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ABSTRACT

The internet requirement is ever increasing demand and to combat this demand of different
internet services such as high-quality multimedia, smart cell phones, online gaming and
shopping, cloud computing etc. The optical communication is the heart of networking system
which supports high capacity and data rate. In order to meet the exponential growth in internet
services and to cope up with the present users, there is immense need of high-capacity wireless
networks. There are certain limitations that exist in both short distance and long haul when
condition of large capacity needs to be fulfilled. In the past, multiplexing with electrical
techniques was used to meet the capacity requirement, but in that case the data rate achieved
was lower. Although with incorporation of WDM technique the capacity increased and rate

escalated little.

Optical code division multiple access (OCDMA) technique has become the prominent
technology to support high capacity and multiple transmission of data with complete coding
and synchronization. This coded feature of OCDMA technology provides high security level
in comparison to the existing techniques. The studies revealed that in case of simple
transmission of data with OCDMA technique leads to traffic jam and eavesdropping. Hence,
security leakage has become a major concern in these networks. The data is easily interpreted
by the eavesdropper and either jammed or modified. Thus, the main motive of this thesis is to
increase the security level in 1IS-OWC networks by making availability of linearly polarised
modes and multiplexing methods to avoid eavesdropping.

Initially, the issue of cross correlation in IS-OWC networks is addressed. For eliminating cross
correlation in IS-OWC system, different existing one-dimensional codes (MD code, Double
diagonal weight, random diagonal code and EDW code) are discussed. Further, an enhanced
code than the existing ones is presented that also improved bandwidth efficiency. In most of
the suggested codes, cross correlation is present either due to variable weight or fixed code
length. Therefore, code comprising of features like minimum multiple access interference and
bit error rate with zero cross correlation is evaluated firstly. A novel code called zero cross
correlation resultant weight is proposed to eliminate cross correlation in the IS-OWC networks.

It is depicted that the data is transmitted without compromising the performance of the system.

Further, to increase the capacity of OWC system mode division multiplexing is taken into
consideration. The effect of mode division multiplexing with various types of spatial modes
(LG11-15/HG11-15) for improving the capacity of the system is analysed. Also, the security



leakage issue due to lack of dual polarization has been discussed mathematically. It can be
determined that overlapping among the users caused cross correlation that eventually degraded
the system performance. Hence, it is observed that to achieve minimum MAI and BER, users
are sent at different modes. The absence of modes can easily result in low performance of the
system as capacity will lower and even the data rate will be impacted. Hence, to novel mode
division multiplexed strategy is opted to increase the data rate of correct information. An IS-
OWC network is simulated with desired frequency range and it is revealed that the data can be
transmitted securely without any sort of eavesdropping.

The less development in the security area poses many challenges as there is either overlapping
or breaching of the data during transmission over a single mode. The existing MDM systems
require improved MUX and DEMUX which support multiple modes, fibres which support
spatial modes, optical amplifiers capable of operating with minimum components on multiple
modes. The optical wireless communication is dominating the field of communication and also
in the sensing region. The OWC is capable to perform even for long distances and in case of
non-line of sight region. The positive features of OWC comprise of low weight, compact size,
immune to EMI, low power requirement and low price. These days security is of major concern
in all areas, hence to attain enhanced level different type of techniques comprising of efficient
codes, modulation schemes and combination of spatial modes are essential. As per the analysis,
if modes are combined in the simple coding, then the security is increases to a next level
because eavesdropper needs a greater number of combinations to decode the information. Even
if more users are employed, it also increases security as probability of detecting correct
codeword decreases. A new expression for P (E) has been derived in which a new parameter
‘r” has been presented which denotes the number of Hermite Gaussian and Laguerre-Gaussian
modes. Further it is noted that presence of multiple users at eavesdropper decreases the chance
of P (E). In addition to it, in codes like ZCCRW the greater code length leads to more
combinations at the eavesdropper thus leading to higher security level.

Finally, the multilevel dual polarisation-based modulation in OWC system is taken into
consideration. These days the normal encrypted messages are easily decoded by the
eavesdroppers. Hence, to achieve a high level of security, a next level comprising of different
polarised modes is employed in the system. An IS-OWC network is simulated with proposed
mode selectors and it is analysed that data can be easily transmitted without being lost or
misused. The probability of correct data detection by the spy at the receiver is minimized.



Introducing the distinctive features with simple set up and reduced error rate, the proposed
ZCCRW code design is capable to cope up with the interference during the transmission by
utilizing minimum bandwidth. This investigation can be further enhanced by using mode
division multiplexing to increase the system security and speed during transmission of the
information. Hence, the work shown in this thesis relates the concept of zero cross correlation
in IS-OWC to lower the demand of bandwidth and variable weight as different modes are
combined during transmission to avoid eavesdropping. The analytical study of polarization
inscribed in modulation techniques has been used for better system performance like high
quality factor and eye diagrams. The research provides wide scope in inter satellite

communication, military areas and research areas where security is of major concern.

The study includes the establishment of new design, simulation and optimization of a newly
developed Is-OWC code named as zero cross correlation resultant weight (ZCCRW) code.

Most of the research content has been published in different SCI/SCIE journals as listed below.
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CHAPTER 1
INTRODUCTION

1.1 Wireless Communication

Wireless communication is the communication in which there is use of EM waves to send out data
among different users. In other words, “Wireless communication is the technology which employs
optical carriers to send information from one end to another end through any unguided channel that
may be either gratuitous region or atmosphere. The wireless technology is considered to be the
upcoming frontier for high-speed connections due to its features like easy deployment, compact size,
large bandwidth availability, unauthorized spectrum available, minimum strength intake and high
security level. Wireless communications can be broadly divided into two categories, namely outdoor

and indoor communication.

For communication in the construction area, the indoor communication either employs visible light
or IR because employing a physical connection is practically tough purpose. For outdoor
communication that is also known as free space communication there are further subcategories also,
named as terrestrial and space optical links. These types comprise of satellite to ground, ground to
satellite or building to construction area links. The key component of modern society is wireless
communication to the currently ever-present cellular communication. Wireless transportation has
changed the means society’s task. Wireless communication has numerous benefits in excess of the
previous booming wired message. The advantages of wireless communication are its portability,
suppleness and range. Portability means the independence offers to user to use a hand-held device like
a cell phone. Suppleness means we can insert or eliminate devices into live networks with no change
in hard ware part. Cellular radio technology allows users to move over a huge area providing them a
large range. The present-day demand is to fulfill the high speed and high-level security criteria while

sending the information [1].

Optical wireless innovation for the communications among two satellites within the area has
numerous blessings over radio frequency transmissions. WOC can provide fast records transmission

in the scope of Gbps and it's far worked within the infra-red locale of the electromagnetic frequency



range. From past a few years of the transmission of signals for Optical Wireless Communication
(OWC) conversation, laser supply is sent which might be inescapable piece of optical wireless
communications. The traditional wireless connections had been depending on the range of radio
frequency. Optical communication has high-quality over conventional microwave and radio verbal
exchange and consequently eliminated the usage of these communications in most of the
applications. Due to peer pressure at the RF in satellite TV for PC communication, optical verbal
exchange primarily based satellites are more and more deployed in space to provide bits of very
superior quality. Until now, the transmission changed into normal with the end goal that there has
been no switch communication among satellites. Now not with status, optical laser conversation
empowers us to get to the hand-off transmission that diminishes time and cost of the networks.
Switch transmission is the hand off with one satellite then onto the next without the immediate

hyperlink. Fig 1.1 depicts the diagram of wireless communication system [2].

Information Encryption
R Source . _ Channel
Encoding Encoding
_ Multiplexing Modulation
Wireless i B
Channel ) D
Demultiplexing Demodulation Decryption
— > Channel .
Decoding
Estimation |, Source P
Information | Decoding |

Fig 1.1 Block Diagram depicting main components of wireless communication system.




1.2 Link Configurations

There are two major factors on which the selection of optical connectors is based namely (i) detector’s
view which is whether view is narrow or broad and (ii) transmitter’s beam angle which includes level
of direction. As per the type of optical connectors there are mainly four types of link configurations
possible namely, direct line of sight (LOS), undirected LOS, multi beamed quad distributed and
diffused link. In direct line of sight link, the size of the angle of the transmitter as pole and the FOV
receiver is comparatively very small [3]. The working of the transmitter and receiver is interlinked
with each other. This interdependence is beneficial for establishing point-to-point link of internal

communication. Few pros and cons of LOS link communication are given below:
1. High energy efficiency as losses are comparatively less
2. Reduce multipath distortion

3. Improved budget

(a) FSO Transceiver R FSO Transceiver
Location A Location B
(b) FSO Transcerver N FSO Transcerver
F30 Transcerver Location B
Location A FSO Transceiver
Location C
FSO Transcerver
Location D



FSO Transcemver ) 5 FSO Transcetver
FSO Transcerver Location B
‘ FSO Transcetver
‘ Location C
FSO Transcerver N
FSO Transcerver
Location A Location D

Fig 1.2(a) Point to point Link (b) Multipoint Link (c) Point to multipoint Link

Links are most affected by blocking (or secretion); hence, they fail to provide mobility in particular
internal environment. Although it is ideal for certain applications [4]. This gives the symbolic
depiction of the linkage. The technique has been used from a long time with low data rate employed
in electronic devices that use remote control systems such as audio or visual equipment like television.
This technology provides feature of point-to-point connection among the portable electronic
components like in laptops [5]. Fig 1.2 shows diagram of (a) Point-to-point Link (b) Multipoint Link
(c) Point to multipoint Link

1.3 Fundamentals of Optical Wireless Communication

Wireless communication system has three fundamental blocks: Transmitter, Receiver and Channel.
Fig. 1.3 shows the block set up of wireless communication.
Likewise, in the context of wireless communication, the sender consists of an electronic path and by

means of the help of transmitter or antenna, it produces EM waves which are sent throughout liberty



[6]. This EM energy transmits from one side to another side via free space etc. During the period of
transmission, different noises occur keen on the pointer [7]. The recipient receives this indication. If
the receiver wants to effectively guess the message, then the receiver has to be familiar on terms by
means of the natural world of distortions arise with the path. The procedure is to analyze the method

how channel act to EM waves is referred to as Channel Estimation [8].

Transmitter Antenna

N/

Microphone Antenna D— Modulator Amplifier

Receiver Antenna

Y— Amplifier |— Demodulator | Audio Amplifier

Fig. 1.3 Wireless communication system

1.3.1 Transmitter

The main function of transmitter is to send the input signal in suitable form over the channel through
which communication takes place. The transmission over the channel is known as modulation. During the
communication, if verbal exchange is required in the channel, its main function is to offer a pathway

among the output part of transmitter and input part of the receiver [8-9].

There are different strategies present to transmit a shrewd message through an optical channel. These two
strategies are analog or virtual also called digital. Both of these strategies have superiorities and downsides

for each strategy. In case of digital approach, its edge encompasses the subsequent:

1. High noise immune system in the channel in addition to it, outdoor interference immunity that is not



feasible to avoid us in the verbal exchange communication.
2. Provides flexible machine operations owing to the availability of high-tech digital devices.

3. The transmitter can achieve specific type of signals such as video statistics, voice statistics and pc
recordings in proper equal format. The message signals can be encoded to attain high security level

for confidential records [10].

1.3.2 Communication Channel

This optical communication is a type of optical verbal exchange, in which the records transmission
channel is installed via space which is free. The transmission takes place in an unfastened area (for
instance air) which acts as a medium, the transmitter part is fulfilled by a low-power light amplification
by stimulated emission of radiation (laser). It is because of the channels in optical fiber exchange (OFC)
and FSO exchange are extraordinary, as noise factor is one of the instances. The exceptional of optical
signal transmission through Wi-Fi relies upon the atmospheric characteristics such as wind, fog, sunlight,
rain, blizzard, turbulence and mild from various resources [11]. The different noises present in the
receiver, for example thermal noise and shot noise are also depicted with direct detection and on-off
keying technique whose impact is analyzed at the output electrically. For calculation of bit error rate with
respect to distance is also achieved by considering the above-mentioned noises and different type of losses
present at the receiver end and in the channel. In the end, the simulation of complete FSO based system
is by means of combination of both the noise factor present at the output side and losses occurring over
the channel [12].

1.3.3 Receiver

In Optical communication, receiver is considered to be the most important part because receiver regulates
the overall performance of the system on regular basis. The basic function of receiver is to determine the
strength of received signal obtained from the transmitter side and extract the desired content from it that
may be either digital or analog [13]. It needs to achieve these characteristic necessities such as preferred
degree of signal-to-noise ratio. The two unique elements that out way the optical receiver from other type
of receivers such as microwave and coaxial cable are the low-noise preamplifier and the photo detector.
Collectively they decide the overall cost of the receiver part. Basically, photo detector is a device in which

energy is trapped and then converted into electricity with the flow of electrons within it [14].



Fig 1.4 represents the diagram of optical receiver. Recipient sensitivity is defined as low power when a
given system requires given access quality rating. It is the basic parameter of the entire laser
communication system because it determines everything other than design options. For any given medium

- power signal and photons arriving at the receiver, it is distributed evenly over time.

Concentrator Optical Filter Photodetector
r E——
W
Electrical Filter | Recetver Equalizer |€——— Trans -impendence
amplifier

Fig 1.4 Optical receiver

1.4 Optical Wireless Communication

As per the past study related to gain knowledge of various components such as lasers, modulators to
analyze performance, European Space Agency tested it in 1977 [1]. The technology related to optical
wireless is defined as the communication of laser based light signals. The light signal employed for
transmission comprises of frequency of IR type. The medium taken into account for lower layers is

air and for region above environmental conditions is taken to be vacuum [2-4].

The main components required for OWC are the recipient and the sender. Transmitter incorporating
the light intensity signal, data source and the pulse shaping device. Receiver is section to decode or
detect the data with photo detectors. The most common medium chosen for communication over the

channel is either vacuum or air for inter satellite communication [5]. As per the research, in EM

7



frequency spectrum, OWC working in the IR region supports speed ranging upto several Gbps.

FSO communication is quite competent and premier technique to cater demand of speedy inter-satellite
networks due to high speed, wide band width, antenna of compact size, low weight, high power

efficiency and high level of signal security [6].

Optical Wireless transmission is having 3 particular and essential units, for instance, sender, medium
(air or vacuum) and recipient. Transmitter additionally incorporates of double facts streams and pulse
molding drivers taken after by means of an energy modulator which alternate the electric signal to

optical with the nonstop supply of optical pulse from laser.

Requirements for rate of data for satellite communications for viewing, military services, and
broadcast apply peer pressure to OWC. The transfer of confidential data safely without security

breaching and improving the efficiency of a real user is the main necessity nowadays [6].

1.4.1 Advantages of OWC

e Optical wireless communication systems are much more immune to interference. These systems

provide huge data rates up to Gbps. These systems have been investigated from more than thirty years

to support high data rates as an alternative to RF Spectrum systems. Optical wireless communication

supports unlimited bandwidth range and in the communication systems, the amount of data is directly

proportional to bandwidth [15].

e Optical wireless communication systems support high capacity and it contains small wavelength in

comparison with the microwaves.

e Optical wireless communication links consists of lasers or LEDS where lasers act as input signal and

photo detectors act as output signal. These devices are much cheaper and operate at less cost than RF

links [16].

e These systems ensure high security-based technique because the optical signals do not penetrate

through the walls like the EM waves do. These are used to provide high security against

eavesdropping.

e OWC systems consume very little power as there is minimum path loss. Photodiode present at the

receiver end contains very large area and it provides efficient spatial diversity.

e OWC spectrum is unregulated and it is license free, it contains fast deployment, less start up as well

as operational cost [17].



1.4.2 Disadvantages of OWC

e Optical wireless systems need the receiver and the detector (photo- sensitive) which consumes very
large area for the collection of maximum output signal, which ultimately increase the capacitance of

photo detector, thus reducing the bandwidth of receiver.

eThere is extra time anticipated to supply a satellite and moreover satellite architectures and

development are exorbitant.

e Satellite needs a valid overseeing on everyday durations: in this manner it has to be kept inside the

orbit.

o Satellite is available which is regarded as 12-15 years. Because of this truth, one greater dispatch has

to be outlined before it moves towards becoming un-operational.

e VVarious hardware components are consolidated in the system plan. This will increase extra charge of

the machine for putting satellites in orbits.

e Account of lower earth and medium earth circles, large quantities of satellites are attractive to conceal
great region on the planet. Moreover, satellite transmitter for pc deceivability from earth is for
extremely little length which needs brief satellite transmitter for pc to satellite transmitter for pc

handover. This leads to intricacy in the system [17-18].

It is well known that free space optics is the best solution to meet the requirement of providing high
bandwidth, huge security and unregulated spectrum, but OWC is the technology which overcame the
drawbacks of RF and FSO technology [19-20].

Fig. 1.5 represents the diagram of optical wireless communication system. The old technology wireless
links were dependent on the frequency range of radio region. Nowadays, this microwave or radio
frequency communication is substituted by the all-optical communication owing to several merits as
compared to the radio frequency transmission [7]. With the development of the inter-satellite networks, a
new strategy is required to meet the ever-increasing demands of high data rate in satellite communication
[21].
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Fig. 1.5 Optical wireless communications

Relay transmission is the hand off of signal from one satellite to another without the direct link with
ground station [22]. Data accessing, optical computers and laser beams are the main parts of the OWC
[23-24]. There is strong relevance in the FSO and optical wireless technology; the main difference is
of the propagation channel. In FSO, the medium is completely air and in satellite major communication
takes place in vacuum medium. It is noteworthy that attenuation due to vacuum in inter satellite
communications is negligible [25].

A network analyzer is a device that measures the network parameters of an electrical network. Today,
network analysts often measure s - parameters because the thinking and transmission of power
networks is easy to measure at high frequencies, but there are other network parameter settings such
as y parameters and h-parameters. [26-28]

An amplifier is an electronic device that can shoot out signal strength. It is an electronic circuit with
two ports that use electric power for attaining more height of the signal used in its input terminals,
producing signal of high quality [29]. The amplifier volume produced by the optical pre amplifier is
measured by its average output power, input power, gain or current. Amplifier is a type of circuit

which comprises of power gain value more than unity [30].
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1.5 Basics of Inter- Satellite Optical Wireless Communication (IS-OWC)

1.5.1 Introduction to IS-OWC

With high number of users, the demand for more bandwidth and high data rate is observed. Optical
wireless communications systems have developed from fibers having large length to efficient wireless
machine. This has eventually caused requirement of optical wireless conversation gadget in area
communications. It is so because the range of satellites orbiting around the earth increases twelve
months by way of year, a community among the satellites offers a strategy for them to talk with every
different person. It is essential for satellites to transmit facts to each another and additionally to relay
the records from a satellite transmitter for pc to any other satellite and finally to the ground station.
Advanced multimedia feature for customers at every slot and everywhere is the necessity for subsequent
generation cell satellite verbal exchange. To meet this demand, it is best to form a community among the
satellites with different ground stations. In such cases, to fulfill the demands, OWC is the only way
because it provides us with the fastest communication than RF and microwave technology [31-33].
By looking at its advantages, this technology is also employed in space communication. If this
technique is employing more than two satellites then it is referred to as inter-satellite optical wireless
communication (IS-OWC). If the size of the payload is reduced, then the price and the weight of the
entire satellite is also minimized. IS-OWC results in high Q factor, high bit rare, more security and high
speed, narrow bandwidth due to small wavelength, further accurate tracking system for LOS and
alignment.

Satellite communications are already at par with the satellite communication which employs radio
frequency. Although effective performance is the most important aspect, and the main feature is low
interference, high level protection of optical wavelengths, for example 1064nm or 1550 nm and lower
power requirement. These benefits help with many business ideas, like large connections among
satellites and quantum key distribution systems. As the communication technology is depicted to be
atechnological solution, the path is open to widespread use. This technology is capable of establishing
Inter-satellite links, for example LEO to GEO and LEO to LEO, even satellite to global
communications [34-35]. The research carried out to make more visible communication channels has
enhanced the confidence level for the satellite communication that it can be employed for more type
of business categories [36].

These days some attractive business and recreational activities provide communication among people,
for instance the transmission of personal information, or transfer of encrypted data. The natural

protection of visible links, due to the split beam splitting provides confidence in such business
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applications. To allow for the widespread use of visible satellite communications, for example, to
provide large LEO stars with light terminals, work is yet to be done for achieving efficient laser
terminals for communication. In addition to it, there is a high tendency towards small and medium
satellites for different observational and scientific activities.

Satellite communications systems, as mentioned in the introduction, typically contain many LEO
satellites, as well as global terminals. The most effective option in satellite technology is satellite
links, owing to absence of atmospheric influences, like atmospheric disturbances and clouds. Inter-
satellite links account for most of the data transfer system. In addition to it, a sub-channel
communication should be established, where visual communication can assist RF communication
technology [37].

Fig 1.6 shows the diagram of basic function of transponder. A communication satellite transponder is
defined as a series of interconnected units which result in formation of a communication channel
between transmitting and receiving pens [39]. It is wise application in the field of satellite

communication to transmit the acquired signals
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Fig 1.6 Diagram showing the basic function of transponder
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The transponder usually comprises of: band-limit input device that may be band-pass filter input,
frequency converter (commonly a frequency mixer and an oscillator) used to change the received
signal frequency into the desired frequency of the sent signal, low- noise amplifier (LNA) designed
to amplify signals received from Earth station (usually very weak, owing to presence of long
distance) and band-pass filter power amplifier (it can be either a solid-state or wave-wave amplifier)
[40-41].
Satellite communication has emerged out to be the promising technology for global communication
links in comparison with terrestrial communication links. Many modulation techniques like WDM,
DWDM and coding techniques are used in satellite links using modes has been implemented [42-43].
Military intelligence, weather forecasting and broadband internet services are some of the prominent
areas where communication takes place through satellites. Nowadays, coding techniques like
OCDMA, Spectral amplitude coding has emerged out as best techniques to achieve huge data rates.
OCDMA technique is introduced as it delivers ample number of benefits like non-synchronous access,
large bandwidth efficiency and ability to add new channels [44-46]. Fig. 1.7 shows the diagram of

Inter satellite optical communications.

Fig. 1.7 Inter satellite optical communications [45]

1.5.2 History of Satellite Communication

The basic testing part of inter-satellite wireless optical transmission is done by the continuity of events

and the integrated components are also focused, for example, lasers, modulators to understand the
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continuity of these communications [47]. For the first time in 1977, satellite experiments were conducted
by the Space Agency of Europe and experimental properties were tested [48]. The European space office
and its new work unit were assembled to improve the components used as part of wireless communication
and during the 1980s; the European Space office used a semiconductor laser to OWC display also called
SILEX [49].

To provide global data on inter-satellite transmission, two satellites called SPOT-4 and ARTEMIS were
deployed in space in 2001 for their data transfer to be transmitted and embrace it within the scope of the
optical spectrum. With this experiment, another world window was opened and Japan attempted a two-
way satellite transmission after this test between two satellites, for example, the Japanese satellite and
ARTEMIS. With the Japanese investigation, Germany also conducted a test between SAR-X and a close
field infrared test satellite based on new optical. With the continued success of OWC communications,
Japan has also shown interest in satellite communications and successfully resolved communications
between OICETS and LCT (Light using transmission). The case could cover a connection length of 610
km and continue in 2005, with work being improved on ARTEMIS [50]. Speed of 2 Mbps to 50 Mbps
was achieved between OICETS and SPOT-4 [51].
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Fig 1.8 Overview of communication via satellite.
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1.5.3 Working Principle of IS-OWC

Inter-satellite wireless communication setup along with essential components is depicted in Fig. 1.8
having sender and recipient in different satellites.

OWC is the transmission of signal via air from sender to beneficiary. This faraway communication
utilizes a laser as a light supply to bring statistics or sign. Laser goes approximately as a bearer inside
the innovation [52]. As call suggests, OWC makes use of wireless medium. OWC is likewise named
as laser communication. As the quantity of clients is increasing, the hobby for higher switch velocity
and speedy is moreover increasing. For this case, to fulfill those requests, OWC is the primary manner
since it offers us the speediest verbal exchange than RF and microwave innovation. With the aid of
taking its factors, this innovation is additionally applied for area communication and when this
innovation is utilized for the communication among two greater satellites, at that factor its miles called

as inter-satellite transmitter for communication which is optically transferred (IS-OWC) [53-54].

For the inter-satellite conversation, facts from the telemetry and following frameworks are calibrated
with light signal of laser diode with the consolidation of outdoor energy modulator, proceeding of the

signal within the space [55].

From Satelite TT&C To Satelite TT&C

Modulator || ILD J| [ APD |_,| LPF

Optical Wireless
Channel
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Fig. 1.9 IS-OWC basic architecture for simplex communication.
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The main function is that the information is received by the transmitter from satellite’s Telemetry
block, Tracking portion and Communication system.

Fig. 1.9 IS-OWC depicts the basic architecture for simplex. A single-color light is generated by the laser
and it has same phase among serial pulses, therefore used widely due to high radiance. Whenever the
transferring of information takes place either by space or air, many problems can occur like Reflection
distortion, Diffraction distortion, and scattered distortion [56].

Intersatellite Links (ISL)
Satellite 1 -
» Satellite 2
Small Cells
Spontaneous
Base station
1 Base Station
2 Car

Fig 1.10 Links of Inter-satellite communication

Fig 1.10 shows the diagram representing links of Inter-satellite communication. Currently, after signal
transmission through medium, signal is expected to be disconnected. This should happen where the
signal is detected using the image detector detected by a low-noise filter. There are mainly two photon
counters, for example, PIN and Avalanche photo diode. As shown by the performance hypothesis,
they are different. There are various effects of warm sounds shot in these photon counters APD
override PIN [57].

The pass filter filters out the sound and is followed by the regenerator to reset the time the signal
received in reference to the transmitted information. In this way, making optical remote frame,
suitable locations, filters and regenerator are required for better communication. The avalanche

photodiode (APD) is also seen in simple structures for long-distance transmission [58]. The APD has
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its increased sensitivity with the aim of finally strengthening the three-point signal to achieve an
improved yield.

Antennas are placed to come across or send the mild. Also, it is vital to observe that due to non-
presence of air in optical wireless conversation, beam no longer diverge [59].

For the Inter-satellite communication, data from the telemetry and tracking systems is modulated with
intensity light signal of laser diode with the incorporation of external intensity modulator, prior to
releasing the signal in the space. Electrical signal or pulses are generated through the different line
coders such as non-return to zero owing to the cost efficient and simple pulse generation [60]. Drive
of pulses given to modulator that can act as amplitude, frequency or phase modulator. Fig. 1.11 depicts

the optical modulation process [61].

Electrical Signal
V
Laser Beam s Modulator 3 Modulated
Optical Signal

Fig. 1.11 Optical modulation process

An optical modulator is defined as a component employed for modulating light’s beam. The beam
may either be sent through an optical fiber (i.e., optical waveguide) or propagated through space. On
the basis of the parameters present in the light beam that is being operated, modulators are defined as
segment modulator, amplitude modulator or polarization modulator. The most effective method to
achieve high modulation gain is by modulating the present day’s supply, for instance laser diode
supply. Such types of modulations fall under the category of direct modulation category, instead of
external modulation which is performed by using light modulators. It is because of this only; the light

modulators are known as external modulators in fiber optical communication.
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There is no attenuation in vacuum and major cause of the attenuation is the distance. In case of free

space, different air or weather instabilities effects the data and this case is not true for the IS- OWC

due to non-presence of the atmosphere [62].

The optical modulation either allows to encrypt the data on the optical service wave or control the

entire optical wave. The opposite method which recovers the encrypted data is known as

demodulation. There are different types of optical modulation present, that may be labeled in

numerous exceptional ways.

1.

By keeping the particular optical field parameter that is modulated, the optical modulation can be
categorized into different modulation techniques such as frequency modulation, amplitude

modulation, angle modulation, diffraction modulation or spatial modulation.

. Optical modulation can be either defined as external or direct modulation. The external modulation

is achieved with an optical wave which employs a distinct optical modulator for changing either
one or more features of the wave. The direct modulation usually comprises of an optical source,
that is either a laser or a LED. There is no need of a different optical modulator in direct

modulation.

. The optical modulation can be defined on the basis of physical mechanism present at the backend

of optical susceptibility. It includes magneto-optic modulation, acousto-optic modulation, all-

optical modulation, electro-optic modulation, and many more [63].

. On the basis of the geometry combinations between the modulated wave and the modulating

optical wave, the optical modulation is defined as either longitudinal or transverse modulation. The
implementation of signal takes place along the propagating path in case of longitudinal wave. The

direction of signal is perpendicular with respect to the propagating path of the wave [64].

. The optical modulation can also be obtained on guided or unguided optical waves. Similarly, the

optical modulator either takes the shape of waveguide tool or bulk tool. The waveguide modulator
is employed for modulating a guided wave and the bulk modulator is employed for modulating an
unguided optical signal [65].

Optical lens focuses the beam to the other satellite for line-of-sight link. Antennas are placed to
detect or send the light. Also, it is important to note that due to absence of air in optical wireless
communication, beam dies but not diverges. It is basically a telescope to send and receive the signal
as depicted in Fig. 1.12 [66].
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Fig. 1.12 Optical antennas at transmitter and receiver side
The decoding is through the detection of signal via photo detector followed by the noise remover via
low pass filter. There are mainly two detectors such as PIN and Avalanche diode which have different
effect of thermal and shot noise. Low pass filter removes the noise followed by the regenerator to re-

time the received signal with reference of transmitted data [67].

Avalanche photodiode (APD) has its own gain as it amplifies received signal up to 3 folds [67]. This
phenomenon occurs when charged electrons exposed to high field of current as well as strikes the atoms

to accumulate other carriers [68-71].

1.6 Polarization Techniques

Variations of polarization have a large number of applications in optical wireless communication by
exploiting additional radio the background of the resources for the separation of time, frequency,
space, etc. [72]. In addition to it, the flexibility of the rules of segregation it has unique and important
features that are not sensitive to it power dissipation power and phase noise caused by the local
oscillator, instead it has promising promotion in the use of electrical power and channel capacity [73].
Therefore, modeling of separation and division is used classification of network signal as contained
parameters. The details draw more attention. The study of polarization fluctuations begins from

optical wireless communication. The difficult analysis of binary separation shift keying modulation
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were introduced in [74], in which two orthogonal splits are immediately changed to represent different
fragments. Variation of polarization uses a radio service with more freedom, though still facing others

application challenges for wireless communication.

1.7 Optical Orbits for Satellite Communication

Orbit is defined as the path followed by the object either across a star or across any elliptical shape
and further the satellite is placed in the foci of an ellipse. Fig. 1.13 depicts the orbits of satellite around
the earth in optical wireless channels.

The orbit is defined as the curved direction that an object takes in space (including an asteroid, planet,
spacecraft or moon) around any particle or item because of the presence of gravity. The gravity
convicts’ objects in area that have mass which is to be interested in different close by gadgets. When
the attraction is more and it brings them close with enough momentum, they can occasionally start to
orbit across each other [75].

It is observed that items of approximately similar mass either orbit with each other or with different
objects present in the center. In our solar system, the earth is orbited by the moon, and solar is orbited
by the earth, but it does not mean that the larger element remains stable at its point.

There are number of factors on which the quality of the orbit depends for a particular satellite, like
what function the satellite has to perform in the allocated channel.

The partitioning of the orbits required for particular satellite is done on the basis of the distance to be
covered with respect to ground. The lower most orbit is defined upto distance of 1000km and is named
as Lower Earth Orbit (LEO). The distance range form 5000-25000km is named as Medium Earth
Orbit (MEO) that is the second orbit. MEO is considered to be an important orbit as it covers large
distance for surveillance. The orbit which covers distance greater than 36000km is termed as
geostationary earth orbit (GEO). The time slot of satellites in GEO orbit is 24hours [75-76].
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Fig. 1.13 Earth Satellite Communication Orbits

1.7.1 Geostationary Orbit

The direction followed by satellites in GEO is from west towards east as per the rotation of the earth
and the total duration taken to complete it is 23hours 56min and 4sec- through journeying at a speed
exact as that of the rotation of earth. This is the reason which make satellite appear as stationery in
the GEO throughout the complete orbit. On the way to flawlessly match rotation of earth, the speed
of geo satellites has to be approximately 3 km/sec at a height of 35,786 km. This distance is a whole
lot farther from earth’s floor in comparison to most of the satellites. All these needs are fulfilled in
optical wireless communication system. Geo is employed by most of the satellites which are
functioned to stay at particular location for long duration such as telecommunication related satellites.
So as per this requirement, the antenna on this planet may be constant to always remain pointed in the
direction of that satellite transmitter for pc without shifting. This satellite can even be employed for
forecasting weather; due to the fact they can always take a look at unique regions to look how climate
vary there. Satellites in this orbit cover a huge variety of globe in order few as three similarly-spaced
satellites are capable to offer close to international coverage. It is so because if a satellite transmitter

for pc is at a distance from earth, it is capable to cover large areas right now [75-77].
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1.7.2 Low Earth Orbit

The lowermost orbit termed as low earth orbit (LEO) is an orbit which is nearest to surface of earth.
It's far usually at a height just even at less than a 1000 km or sometimes even just at a distance of
160km from the earth — that's very close in comparison to the other orbits, but still the distance is
large from the surface of earth.

As per the comparison, most of the commercial aero planes fly at just 14km altitude which means the
LEO distance is still 10 times more than it. In contrast to the GEO satellites, the LEO satellites do not
orbit in a constant orbit across the earth but they have tilted planes. This depicts that the number of
possible routes in LEO for satellites are more owing to which this orbit is more widely used for OWC
by the researchers.

The distance of LEO is near to the earth due to which it is very beneficial for number of reasons. This
is the most preferred orbit for imaging by the satellites because it is convenient to capture photographs
easily and with more clarity. This orbit is also for global stationing as it is preferred by the astronauts
because the distance to be travelled is less and less complications are present. The speed of the
satellite to orbit is approximately 7.8 km in two days and the satellite transmitter takes nearly 90 min

to cover the earth, which means the earth is covered nearly 16 times in every afternoon [75,78].

1.7.3 Medium Earth Orbit

The medium earth orbit (MEO) consists of large number of orbits in between the other two orbits
namely the LEO and the GEO. Just like LEO, this path is also at a large distance from the earth and
it does not require to take specific path across the earth and it is less employed by the satellites
comprising of simple programs.

It is very less used by the satellites functioned to work as navigation, for instance Ecu Galileo. Galileo
uses navigation all over Europe and it is employed for different kind of navigations, for example
detecting jets and even for directions in smartphones. Galileo employs group of satellites to cover
huge elements of particular area [79].

1.7.4 Polar Orbit and Sun Synchronous Orbit

The satellites present in polar orbit follow the direction from north to south and not like GEO where
the direction is from east to west, almost touching the poles of the earth. The satellites which either
pass the north or south pole just with deviation of 20-30levels of decibels is termed as polar orbit.
Polar orbits fall in the category of LEO because the distance of polar orbit is just in the range of 200-
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1000km [79-80].

One of the particular types of polar orbit is Sun-synchronous orbit (SSO). The satellites which travel
in SSO across the polar orbit are usually in synchronization with the solar system. This depicts that
they might be in synchronization having fixed and equal function with respect to the sun. Also
because of this, every time the satellite visits the same spot at the same time — for instance, crossing
the metropolis of Paris on every single day in the noon exactly. Therefore, it is preferable in OWC
systems.

It is because of this, the satellite will continuously have a look at a point on earth as if continuously
on the equal time of the day, that fulfills the requirement of some of the applications; for instance, the
method which scientists and others who employ the satellite transmitters for computer photographs
can make a comparison by comparing the adjustments made in the past years.

That is due to the fact, in case you want to display a place by means of taking a series of pix of a sure
area throughout many days or months, or maybe years, then it would not be quite helpful to calculate
at hours of darkness and then at noon — you need to take every image as further because the preceding
photograph as viable. Consequently, scientists use photo collection like these to research how climate
patterns emerge, to assist are expecting climate; when tracking emergencies like flood or forest fires;
or to build up statistics on long-time period issues like cutting of trees or rising sea levels.

On regular basis the satellites present in the SSO are properly synchronized to make them consistent
with each other— this is due to the fact with the aid of regularly riding a sundown or sunrise, they will
never have the solar system at a distance where the shadow of earth is present. The satellite transmitter
for pc in a SSO would normally be at a height of around 600 - 800 km. When at an altitude of 800
km, it will be routing at a speed of around 7.5 km with accordance to 2d [76, 80].

1.7.5 Transfer Orbit and Geostationary Transfer Orbit

For movement form one to another orbit is called transfer orbits. While releasing the satellites from
earth and carrying to area with release motors consisting of Arianne five, the satellites aren't always
positioned immediately on their very last orbit. Regularly, the satellite rather positioned on a switch
orbit: an orbit in which, with the aid of the usage of pretty little power from integrated vehicles, the
spacecraft or satellite has the possibility to pass from either of the orbit to another orbit.

This feature permits the satellite transmitter pc to obtain high altitude path without requiring the
vehicle to actually cover the whole distance which requires extra energy. Hence, this is considered to
be a short method for changing the orbit. To achieve GEO in such a manner is one of the most common
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examples of switch orbit and it is referred to as geostationary transfer orbit (GTO).

There are different types of eccentricities present in the orbits either an elliptical or a round shaped.
In the round orbit, most of the times the satellite is at an equal distance from the surface of earth—
however on a tremendously eccentric orbit, the course looks like that is present in ellipse.

On arelatively eccentric orbit like this, the satellite pc transmitter can speedily range from very distant
to very near to floor of earth depending on the orbit in which the satellite is moving. In case of transfer
orbits, the engines are used by payload for movement from one orbit having eccentricity equal to one
to another orbit, that helps it to move in the right direction to higher or decrease orbits.

On the goal vacation spot, the payload is released by the rocket that units it off on an elliptical orbit,
then blue line is followed that helps to release the payload far away from earth. The largest distance
it covers form the earth’s surface is known as apogee and the nearest point is referred to as perigee

[81]. Thus, to fulfill the requirement of high security in OWC such type of orbit is chosen.

1.8 Multiple Access Techniques

The physical layer comprising of various techniques to support multiple access and improve the
transmission speed in OWC plays an immense role. Multiple access techniques are employed in optical
wireless communication channel like TDMA where every single user is assigned a particular time slot,
WDMA where every single user is assigned a particular wavelength can be used to increase throughput
by simultaneously accessing the fiber [80-82]. A couple of strategies are given to approach method
of allowing numerous clients to ship data indicators at the same instant of time over the medium of
communication with the useful resource of simultaneously offering the bandwidth to all the
customers. Get right of access to techniques are mainly classified into 2 awesome parts which
encompass asynchronous and synchronous. In neighborhood region networks, wherein records
transmission is variable and numerous collisions occurs are inner optical medium is referred as
asynchronous. As the spectrum resources are finite, it is code division multiple access (CDMA) which

made it feasible to have a greater number of users enjoy the similar bandwidth slot at same timing.

1.8.1 Time Division Multiple Access (TDMA)

TDMA is employed in second generation mobile applications like Global System Mobile (GSM)
Communications, iDEN, Personal Digital Cellular (PDC) and 1S-136, along with it the standard Digital
Enhanced Cordless Telecommunications (DECT) for cellphones. The technique TDMA was initially

introduced to satellite communications programs by Western Union on its Westar 3 telecommunications
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satellite in 1979. These days it is widely employed in communication related to satellites [81-82], passive
optical network (PON) above traffic networks from location to operator and to combat radio systems
[83].

TDMA is a one of the forms of time division multiplexing (TDM) partition, having a special feature that
it has multiple transmitters and not like other techniques a single transmitter is attached with a single
receiver. It is noted that in uplink case to a base station form a cellphone, it is tough owing to movement
of cellphone and changing the time ahead of the time needed to make its transfer match its transmission
gap.

Certain disadvantages of TDMA are given below: -

1. The major drawback of TDMA technique is that it creates disruptions to frequencies that are directly
linked to the length of time. This is a type of buzz which can be heard sometimes when a TDMA
cellphone is kept near the speakers or radio.

2. One more drawback of TDMA technique is presence of "dead time™ between the time zones which
limits the availability of effective bandwidth of the TDMA slot. It is employed due to difficulty in
analyzing if the channels send the data in timely manner. The cellphones are required to adjust and
check it on regular basis to verify that the transmission is being received timely, owing to more
duration in case of signal originated from the base station. It is also meant that the larger TDMA set
ups have more drawbacks related to bandwidth constraints [84].

3. In TDMA, the complete statistics transmission is obtainable to the client but just for a limited
timeframe. In maximum of the instances, several channels are separated and given specific time
frame because of which every channel occupies bandwidths at specific instances. In a particular
TDMA framework, every single channel includes a pre-appointed scheduled vacant time, that
interleaves with the availabilities of different channels. TDMA calls for cautious time
synchronization when you consider that customers share the information transmission within the

frequency area.

25



Stream of data divided into frames

NN

Frames segregated into slots of time.
Each user 1s allotted one slot.

Time slot contains a data with a guard 1f
neaeded for synchronization.

Fig 1.14 Diagram explaining TDMA system of communication
Interference due to multiple channels in TDM is less or almost negligible. Due to higher range of
channels, time department gaps between the information channels are critical. TDMA employs
distinguish time intervals for verbal exchange and reception. In mobile phone calls, whilst a consumer
actions from one give up to every other with one mobile then customer ought to stumble upon a name
loss if there is absence of spare time slots [85]. Fig. 1.14 shows the diagram explaining TDMA system

of communication.

1.8.2 Wavelength Division Multiple Access (WDMA)
In analog as well as digital transmission, multiplexing of wavelength has an easier entry to this
technique. Analog services also broadly practiced the usage of wavelength division. In WDMA

framework, information switch capacity is isolated into quantity of channels and every channel
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includes a separate optical transmission channel round a center wavelength. The channels are
appointed simply when requested through the customers. Few indoor optical wireless communication
(OWC) systems consisting of WDMA methodology have been reported.

Seeing that every channel is transmitted at an exchange wave length, they can be shortlisted utilizing
an optical channel. In this, every single purchaser is relegated a settled space of wavelength during
the complete duration thus making it easy to make proper utilization of it. If you want to separate the
adjoining channels. These bands aren't used for the statistics modulation, however, best included in
the system for wavelength separations. But it also wastes the bandwidth by obtaining the channel of
communication [86-87]. To augment the entire capability of system by employing wavelength
department we want to percent greater range of wavelengths or channels. Fig. 1.15 represents the

diagram showing the concept of WDMA system of communication.
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Fig 1.15 Diagram showing the concept of WDMA system of communication
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1.8.3 Optical Code Division Multiple Access (OCDMA)

OCDMA provides ability for high spectral efficiency, improved security level, decentralized and
simple network control. In OCDMA system, the eavesdropper can detect the signal only if he knows
the specific code. To improve security, the code length or number of users can be increased but it

leads to MAI that may result in a smaller number of active users [88].

In code division technique, much like the wavelength and time division, as an example in WDM,
wave length of a couple of channels and in TDM technique, specific time slots are present for every
particular channel. In CDMA technique, various codes are employed to meet the need of multiple
users with many channels over an equal exchange medium. In CDMA technique, every single client
is allotted the complete range on regular basis. CDMA technique uses one of the spreading codes to
spread baseband facts at a faster speed than the transmission. The transmission of flag takes place
which is below the noise level. To select the authorized chip of a specific code, a correlate is traced
at the receiver facet and along with it blocking of other chips of different users is done with the help
of slender clear out. The codes are delivered with the set of ones and zeroes efficiently in contrast to
the baseband data. The remuneration is known as bit price at which the code unfold is known as the
chip rate. The unfold spectrum allows asynchronous more than one time access to local area networks
[89-90].

Therefore, it is the requirement of OCDMA technique to perform switching, multiplexing feature and
adding and dropping of signals over different channels or particular network for simultaneous access
IS important in contrast to existing TDMA and WDMA techniques. The OCDMA technique has a
special feature to permit flexibility for more than one user to use multiple channels at same time in the
similar time slot and with same frequency slot along with particular unique code in optical region.
The benefits include the ability to support speed, simultaneous communication and tolerance of recurring
interruptions. The performance of CDMA in contrast is different because it usually requires directed light
waves (e.g., fiber cable), coding is inserted more strongly than the amplitude of light wave, different
codes do not connect tightly, and the receiver directly applies the acquisition. This proposes the term
‘optical code division multiple access’. The particular type of CDMA codes named as pseudo-orthogonal
mostly require large bandwidths to show the embedded data, so that visible CDMA can sometimes be
measured as bandwidth. The two categories of OCDMA codec’s which work effectively with the
bandwidth requirement of WCSs are the optical matrix CDMA and the non-compliant spectral CDMA.

In addition to it, wireless communication systems may sometimes require to support variable amount of
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data (for various services), and these two types of OCDMA are tolerant of data rate changes. It is an
appropriate topology for different techniques like LAN consists of a star and, multimedia consists of a

tree and data distribution.

1.8.3.1 Advantages of OCDMA

1. OCDMA technology is one of the promising technologies to enforce all-optical networks because
of its potential for elevated bandwidth ability, simplified and decentralized network manage,
progressed spectral performance and robust statistics protection [91]. The large cardinality and
versatility in coding in OCDMA makes it lenient limited which means that the variety of customers
may be varied in step with network demand in preference to TDM and WDMA. The new customers
may be accommodated on the basis of elevated bit error rate [92].

2. The security sensitive information consisting of navy transactions, monetary transactions, scientific
records and so forth, which is transmitted privately, is concluded through the net. The layer which
is physical of the net is generally the optical fiber that consists of excessive pace, big potential
worldwide optical networks. To guard the net from protection assaults, numerous protection rules
and strategies are applied on the network stack’s specific layers. One of the layers in photonic
community i.e., photonic remains to be an open place of studies due to a further safety layer in
transmission structures. Optical code-division has been taken into consideration as an awesome
measure to offer security of optical layer [93]. This is so because of the reality that if number of
codes function concurrently, it might be nearly not feasible to achieve any effective records from the
statistics sign. Yet, elevated complexity of optical tapping gadgets positioned in community and
personal optical networks these days permit unrestricted way to types of communications and
information that is being transmitted in either of the segments of fiber. The main motive of optical
layer is to avoid the breaching of transmitted optical data from illegal ways, that means the encoded

binary content will no longer be interpreted by the eavesdroppers or varied with the use of jammers.

3. A distinctive OCDMA technique network with N pairs of receivers and transmitters is depicted in
Fig.1.16. Every individual transmitter comprises of a particular data source and a laser which
converts the obtained signal form electrical to optical form with the help of a modulator, after
that the optical encoder maps the search bits into high- rate optical sequences. As per the name,

the OCDMA technique allots specific code to every single user to avoid mixing of users.
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Fig. 1.16 Basic Block Diagram of OCDMA Network

1.8.3.2 SAC-OCDMA: A program based on the Zero Cross Correlation (ZCC) Code
The spectral amplitude coding technique comprises of the separation of multiple optical codes across a
particular internal wireless system for different data levels along with the position of the receiver in the
presence of ambient light. It is OW technology which imparts high speed communication and high
security level while transferring of data. There is limitation named as MAI and PIIN when there is
transmission by number of users at same time. Hence, the division of the access code is more accessible
technology which is used in accordance with the zero-cross correlation (ZCC) code to minimize the
disabilities that were present in OWC programs. The main positive aspect of ZCC code is the ability of
the code to eliminate PIIN, thereby reducing multiple access interference [94]. Many research findings
reveal that with a minimum error rate, there is ability of the system to efficiently perform at a desirable




data rate. It also offers the best mobility in all the possible positions inside a room with a permissible

signal rate.
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Fig 1.17 Diagram showing SAC-OCDMA system of communication
The system comprising of SAC-OCDMA technique has been widely examined owing to its numerous
features over RF, like high level of security, easy set-up, electrically protected, electromagnetic
interference disruptions, low bandwidth requirement, cheap price and free-licensed spectrum [95]. In
addition to it, the visible light does not have the ability to penetrate the opaque objects like walls hence
needs to remove other interferences between the consecutive rooms. It is noted that OWC networks are
prone to multipath scattering, which leads to a moderate signal distribution Disruption (I1SI). To overcome

these disruptions that reduce system performance, a lot of promising technology is already used. Optical
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code separation technique is considered to be one of the efficient advance technologies employed in

optical wireless communication, that has fascinated a lot of attention because of its ability to permit

multiple users use the same bandwidth at the same time without utilizing any type of electronic speed

data circuits which are required by virtual TDMA technique and many other type of access techniques

[96]. It also has the ability to reduce the disruption of multiple accessibility which was present in OW

programs, too provides maximum security while transmitting the data. With the usage of efficient set of

visual codes, multiple interference access and phase intensity can either be removed or minimized. Fig

1.17 diagram showing SAC - OCDMA system of communication.

Table 1.1: Comparison among the commonly used Optical Multiple-Access Schemes

Multiple Access

» Time Asynchronous Access

> Normal limit on number of Users

Technique Pros Cons
» High Throughput Hard Limit on no. of Users
> Continuous Traffic System Wise
Synchronous
TDMA inisti
> Deterministic Access Not efficient in  Bursty
> Dedicated channels Traffic
) Limitation on number of Users
» High Throughput
Need Wavelength
> Time Asynchronous Access Traffic
> Efficient in Traffic Collisions
> Flexible User Access Random Access
OCDMA

Performance degrades with greater

number of users

1.9 Codes for Optical Communication

The OCDMA system comprises of two main categories named as coherent and incoherent. In coherent

OCDMA scheme, for applying an optical code, the phase coding needs to be done of the optical signal,
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while in non-coherent OCDMA system amplitude modulated codes are used for encoding. Coherent
OCDMA technique has the ability to support multiple users because of less sensitivity against the

interference raised by the other users which are active [96].

There are mainly two types of optical coding schemes which include synchronous and asynchronous
coding. Asynchronous coding facilitates simultaneous users to have accessing ability over the same
optical transmission medium individually with zero wait time, coordination or scheduling, therefore

making efficient use of the transmission medium.
A variety of codes [97] which are proposed for OCDMA systems are shown in Fig. 1.18.

@ 1-dimensional codes either spread in frequency or time in accordance to the encoding of the
optical signal. The coding which is accomplished in the time domain by employing optical pulses
of short duration is known as temporal OCDMA. Contrarily, coding either of the phase or intensity
of a broadband optical data either by means of amplitude or phase masks is known as spectral
OCDMA coding.

() 2-dimensional codes spread both in time and wavelength simultaneously. The techniques like
wavelength-hopping time spreading are type of a 2-D coding employed, where pulses are
organized in non-similar chips across the bit period and every single chip is having a different
wavelength [98]. The two-dimensional codes have the ability to offer more flexibility, grant high
cardinality, better spectral efficiency, much securing and greater capacity than 1-Dcodes.

© 3-dimensional codes are an extension of 2-D optical codes, where the optical pulses are spread
in three different dimensions namely space or polarization, time and wavelength. A 3- d user code
employs the two polarization states in accordance to the discrete wavelengths and chip times to
individually find client such that every single code is efficiently orthogonal for sufficient auto-
correlation and minimal cross-correlation. 3-D codes minimize the interception probability due
to the additional dimension [99-100].

1.10 Mode Division Multiplexing (MDM)

One of the forms of electromagnetic wave is light wave which travels in the vacuum that is presenting
the outer space. These waves are formed with the help of energy filled electric charges and are chosen
in the form of transverse wave which has both a magnetic and an electric component. The conversion

of non-polarized light into polarized is known as polarization. The feeding of various type of intensity
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profiles into the fiber is defined as mode division multiplexing (MDM). On the basis of electromagnetic
behavior, there are different types of modes (hybrid and transverse) present as per the angle formation

between the axis of transmission and the electric field vector.

When all the existing modes are grouped in one series then it is termed as Linearly Polarized (LP) modes
that can be achieved by either of the cases (i) by varying the value of core’s refractive index (ii) by
altering the size of the core (iii) by varying the wave’s wavelength (iv) by allotting a particular Eigen
value. In case of optical wireless channel, it is not feasible to achieve the LP modes with the help of first
and second parameter and it is possible only in case of optical fibre. Hence, to achieve LP modes, either

the wavelength needs to be altered or the eigen value needs to be fixed.

HE, ™

Fig. 1.18 Few Electromagnetic modes in optical domain [75]

The different types of EM modes of light are depicted in Fig. 1.18. It is noted from the figure as follow:

e HE11 mode comprises of E.F. that is always focused upward having highest value at the axis and
its value decreases when we shift radially towards the outer ends. This HE11 mode has the lowest
order of the mode.

e The transverse electric (TE01 and TM01) modes comprise of circular shape symmetric E.F. The
value of E.F. is highest in the center and the values lowers as we shift radially towards the outer

ends.
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1.10.1 Nomenclature and Indices of EM Modes
For identifying the field patterns from the two existing subscripts which are written with the mode, we
need to consider the ordered pair i.e., v, m. Here the value of “v”’ depicts the nature of the electric field in
the azimuthal plane, which means the change in the electric field w.r.t ®. We can also define it as how
many cycles have changed in the ® plane. Further, the subscript “m” reveals the number of maxima,
minima and the zero- crossings which took place in the azimuthal plane. It is depicted that number of
zero-crossing is always one less than the index, i.e., “m”.
Some observations can be made for the modes TEo1, TMo1 and HE21, and variations in the field can be
foreseen from the data of the modes’ two indices. It is observed that for TMo: and TEo1 mode, the field
present is symmetric and circular across the axis of the transmitting medium and even does not have any
zero crossings in the azimuthal plane. It can easily be analyzed in the Fig. 1.19.
The above discussion reveals that EM fields are LP and transverse [101]. It concludes that the
electromagnetic field comprises of the same intensity varying patterns yet all are polarized linearly along with
same linearity which means that the polarization orientation is similar in case of all the present fields. The

polarization can either be horizontal or vertical as depicted in Fig.1.20.
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Fig. 1.19 Variation of the field components [101]
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1.20 Polarization of the linearly polarized modes (Horizonal and Vertical)

1.10.2 Improved performance enhancement Using Hybrid SAC-OCDMA via the Is OWC channel

Spectral amplitude coding (SAC) OCDMA is considered to be one of the prominent schemes of OCDMA
technique which is most investigated area owing to its special features such as high level of security, large
capacity of network, and the flexible nature employed in sharing of channels without any sort of
overlapping. Contrary, 1S-OWC that is a good place for visual communication research is helpful in the
explosion of long-term shipping and communication. In this, a SAC-OCDMA hybrid system via the 1S-
OWC channel utilizing a zero cross correlation code for advance intensity fluctuations set-ups is deployed.
A block diagram depicting the SAC-OCDMA system is drawn in Fig. 1.21. To imitate the four users, the
direct detection process is used. In the set-up, single laser source is employed along with advance
modulation formats. The proposed model has three components, the transmitter, the channel and the
receiver [102].
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Fig 1.21 Diagram of SAC-OCDMA using IS-OWC channel

1.10.3 Zero Cross Correlation (ZCC) code

The ZCC code fall in the category of spectral amplitude coding OCDMA technique. It is considered as
one of the best methods to enhance security and increase bandwidth efficiency. It has numerous benefits
such as simple construction of code by using transformation method, as well as the opportunity to choose
and natural weight of the code. In addition to it, the absence of cross correlation in it enhances the
performance of the OCDMA based system by eliminating the multiple access interference. The ZCC code
even helps to remove PIIN which leads to efficient system performance. Through using zero correlation
codes, data rate can be improved in inter satellite OWC system.

For Optical based CDMA programs, coding is considered to be one of the most prominent parts to consider
in a file. The designing of the ZCC code is done in such a manner that it helps to eliminate multiple access

interference due to variability among various users and as a result is pressured by MAI [103]. The defining
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of ZCC code can be done with the help of a matrix named as K x L, where the K line denotes the user
number and the code length is represented with L. Uni polar orders are employed for amplitude code,
whereas source spectrum is defined as the code name. These types of orders match the K lines, further
depending on signal that is transmitted, this order is completed. Fig 1.22 diagram showing system using
OCDMA-ZCC.
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Fig 1.22 Diagram showing system using OCDMA-ZCC

1.10.4 Multi Diagonal Code (MD)
The MD code comprises of a simple structure based on the patented matrix, the flexibility of selecting i-

code weight and user number, and zero integration assets. Fig 1.23 depicts the block diagram of FSO
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system using ZCC and MD codes. The data works well organized in the order of transmission by code
with an external visual modulator. After that, the fixed code sequence is put together and t