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Abstract:

This papers presents the data transmission system between two points through atmosphere using optical laser.
Free-space optical (FSO) communication is a wireless communication system that uses an optical carrier to
transfer information through air usually named as line-of-sight communication technology. The laser beams are
highly directional and focused narrow beams because of that it having minimum interference while transferring
information in addition to that FSO have a high bit rate communications link, low power requirements, smaller
antenna sizes, and fewer bandwidth constraints. Also, it enhance communication capability for various applica-
tions such as hospital, aircraft cabin crew, high data speed and satellite communication at low cost. The carri-
er used for the transmission signal is typically generated by a laser diode. This system transmits the information
which is encoded and modulated in the form of laser light using a laser diode in a free space wirelessly. Infor-
mation can be an image or an audio file or a text. The transmitted laser signal is received by a photoreceiver,
which is in Line of sight with the transmitter, in the receiver side and decoded to get the information.Besides,
free space optical communication is adversely affected by radiation, which is mostly caused by sunlight. This
radiation limits the range of optical communications. However, optical communication links used for line-of-

sight applications using lasers unlike radio frequency (RF) signals,but optical signal cannot go through walls.

Keywords: Optical laser, wireless communication system, line of sight, Transmitter-Receiver

system, light wave

Introduction

Free Space Optical (FSO) communication is a method of transmitting data using laser beams through the air,
rather than through physical cables or fiber optics. It utilizes light propagation in free space to establish a com-
munication link between two points. Laser communications systems can be implemented in point-to-point
communication easily because of their low cost, small hardware, low power, and absence of electromagnetic
interference. For two-way communication two parallel beams are required, one for transmission and another one
for the reception of a signal. The input which is in the form of voice is initially amplified with a pre-amplifier

circuit before further amplified by the second stage amplifier which provides the overall gain of the transmitter.
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The signal is then fed to a Laser diode through a driver circuit. Laser will convert the electrical signal into light

signal and send the signal into free space. The working of FSO system as describe as follows.

2) Pulses sent from transmitter
(satellite or source on ground)
to receiver

3) Telescope-like
receiver converts
signal to usable form

Ul

Signal converted to
pulses of infrared light
representing T's and 0’s

Fig. 1. Representation FSO System

Laser Transmission: FSO communication systems use lasers as the light source for data transmission. The laser
emits a focused beam of light that carries the data signal. Line-of-Sight Communication: FSO requires an unob-
structed line of sight between the transmitter and receiver. This means that there should be no physical barriers,
such as buildings or mountains, blocking the path of the laser beam. Modulation: The data to be transmitted is
modulated onto the laser beam using various modulation techniques. beam Atmospheric Propagation: The laser
beam travels through the Earth's atmosphere from the transmitter to the receiver. However, atmospheric condi-
tions such as fog, rain, snow, and atmospheric turbulence can affect the propagation of the laser beam, leading
to signal attenuation and distortion. Optical Receiver: At the receiving end, the optical receiver captures the
incoming laser beam and converts it back into electrical signals. The receiver typically consists of photodetec-
tors, such as photodiodes or avalanche photodiodes, which detect the light intensity variations and convert them
into electrical signals. Signal Processing: The electrical signals received by the optical receiver undergo signal
processing to recover the original data. This may involve demodulation, error correction, and amplification to
ensure accurate data transmission. Communication Link: The communication link established through FSO can
provide high-speed data transmission rates, ranging from tens of megabits per second to multiple gigabits per
second, depending on the system design and atmospheric conditions. FSO communication offers several ad-
vantages over traditional wired or wireless communication methods, including high data rates, immunity to
electromagnetic interference, secure transmission, and cost-effectiveness for short to medium-range communi-
cation links. However, it also faces challenges such as atmospheric attenuation, alignment and tracking of opti-
cal beams, and susceptibility to weather conditions, which need to be addressed for reliable and widespread

deployment.
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Overview of the data transmission system

Traditional data transmission methods encompass a range of technologies that have been used over the years to
transfer data from one point to another. These methods have evolved alongside advancements in telecommuni-
cations and networking. Here's an overview of some traditional data transmission methods:

Wired Transmission

Copper Wire: Historically, copper wires have been widely used for data transmission, particularly in telephone
networks. Copper wires support various technologies such as analog voice transmission, digital subscriber line
(DSL) for high-speed internet access over existing telephone lines, and Ethernet for local area network (LAN)
connections.

Coaxial Cable: Coaxial cables consist of a central conductor surrounded by insulation, a metallic shield, and an
outer insulating layer. Coaxial cables were commonly used for television signals and early broadband internet
access.

Fiber Optics: Fiber optic cables use light signals to transmit data over long distances at high speeds. They offer
greater bandwidth and immunity to electromagnetic interference compared to copper wires. Fiber optics are
widely used in long-distance telecommunications networks, internet backbone infrastructure, and high-speed
internet access services.

Wireless Transmission

Radio Frequency (RF) Communication: RF communication involves the transmission of data using radio waves.
It includes technologies such as radio broadcasting, cellular networks, Wi-Fi, Bluetooth, and microwave links.
Satellite Communication: Satellite communication utilizes satellites orbiting the Earth to relay data signals be-
tween ground stations, enabling global connectivity for various applications such as television broadcasting,
internet access, and remote sensing.

Infrared Communication: Infrared (IR) communication uses infrared light to transmit data over short distances.
It is commonly found in remote controls, wireless keyboards, and proximity sensors.

Modulation Techniques

Amplitude Modulation (AM): AM involves varying the amplitude of a carrier wave to encode data. It was wide-
ly used in radio broadcasting.

Frequency Modulation (FM): FM varies the frequency of a carrier wave to encode data. It is commonly used in
FM radio broadcasting and analog television.

Phase Modulation (PM): PM modulates the phase of a carrier wave to encode data. It is used in various commu-
nication systems, including digital modulation techniques such as phase-shift keying (PSK) and quadrature am-
plitude modulation (QAM).

Each of these traditional data transmission methods has its advantages and limitations, and their suitability de-
pends on factors such as distance, data rate requirements, environmental conditions, and cost considerations.
Advances in technology continue to drive the evolution of data transmission methods, with a focus on improv-

ing speed, reliability, and efficiency.

Motivation
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The need for high-speed Free Space Optical (FSO) data transmission systems arises from several critical factors,
making them indispensable in various applications:

Bandwidth Demand: The proliferation of bandwidth-intensive applications such as high-definition video
streaming, cloud computing, virtual reality, and big data analytic requires high-speed data transmission systems
to meet the growing demand for data bandwidth. FSO systems offer gigabit-per-second data rates, providing the
necessary bandwidth to support these applications.

Last-Mile Connectivity: FSO systems are particularly valuable for providing high-speed connectivity in urban
areas and densely populated regions where laying fiber optic cables or installing traditional wired infrastructure
is challenging or cost-prohibitive. FSO can serve as a cost-effective solution for bridging the last mile and ex-
tending broadband access to undeserved communities.

Rapid Deployment: FSO systems can be quickly deployed in temporary or emergency situations, such as disas-
ter recovery efforts, military operations, or temporary event venues. Their wireless nature eliminates the need
for extensive cable installations, enabling rapid setup and tear down of communication links for temporary con-
nectivity needs.

Secure Communication: FSO offers inherently secure communication because the laser beams used in FSO
systems are difficult to intercept or eavesdrop on without physically obstructing the line of sight. This makes
FSO systems ideal for transmitting sensitive or confidential data where security is paramount, such as military
communications, financial transactions, or government networks.

Immunity to Electromagnetic Interference: Unlike radio frequency (RF) communication systems, which can
be susceptible to electromagnetic interference (EMI) from sources like electrical equipment, FSO systems oper-
ate in the optical spectrum and are immune to EMI. This makes FSO an attractive option for communication
links in environments with high levels of electromagnetic noise, such as industrial facilities or urban areas with
dense RF traffic.

Scalability and Flexibility: FSO systems can be easily scaled to accommodate changing bandwidth require-
ments by upgrading the optical transceivers and modulation schemes. Additionally, FSO systems can be de-
ployed in point-to-point or point-to-multipoint configurations, offering flexibility in network design and topolo-
gy to suit various applications and deployment scenarios.

Redundancy and Diversity: FSO systems can be deployed as part of a redundant or diverse communication
infrastructure to provide backup connectivity in case of network outages or failures. By complementing existing
wired or wireless communication systems, FSO enhances the resilience and reliability of overall communication
networks.

In the new era of transmission system the need for high-speed FSO data transmission systems is driven by the
demand for bandwidth-intensive applications, the necessity for last-mile connectivity, the requirement for rapid
deployment in various scenarios, the need for secure communication, immunity to electromagnetic interference,
scalability and flexibility, and redundancy and diversity in communication infrastructure. Therefore in this paper
presents the FSO systems provide efficient solution to address these requirements and play a vital role in mod-

ern communication networks.
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Related Work

Venkadeshwari et al. [1] studied the laser nased smart communication ststem. In this study they enhance the
communication capabilities for diverse applications by utilizing a high-speed data transmission technology and
achieve faster and more efficient systems. They observe that modified laser syaten can be send data at efficient-
ly as compare totratitional method.

Prakash et al. [2] discussed the laser based communication. In this study they explain point to point voice singal
transmission using laser diode. The experimental results observed that This system is safe and without radiation.
So it is no harm to living beings. The system can likely transmit data and sound much faster than the other sys-
tem (like 1GBY/s) because this laser communication system became a more

popular system than the other system.

Repe et al. [4] analysed the data transmission through free space optical laser. They conclude that FSO technol-
ogy can be rapidly deployed to provide immediate service to the customers at a low initial investment, without
any licensing hurdle making high speed high bandwidth communication possible.

Jahid et al. [5] survey on free space optical communication: Potentials, technical challenges, recent advances
and research direction. This survey presented that overview of several key technologies, significance, demon-
stration, recent development, and implications of state-of-the-art criteria in terms of spectrum reuse, classifica-
tion, architecture, physical layer security, and future applications for understanding FSO system among different
appealing optical wireless technologies. They concluded that scarcity of radio-frequency (RF) counterparts, free
space optical (FSO) communication has been recognized as a promising option for next generation optical net-
working that can support tremendous traffic demand initiated from the internet of things/everything (IoT/IoE)
devices and modern cellular communication systems.

Thakur et al. [6] reviewed on free space optics. In the current need of human about the communication system
demands high bandwidth with high data rates especially for internet. For high data rates requires high speed
transmission medium like optical fiber. To overcome the bottle neck of last mile communication free space op-
tics has emerged as a better option for radio engineers.

Gailani et al. [7] studied the Free Space Optics (FSO) Communication Systems, Links, and Networks. They
observed that FSO has a future technologies, due to its cost effective, easy deployment, high bandwidth enabler,
and high secured. But it has certain limitation due environmental changes such as rain and haze effects toward
FSO signal propagation. Also they tested FSO network via the implementations of hybrid multi-beam FSO sys-
tem with wavelength division multiplexing (WDM) technology.
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1 Components of FSO system
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Fig. 2. Components of FSO System

Free Space Optical (FSO) communication, also known as optical wireless communication or laser communica-
tion, is a technology that utilizes laser beams to transmit data through the air over short to medium distances.

A Free Space Optical (FSO) communication system comprises several key components working together to
transmit data through laser beams in the air. Here are the main components of an FSO system:

Laser Source: The laser source generates the optical signal that carries the data to be transmitted. It typically
consists of a semiconductor laser diode, which emits a coherent and collimated beam of light in the infrared
spectrum. Lasers used in FSO systems are often designed for high power and stability to ensure reliable trans-
mission over long distances.

Optical Transmitter: The optical transmitter modulates the laser beam with the data to be transmitted. It con-
sists of components such as modulators and driver circuits that control the intensity, phase, or frequency of the
laser beam to encode the data signal. The transmitter may also include optics for beam shaping and collimation
to optimize the transmission characteristics of the laser beam.

Optical Receiver: The optical receiver captures the incoming laser beam at the receiving end of the communi-
cation link. It typically includes a photodetector, such as a photodiode or avalanche photodiode, which converts
the optical signal into an electrical signal. The receiver may also incorporate optical components such as lenses
or mirrors to focus and direct the incoming light onto the photodetector.

Signal Processing Unit: The signal processing unit processes the electrical signal generated by the photodetec-
tor to recover the transmitted data. This may involve demodulation to extract the modulated signal, amplifica-
tion to boost the signal strength, and possibly error correction to compensate for signal distortions or losses in-
curred during transmission.

Communication Link: The communication link consists of the optical path between the FSO transmitter and
receiver. It may also include components such as optical filters, attenuators, or amplifiers to optimize the per-

formance of the communication link and mitigate effects such as signal attenuation, interference, or noise.
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Beam Steering Mechanism: In some FSO systems, especially those designed for long-distance communication
or dynamic environments, a beam steering mechanism may be employed to maintain alignment between the
transmitter and receiver. This mechanism may include motorized mirrors, gimbal-mounted optics, or adaptive
optics systems that adjust the direction of the laser beam to compensate for changes in atmospheric conditions or

platform motion.

Power Supply and Control Electronics: FSO systems require power supplies and control electronics to oper-
ate the various components and ensure proper system performance. These electronics may include power con-
verters, voltage regulators, temperature controllers, and monitoring circuits for controlling laser power, modula-
tion, and other parameters.

By integrating these components into a coherent system design, FSO communication systems can achieve high-
speed, secure, and reliable data transmission through the air over short to medium distances, offering advantages

such as high bandwidth, low latency, and immunity to electromagnetic interference.

1.1  Types of lasers used in FSO systems:

In Free Space Optical (FSO) communication systems, various types of lasers can be used as the light source to
generate the optical signal for data transmission. Here are some common types of lasers used in FSO systems:
Diode Lasers:

Semiconductor diode lasers are one of the most commonly used types of lasers in FSO systems.

Diode lasers are compact, efficient, and cost-effective, making them suitable for FSO applications where size,
power consumption, and affordability are important factors.

They emit light in the visible or infrared spectrum, depending on the specific semiconductor material used and
the operating conditions.

Diode lasers can provide sufficient optical power for short to medium-range FSO links, typically up to several
kilometers.

Solid-State Lasers:

Solid-state lasers, such as diode-pumped solid-state lasers (DPSSLs), utilize solid-state gain media, such as
crystals or glasses, to generate laser light.

These lasers offer higher output power and better beam quality compared to semiconductor diode lasers, making
them suitable for longer-range FSO links or applications requiring higher optical power.

Solid-state lasers can emit light in various wavelengths ranging from visible to near-infrared, depending on the
choice of gain medium and pump source.

DPSSLs are often used in FSO systems for military, aerospace, or long-distance communication applications

where high performance and reliability are critical.
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Gas Lasers:

Gas lasers, such as helium-neon (HeNe) lasers or carbon dioxide (CO2) lasers, use a gas mixture as the gain
medium to produce laser light.

While less common in FSO applications compared to semiconductor and solid-state lasers, gas lasers can offer
specific advantages such as narrow linewidth and precise wavelength control.

Gas lasers are typically used in specialized FSO systems or research applications where specific optical charac-

teristics are required.

Fiber Lasers:

Fiber lasers utilize an optical fiber doped with rare-earth ions as the gain medium to generate laser light.

Fiber lasers offer high power, excellent beam quality, and wavelength flexibility, making them suitable for vari-
ous FSO applications, including long-range links and high-capacity data transmission.

Fiber lasers can emit light in the infrared spectrum and can be designed for specific wavelengths depending on
the application requirements.

Overall, the choice of laser type in FSO systems depends on factors such as the desired transmission range, opti-
cal power requirements, wavelength characteristics, cost considerations, and specific application needs. Each
type of laser has its advantages and limitations, and the selection of the appropriate laser source is critical for
optimizing the performance and reliability of FSO communication links.

2 Applications of FSO Systems

Free-space optical (FSO) communication systems find applications in various fields due to their unique ad-
vantages. Some of the common applications include:

Telecommunications: FSO systems are used for high-speed data transmission in telecommunications networks,
especially in urban areas where laying fiber-optic cables is challenging or costly. They provide a cost-effective
solution for last-mile connectivity, enabling broadband access in densely populated areas.

Enterprise Connectivity: FSO systems are deployed by businesses to establish high-speed communication
links between different office buildings or campuses. They offer secure and high-bandwidth connectivity for
applications such as data transfer, video conferencing, and cloud computing.

Disaster Recovery and Emergency Communications: FSO systems are employed for temporary communica-
tion needs during natural disasters, emergencies, or situations where traditional communication infrastructure is
disrupted. They enable rapid deployment of communication links to facilitate rescue operations, coordinate re-
lief efforts, and restore connectivity in affected areas.

Military and Defense: FSO systems are used by military and defense organizations for secure communication
between command centers, military installations, and field units. They offer secure and reliable transmission of
sensitive data, surveillance video feeds, and tactical information in battlefield environments where wired or

radio-based communication may be vulnerable to interception or jamming.
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Aerospace and Satellite Communication: FSO technology is utilized in space-based communication systems
for inter-satellite links and satellite-to-ground communication. It enables high-speed data transmission between
satellites in orbit and with ground stations, supporting applications such as Earth observation, satellite imaging,
and global internet connectivity.

Urban Connectivity and Smart Cities: FSO systems contribute to the development of smart cities by provid-
ing high-speed wireless connectivity for urban infrastructure, transportation systems, and public services. They
support applications such as traffic management, video surveillance, smart grid monitoring, and public Wi-Fi
hotpots.

Broadcasting and Entertainment: FSO systems are used in broadcasting and entertainment industry for live
event coverage, outside broadcasting, and transmission of high-definition video signals. They offer high band-
width and low latency transmission, making them suitable for applications such as live sports events, concerts,
and news broadcasting.

Oil and Gas Exploration: FSO systems are deployed in oil and gas exploration operations for high-speed
communication between offshore platforms, drilling rigs, and onshore facilities. They support real-time monitor-

ing, control, and data transfer, enhancing operational efficiency and safety in remote and harsh environments.

3 Outlook and Challenges

FSO (Free-Space Optical) communication, which uses light to transmit data through the air, offers numerous
advantages such as high data rates, low power consumption, and security. However, it also faces several chal-
lenges and limitations:

Weather Conditions: FSO communication is highly susceptible to weather conditions such as fog, rain, snow,
and atmospheric turbulence. These conditions can attenuate or scatter the optical signal, leading to signal degra-
dation or loss.

Atmospheric Turbulence: Variations in the refractive index of the atmosphere can cause scintillation, beam
wandering, and beam broadening, collectively known as atmospheric turbulence. This turbulence can distort the
optical signal, affecting the quality of communication.

Limited Range: FSO communication typically operates over relatively short distances compared to other com-
munication technologies like fiber optics or radio frequency (RF) communication. This limitation is primarily
due to the attenuation of light over long distances and the need for line-of-sight between transmitter and receiv-
er.

Alignment: Maintaining precise alignment between the transmitter and receiver terminals is crucial for FSO
communication. Any misalignment, even slight, can lead to signal loss or degradation. This requirement be-
comes more challenging, especially in mobile or dynamic environments.

Security Concerns: While FSO offers inherent security benefits due to its narrow beam and lack of susceptibil-
ity to electromagnetic interference, it is vulnerable to interception by unauthorized parties with line-of-sight

access. Encryption and other security measures are necessary to mitigate this risk.
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Regulatory Constraints: FSO communication systems may be subject to regulatory constraints related to spec-
trum usage, power levels, and safety regulations, varying across different regions and jurisdictions. Compliance
with these regulations adds complexity and may limit deployment options.

Cost: While FSO equipment costs have decreased over time, they still tend to be higher compared to traditional
wired or wireless communication systems. Initial setup costs, including equipment procurement, installation,
and alignment, can be significant, especially for long-range or high-capacity links.

Scalability: Scaling FSO networks to accommodate increasing data demands can be challenging due to factors
such as limited range, weather dependencies, and alignment requirements. Deploying multiple FSO links in a
dense urban environment, for example, may require careful planning and coordination.

Despite these challenges, ongoing research and technological advancements continue to address many of these
limitations, making FSO communication an increasingly viable option for certain applications, particularly

where high data rates, low latency, and secure transmission are critical.
4 Conclusions

Following points are drawn from the research study.

e Free-Space Optical (FSO) communication offers a promising solution for high-speed, secure, and reliable
wireless data transmission. Despite facing challenges such as atmospheric conditions, alignment require-
ments, and limited range, recent advancements and ongoing research efforts are steadily overcoming these
limitations.

e Key developments in adaptive optics, multi-beam systems, hybrid FSO-RF solutions, quantum key distribu-
tion, miniaturization, and standardization are driving the evolution of FSO technology. These advancements
are expanding the applicability of FSO in various domains, including telecommunications, enterprise net-
working, defense, and aerospace.

e FSO communication holds significant potential for providing high-capacity connectivity in urban environ-
ments, rural areas, and challenging terrain where traditional wired or wireless solutions may be impractical
or cost-prohibitive. Its ability to deliver high data rates, low latency, and inherent security makes it a compel-
ling option for diverse applications ranging from broadband internet access to inter-satellite communication.

e As FSO technology continues to mature and commercial deployment accelerates, it is poised to play an in-
creasingly important role in the future of wireless communication, complementing existing infrastructure and

addressing the growing demand for fast, reliable, and secure connectivity.
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