detection, and digital signal processing techniqueéto maximize the capacity and reach

of optical communication systems. It enables the use of higher-order modulation

formats, sophisticated coding schemes, and adaptive ﬂlalization, allowing for

increased spectral efficiency and improved performance in long-haul and high-speed

communication&nksﬁgj.

1.14.r Optical Frequency Division Multiplexing (OFDM):

OFDM is a modulation technique widely used in optical communication, particularly

in high-speed transmission systems. It divides the optical spectrum into multiple

subcarriers, each modulated with data, allowing for efficient utilization of the available
dwidth. OFDM provides robustness against dispersion and nonlinear effects,

makingésuilablc for long-distance and high-capacity optical communication.

1.14.s Quantum Key Distribution (QKD):

QKD is a secure communication technique that utilizes the principles of quantum

mechanics to establish encryption keys between two parties. By transmitting single

photons and exploiting the fundamental properties of quantum states, QKD provides

unconditional security against eavesdropping, offering a promising solution for secure

communication networks [40][41].

These are some of the prominent channels, additional channels, and advanced channels

employed used in optical communication, and technologies are pushing the boundaries

of optical communication,enabling higher capacities, increased spectral efficiency, and

enhanced security in modern communication systems. Each channel serves specific

purposes and has its advantages and limitations in different scenarios.
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1.15 Objective of Research:

To design an optical communication system based on DWDM technology that
incorporates different channels such as multimode fiber, single-mode fiber, free space,
ald optical power-line communication.

To evaluate the performance of each channel in terms of data transmission speed, signal
quality, attenuation, and dispersion.

To investigate the impact of different signal processing techniques, such as digital
signal processing, modulation schemes, and error correction codes on system
performance.

To optimize the gystem for maximum efficiency and performance by optimizing
channel selection and signal processing techniques.

To compare the performance of the designed system with other existing optical
communication systems based on different channels.

To analyze the cost-effectiveness of the designed system in terms of installation,

maintenance, and operation costs.
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Chapter 2

Literature review

2.1 Literature review
2

The design and performeﬁce analysis of DWDM-based optical communication systems
with different channels is a rapidly deve]oag field of research that has drawn the
attention of various rescarchers worldwide. In this section, we will present a literature
review of recent studies related to lhﬁupic.

Several studies have investigated the use of multimode fiber in DWDM optical
commEication systems. G. Rath et al. (2019) studied the use of few-mode multicore
fibers in a wavelength division multiplexed (WDM) system, showing that they can
sustain a higher data rate and offer better performance compared to conventional
multimode fiber [42].

Single-mode fiber has also been extensively studied for use in DWDM systems. A. K.
Pal and T. Chattopadhyay (2018) designed and analyzed a single-mode-based optical
wmunication system, demonstrating the effectiveness of error correction coding for
improving the quality of signals [43].

Free space optical communication has been the subject of recent research studies. A.
Jbraeil and R. Sarvagya (2020) investigated the use of free space optical communication
for disaster management, emphasizing the need for advanced optical components to
mitigate the impact of atmospheric turbulence and beam divergence [44].

Optical power-line communication has also been studied extensively.J. Hu etal. (2021)
designed and analyzed an optical power-line communication system, demonstrating its
potential for high-speed data transmission and low-cost installation with powerline
infrastructure|45].

Security is also a critical aspect of DWDM-based optical communication systems.
Photonic QKD has been identified as a promising method for secure communication,
and recent studies have shown the feasibility of integrating photonic QKD with DWDM
systems. Photonic QKD can generate a secure key used for encryption or decryption of
data, and it can be incorporated into DWDM sysiems to enhance the security %mical
communication networks One such technology is the development of photonic quantum
key distribution (QKD) for secure communication. QKD uses the principles of quantum

mechanics to generate a secure key that can be used for encryption in communication.
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Recent studies have shown that QKD can be integrated with DWDM systems, leading
to highly secure and efficient communication [46]. Another area of research is the
development of software-defined optical networking (SDON) architectures. SDON
enables dynamic and flexible control of the optical network, allowing for efficient
bandwidth utilization anaimproved network resiliency. The integration of SDON with
DWDM technology has the potential for significant improvements in the performance

Machine learning is another area of research being explored to optimize the

and management of optical communication networks [47].

performance of %)M-bascd optical communication systems. Machine learning
algorithms can be used to analyze the performance of optical networks, predict system
failures, and optimize system design parameters for improved efficiency and
performance. Recent studies have shown that machine learning can improve the
accuracy of fault detection and reduce system downtime, leading to better network
management and increased reliability [48].

Additionally, the use of silicon photonics technology for DWDM systems has been
explored. Silicon photonics offers a cost-effective and scalablaglution for designing
advanced photonic devices, such as multiplexers and filters, which can improve the
performance and reliability of DWDM-based optical communication systems. Silicon
photonic technology has shown promise in improving system performance and
éecreasing costs. The integration of silicon photonics with DWDM technology allows
for the design of compact and advanced photonic devices, such as multiplexers,
switches, and filters, which can improve the system's efficiency, reliability, and
scalability. Recent studies have demonstrated the potential of silicon photonics for
high-speed communication and advanced wavelength division multiplexing (WDM)
systems [49].
Recent work in DWDM-based optical communication systems has focused on
developing novel technoloﬁs to improve system performance and efficiency.
Nowadays DWDM-based optical communication systems have focused on developing
novel technologies to improve performance, security, efficiency, and scalability.
Photonic QKD, SDON, machine learning, and silicon photonics are justa few examples
of the exciting advancements in this field that promise to revolutionize the
telecommunications industry.

Our thesis work highlights the importance of optimizing signal processing techniques

and selecting the best channel depending on the application requirements. The optimal
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system desigﬁan also provide better performance, reliability, and cost-effectiveness
in different DWDM-based optical_communication systems Continuing from the
previous response, recent research in DWDM-based optical communication systems
has seen advances in several areas, including p%ﬂnics, machine learning, and security.
Further research in these areas could lead to the development of advanced DWDM-
based optical communication systems with significantly improved performance and

DWDM is a technology that multiplexes numerous different wavelengths or colors of

security.

light onto a single optical fiber. It utilizes the inherent spectral width of the optical
signal to transport multiple channels at different wavelengths with a small spacing
between them. By using optical amplifiers and filters, this technology has enabled high-
capacity transmission over long distances with high spectral efficiency. DWDM-based
Optical Communication System is an advanced and powerful solution that supports the
high-capacity communication needs of modern businesses in today's digital age [50].

2.2 Design of DWDM-based Optical Communication SWm:

The design of a DWDM-based optical communication é/stem depends on various
factors such as channel spacing, number of channels, optical signal-to-noise ratio
(OSNR), and bit rate per channel. The design requirements for different applications

are different and should be adjusted accordingly [51].

2.3 Performance Analysis of DWDM-based atical Communication
System:

The performance of a DWDM-based optical communication system can be evaluated

in terms of transmission capacity, signal quality, and signal power. In addition,

parameters such as BER, Q-factor, or OSNR should be assessed to ensure high-

performance network operation. Several methods have been proposed for performance

evaluation, including optical spectrum analysis, eye diagram analysis, and bit error rate

measurement [52].

2.4 Different Channels in DWDM-based Optical Communication
System:

In recentﬁ]rs, various techniques have been proposed to expand the number of

channels in a DWDM-based oga] communication system. Some of the techniques

include wavelength-hopping, multi-plane light conversion (MPLC), spatial mode
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multiplexing, polarizationdlulriplexing, and mode-division multiplexing (MDM).
These techniques increase the number of channels that can be transmitted over a single

2&1. enabling higher transmission capacity and scalability [53][54].
32
Clmael Spacing in DWDM-based Optical Communication System:

The channel spacing in a DWDM-based optical cummﬁ'cution system is the distance
between the center frequencies of adjacent channﬁ. The choice of channel spacing
depends on the desired transmission capacity and the characteristics of the fiber and
other sysﬁn components. The most common channel spacing is 50 GHz, which
provides a good trade-off between spectral efficiency, 08§f and the cost of system
components. Howev& narrower channel spacing, such as 25 GHz or 12.5 GHz, may
be used to increase the number of channels that can be transmitted on a single fiber
[55].

In this [56] research, the effectiveness of dense wavelength division multiplexing was
estimated and assessed. Additionally, evaluate the bitrate and quality factor of the
optical pulse. Several different optical fiber modes were used to send the data. In this
applicﬁi(m, single-mode fiber (SMF) and dispersion compensation Eers (DCF) are
used. The 48-channel DWDM with indicated loopiw this study is explained by the
BER analyzer and the optical examination. In wavclﬁgth-division multiplexing
systems, optical add/drop multiplexers (OADMss) are used for fiber optic signal routing
and multiplexing. They are also used to transmit data over very long distances. In this
process, there are two modulation approaches possible. NRZ and RZ stand for
"National Research and Development Zone" and "Research and Development Zone,"
respectively. This project can use the NRZ modulation technique.

Table 2 1: Required Parameters and Values

Pararfters Value
Reference Frequency 193.1 THz
Frequency Spacing 100 GHz
Optical Fiber Length 10 km

DCF length 30 km
EDFA Gain 10 dB

We used NRZ modulation techniques to simulate a 32-chanﬁl DWDM network
operating at 40 GB/s. The transmitter component employs a 32-channel WDM
transmitter with a 1450 nm starting frequency and a 100 GHz frequency spacing. In this

experiment, an optical link was used in the form of a transmission loop that was 90 km
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long in SMF, 30 km long in DCF, and 2 km long in EDFA. In the 32-channel WDM
de-multiplexer receiver, PIN photodetectors and BER testers are employed. A 32-
channel multiplexer and DCF were used with a generic optical cable. The optical
amplifier's gain was increased by 20%.Ehe wavelength is then separated in frequency
by 100GHz. Using a WDM transmitter, the siﬁl is sent in an ideal mux. It was divided
after that and then put through a control loop. Signals are Uansmi&d over optical fiber.
In this application, optical fibers of two different types arc used. The two types of fiber
are single-mode fiber and dispersion compensation fiber. WDM then carried out the
Demux. Demultiply the wavelength before moving on to the photodiode. The WDM
demux sends the signal to optical receivers. It displays the wtput of the BER analyzer.
The BER treatment is applied to the graph. The production is high, and the value of the
quality factor increases when the waves are evenly distributed. As the quality factor
value rises, so does the signal transmission rate. The quality factor was 2.345 before
using this procedure; after adjusting the length of the optical cable, it rose by 11.4327.
The quality factor increases as data is transmitted over a long distance.
In the study of [28] researchers proved, based on semiconductor optical amplifiers, We
proposed a dense wavelength divis'an multiplexing (DWDM) optical transmission
system (SOA) with sixteen channels. SOA amplifiers cona‘:nsate forsignal attenuation
during transmission in optical communication systems. Pre-, post- (booster), and in-
line SOA approaches are modeled, researched, and compared to assessﬂle performance
of the DWDM system and mitigate attenuation effects. The proposed system is created
using the Optisystem7.0 simulator for a 10Gbps network employing a non-return-to-
zero (NRZ) modulation format with a 14-kilometer dispersion C(Eensation fiber
(DCF) and a 70-kilometer single-mode fiber (SMF). By chanﬁlg the input power (mw)
parameter of a CW laser source (BER), the performance of the constructed system is
evaluated and contrasted in terms of eye shape (eye diagram), Q-factor. and bit error

rate.
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Figure 2. 1 Basic building block of optical DWDM transmission [57]

The in-line SOA amplifier has been shown to perform excellently as an attenuation

compensator for the suggested optical tranﬁission systems, The current study focused
on the performance of a built 1610Gbps DWDM optical transmission system using
different semiconductor optical amplifiers (pre-SOA, booster-SOA, and Inline-SOA).
The performance parﬁleters of a planned 84 km optical link are investigated using
variable input power a terms of eye diagrams, bit error rate (BER), and Q-factor on
each channel (mW). The performance of each chanﬁl for SOA topologies is also
examined using cost analysis, and the results show that the optimized In-line SOA
amplifier architecture offers the best performance (better Q-factor and lower BER)
when conaared to pre- and booster amplifiers.

The goal of this [36] article is to show how a 64-channel DWDM system with a 10
Gbps data throughput can be used to improve system quality over a 50 km single-mode
fiber at different power levels and frequency spacings (SMF). To boost the battery's
gain and the system's a'ficiency and capacity, we employed EDFA (Erbium Doped
Amplifiers). Modeling at various power levels and a frequency spacing investigation of
the BER, Q-factor, and eye height are among the results of the Optisystem program.

Table 2 2: Simulation Parameter

WDM Transmitter Frequency 193.1 THz
Frequency Spacing 100 GHz

Input Power O dBm

Bit Rate 2¢e9
Modulation Type NRZ

Fiber Length 10 km
Attenuation 0.02 dBm
Reference Wave Length 103.1 THz

This 64-channel performance study is effective. A single channel was replaced with 64
channels thanks to the adoption of single-mode fiber, producing better system

performance at different frequency separations and power levels.
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To prevent Four-Wave Mixing (FWM), three optical communication solutions are
suggested in this&esearch [58]. Alternate circular polarization, OTDM and WDM
technologies, and low input power combined with a high gain amplifier are the thr

options used. The first method demultiplexes after reducing the input signal strength to
-20 dBm and then raising it by 20 dB. In the second method, the input signal is split
into four-time slots, which are then combined using a power combiner. The third
method alters the input pulses' polarization before multiplexing them into circular

polarizations with the right and left hands. A wide range of simulations are carried out

using optics.
Table 2.3: comparison between different techniques
Channels Q) Factor BER Evye Diagram
4 16.1122 5.48586 0.0075
8 151855 122586 0.00742377
16 16.7362 204199 0.00749419

1
The Q-factor, the optical signal-to-noise ratio (OSNR), the received power, the bit error
rate (BER), and the eye diagram are all considered in the performance assessment.

2.5 Optical Amplification in DWDM -based Optical Communication

System:
Transmitter -1 Receiver -1
Transmitter -2 Recelver -2
. L]
. L]
¢ Post Line :
Multiplexer ~ Amplifir ~ Amplifier  Preamplifier Demultiplexer T
Transmitter - M Receiver -N

Figure 2. 2 Block Diagram of Optical Amplification in DWDM [59]

Optical amplification is a crucial component in DWDM-based optical communication

systems since it compensates for the attenuati%and dispersion of the optical signal
during transmission. The most commonly used type of optical amplifier is the erbium-
doped fiber amplifier (EDFA), which amplifies the optical signal in the 1530-1565 nm
wavelength range. Other types of amplifiers, such as amplifiers and semiconductor

optical amplifiers, have also been proposed for DWDM systems [60][61].
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2.6 Filter Design in DWDM-based Optical Communication System:

Filters are used in DWDM-based optical communication systems to separate the
different wavelength channels and remove unwanted noise signals. Several types of
filters are used in DWDM systems, including fiber Bragg gratings&BGs}, arrayed
waveguide gratings, and thin-film filters. The choice of filter depends on the number of

channels, the channel spacing, the OSNR, and other system requirements [60].

2.7 Mode-division Multiplexing in DWDM-based Optical

Mode-division multiplexing (MDM) is a recent technique that has been proposed to

Communication System:

increase the number of channels in a DWDM-based optical communication system.
MDM utilizes different spatial modes of a single optical %r to transmit multiple
independent channels simultaneously. This technique can significantly increase the
transmission capacity of optical fibers and has the potential to support the high-capacity

requirements of future 5G and beyond networks [62].

2.8 Polarization-based Multiplexing in DWDM-based Optical
Communication System:

Polarization-based multiplexing (PDM) is another technique that has been proposed to

expand the number of channels in a DWDM-based optical communication system.

PDM utilizes the two orthogglal polarization states of light to transmit independent

data streams simultaneously. This technique can increase the transmission capacity of

optical fibers and has the potential to achieve high spectral efficiency [63].
2.9 Coherent Detection in DWDM-based Optical Communication

System:
Coherent detection is a technique that has been proposed for DWDM-based optical
communication ﬁtems to overcome the limitation of direct detection. Coherent
detection utilizes a local oscillator to demodulate the phase and amplitude of the optical
signal, allowing for the dctﬁ'on of weak signals and high-speed data transmission.
This technique has enabled the transmission of high-capacity data streams over long
distances, making it a promising solution for future optical communication networks

[64].
2.10 Nonlinear Effects in DWDM-based Optical Communication

System:
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Nonlinear effects, such as four-wave mixing (FWM), cross-phase modulation (XPM),
and self-phase modulation (SPM), can degrade tha)erformance of DWDM-based
optical communication systems. These effects arise due to the interaction of different
wavelengths in the fiber, leading to the generation of unwanted signals and signal
distortion. To mitigate these effects, various techniques, such as dispersion
compensation, nonlinear compensation, and fiber optimization, have been proposed

[65).

2.11 Network Topology in DWDM -based Optical Communication
System:

The network topology in DWDM-based optical communication systems plays a crucial
role in determining the transmission capacity and scalability of the nctwork. Various
topologies have been proposed, including point-to-point, ring, mesh, and hybrid
topologies. The choice of topology depends on the network size, the traffic pattern, the

deployment cost, and other network requirements [66].

2.12 System Optimization in DWDM-based Optical Communication
System:

The optimization of DWDM-based optical communication systems is crucial 1
achieving high-performance ala cost-effective network operation. System optimization
involves selecting appropriate system parameters. such as channel spacing&'t rate, and
modulation format, to maximize the transmiai(m capacity and minimize the cost and
power consumption of the system. Various optimization algorithms, such as particle
swarm optimization (PSO) and genetic algorithm (GA), have been proposed for

DWDM system optimization [67].

2.13 Metro and Data Center Interconnect in DWDM-bhased Optical
Communication System:

DWDM-based optical communication systems are widely used in metro and data center
interconnect (DCI) applications to provide high-capacity connectivity between data
centers and other network elements. In metro applications, DWDM systems can
connect multiple locations within a city or metropolitan area, supporting a wide range
of services, such as video conferencing, cloud computing, and e-commerce. In DCI
applications, DWDM systems can connect multiple data centers within a region,
enabling efficient data exchange and disaster recovery [68].

2.14 Roadmap for Future DWDM -based Optical Communication
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System:
The future of DWDM-based optical communication systems lies in the development of
new technologies and techniques that can enable even higher transmission capacity and
scalability. Some of the proposed technologies include few-mode fibers, multicore
fibers, and space-division multiplexing (SDM), which utilize different dimensions of
the fiber to transmit independent data streams simultaneously. %reover, the
integration of DWDM systems with other technologies, such as 5G and cloud
computing, will enable the development of innovative applications and services, such

as smart cities and autonomous vehicles [69].

2.15 Cost-effective Design in DWDM-based Optical Communication
System:
Cost-effective design is critical for DWDM-based optical communication systems, as

it enables the rapid deployment of high-capacity network infrastructure while
minimizing the cost of system components and operations. Several cost-effective
design approaches have been proposed, such as the use of less expensive sysiem
components, network optimization, and energy -efficient operation.éhese approaches
enable the development of high-capacity network infrastructure that is both cost-
effective and environmentally friendly [70].

DWDM-based optical communication systems have revolutionized the field of high-
capacity, long-distance data transmission and have become a crucial technology for
modern communication networks. The optimization and development of new
technologies and techniques have enabled the expansion of the transmission caﬁity
of optical fibers and supported new applications and services. Future research on the
development of new technologies and the ir%ration of DWDM systems with other
technologies will enable further expansion of the transmission capacity of optical fibers

and support the high-capacity requirements of future communication networks.
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Chapter 3
System Model

3.1 Introduction to Optisystem

Expanding on the potential of OptiSystem software in the proposed thesis, it is worth
ﬁting that the software can also be used to model and analyze a range of other optical
communication systems, such as passive optical networks, wavelength division
multiplexing (WDM) systems, and fiber optic sensors.

OptiSystem software provides an extensive library of components, such as optical
fibers, amplifiers, modulators, detectors, and filters, which can be used to construct and
simulate complex optical communication systems. The software enables simulations of
system behavior under various operating conditions, including varying input power
levels and noise profiles, and it offers a variety of performance metrics and output data
to analyze the results.

One of the key advantages of using OptiSystem for the proposed thesis is that the
software can provide a more accurate and realistic simulation of the proposed DWDM-
based (ﬁtical communication system. OptiSystem can account for a wide range of
factors ﬁt can affect system performance, such as the non-linear effects of high laser
power, polarization mode dispersion, and chromatic dispersion.

Additionally, OptiSystem software can be %l to simulate the impact of various coding
schemes, such ag forward error correction, on the systemﬁerformance. Studying these
factors and their impact on the system's performance can provide a more comprehensive
understanding of the proposed system's capabilities and limitations.

Overall, using OptiSystem software in the proposed thesis can provide several
advantages, including a more accurate and realistic simulation of the DWDM-based
optical commwcation system, a comprehensive analysis of the system's performance
metrics, and a better understanding of the system's limitations and potential for

improvement.

3.2 CW Laser

A continuous-wave (CW) laser is an essential tool in a wide range of applications that
require a steady, reliable source of high-quality light. These lasers operate by
maintaining a constant energy state within the laser cavity, which results in a continuous

flow of photons being emitted.
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CW lasers come in a wide range of shapes and sizes and can be constructed from a
variety of materials, including solid-state crystals, gases, and semiconductors. Solid-
state CW lasers are favored for their high power output and beam quality, while gas
lasers are often used in low-power scientific applications due to their high efficiency.

One of the key advantages of CW lasers is their high beam quality, which allows for
highly precise cutting, drilling, and welding operations. This is in contrast to pulsed
lasers, which emit high-intensity bursts of light and generate a greater amount of
thermal energy that can damage the workpiece. Another advantage of CW lasers is their
high reliability. Because the energy state remains constant, CW lasers tend to have
longer lifetimes and lower maintenance requirements than pulsed lasers. This makes
them ideal for applications that require continuous operation, such as in medical
treatments or industrial manufacturing processes. In addition, CW lasers are more
energy-ctficient than pulsed lasers. They consume less energy per unit of light emitted,
making them a more cost-effective option for long-term use. Furthermore, because CW
lasers emit a constant stream of light, they are suitable for applications that require a
stable and consistent light source, such as spectroscopy or laser cooling experiments.

Continuous-wave (CW) laser operation entails both continuous light emission and laser
pumping. Both sing]e-res&mtor mode (high-frequency operation) and numerous modes
of emission are poaible. The first continuous-wave laser was an 1153 nm helium-neon
laser. A variant with the now-standard emission wavelength of 6328 nm was
demonstrated shortly after that. The development of several gas lasers, various solid-
state lasers (including semiconductor lasers), and dye lasers led to the development of
many additional laser types that can also operate continuously. The CW laser sign from

OptiSystem is seen in Figure 3.1.

'\J‘*]

CWLaser
Freguency= 183.1 THz
Power=0 dBm

Figure 3. 1: CW Laser in optisystem

For many lasers with low-gain laser transitions. the continuous-wave operation is
challenging to attain, whereas pulsed pumping operation is simpleaSinoe the gain
efficiency of fiber lasers is significantly higher than that of bulk lasers. continuous wave

operation is occasionally only possible with fiber lasers. Some allegedly self-
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terminating laser transitions ar&in no manner appropriate for operation as continuous
waves. On longer time scales, the output power of a continuous-wave laser is more or
less constant, ba it might experience large power fluctuations, for example, because of
beating mode (if single-frequency operation is not attained) and other kinds of laser
noise. Different laser stabilization methods can be applied in terms of output power and
optical frequency, frequently needing extra optical components inside or close to the

laser.

éS Pseudo-Random Bit Sequence Generator
A binary sequence that is hard to anticipate, generated by a deterministic algorithm, and
has statistical behavior like a truly random sequence is known as a pseudorandom
binary sequence (PRBS). PBS is utilized in telecommunications as well as in
ﬁlulali{)n, time-of-flight spectroscopy, cryptography, and comparison techniques.
A pseudo-random bit sequence (PRBS) generator is a digital circuit that produces a
sequence of binary bits that are intended to resemble a random sequence but are
deterministic. The generated sequence is designed to appear as random as possible, with
no discernible pattern that can be easily predicted. The randomness of the sequence is
a result of its extremely long cycle length, which makes it difficult tcﬁ]etermine any
repeating pattern. In optical communication systems, PRBS generators are widely used
for a variety of purposes. For example, they are extensively used to test and validate
the performance of optical receivers, both in the laboratory and in the field. By
generating high-speed serial data with different levels of randomness, the generator can
provide a stress test for the receiver's ability to accurately capture and decode incoming
its. PRBS generators are also commonly employed in the simulation and optimization
of optical communication systems. This involves testing and analyzing the performance
of the optical link and other related components under a range of operating conditions.
This can include testing under different environmental conditions, such as varying
levels of temperature or humidity, to ensure robustness and reliability.
By adjusting the parameters of the PRES generator and introducing simulated
impairments, such as attenuation or noise, the performance of the optical link can be
evaluated to predict how it would respond under real-world operating conditions.
Another important application of PRBS generators in optical communication systems
is the generation of encryption keys. In a secure communication system, encryption

keys need to be truly random and unpredictable to ensure proper security. By using




PRBS generators as a key source, encryption keys can be generated with high speed
and randomness, which makes them unpredictable and difficult to crack. Overall, PRBS
generators are a crucial component of optical communication systems, helping to
facilitate performance validation, testing, simulation, and key generation. As
communication systems continue Hvolve and demand faster speeds and greater levels
of data security, the role of PRBS generators in optical communicwn systems is only
set to continue to grow. One of the key advantages of using PRBS generators in optical
communication systems is their ability to provide a repeatable and controlled stimulus
to test various system parameters. By generating a I'E;E: amount of high-speed pseudo-
random data, the generator can be used to simulate the behavior of the system under a
range of conditions. In addition, PRBS generatars can provide a valuable tool for
troubleshooting and diagnosing issues with optical mmmunicati%system& By
comparing the expected PRBS sequence with the received sequence, the performance
of the system under test can be evaluated and any errors or anomalies can be identified
and rectified. However, it is important to note that PRBS sequences are not truly
random, and can be predicted with enough knowledge of the underlying algorithm.
Therefore, they are not suitable for cryptographic applications where true randomness
is required. To address this limitation, various methods have been developed to enhance
the randomness of PRBS sequences by incorporating additional sources of randomness,
such as physical phenomena like thermal noise or radioactive decay, into the generator.
These improve the security of encryption keys generated using the PRBS sequence,
making them suitable for cryptographic applications.
The PRBS sign from OptiSystem is seen in Figure 3. 2. PRBS generatgg play a vital
role in the design, testing, and optimization of optical communication systems. With
the increasing demand for high-speed and highly secure data transmissions, the
importance of PRBS generators in optical communication systems is set to continue to

grow.

010..p=

Pseudo-RandomBitSequence Generator
Bitrate = Bitrate Bis/s

Figure 3. 2: PRBS in OptiSystem
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3.4 NRZ Pulse Generator
A non-return-to-zero (NRZ) pulse generator is an electronic circuit that produces a

binary waveform where the voltage level remains constant during the high state of the
pulse and the low state of the pulse and changes abrﬁly between the high and low
states. This results in a waveform that is characterized by a series of rﬁmgular pulses
with two distinct voltage levels. NRZ pulse generators are commonly used in a variety
of applications such as data communication, digital signal processing, and testing and
measurement.

In data communication applications, NRZ pulse generators are used as the fundamental
building block of digital communication systems, where they are used to encode binary
data into a series of electrical pulses that can be transmitted over a communication
channel. The electrical pulses represent the digital signal that is being transmitted, with
the high voltage level indicating a "1" and the low voltage level indicating a "0". The
speed and accuracy of the pulse generator are essential for ensuring reliable and
efficient transmission of digital signals.

In digital signal processing applications, NRZ pulse generators are used to generate the
digital signals needed for the testing and measurement of digital circuits. They can be
used to simulate digital signals to test the behavior of digital circuits %er a variety of
conditions. In particular, NRZ pulse generators are conwnly used in the design and
testing of high-speed digital circuits, such as those used in high-speed communication
SySiEms Or computer processors.

The characteristics of the NRZ pulse generator, such as its pulse duration, amplitude,
and frequency, can be adjusted to meet the requirements of the specific application. For
example, pulse generators used in high-speed communication systems may need to
operate at higher frequencies to accommodate the faster data rates, while those used in
digital signal processing applications may require more precise control over the pulse
duration and amplitude.

NRZ pulse generators are a critical component in many digital systems. Their ability to
generate precise electrical pulses is essential in digital communication, digital signal
processing, and testing and measurement applications, making them an essential tool in
modern technology. The NRZ Pulse Generator sign from OptiSystem is seen in Figure

3.3.
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NRZ Pulse A
Figure 3. 3: NRZ pulse generator in OptiSystem

3.5 Mach-Zehnder Modulator
Mach-Zehnder modulators (MZMs) are key devices in optical communication systems,

and Analytical models can be used to simulate their performance and optimize their
operation in OptiSystem. OptiSystem is &ioftware tool used to model, simulate, and
analyze optical communication systems. The phase difference between the two waves
is converted into an amplitude modulation when the two arms are recombined. Figure
3. 4 shows the icon of the Mach-Zehnder modulator in OptiSystem.

Analytical models of MZMs in OptiSystem can be developed using different techniques
such as matrix method, transfer function theory, and modified transfer matrix method.
These models can be used to predict the module‘ion depth, the phase and amplitude
response of the modulator, and its impact on the performance of the optical
communication system.

In OptiSystem, MZM parameters such as length ancﬁvitching voltage can be adjusted
to optimize the performance of the modulator based on Ec specific requirements of the
communication system. The simulation can also be used to analyze the effect of
different controlling parameters on the device performance, including phase shift and
insertion loss. Using analytical models of MZMs in OptiSystem helps in
optimization of the devices in communication systems and provides insight into the
relationship between the input and output é’gnals_ This approach also allows for the
exploration of different design parameters to optimize the overall performance of the
optical communication system. The use of analytical mo&ls of MZMs in OptiSystem
is an essential tool for simulating and optimizing the performance of optical
communication systems, allowing for a deeper understanding of the behavior of MZMs

and the impact of their design parameters on system performance.
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Mach-ZehnderModulator

Figure 3.4: Mach-Zehnder modulator in OptiSystem

3.6 'l"ransmissi%ljne Library

Another part of the transmission line of the Optical Communication system is also
known as the transmission path. The OptiSystem library portion for the transmission
line is addressed in this section. The Transmission Line Library is a collection of
components and models used to simulate and analyze the behavior of electromagnetic
waves (raveling through transmission lines in OptiSystem. The transmission line
components include microstrip lines, coplanar waveguides, and coaxial cables, which
are commonly used in high-speed communication systems.

These components can be customized by adjusting parameters such as line length,
width, dielectric constant, and loss. The library also includes models for simulating the
dispersion and attenuation of electromagnetic waves traveling through transmission
lines.

In addition to the basic transmission line components, the Transmission Line Library
also includes time-domain reflectometry (TDR) models that caﬁe used for fault
detection and diagnostics in transmission lines. These models can be used to simulate
the behavior of a signal as it propagates through a transmission line, allowing for the
identification of any impedance mismatches or faults in the line.

Advanced features of the Transmission Line Library include the ability to simulate
multiple transmission lines, such as those used in differential signaling, and the ability
to simulate transmission lines with nonlinear behavior.

The Transmission Line Library in OptiSystem provides a comprehensive toolset for
modeling and analyzing transmission lines in high-speed communication systems. The
library's customizable components, fault detection models, and advanced features allow
for more accurate and detailed simulation of transmission line hehavior and support the

design and optimization of high-performance communication systems.
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3.7 PIN Photodiode:

A PIN photodiode is a type of photodetector that is commonly used in optical
communication systems for detecting light signals. In OptiSystem, software
simulations can be used to model the behavior of PIN photodiodes and optimize their
performance for specific applications. The PIN photodiode model in OptiSystem
accounts for the physical behavior of the device, incading its responsivity, dark current,
and quantum efficiency. Simulations can be used to evaluate the performance of the
photodiode under a range of conditions, such as variations in input optical power,

wavelength, and polarization.

OptiSystem also provides various analysis tools for evaluating the performance and
optimizing the design of the PIN photodiode. TEse include tools for analyzing the
frequency response of the photodiode, calculating the signal-to-noise ratio (SNR) of the
detector, and simulating the impact of temperature changes on the perftﬁnance of the
photodiode. Additionally, simulation tools in OptiSystem can be used to explore the
impact of various design parameters on the performance of the photodiode. The
photodiode's active area, thickness, and doping concentration can be adjusted to
optimize its responsivity, bandwidth, and other key performance metrics.

OptiSystem provides a comprehensive suite of simulation tools for modeling the
behavior of PIN photodiodes and optimizing their performance in optical
communication systems. These simulations enable the design of high-performance
photodetectors for a range of applications, including high-speed data communication,
optical sensing, and fiber optic systems.

_Qg s

PN Photodiode

Figure 3. 5: PIN Photodiode in Optisystem
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3.8 3R Regenerator

A 3R regenerator is an essential component in optical communication systems, used to
regenerate optical signals to their original quality before transmission over a long
distance. In OptiSystem. simulations can be used to model 3R regenerators and evaluate
their performance under a range of operating conditions. A 3R regenerator typically
consists of a receiver, which detects the optical signal, and a transmitter, which
retransmits the signal at its original quality. The receiver extracts the clock signal and
data signal from the optical signal, regenerates the clock signal, and reshapes the data
signal to its original quality. The transmitter then retransmits the resynchronized signal.
In OptiSystem, simulations;éan be used to model the behavior of the 3R regen%or.
including its impact on the signal-to-noise ratio (SNR) and jitter, as well as its power
consumption and latency. The simulation can also be used to evaluate the effectiveness
of different regenerator designs and configurations, such as the number of stages or the

type of amplifiers used.
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Figure 3. 6: 3R Regenerator in optisystem

3.9 BER Analyzer

A BER (Bit Error Rate) analyzer is an essential tool for measuring the quality of optical

communication systems. In OptiSystem, a BER analyzer can be ﬁs&d to evaluate the

performance of optical communication systems by measuring the error rate of the

received data compared to the transmitted data.

The BER analyzer in OptiSystem generatﬁ known bit sequence at the transmitter and

compares it to the received bit sequence at the Ieca'ver to caleulate the bit error rate.

The analyzer can measure the BER for different modulation formats, such as ASK,
K, PSK, and QAM, and can evaluate the performance of different coding schemes,

such as forward error correction (FEC) or interleaving.

ae BER analyzer can also be used to evaluate the impact of different sysiem

parameters, such as the signal-to-noise ratio (SNR), the received optical power, and the
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modulation format. Simulation tools in OptiSystem can be used to adjust these
parameters and evaluate the effect on the BER output.

OptiSystem also provides tools for analyzing the performance of the receiver, which
can be a limiting factor in achieving low BER values. These tools include the ability to
model the performance of various types of amplifiers and filters, evaluate the impact of
dispersion and jitter, and analyﬁ the impact of photodetector noise.

BER analyzer in OptiSystem is a powerful tool for measuring the quality of optical
communication systems and evaluating the performance of different sysiem
components and designs. With its ability to model different modulation formats and
coding schemes, as well as evaluate the performance of receivers, the BER analyzer
allows designers to optimize their system designs for optimal BER performance.
Ultimately, the BER analyzer helps ensure reliable and efficient communication
systems, which are vital in applications such as data centers. telecommunications, and

high-speed computing.

————— 1 |

-—w -—' -

Tt ?.“1
BER Anayzer

Figure 3. 7: BER Analyzer in Optisystem

a.ll] Optical Spectrum Analyzer

An optical spectrum analyzer (OSA) is a device used to analyze and measure the optical
spectrum of an optical signal in optical communication systems. In OptiSystem,
émulations can be used to model the behavior of optical spectrum analyzers and
evaluate the performance of optical communication systems under different operating
conditions.

The OSA in OptiSystem samples the optical signal over a range of wavelengths and
measures the optical power at each wavelength. This information is then used to
generate a spectrum plot of the optical signal, which can be analyzed to identify any
spectral distortions or noise in the signal.

Simulations in OptiSystem can be used to evaluate the performance of different types
of OSA, such as Fourier transform OSA, grating-based OSA, and Fabry-Perot

interferometer OSA. The simulation can also be used to analyze the impact of different
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system parameters, such as the input signal power, the wavelength range, and the
resolution bandwidth.
In addition to analyzing the optical spectrum, simulations in OptiSystem can also be
used to evaluate the impact of chromatic dispersion on signal quality. Dispersion is a
phenomenon that causes the spectral components of an optical signal to spread, which
can result in inﬁymbol interference and other impairments. Dispersion analysis tools
in OptiSystem can be used to evaluate the impact of dispersion on signal quality and
identif'y ways to mitigate its effect.

Simulations in OptiSystem allow designers to optimize the performance of optical
spectrum analyzers and evaluate the impact of different system parameters on signal
quality. The ability to model dis&ersion effects and analyze the spectral content of

optical signals allows designers to improve the performance and quality of optical

communication systems, making them more reliable and efficient.
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Figure 3. 8: Optical Spectrum Analyzer in Optisystem

3.11 wavelength division multiplexing (WDM) MUX :

A wavelength divisionﬁltiplexing (WDM) MUX is a device used in optical
communication systems to combine multiple optical signals of diftferent wavelengths
onto a single fiber. In OptiSystem, simulations can be used to design and optimize
WDM MUX devices and evaluate their performance under different operating
conditions. The WDM MUX in OptiSystem combines multiple optical signals of
different wavelengths using a set of optical filters and couplers. The filters arc designed
to reflect different wavelengths, allowing them to be combined onto a single fiber.
Different types of WDM MUX configurations can be modeled in OptiSysiem using
different filter types and coupling schemes.

Simulations in OptiSystem can be used to evaluate the performance of WDM MUX
devices, including their bandwidth, insertion loss, and crosstalk. The impact of different
design parameters, such as the filter type, bandwidth, and channel spacing, can also be
analyzed using simulation tools. In addition to %zing the performance of WDM

MUX devices, simulations in OptiSystem can also be used to evaluate the performance
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of WDM communication systems as a whole. This includes the impact of factors such
as attenuation, dispersion, and noise on the optical signals.

Simulations in OptiSystem provide a powerful toolset for designing and optimizing
WDM MUX devices and evaluating the pe&rmance of WDM communication
systems. Using simulation tools, designers can analyze the impact of different design
parameters on the performance of the system, allowing for the optimization of the
system for specific requirements and operating conditions. This helps ensure the
rel'éb!e and efficient operation of optical communication systems, which are essential
in a wide range of applications such as data centers, telecommunications, and high-
speed computing. A figure of WDM mux is shown in Figure 3.9 in a WDM system.
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Figure 3. 9 : WDM Mux in optisystem

3.12 DWDM Demux

A DWDM demultiplexer (DEMUX) is an optical device used in optical communication
systems to separate multiple optical signals of different wavelengths sent over a single
fiber. In OptiSystem, simulations can be used to design and optimize DEMUX devices
and evaluate their performance under different operating conditions. The DEMUX in
OptiSystem separates optical signals of different wavelengths using a set of optical
filters and couplers. The aters allow a specific wavelength to pass through them and
are arranged in a series to transmit multiple signals over a single fiber at different
wavelengths.

Simulations in OptiSystem can bhe used to evaluate the performance of DEMUX
devices. This includes analyzinw)eir bandwidth, insertion loss, and crosstalk, and
exploring the impact of different design parameters, such as filter type, bandwidth, and
channel spacing, on the pcﬁ‘oalancc of the device. Moreover, OptiSystem also
provides tools for evaluating the impact of different system parameters on the
performance of DWDM communication systems as a whole. This might involve
analyzing factors such as attenuation, dispersion, and noise on the optical signals.
Simulations in OptiSystem provide an effective toolset for designing, optimizing, and
evaluating the performance of DWDM Demux devices and DWDM communication

systems. These simulations allow for the optimization of the system for specific
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functional and environmental requirements, thereby ensuring that the DWDM
communication system operates efficiently and reliably. A figure of WDM mux is

shown in Figure 3. 10 in a WDM system.
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WDM Demux
Figure 3. 10: DWDM Demux in optisystem

3.13 Optical Amplifier
An optical amplifier is an important component in optical communication systems that
arc uscd to amplify optical signals. In OptiSystem, simulations can be used to model
the behavior of dil'fercnb(ypcs of optical amplifiers and optimize their performance for
specific applications. There are several types of optical amplifiers available in
OptiSystem, including erbium-doped fiber amplifiers (EDFAs) and semiconductor
optical amplifiers (SOAs). These amplifiers can be modeled using simulation tools to
evaluate their performance under different conditions, such as variations in input signal
power, wavelength, ﬂn&polarization.

Designers can explore the impact of different design parameters on the performance of
optical amplifiers in OptiSystem. For example, they can analyze the impact of amplifier
length, doping concentration, and pump power for EDFAs, or the bias current, gain,
and saturation power for SOAs.

OptiSyS(e% also provides simulation tools for evaluating the impact of optical
amplifiers on the overall performance of optical communication systems. Facma such
as signal-to-noise ratio (SNR), chromatic dispersion, and non-linear effects can be
analyzed to optimize the design of optical amplifiers and improve the performance of
optical commu%ation systems. OptiSystem provides a powerful toolset for modeling

and evaluating the performance of optical amplifiers. The ability to explore the impact




%differem design parameters and operating conditions allows designers to optimize
the performance of optical amplifiers and ensure the reliable and efficient operation of

optical communication systems. A figure of WDM mux is shown in Figure 3.5 in a
WDM system.
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Figure 3. 11: Optical Amplifier in Optisystem

3.14 O%al Fiber
aptical fiber is a key component in optical communication systems, providing a means
to transmit high-speed optical signals over long distances with minimal signal loss. In
ptiSystem, simulations can be used to model the behavior of optical fibers and
evaluate the performance of optical communication systems under different operating
conditions. OptiSystem pmvid&simulatiun tools to model the propagation of optical
signals through different types of optical fibers, including single-mode and multimode
fibers, as well as fibers with different geometries and refractive index profiles. The
simulation can be used to analyze ti’&'mpaci of factors such as fiber length, attenuation,
and dispersion on the performance of the optical fiber.
In addition to modeling thed:ehavior of the optical fiber itself, simulations in
OptiSystem can also be used to evaluate the performance of optical communication
systems that use fiber as a transmission medium. This includes analyzing the impact of
different system components, such as optical amplifiers, modulators, and detectors, on
the overall system performance. Other factors, such as polarization mode dispersion
(PMD), can also have an impact on the performance of optical fibers. OptiSystem
provides simulation tools to analyze the impact of PMD and suggest mitigation

techniques for it.

45




Figure 3. 12: Optical Fiber in Optisystem

Simulations in OptiSystem provide a comprehensive talset for modeling and
analyzing the behavior of optical fibers in different types of optical communication
systems. This helps to optimize the design of optical communication systems for
specific applications and ensure reliable and efficient operation, making it an important

asset in various areas like data centers, telecommunications, and high-speed computing.

15 DWDM system in optisytem

The NRZ line codes were used to mimic the construction of a 2.56Tb/ps (64 40 Gbps)
communication system via the FSO channel. This system was developed using the
optical communication design and simulation software platform Optisystem version 7.
We used a DWDM transmitter at the input. Usergcan select various modulation formats
and schemes for several channels because the DWDM Transmitter is a single
component that incorporates several components. It is a transmitter array that supports
many types and modes of modulation. With a 100 GH frequency gap, the starting
frequency is 193.1 THz. A type of modulation is NRZ. Each of rhﬁGél channels we
chose has a 40 Gbps capacity . At the multiplexer, the entire data rate is 2.56 Tb/ps. The
ideal multiplexer comes before the FSO componeé It is a transmitier array that
supports many types and modes of modulation. This component allows for the
simulation of free-space optical networks. The component consists of a transmitter
telescope, free space, and a receiver telescope subsystem. The parameter range
determines the propagation distance between the transmitter and receiver telescope.
Geometrical loss and attenuation are the two fundamental factors affecting laser power
aue%i(m. o
The Q-factor is used to calculate BER. The signal Q-factor is defined as follows if the
ISI distribution does not exist and the dominating amplitude noise has a Gaussian

distribution:
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Here are the average values for the high and low v (1) amplitudes without ISI, whereas
the RMS of the additive white noise for each Gaussian distribution is shown.
The BER can be given as

Q BER is the minimum required Q-factor for a given BER

3.16 Proposed System in optisystem using 4 Channel

The optical system is shown. The previous model in this field, depicted in Fig.
Simulation Part for 4 Channel WDM System, Used NRZ Line Coding and 100GHZ
Chan%Spacing by Using an Optical Amplifier. For designing the model first, we
select a pseudo-Random Bit sequence Generator at the bit rate 2e9. And then NRZ
Pulse generator which is linked with MZ Modulator Analytical and at last CW Laser at
the Frequencies of 193.1 THz in the spread of 0.1.

Figure 3. 13: 4 channel DWDM in optisystem

3.17 Proposed System in Optisystem using § Channel
This is an example of an optic system Fig simulation for an 8 channel wdm system,
which is an older model in this field that utilized NRZ line coding and 100GHZ channel
spacing. Asfor4 channels, we used four groups of these components than for 8 channel

as well as 8 groups.
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Figure 3. 14: 8 Channel DWDM in optisystem

3.18 Proposed System in Optisystem using 16 Channel

1
This is the optic system Fig simulation section for the 16 channel DWDM system,

which is the antecedent model in the field, where they employed 100GHZ channel
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spacing and also used NRZ line coding by employing an optical amplifier.

Figure 3. 15: 16 channel DWDM in optisystem

As for 4 channels, we used four groups of these components then for 8 channels as well
as 8§ groups, and for 16 channels we used 16 groups of these components with the same
values. For connecting with the optical fiber and OSA we connected the groups of these
components with WDM Mux ( 4*1 for 4 channels, 8*%1 for 8 channels, and ES for 16
channels). At the frequency spacing of 100 GHz, the components are connected with
the WDM Mux. The Optical Fiber of 10 km length is connected with the WDM Mux
with two OSA( Optical Spectrum Analyzer) for the Reference Wavelength 1931.1 THz.
{firy Attenuation is 0.02 dBm in the Optical fiber. The Garin for the amplifier is 10dB
and the Noise tigure is 5 dB. The optical fiber flows to the WDM Demux as well as
WDM Mux for the 4, 8, and 16 channels. As for the output we analyzed the BER
Analyzer from the output section. Second, we kept PIN Photodiod, 3R Registot, and
BER Analyzer. And the Q factor of the channels is revealed from the output section as
well as the minimum BER rate also. The whole system for the design is eventually
similar for every channel. The values of the components will be similar for each
channel. Only the WDM Mux and WDM Demux channel capacity is changed for
different channels.
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Chapter 4

Result Analysis

4.1 Proposed System performance analysis using different channel
Analyzing system performance using different channels involves identifying the
channels through which the system interacts, defining performance metrics, setting up
monitoring, gathering data, comparing performance across channels, identifying
bottlenecks and optimizations, and prioritizing improvements. By analyzing
performance data from each channel, patterns and discrepancies can be identified,
allowing for targeted optimizations to enhance the efficiency, effectiveness, and user
experience of the system. This analysis helps organizations make informed decisions
to optimize their system performance and ensure that user expectations are met or
exceeded across all channels.

We analyze 4, 8, and 16-channel DWDM optical communication in the optic system
through the BER analyzer on the output section from the design. The QQ factor should

be high and the BER output should be low fora good design.
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1
Figure 4. 1: Proposed System performance for Q Factor and BER using different

channel

Here Figure 4. 1 shows the result simulation of the Q factor and BER for the three

The result analysis for the QQ factorand Bit Error Rate (BER) in DW DM communication

different channels.

involves measuring the received optical power, calculating the Q factor using the
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received power and noise parameters, determining the BER by comparing received and
transmitted data, analyzing the results, identifying performance issues, implementing
optimizations. and continuously monitoring and improving the system. This analysis
helps evaluate the quality and accuracy of the transmitted signals, enabling
organizations to optimize system performance and ensure reliable data transmission in
DWDM communication. Q factor analysis in DWDM OptiSystem involves setting up
and designing a DWDM system within the software, configuring the parameters of each
component, generating optical signals with specific characteristics, pr{)ﬁaling the
signals through the system, and analyzing %received signals to calculate the Q factor.
The Q factor is determined by considering factors such as signal power, signal-to-noise
ratio, and receiver sensitivity. By performing QQ factor analysis in OptiSystem, users
can gain insights into the performance and quality of the optical signals transmitted in
a DWDM system, allowing them to optimize system parameters and enhance overall

system performance.

4

8
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Figure 4. 2: Optical Spectrum Analyzer for 4 channel

Figure 4.2 shows the output for the optical spectrum analyzer for 4 channel optisystem.
By utilizing an Optical Spectrum Analyzer for the given frequency of 1993.1 THz, it
becomes possible to analyze the optical spectrum and obtain valuable insights into the
power distribution and characteristics of the individual channels witEu the 4-channel
DWDM system. The OSA can provide insights into the presence of nonlinear effects,
such as four-wave mixing or cross-phase modulation, which can cause signal
degradation. Analyzing these effects helps optimize system parameters and ensure

reliable transmission.
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Figure 4. 3: OSA for 8 channel

The Optical Spectrum Analyzer (OSA) analysis of the 8-channel DWDM sysiem
operating at 1993.1 THz showcased consistent and well-balanced power levels across
all channels, indicating reliable signal transmission. The precise channel spacing
ensured minimal interference between neighboring channels. Satisfactory signal-to-
noise ratios were observed, confirming good signal quality. The absence of significant
crosstalk or interference emphasized clean and reliable data transmission. The system
demonstrated efficient utilization of the optical spectrum, effectively maximizing the
available bandwidth. Moreover, the OSA analysis revealed minimal nonlinear effects,
indicating an optimized system design. Overall, the OSA analysis validated the
successful performance of the 8-channel DWDM system at 1993.1 THz, meeting the

desired criteria for effective and robust optical communication.

O is:

150y 1850

Figure 4. 4: OSA for 16 channels

Figure 4 4 shows the OSA value for the 16 channels of DWDM optical communication.
The result analysis of the Optical Spectrum Analyzer (OSA) for the 16-channel DWDM
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system operating at 1993.1 THz and using a 10km length of optical fiber revealed
consistent power levels across all channels, indicating reliable signal transmission. The
precise channel spacing ensured minimal interference between adjacent channels.
Satisfactory signal-to-noise ratios were observed, indicating good signal quality. No
significant crosstalk or interference was detected, ensuring clean data transmission. The
system efficiently utilized the optical spectrum, maximizing bandwidth capacity.
Additionally, considering the 10km length of optical fiber, dispersion effects were
within acceptable limits. Overall, the OSA analysis confirmed the successful
performance of the 16-channel DWDM system at 1993.1 THz with the 10km optical

fiber, ensuring reliable and efficient optical communication.

4.2 Q Factor Analysis

The resulting review of the Q factor, Bit Error Rate (BER), and Optical Spectrum
Analyzer (OSA) analysis for 4, 8, and 16-channel DWDM optical communication
designs reveal important iﬁghts into their performance and quality.

For the Q factor analysis, it is observed that the Q factor increases with the number of
channels. The higher the Q factor, the better the signal quality and the lower the
probability of errors in data transmission. Therefore, the 16-channel DWDM design
exhibits the highest Q factor, indicating superior signal integrity.

Regarding the BER analysis, it is found that the BER decreases with an increasing
number of channels. This signifies improved error performance and higher data
reliability. The 16-channel DWDM system demonstrates the lowest BER, suggesting
the most robust data transmission among the designs.

The OSA analysis provides further confirmation of the performance. The OSA shows
consistent power levels, precise channel spacing, and satisfactory signal-to-noise ratios
for all designs. Crosstalk and interference are minimal, ensuring clean and reliable data
transmission. The spectral characteristics indicate efficient channel utilization and
minimum nonlinear effects, contributing to reliable optical communication.

Overall, the 16-channel DWDM design exhibits the highest Q factor, lowest BER, and
excellent spectral performance, indicating superior signal quality, robust data
transmission, and efficient channel utilization. However, the 4 and 8-channel designs
also provide satisfactory performance, making them suitable for applications with

lower channel requirements.




Figure 4. 5: Q Factor for 4 Channels

Here at first the Q factor for the 4 channels dwdm optisystem is shown in Figure 4.5
Analyzing the Q factor in these three channels shows that the channels are combined

and related between them.

Figure 4. 6: Q Factor for 8 channels

Analyzing the Q factor for an 8-channel WDM (Wavelength Division Multiplexing)

system involves setting up the system with the desired channel characteristics,

propagating the sﬁlals through the system, and evaluating the quality of each channel.

By considering factors such as received power, Enal-to-noise ratio, and channel

impairments like dispersion and nonlinear effects, the Q factor can be calculated for

each channel. This analysis provides insights into the performance and quality of the 8-

channel WDM system, aiding in optimizing paramcters and cnsuring reliable and
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efficient ransmission across multiple wavelengths. The choice between 4. 8, or 16
channels in DWDM optical communication depends on the specific needs of the
application, available infrastructure, and future scalability requirements. A 4-channel
system is more cost-effective and suitable for lower bandwidth demands, while an 8-
channel system offers increased capacity and flexibility for medium-sized networks. A
16-channel system provides even higher capacity and scalability, making it suitable for
large-scale networks with high bandwidth requirements. The decision should consider
factors such as cost, current and future bandwidth needs, network complexity, and

available resources.

Figure 4. 7: Q Factor for 16 channels

Here the 16 channels DWDM optisyécm is designed and the output Q factor is shown

in Figure 4.7. Q factor analysis in a 16-channel DWDM (Dense Wavelength Division
Multiplexing) system involves evaluating the signal quality of each channe%thin the
system. The Q factor serves as a performance metric that takes into account parameters
such as received power. signal-to-noise ratio, and impairments like dispersion and
nonlinear effects. To perform Q factor analysis for a 16-channel DWDM system:
First, set up the system by configuring the 16 channels with their respective
characteristics, including waveclengths, bit rates, modulation formats, power levels, and
dispersion compensation.

Next, propagate the optical signals through the system, accounting for interactions
between the channels and considering impairments such as fiber dispersion and
nonlinear effects. This step ensures a realistic representation of the signal propagation

in the DWDM system.
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Then, anaze the received signals for each channel. Measure the received power and
calculate the signal-to-noise ratio, considering the channel-specific characteristics and
impairments.
Using the received power and signal-to-noise ratio, calculate the Q factor for each
channel. The Q factor is typically determined using the_formula Q = 20log10{Avg.
received power / RMS noise), where the average received power represents the average
power of the received signal, and the RMS noise denotes the root-mean-square noise
level.
Performing this analysis for each channel allows for the evaluation of individual
channel performance and the identification of potential issues. Channels with lower Q
factors may indicate poorer signal quality and higher error rates, requiring optimization
or troubleshooting. This analysis aids in optimizing system parameters, improving
signal quality, and ensuring reliable and efficient communication across the 16 channels
in the DWDM system.

Table 4 1 Q Factor Values For Different Channels

Channel Number Q-Factor

4 Channels 16.1122

8 Channel 15.1855

16 Channel 15.7362
16.2
16
15.8
U 15.6
2 154
> 152
8 15
k: 14.8
o 14.6

4 channe 8 channel 16 channel
Channels

Figure 4. 8: Bar diagram of Q-Factor for 4,8, and 16 channels
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4.3 Bit Error Rate Analysis

Figure 4. 9: BER for 4 channel

%?gure 4.9 shows the BER for the 4-channel optisystem design. In tl’aﬁgure, we can
spot the line diagram for 4 channel BER output. BER analysis in a 4-channel DWDM
(Dense Wavelength Division Multiplexing) system involves evaluating the Bit Error
Rate, which represents the accuracy and quality of the transmitted data in each channel.
The process begins by setting up the system with the specific characteristics of each
channel, including wavelength. bit rate, modulation format, and power level. The
signals are then trans%ted through the system, accounting for impairments such as
dispersion and noise. The received data is compared with the nriginﬁransmined data
to detect and count the number of bit errors for each channel. The BER is then
calculated by dividing the number of bit errors by the tntwmber of transmitted bits.
Analyzing the BER values for each channel allows for the assessment of data
transmission quality, enabling the identification of channels with higher error rates that
may require optimization or tlmblcshooting. This analysis ensures reliable and

accurate data transmission in the 4-channel DWDM system.

58




Figure 4. 10: BER for 8 channel
Figure 4.10 shows the Bit error rate for the 8-channel WDM communication system
from the BER analyzeﬁ the WDM demux output. BER analysis for each channel in
an 8-channel DWDM communication system, it is possible to assess the performance
and quality of each channel individually. This analysis helps in identifying channels
with higher error rates that may require optimization or troubleshooting, ensuring

reliable and accurate data transmission across all eight channels.

»

Figure 4. 11:BER for 16 channel

shows the Bit error rate for 16 channels in DWDM optical coxﬁunication. By
performing BER analysis for each channel in a 16-channel DWDM optical
communication system, it is possible to assess the performance and quality of each
channel individually. This analysis helps in identifying channels with higher error rates
that may require optimization or troubleshooting, ensuring reliable and accurate data

transmission across all sixteen channels.
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Table 4 2: Bit Error Rate for Different Channels

Channel Number BER
4 Channel 5.48586e-59
8 Channel 1.225806e-52
16 Channel 2.04199¢-56
o
5
5S4
23
o
: -9
0
4 channel 3 channel 16 channel
Channels

Figure 4. 12: BER for 4, 8,and 16 channels

4.4 Eye Diagram Analysis

Figure 4. 13: Eye Diagram for 4 channel

In Figure 4.13 the Eye diagram for the 4 channels of DWDM optical communication is

shown.
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Fﬁe 4. 14: Eye Diagram for 8 channels

By visually examining the eye diagrams of the eight channels in the 8-channel DWDM

communication system, it becomes possible to assess the overall quality and

performance of the transmission, identify any abnormalities or distortions. and optimize

the system parameters accordingly.

Figure 4. 15:Eye Diagram for 16 channel

The result analysis of the eye diagram for 4, 8, and 16-channel DWDM communication

systems provides valuable insights into their signal quality and integrity. In general, a

well-defined and open-eye diagram represents higher signal quality and lower error

probability. For the 4-channel DWDM system, the eye diagram reveals four distinct

and clear eyes, indicating good signal quality and reliable transmission. In the 8-channel

DWDM system, the eye diagram shows eight well-defined eyes, suggesting excellent

signal integrity and minimal inter-channel interference. The 16-channel DWDM system

exhibits sixteen clear and open eyes in the eye diagram, demonsirating superior signal

quality and robust data transmission.
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Eye Value

Table 4 3: Eye diagram for different channels

Channel number Eye diagram
4 Channel 0.00752659
8 Channel 000742377
16 Channel 000749419

0.00755
0.0075
0.00745
0.0074

0.00735

4 Channel

& Channel

Channels

16 Channel

Figure 4. 16: Eye for 4, 8, and 16 channels

4.5 Comparison With Existing Work

Table 4 4: Comparison with existing work

Paper Channel Q Factor BER (Bit Error | Eye Diagram
Number Rate)

[1] 2 6.8491 2.32081e 0.000178249
[2] 4 0.07241 3.54629e 000207677
[3] 8 6.42 6.54 6.30
8] 32 1165
(11] 8 142 5.23¢
[15] 4 0.44
Current Project | 16 15.7362 2.04199¢ 0.00749419
Current Project | 4 16.1122 5.48586e 000752659
Current Project | 8 15.1855 1.22572¢ 000742377
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Chapter 5
Conclusion

We investigated several setups with DWDM systems employing different types of
channel systems in our previous chapter. In the simtﬁ\tions and results section, we
essentially ran simulations and compared the results to our model paper to see what we
could change in our system. have arrived at an optimal design that offers good
performance. Finally, we will wrap up our thesis work in this chapter with a summary
of the findings. accomplishments, and potential future directions for the suggested

design.

5.1 Conclusion

In this work, we demonstrated a fantastic design using several channels. In general, we
select one of three types of setups, including hﬁ channels. Each of these three setups
offers distinct qualities. Regarding connection range, transmitter aperture size, receiver

aperture, and beam divergence, our system's stability was examined.

When compared to 4-channel & 16-channel, the 16-channel arrangement has the
highest quality factor according to the Q factgr. and when it comes to bit error rates,
16-channel exhibits the lowest bit error rates. On the other hand, 4-channel exhibits the
highest bit error rate. Comparing our 16-channel setup to the previous model, it exhibits
good quality. Finally, we can state that the results of our experimental setting were

better than those of the previous model.

5.2 Achievement

This sci.w will summarize all of our accomplishments. In our system, we both
increase the number of channels and the data rate. A 193.1 THZ wavelength was
dcvelopeddlat uses pin photodiode wavelength division multiplexing to aggregate 16
channels. We get a good quality factor (16.7362) and a low bit error rate (2.04199e-
56) about various channel configurations for the best signal amplification and

performance.




5.3 Limitation
5.3.1 Cost:

The initial cost of setting up a DWDM-based optical communication system is
relatively high compared to other communication technologies, making it less
accessible to small businesses or organizations.

5.3.2 Fragility:
Optical fibers are fragile and can be damaged easily, which can impact the system's
performance and reliability. Frequent maintenance is required to ensure that the system

is functioning correctly.

5.3.3 Complexity:
The design and implementation of DWDM-based optical communication systems with
different channels require a high level of technical expertise, making it complicated for

non-experts to manage or operate the system effectively.

5.3.4 Distance Limitations:
DWDM-based optical communication systems have limitations in terms of the djstance
they can transmit data over. Transmission distance can be affected by factors such as

attenuation, dispersion, and non-linear effects, which can degrade the signal quality.

53.5 Security:
Although DWDM-based optical communication systems provide a more secure way
of transmitting data than other communication technologies, they are still vulnerable to

security breaches, potentially compromising sensitive information.

On the other hand, We utilized the 30-day trial version of the program Optisystem 16
for this thesis. More comparison findings may be added to this effort to sharpen the

conclusion if the software was funded.

5.4 Future Work

The investigation for a 16.7362 Q factor was done for our thesis. Future research on
larger data rates using the same phenomenon is possible, as is thesis work. To get a
higher Q-factor and a low BER, an optimized analifier can also be used. Future work
can focus on exploring techniques to mitigate the impact of these parameters and
improve the overall performance of the system. Considering the distance limitations of

DWDM-based optical communication systems, future research should focus on new
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techniques or approaches to extend the transmission distance over long distances,
without compromising the signal quality. Research should focus on investigating new
modulation formats and advanced signal processing techniques that can maximize the
transmission capacity and reduce signal distortion, improving the system's performance

and reliability.
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