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ABSTRACT

Free space optical communication (FSOC) is a potential technique
for high-speed, secure data transmission. It has the capacity to serve a
huge number of people and deliver a large amount of bandwidth.
FSOC is utilized in locations where optical fiber is difficult to deploy
and saves time while also being license-free. FSO networks have a
wide range of possible applications, from house to satellite. FSO
networks, on the other hand, have not gained traction due to a lack of
availability and dependability. In order to take use of the features of
wireless optical channels, researchers have concentrated on
challenges in the physical layer. However, recent technical
advancements with positive outcomes have made it feasible to
investigate the benefits of high bandwidth. In FSO networks, several
researchers have begun to focus on network and higher layer issues.
In this review article, FSO systems are elaborated and discussed its
history technologies in FSO, comparison to RF, advantages,
disadvantages, and applications. Further, discussion on the utmost
important performance limiting factor such as atmospheric turbulence
is done and moreover beam divergence, scattering, dispersion in
FSO, absorption, line of sight misalignment etc are also explained.
Fog, haze, rain and their intensities such as low, medium and heavy
ranges affect the FSO performance prominently. Different studies are
reported in the literature to increase speed, capacity, and performance
and also to perform better under the effects of different atmospheric
turbulences using different modulations, multiple transmitters, optical
amplifiers, wavelength windows, large antenna sizes, relay
communication etc. However, FSO systems still need improvement
in speed, capacity and performance.

1. Development of Optical Communication
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How to cite this paper: Shivam Vats |
Arvind Kumar | Amit Chaudhary |Richa
Tejpal "A Detailed Discussion of Free
Space Optical Communication Systems:
A Review"

Published in
International Journal
of Trend in

Scientific Research
and Development
(ijtsrd), ISSN: 2456-
6470, Volume-6 |
Issue-4, June 2022, pp.452-465, URL:
www.ijtsrd.com/papers/ijtsrd50065.pdf

A oy
Ofz-tem e
LJTSRD50065

Copyright © 2022 by author(s) and
International Journal of Trend in
Scientific Research and Development

Journal. This is an
Open Access article |® @
distributed under the

terms of the Creative Commons
Attribution License (CC BY 4.0)

(http://creativecommons.org/licenses/by/4.0)

The growing expansion of computers and laptops for
usage in offices, warehouses, enterprises,
manufacturing, and retail has put indoor
communications under strain [1]. To complete
company operations, many computers are controlled
in the same indoor space. A cluster of numerous
computers needs centralized communication capable
of serving the nodes and providing dependable
connections. Various ways have been used to enhance
the efficiency of systems in order to fulfill the
demands of users, such as encryption, large capacity
systems  (multichannel systems), appropriate
amplifications, and modulations [2]. However, it is
commonly believed and stated that wired connections
have been used extensively and conspicuously to

cater to consumers. End consumers can be linked at
high data rates through wired media, however this
comes with a hefty cost because of the actual cables
[3]. Furthermore, there are certain concerns with the
use of cables, such as network expansion challenges,
the need for extra space, installation time, and
trenching manpower [4]. Aside from the numerous
disadvantages of using wired connections, there are
certain advantages, such as the fact that wired media
can provide security and seamless connectivity [5].

Different cables, such as optical fibers, twisted pair
cables, and coaxial cables, can be used to
communicate across a wired media. Using the
aforementioned transmission channels has a variety of
advantages and disadvantages. Table 1.1 provides a

@ IJTSRD | Unique Paper ID — IJTSRD50065 | Volume -6 | Issue—4 | May-June 2022

Page 452



International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470

reflection principle governs the operation of fiber
optical cables. It can span long distances; however it
suffers from expensive initial implementation costs
for optical fiber lines [8].

comparison of several wired media. Twisted pair
cables come in two types: shielded and unshielded,
each with its own set of advantages and
disadvantages. The main advantages of these cables
are their ease of installation and low cost [6].
However, EMI has a significant impact on these
(electromagnetic interference). After that, coaxial
cables are used to deal with EMI concerns and may
be used over extended distances. These cables have
less EMI than twisted pair cables, but their
deployment is more expensive. Optical fiber
communication has emerged as the final solution to
the problems of low bit rates, short distances, and
high operational costs [7]. The complete internal

The cost of trenching and the time it takes to establish
wireless media has decreased dramatically as a result
of their implementation. Wireless has emerged as the
best option for overcoming the problems associated
with wired transmission. It is defined as a method of
transmitting signals without the need of cables,
utilizing just air as the medium in the terrestrial link.
Radio frequency (RF) is a widely utilized option in
RF communication [9-11].

Table 1.1 Comparison of several wired communication mediums [7]

Speed 10 Mbps to 1000 Mbps | 10 Mbps to 100 Mbps | 100 Mbps to 100 Gbps
Maximum length 100 m 500 m 10 km

Installation Easy Very easy Difficult
Electromagnetic Interference | Most vulnerable Less vulnerable Not effected by EMI
Bandwidth 1-155 Mbps 10 Mbps 2 Gbps

Overall cost Least expensive Inexpensive Expensive
Attenuation High Lower Lowest

Radio frequency needs an operation which is performed on the frequencies that are fixed by the government.
Frequency range of the radio spectrum is 3 kHz to 300 GHz. Due to wireless operation and other advantages,
radio frequency based transmission is also popular [5] [6]. It has potential to cater many users simultaneously.
However, there is a major reason that creates issues in this technology is low reach and less secure transmission.
It provides less strength to the signal over large distances, thus more error occurs. In order to cope with issues of
RF communication, a promising way-out is suggested by researchers and it is termed as free space optical (FSO)
communications [12-15].

1.1. Free Space Optical (FSO) Communication

FSO communication is the wireless transmission of data from one end to another using optical light signals in
telecommunication. Free space can be empty space with or without air in free space optical communication. FSO
is extensively employed in locations where trenching and fiber deployment are time-consuming, and it is the best
way to reduce system costs. FSO has been identified as a promising technology for both indoor and outdoor
communications, and it will be widely employed in next-generation broadband services [16]. Two major forms of
FSO communications are short range distance applications and long reach distance applications. Short-range
communication is utilized in terrestrial communications on Earth, whereas long-range communication is used in
space where there is no air. Indoor wireless communication, such as infrared communication, is referred to as
infrared communication, whereas exterior signal transmission is referred to as FSO transmission [17].
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| CW Laser MZM ___,-'( FSO \‘. Photo-Detector Low pass
“~. ,"' Bessel filter

"~ -
e

Figure 1.1 Block diagram free space optical communication system

FSO allows for optical spectrum license-free communication, or in other words, transmission without the need
for alicense [18]. It is said that it is license-free, however it has one fundamental flaw that degrades the system's
performance: weather conditions. Turbulence in the atmosphere is caused by changes in the environment's
temperature or pressure. Due to these meteorological instabilities, the medium's refractive index changes [19].
Because of the existence of air turbulence, there have been more mistakes and a lower signal to noise ratio. FSO
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technology is also becoming a popular approach for signal transmission and inspection systems that can display
data quickly while still providing secure transfer. These systems may operate with a variety of systems to
provide a well-developed, robust sensor communication network [20].

1.2. History of FSO

Signals have been conveyed through optical transmission for thousands of years. The Greeks used polished
shields to reflect sunlight as battle signals on the battlefield. In 1880, Charles Sumner and Alexander Graham
Bell utilized a picture phone for the first time to transmit voice and a beam of light [21]. On the 3rd of June, Bell
made the first wireless transmission between two stations separated by 213 meters. However, after many years
of Bell's experimentation, optical telegraphy was the first to employ wireless communication. When World War I
broke out, Morse transmitters, sometimes known as blinkgrets, were used for the first time on the occurrence of
communication breakdown due to wire cuts. The employed transmitter had a range of 4 km and 8 km during the
day and night, respectively [22]. At the end of the battle, light reliance communication through phones was
realized. Carl Zeiss Jena developed optical communication equipment that was used by the German army in
Atlantic Wall bunkers and anti-aircraft combat units during World War 2. In the 1960s, the LASER was found,
ushering in a revolution in free space optical communication. This contributed in the increase of military
department expansion in particular. In today's fiber optic line networks, lasers are used in wireless
communication, which is a crucial step toward achieving autonomy from permanent and costly line repair [23-
25].

1.3. Comparison of FSO and RF technologies

In most cases, RF communication is inextricably linked to wireless technology. Broadcasting of signals other
than RF carriers, such as communication based on optical, can provide better results. Free space optical huge
bandwidth and simplicity of access can provide a lot of promise in wireless communication to internet back
ends, which can provide a last-mile solution. This factor may influence the availability of services such as less
interruption, run songs and data interchange, movies on demand, film conferencing, job allocation capability,
and real-time health imaging transmission [26]. Secure channels with alower chance of interception, which may
be created by restricted divergence and laser beams in the midst of a free space optical link. Minor free space
laser beams have the capability of penetrating impediments [27]. For example, suppose a bit rate of several Gbps
is delivered across a free space connection with a 0.1 mrad (milliradian) divergence of the laser beam that may
easily pass through dense fog until the link length reaches a kilometer. Despite the tremendous advantages of
FSO, it does come with certain limitations. Because FSO bonds employ line of sight (LOS) communication
between the receiver and transmitter, they are susceptible to air disturbances or turbulence. Disturbances from
clouds, rain, haze, fog, and snow also impair it, causing a drop in performance and perhaps connection loss. The
FSO linkages have a limited range due to the excessive surrounding noise. The key distinctions between RF and
FSO technologies are shown in Table 1.1.

Table 1.2 Comparison of RF & FSO links [6]

Data Rate Less than 100 Mbps 100 Mbps to Gbps
Channel Security Low High
Source of Signal Degradation Multipath fading, rain Atmqspheric Disturbances,
and user interference rain, fog, haze, snow
Component Dimensions Large Small
Network Architecture Non Scalable Scalable

It should be noted that free space optical communication cannot be used without a radio link. However, free
space communication and radio frequency signal transmission can both be used at the same time. Hybrid
FSO/RF can be used to take use of the benefits of both free space optical and radio frequency communication
technologies at the same time. It is also believed that when wired media and radio frequency are unavailable,
FSO may serve as a backup for communication, and that the overall rate of data used in such a system is superior
to that of an RF system [28]. The radio frequency-based network has bandwidth constraints while delivering
different types of communications, such as high-definition video. As a result, with hybrid wireless
communication, a combination of FSO and RF networks may provide high capability and availability [29-30].

1.4. Technologies and its usage in FSO
Optical light pulse trains are produced by two sorts of sources: light emitting diodes and lasers. Because light
emitting diodes are non-coherent, they are unable to provide long-distance communication via a free space
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optical link. Lasers, on the other hand, may cover greater distances due to their directionality and coherent
nature. Signal transmission and information sharing in spacecraft, ships, and other vehicles are examples of free
space optical communication applications. The performance of the FSO system is influenced by meteorological
instabilities such as fog, haze, rainfall, high temperatures, mist, and dust. The utilization of a coherent and highly
directed light source is required for high-speed data transfer. MOSTCOM demonstrated a wireless
communication link called Arto-link M1-10G that uses lasers to transmit data at a rate of 10 Gbps. This was
done for a 2.5-kilometer-long connection [31-33].

1.5. Advantages of FSO

When a new communication technology is developed, all of its benefits and drawbacks should be taken into
account. The first and most important benefit of FSO communication is its cheap cost. In the case of FSO, no
optical fiber cable installation or safety upgrade is necessary. The system is simple to upgrade and requires no
licensing [34] [35]. Another benefit of FSO is its fast transmission speed. The high speed is achieved because
wave transmission over air is substantially quicker than optical fiber cables [36]. Between wireless stations,
signal transmission takes place via a LOS route. Another advantage of FSO communication is that it isimmune
to EMI [37]. The radio frequency obstacle to information is reduced in a free space optical communication
system. As a result, the information transfer is good and there are no disruptions. FSO has numerous benefits as
given below:

» Less Bit error rates and deployment of FSO is easy

» FSO can be used in full duplex mode

» Transparent protocol

» Security of FSO is high due to narrow beams

1.6. Disadvantages of FSO

When all of the pros and downsides are considered, a number of drawbacks emerge. Ecological turbulence and
several air variables might aggravate the FSO framework [38]. Rain, brown haze, and snowfall are the
fundamental calculations that obstruct the optical correspondence from afar. When the transmission path is long,
this is the main issue. The main source of impedance is the mugginess that can be seen all throughout due to
brown haze, rain, and snowfall. The presence of stickiness in exhaust clouds, rain, and snowfall encourages
introspection, scrambling, and sign absorption [39]. Because of the retention, the signal control is reduced,
whereas dispersing produces signal spreading in a variety of ways with the same signal control. Another issue
with the FSO structure is physical hindrance. Due to earthquakes, the physical impedance can be flashing, such
as birds, building sways, and cranes. Scintillation occurs as a result of the earth's high temperature and manmade
materials, posing a challenge in signal transmission. Some other disadvantages of FSO are as follows:

» Beam dispersion

» Scintillation

» Interferences caused by background light sources

Scattering Upto 2.5 Gps

Absortption
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Figure 1.2 Turbulences in Free space optical communication [4]

After outlining the benefits and drawbacks, the outcomes show that the benefits outweigh the drawbacks. As a
result, FSO may be a dependable and cost-effective wireless communication solution.

1.7. Applications and security in FSO
Wireless communication based on optical technology offers various advantages, but it is also important to
consider FSO's security and wide range of applications. FSO has been installed on ships to allow them to
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communicate with one another, as well as in aero planes for information sharing. It is a last-mile technology that
is commonly employed in institutions and private locations these days [40]. This transmission allows institutions
to interact with a variety of buildings without the need for trenching or other infrastructure. It is a type of
terrestrial communication that can communicate across small distances. Universities, health departments,
organizations, cities, businesses, and house-to-house correspondence are some of the other sectors where FSO is
used. FSO offices to maintain a safe and secure environment [41]. Signal interception is the true health concern
in FSO. For data transmission, FSO uses a narrow signal rather than a larger signal. Signals may readily be
intercepted, and narrow signals do not change throughout transmission.

Interferences alter the broadcast signal for a variety of reasons before it is received. Another risk of using FSO is
that it might prevent the signal from being sent. This restriction can be lifted by differentiating the signal before
it reaches the receiver. In FSO correspondence, the side bands are missing, resulting in a loss of intensity in side
projections and the posterior of the signals [42]. Because the signal's power is similar to that of the side bands,
the signal's power is reduced, and it can be intercepted by others. The extra applications of free space optical are
described as follows:

» Network deployment on the temporary basis

» In order to provide several Gbps links between different buildings or campuses such as in LAN-to-LAN
connection

For the elimination of the rights of ways by bypassing the buildings

To establish communication between inter as well as intra chip

To provide high speed communication and act as backup to optical fiber networks

Potential alternative to the wireless communication

YV VY

1.8. Effects of atmospheric variations in FSO
Because of the various gases present in the environment, the information signal can be absorbed, scattered, and
dispersed to varied extents at various wavelengths. The different phenomena are explained below:

1.8.1. Absorption

Absorption is a phenomenon in which visible light is soaked or absorbed by atmospheric gases, resulting in dark
bands in the light spectrum. The wavelengths that are either absorbed or scattered by the gas molecules are
indicated by these black bands. Because different gases absorb and scatter light at different wavelengths, the
position of the black bands varies depending on which gases are used. The similar phenomenon applies to light
waves in the infrared and ultraviolet bands, with the exception that these bands are absorbed more by the gases
in the air. Figure 1.3 shows the degree of absorption of various wavelengths by various gases.
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Figure 1.3 Absorption of EMR by Atmospheric Gases [5]

Visible light with wavelengths ranging from 0.4 um to 0.7 um is absorbed extremely inefficiently by oxygen and
ozone gases. FSO employs infrared rays with wavelengths ranging from 0.7 to 1.5 microns, which are readily
absorbed by water molecules. Almost all gases can absorb the upper infrared band at different wavelengths.
Ultraviolet light with wavelengths less than 0.3 microns is absorbed heavily by oxygen and ozone gases. The
atmosphere's transmittance in the visible and infrared bands of light is seen in Figure 1.4. It demonstrates that
water is the most significant impediment to signal transmission. The absorption of visible and infrared radiation in
the atmosphere is mostly due to O2, H20, O3, and CO2. The three dotted lines indicate the wavelengths utilized
in FSO technology, which are 0.80, 0.85, and 1.55 microns, and these wavelengths give great atmospheric
transmittance [43-45].

@ IJTSRD | Unique Paper ID — IJTSRD50065 | Volume -6 | Issue—4 | May-June 2022 Page 456



International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470

|3 |
1.0 |
0.9 ﬂh 9,
i o, i
(& O :
i 3 "1 J
s 071 Oyl |
£ 06 N
E 0s b 11 1
é 04 F I
= 01k :: U
0.2 11 H.0 M II:(}
0.1 F 11 H.O
.0 i i 1 I E i I i I i 1 i i
0.4 0.7 1.0 1.3 1.6 1.9 22 Py

Wavelength (pm)
Figurel.4 Visible and Infrared Atmospheric Transmittance [6]

1.8.2. Scattering

The atmosphere causes signal scattering, which is another process that occurs when signals are delivered. The
size of the molecules of gases and particles in the atmosphere that cause the signal to scatter is equal to or less
than the wavelength of the light wave. Fog, haze, and aerosols have particle sizes in the range of the wavelengths
employed in FSO technology; hence they are a major source of concern in this technology. There are three forms
of scattering: Raman scattering, Rayleigh scattering, and Mie scattering. Raman scattering occurs when light is
scattered by gas molecules and particles with sizes ranging from 10% to 150% of the wavelength of the light
wave. When light waves collide with these particles, the light's energy rises or decreases. The light released by
Raman Scattering differs from incoming light because the frequency of light is determined by its energy. The
light emitted as a result of Raman scattering has a different frequency than the transmitted light waves. Only the
Raman scattering is considered when a strong laser is employed; otherwise, it might be insignificant. Rayleigh
scattering is caused by gases and particles in the atmosphere that are less than 10% of the wavelength of light
waves. The energy of the light wave is not changed as a result of Rayleigh scattering, and the frequency of the
emitted light is the same as the frequency of the incident light waves. Raman scattering produces less dispersed
light than Rayleigh scattering, and Raman scattering is 10° to 10® times less intense than Rayleigh scattering [46-
48]. The intensity of Rayleigh scattering can be calculated as:

4 2
| = 8na (1 +mstI

4

2

§ A 0 n
Scattering intensity I0 is the intensity of incident light a is the particle’s polarization ability A is incident light
wavelength r is the scattering center 0 is the angle of scattered light. From the above equation for calculation of
Rayleigh scattering, it is clear that Rayleigh scattering is inversely proportional to the fourth power of the light
radiation’s wavelength. Hence, shorter the wavelength of the light higher is the Rayleigh scattering and longer is
the wavelength, lesser is the Rayleigh scattering. Mie scattering is caused by the particles having size
approximately equal to the wavelength of the light waves [49].

The scattered light is distributed differently owing to the enormous size of the scattering particles in Mie
scattering than it is in Rayleigh scattering. As seen in Figure 1.5, Rayleigh scattering and Mie scattering are not
the same.
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Figure 1.5 Comparisons of Rayleigh and Mie Scattering [7]

The light is incident on the particle from the left to the right in Figure 1.5. When there is Rayleigh scattering, the
light scattering is very uniform in all directions except at right angles to the incident light, where it is half of the
dispersed light in other directions. Light scatters mostly in the direction of incoming light due to Mie scattering.
As the particle size grows larger, the incoming light scatters less. As a result, the infrared radiations sent by the
FSO system are scattered significantly by fog and clouds, owing to the size of the water drops present in them
being almost equivalent to the wavelength of the system. Rain has a smaller impact on the FSO system since the
rain drops are larger than the wavelength of the system [50].

1.8.3. Dispersion

The process of dispersion occurs when an electromagnetic signal traveling in a physical medium degrades when
distinct wave components of the signal propagate at varying velocities through the medium. Because the
practical laser generates a limited range of frequencies rather than asingle frequency, the laser signal disperses
with time. The dispersion can also affect the ideal laser, i.e. a laser that emits just one frequency. The
consequences of dispersion on a rectangular pulse are seen in Figure 1.6. The received signal spreads with lower
power peaks than the source signal due to dispersion [51].

Source
1
Pulse v L
I I
: | |
RO | R— Threshold
Slgnal ( [
0O 1 1 10
| 1
Figure 1.6 Dispersion of Rectangular Pulse [8]
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Figure 1.7 Dispersion of a Pulse Train [8]

The threshold should be chosen so that a "1" in the attenuated signal can be distinguished from a "0." The
dispersion of the source light that sends the train of pulses to the receiver is seen in Figure 1.7. The signal will be
stretched out over time, limiting the data speeds that may be transferred. The received pulse train is overlapped
owing to dispersion, and the receiver will incorrectly view it as a protracted high signal since the receiver is
unable to separate these overlapped pulses.
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1.9. Effects of weather conditions

Because the FSO system transmits data wirelessly across an unguided atmospheric route, the information is
strongly influenced by atmospheric and meteorological circumstances. Rain, fog, haze, and snow are examples
of diverse weather conditions that have a significant impact on the FSO system. Climate/weather conditions have
a significant impact on the performance of the FSO system. The performance of FSO systems can be harmed by
these various weather conditions. The information signal traveling through the sky might be scattered by fog,
rain, haze, and snow. Scattering causes a portion of the information signals to be deviated from their original
route. Fog has the most influence on the FSO system of all the weather situations because fog contains minute
water drops whose size is approximately equivalent to the wavelength of infrared wavelengths, causing more
signal scattering. Snow and rain also affect the functioning of the FSO system, but their effects are less
noticeable. Because these meteorological conditions seldom occur at the same time, they may be investigated
independently [52].

1.10. Other limitations of FSO

1.10.1. Directional Precision

Due to the low beam divergence of lasers, there will be a high level of security against eavesdropping. It's tough
to concentrate a laser beam to the receiver because of the low beam divergence. With the assistance of the
diagram below, the beam pattern for a broadcast signal at the receiver side may be illustrated. The pointing
resolution in Figure 1.8 is kept equal to the beam divergence of 0, which indicates that the laser beam can
diverge 0 with an angle of in either the x or y directions [53].
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Figure 1.8 Beam Pattern at Receiver with Pointing Resolution 0 [11]

Figure 1.8 shows that it appears to offer continuous coverage to the receiver side, but in actuality, gaps appear in
the beam pattern when the transmitter's aiming resolution is maintained. Because of the gaps, the laser beam sent
by the transmitter will not be properly focused.

Shift by 6/2
(xand y
directions)

Gaps filled-in
by Beams

s
Figure 1.9 Gaps filled by pointing Resolution 6/2 [11]

There are no gaps when the pointing resolution of the laser beam is equal to half of the beam divergence. This is
seen in Figure 1.9 below. As a result, a laser beam should be linked with a system that allows it to focus on the
receiver while also providing high security and efficient energy reception. If security and received energy are
not a major issue in FSO, however, a greater beam divergence can be employed, requiring less accurate aiming
precision.
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1.10.2. Line of Sight Obstruction

Satellite

Unmanned Aerial
Vehicle

Figure 1.10 Spatial Diversity to overcome Line of Sight [16]

Because FSO lines are line-of-sight, they can be harmed by things like buildings, trees, and planes. Because the
FSO system has a tiny beam and fast data rates, it can be harmed by small objects such as birds. The error
correction approach can repair mistakes produced by transient barriers such as flying objects. When blockages
are large or persist for an extended period of time, spatially varied linkages can deliver superior outcomes [54].

The spatial variety depicted in Fig. 1.10 aids in overcoming line-of-sight limitations. Due to some trees, the
Unmanned Aerial Vehicle (UAV)in Figure 1.10 has lost its direct link to its mother ship. However, the satellite
allows it to connect with its mother ship.

1.11. Q factor BER calculation in optical communication systems
The signal-to-noise ratio (SNR) at the receiver's decision circuit is defined as Q for a digital transmission signal
and is expressed as:
W=
Q = —0

O +0
Rather than linear numbers, the Q-factor can be expressed in decibels:
Q (decibels) = 20xlog;p Q (linear) 3

where p; and ) is the mean voltage level of the 1 and 0 levels. 6, and o are the standard deviations of the noise
distribution on the 1 and O levels.

There is a one-to-one correspondence between the Q value and the BER. The Q value can be used to indicate the
system tolerance in decibels, much as dBm can be used to express optical power instead of mW. A lower pre-
FEC BER denotes a higher Q value and improved network performance. The bit error rate (BER) is the gold
standard for determining transmission quality.

The waveforms of optical signals coupled into fibers will be distorted when they reach at the end of fiber
connections due to variables such as noise, non-linear effects, and dispersion (PMD/CD). When the receiver
translates the optical impulses into electrical signals, bit errors occur [55].

1.12. Comparison of Different Reported Studies

In the literature, extensive work has been reported in the context of FSO communication on performance
improvement, capacity enhancements, and reach extension. Modulations, amplifiers, multiple receivers, mode
division multiplexing (MDM), polarization division, and spectrum slicing and relay communication are some of
the widely used techniques. In Table 1.3, comparisons of different studies are shown in terms of data rate,
capacity, channels, modulation, and limitations etc. It is noteworthy that polarization division multiplexed
(PDM) multilevel modulations such as OFDM, QPSK, QAM and MDM can provide better performance in FSO
under the effects of atmospheric turbulence.
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) Ro-FSO DPSK, Hermite
2 Springer and . FSO and NRZ-DPSK | only 2 channels were
system, 40 Gaussian (HG)
2020 [57] found best and used
km and 40 | modes (HGOO and offered Q=11.38
Gbps/channel HGO1) o
S. Chaudhary et 2 channel Achieved 14 km over
3 al., Taylor and Ro-FSO, 14 MDM-AMI FSO at SNR 16.42 Verv low data rate
Francis and km and 2.5 and MDM-NRZ For AMI and y
2019 [58] Gbps 10.5 for NRZ
4 channel
spectrum slicing
hi I:lf'onl:;llril r%ear Investigated system
A. Thakur et al., gfib)ér S km can covered 5 km Data rate and
4 Springer and ’ NRZ, RZ, CSRZ | using CSRZ EDFA | distance covered are
and 2.5 Gbps .
2018 [59] and found best with Q less
and EDER, factor 9.57
RFA, SOA '
performance
investigation
NRZ and Maximum link range
4 channel . . .
spectrum slicH Spectrum sliced | is observed in case of
A. Thakur et al., P . FSO system four |clear weather (>8Km)
. FSO using .
5 Springer and hi . wavelengths were | and the system works | Capacity was less
ighly nonlinear .
2018 [60] Fiber. S km generated from | for 1.5 Km in case of
and 2’5 Gbos single laser source Fog at BER
> HOP using HNLF 10°.
4 channels, FSO
with spectrum | \p R CSRZ, | Covered 5 km at BER
M. Kaur et al., slicing using MDR7Z 10° usine MDRZ Data rate was less
6 IJCRT and 2017 | HNLF, at 2.5 & ’
[61] Gbps
System obtained 500
Single channel m distance over FSO
Shaina et al., FSO under 3 NRZ under worst weather Distance was ver
7 Elsevier and wavelength considered 70 dB/km at BER 107 low y
2016 [62] windows, 500 for 850 nm, 10™ for
m and 2.5 Gbps 1310 nm, 10
for 1550 nm
8 WDM ‘
g H. Zhou et al., | channels Radio NRZ Got distance of 1 km | Distance was very
Elsevier and over-FSO, 1 at BER (-9 short
2015 [63] km and 10 Gbps
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Investigated system
A. Malik et al 32 WDM I\Iil;vzésttviw;tséydsge;n achieved distance 47
. 7 | channels, 47 & ) km at BER 10"’ in | Data rate per channel
9 Springer and WDM-FSO,
2014 [64] km and 2.5 Multiple Tx/Rx Tx/Rx FSO system was less
Gbps FSO and 31.7 km in WDM
FSO
o
10 F. Hossain et al., FSO using NRZ, 1 Tx/Rx with the increase in Distance was very
IEEE and 2013 SOA, 1 to 8 Tx/Rx short
Tx/Rx, result
[65] km and 10 Gbps .
improved

1.13. Conclusion

A prominent issue encountered by researchers and
developers of optical fiber transmission is high cost of
trenching and cost. Basically the cost of installation
of fiber optic is very high which is due to labor and
machines. Solution for the cost saving and
elimination of trenching, a radio frequency was
assumed to be a solution. However, RF occupies the
large part of the spectrum and also security of these
systems is less. In passive optical networks, optical
fiber based users exist but due to different
geographical areas such as hilly areas, deployment of
optical fiber becomes tedious. In order to give them
wireless access, FSO is an ultimate solution. Major
requirement of the FSO communication is LoS link
amid receiver and transmitter. Requirements of
compact antenna size, short wavelength makes it
better over RoF. FSO provides license free
communication and provides high data rates in the
range of 5 Gbps to 40 Gbps. Major Benefits of FSOC
are industry, health care, security, disaster recovery,
education, voice and data etc. Despite the many
benefits over RF communication, the researchers are
trying to increase the link length reach and bit rate
supportability. In the literature, extensive work has
been reported in the context of FSO communication
on performance improvement, capacity
enhancements, and reach extension. Modulations,
amplifiers, multiple receivers, MDM, polarization
division, spectrum slicing and relay communication
are some of the widely used techniques. It is
noteworthy that polarization division multiplexed
(PDM) multilevel modulations such as OFDM,
QPSK, QAM and MDM can provide better
performance in FSO under the effects of atmospheric
turbulence. In the near future, ultra high capacity and
long reach FSO systems are required even under the
worst weather conditions.
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