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Abstract

There is an increasing need for communication systems that can accommodate high bandwidth and
quick data transfer rates in today's fast-paced technological environment. Free Space Optical (FSO)
communication has become a very attractive technology to address these changing needs. FSO systems,
which use license-free infrared beams, have a number of benefits, including strong bandwidth, immunity
to interference, improved security, and small, light designs. FSO is used in many different applications,
such as voice, video, and data transmission. It allows laser beams to be transferred between
transceivers to enable point-to-point connectivity. Despite all of its advantages, climatic circumstances
can affect the efficacy of FSO, especially when it comes to keeping connections in line of sight during
bad weather. Free Space Optical Communication (FSOC) is a promising technology that uses optical
signals to transmit data through the atmosphere, which can provide high bandwidth, low latency, and
high security compared to other wireless communication technologies. However, atmospheric
conditions such as fog, rain, and turbulence can cause attenuation, scattering, and beam wander, which
can degrade the quality and reliability of data transmission. To overcome this major problem, several
techniques like resending the data, sending through other route, or using Multiple in Multiple Out
(MIMO) systems are used.
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INTRODUCTION

In today's fast-paced technological landscape, there is a growing demand for communication systems
capable of supporting high bandwidth and rapid data transmission rates. To meet these evolving needs,
Free Space Optical (FSO) communication has emerged as a highly appealing technology. Leveraging
infrared beams in a license-free spectrum, FSO systems offer significant advantages such as robust
bandwidth, immunity to interference, enhanced security, and compact, lightweight designs. FSO is
employed across various applications including data, voice, and video transmission, facilitating point-
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to-point  connectivity through laser beams
exchanged between transceivers [1]. Despite its
numerous benefits, FSO's effectiveness may be
compromised by  atmospheric  conditions,
particularly in maintaining line-of-sight
connections amidst adverse weather. Issues such as
atmospheric attenuation can lead to link failures,
reduced throughput, or diminished link availability,
underscoring the importance of implementing
adequate measures to mitigate such challenges.
Techniques used in FSOC are firstly, Error
Correction Techniques: Error correction techniques
in communication refer to methods for detecting
and correcting errors that occur during the
transmission of digital data over a communication
channel. Repeat Code is a basic Forward Error
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Correction (FEC) technique where each message bit is duplicated multiple times before transmission.
Hamming Code is a widely used Forward Error Correction (FEC) method in communication systems.
It is primary function is to detect and correct potential transmission erroring Code. Bose-Chaudhuri-
Hocquenghem (BCH) codes are a class of powerful error-correcting codes widely employed in various
applications, particularly in the realm of data storage and digital communication [2-5].

Reed-Solomon codes are a class of error-correcting codes that play a crucial role in ensuring data
integrity and reliability. Repeat Code is the repetition code which is one of the most basic linear error-
correcting codes. To transmit a message over a noisy channel that may corrupt the transmission in a
few places, the idea of the repetition code is to just repeat the message several times [6].

METHODOLOGY

Free-Space Optical (FSO) communication systems rely heavily on a comprehensive design analysis
to ensure their success. This analysis requires a holistic approach, considering both the internal and
external factors that influence the system's performance. The primary objective is to maximize the
efficiency of light transmission, leading to a robust and reliable communication link. Internal system
parameters, controllable during the design phase, determine the system's inherent capabilities. Careful
selection and optimization of the parameters allows for maximizing the signal strength reaching the
receiver. However, external factors like atmospheric attenuation, scintillation, and visibility further
influence the system's performance. These uncontrollable environmental factors can significantly
degrade the transmitted signal. A complete understanding of these limitations is crucial for developing
mitigation strategies. This may involve incorporating adaptive optics to counteract atmospheric
turbulence or integrating weather prediction systems to adjust operational parameters dynamically. By
adopting this holistic approach, FSO system design can be optimized to achieve reliable data
transmission even in challenging environments. This ensures successful implementation and the
establishment of robust communication links.

This block-diagram in Figure 1 provides an overview of transceiver design and key components used

in the system.
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Figure 1. FSO communication block diagram.
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Transmitter

A laser system operating at a single frequency of 635 nm is composed of a seed laser and an amplifier,
both meticulously designed for minimal noise during operation. The primary light source utilized in
this setup is a laser diode, emitting a unified beam ideal for transmitting data coherently. The selection
of this laser diode is carefully tailored to meet specific criteria, including wavelength, power output,
and modulation necessities. The transmitter configuration for the Free Space Optical (FSO) link adheres
to the specifications outlined in Table 1 [7, 8].

Modulators are used to vary optical signal intensity or phase in response to data. Common
modulators are electro-optic and acousto-optic, chosen based on data rate and modulation needs.
Collimator is used to arrange shapes and focus the optical beam before transmission, using lenses or
optical systems based on divergence and spot size requirements.

Receiver

The receiver system captures incoming optical radiation through a lens, directing it towards the photo
detector for processing. Optimal performance is achieved with a larger aperture on the receiver lens,
facilitating the collection of multiple independent radiation sources. This design ensures that the
received signals are effectively focused and averaged onto the photo detector for analysis. Photodetector
detects the focused signal. Common types are APDs for long range and PIN diodes for short-range
communication due to their characteristics. Signal-Processing Electronics converts the electrical signal
into a usable form. It comprises an amplifier, filter, and demodulator. The amplifier boosts the signal,
the filter removes unwanted noise, and the demodulator extracts the information from the optical carrier
[9, 4]. Receiver optics specifications are shown in Table 2.

As the optical beam travels through the atmosphere, it undergoes diffraction, causing it to spread out.
This dispersion phenomenon can lead to scenarios where the receiver aperture fails to capture a portion
of the transmitted beam, resulting in losses due to beam divergence, as illustrated in Figure 2 [10, 7].

EXPERIMENT DESCRIPTION

The setup used in the laboratory based FSO experiment consists of an optical transmitter laser Tx,
Optical lense, Photodetector as receiver Rx separated by the atmospheric chamber; on the other side of
chamber is a mirror that reflects laser beam reflected on optical lens that focused beam on photodector,
as seen in Figure 3.

e Fog chamber: Uses Ultrasonic Humidifiers and high-rpm fans for fog generation, with temperature
control for humidity regulation.

Table 1. Transmitter optics specifications.

No. Parameter Value
1 | Wavelength 632+15 nm (Red)
2 | Class Class llla
3 | Operating voltage 3-6 VDC
4 | Modulation frequency 10 kHz
5 | Dimensions $10 40mm

Table 2. Receiver optics specifications.

No. Parameter Value
1 | Material Glass
2 | Diameter 25 mm
3 | Focal length 50 mm
4 | Edge thickness 2mm
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Figure 2. FSO experimental chamber.
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Figure 3. (a) The experimental set up to measure the fog attenuation and visibility, and laboratory
controlled atmospheric chamber and FSO link setup, and (b) Smoke generator with controller.

e Communication chamber: Features a clear passage for laser beam transmission, temperature
control, and high-speed fan for uniform fog distribution.

e Smoke/dust chamber: Utilizes high-speed fan to scatter smoke particles, simulating light
attenuation for research purposes.

e Wind tunnel: Investigates turbulence effects on optical communication using high-speed fans to
create chaotic airflow.

RESULT

An experiment for chamber analysis is carried out using a 5 mW red laser with a wavelength of
632+10 nm. Approximately 4 m are covered as you move through the chamber. The laser emits
5.728 mW of direct power. The detector's fixed wavelength is 635 nm. 3.303 mW of power is measured
across a 4-m distance in the fog chamber when there is no fog. After the chamber has been filled with
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fog for a predetermined amount of time, the generator must be turned off. Until the experiment is
finished, the fan should continue operating to keep the fog moving throughout the room. We measure
the light intensity in (uW) by light intensity meter, as shown in Figure 3.

Fog

Fog Chamber: Four types of readings are taken as No Fog, Light Fog, Moderate Fog and Dense Fog.
The conditions are based on light intensity at receiver end (Rx): as for No Fog (3.303 mW), Light Fog
(100 mw), Moderate Fog (50 mW), Dense Fog (20 mW). The optimal BER rate provided by the FEC
techniques—Repeat Code 0.3, Repeat Code 0.5, Hamming Code, BCH Code, and Reed-Solomon Code
technique—is displayed in Figure 4. As observed in Figure 4, it shows that for No Fog and Light Fog
Hamming Code technique gives the lowest BER rate, but for Moderate Fog and Dense Fog, BCH code
technique gives the lowest BER rate.

Smoke

Smoke chamber's main use is probably to research how smoke and dust affect the amount of light
that can pass through it. The powerful airflow that is produced by the high-speed fan is probably what
moves the smoke particles about the chamber. To create a realistic testing environment, it is crucial to
make sure the smoke particles are scattered equally. 90% of the power attenuation of light passing
through the smoke chamber most likely pertains to the light's intensity being diminished as it travels
through the smoke particles. Smoke particles could scatter and absorb light, reducing the visibility and
power of the light entering the chamber. The chamber can imitate the effects of smoke on the
transmission of light by reducing the power of the light travelling through it and offering insightful data
for a variety of applications. In conclusion, a smoke chamber equipped with a high-speed fan and power
attenuation features can be a helpful instrument for researching how smoke affects light transmission.

For Smoke Chamber, three types of readings are taken as No Smoke, Light Smoke and Dense Smoke.

The conditions are based on light intensity at receiver end (Rx): as for No Smoke (3.303 mW), Light
Smoke (100 mW), and Dense Smoke (20 mW).

Error Fraction vs. Data Rate for Foa Condition
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Figure 4. BER vs. Data rate fog chamber.
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Error Fraction vs. Data Rate for Smoke Condition
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Figure 5. BER vs. Data rate smoke chamber.

As observed in Figure 5, it shows that for No Fog, Hamming Code technique gives the lowest BER
rate, but for Light Smoke and Dense Smoke, Repeat code 05 technique gives the lowest BER rate.

Turbulence

Wind/Turbulence chamber's main objective will probably be to investigate how turbulence affects
optical communication in free space. In order to create a turbulent flow pattern inside the chamber, the
high-speed fans are probably set up to blow air in perpendicular directions. This may produce a chaotic
setting that mimics turbulence's impacts in actual-world situations. The Turbulence Chamber does not
have a power attenuation, in contrast to the Smoke Chamber. Instead, it is intended to give the light
travelling through the chamber a jitter. The air's turbulent flow, which can change the air's refractive
index, is the cause of the jitter. As a result, there may be distortions in the light entering the chamber,
which can be utilized to explore how turbulence affects the light transmission. The erratic atmosphere
the fans produce can mimic actual environmental circumstances, and the lack of power attenuation and
addition of a jitter can offer novel insights into the impact of turbulence on light transmission.

For Turbulence Chamber, three types of readings are taken, as No Wind, Low Wind and High Wind.
The conditions are based on Wind speed in chamber, as for No Wind (0 m/sec), Low Wind (7.6 m/sec),
and High Wind (28.20 m/sec). As observed in Figure 6, it shows that for No Wind, Hamming Code
technique gives the lowest BER rate, but for Low Wind and High Wind, BCH code technique gives the
lowest BER rate.

Long Distance

In long distance experiment, we measure transfer of the data up to 100 m as Tx. Rx is on one side
and the other side is mirror that reflects the laser onto the Photodetector (Rx). The total travel distance
by laser is 100 m with reflection as mirror mounted on 50 m.

Figure 7 shows all the FEC techniques used in long distance data transfer. We store data at 230 kbps.
The data transport rate is 3 Mb/sec when there are no errors and. As observed in Figure 7, lowest BER
is given by BCH code technique.
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Error Fraction vs. Data Rate for Wind Condition
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Figure 6. BER vs. Data rate turbulence chamber.
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HOW TO CALCULATE BER

We calculate the BER (Bit Error Rate) using this method:

e The above setup reads both the reference and received files bit by bit.

e It counts the total number of bits and compares each bit to compute the number of erroneous bits.

o The BER is calculated as the number of bit error per unit time. It first retrieves the path of the
received file from the GUI entry widget.
Then, it opens both the reference and received files in binary mode.

o Inside the file reading loop, it reads one bit at a time from both files and compares each bit to
count the number of erroneous bits.

e The total number of bits and the number of error bits are accumulated during the loop.

e After processing all bits, it calculates the BER by dividing the number of error bits by the total
number of bits.

o Finally, it updates the text with the calculated BER value.

CONCLUSION

In this research work, we investigated the performance evaluation of adverse atmospheric effects on
Free Space Optical Communication (FSOC). FSOC technology offers high bandwidth, low latency, and
enhanced security compared to traditional wireless communication methods. However, atmospheric
conditions such as fog, smoke, turbulence, and long-distance propagation can significantly degrade the
quality and reliability of data transmission. We first discussed the importance of error correction
techniques in combating transmission errors in FSOC systems. Techniques like Repeat Code, Hamming
Code, BCH Code, and Reed-Solomon Code were explored to ensure data integrity over noisy channels.

The methodology section highlighted the comprehensive design analysis required for successful
FSOC implementation. Internal system parameters such as transmitter power, beam divergence, and
receiver aperture diameter were optimized alongside external factors like atmospheric attenuation and
scintillation. Experimental setups including fog chambers, smoke chambers, turbulence chambers, and
long-distance transmission tests were conducted to measure the impact of adverse atmospheric
conditions on FSOC performance. BER (Bit Error Rate) vs. Data Rate plots were analysed for each
condition, revealing the effectiveness of different error correction techniques under varying atmospheric
challenges. Overall, our findings indicate that different error correction techniques perform optimally
under specific atmospheric conditions.

The Hamming Code was most effective in low-fog scenarios, while BCH Code showed resilience
in moderate to dense fog conditions. Repeat Code 05 performed well in both light and dense smoke
environments, and BCH Code was robust against turbulence effects. Furthermore, in long-distance data
transfer experiments, BCH Code demonstrated superior performance with the lowest BER, ensuring
reliable data transmission over distances up to 100 m.

In conclusion, this study underscores the importance of understanding and mitigating adverse
atmospheric effects in FSOC systems. By implementing appropriate error correction techniques and
adapting system parameters to environmental conditions, FSOC can achieve reliable data transmission
even in challenging atmospheric scenarios, thus realizing its potential as a high-speed, high-bandwidth
communication solution for various applications.
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