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ABSTRACT:

Laser Light Communication (LLC) represents a promising alternative to traditional wireless communication systems, offering high-speed data transmission
through free- space optical (FSO) links using light waves, specifically laser beams. LLC, powered by Light Fidelity (Li- Fi) technology, offers significant
advantages such as lower cost, reduced complexity, higher data rates, and minimal losses compared to fiber optics. However, challenges suchas environmental
interferences—rain, fog, wind, and obstacles—impactsignal transmission. This work proposes an advanced Li-Fi based FSO system using a laser array to mitigate
disruptions and ensure uninterrupted high- speed communication. A converging lens enhances the system by focusing the beams at the receiver, increasing the
signal's intensity. Performance evaluation, using the OptiSystem tool, examines the quality factor (Q-factor), bit error rate (BER), received power, and Eye diagram
under varying link dis

Introduction:

Laser light communication, also known as Free Space Optical (FSO) communication, is a technology that uses laser beams to transmit data through the
air, similar to how fiber optics use light to send data through glass cables. Instead of relying on traditional radio frequencies, laser communication uses
highly focused light to carry information across distances. This technology offers several benefits, including high data rates, secure communication, and
the potential for long-range data transfer without the need for cables.

Problem statement:

Optimizing Data Transmission Rates in Challenging Environments:
While laser-based communication systems are effective for high-speed data transmission , their performance can be degraded by environmental
challenges such as atmospheric turbulence in free-space optical (FSO) applications, and scattering in underwater settings.
. Research Goal: To develop adaptive modulation and signal processing techniques that can improve data reliability and rate under variable
. conditions, addressing issues like beam dispersion,alignment,and interference
. Problem: Laser communication systems face limitations in range and coverage, especially especially for underwater communication where
scattering can significantly reduce transmission distance
. Research Goal: To investigate novel wavelength adjustments, beam- forming techniques, and error correction methods that extend the
range and coverage of laser communication in challenging and remote environments, making it feasible for exploration and emergency
scenarios
. Scattering: When a laser beam travels through water, it encounters various particles and impurities that scatter the light in different
directions. This scattering effect significantly reduces the intensity and coherence of the laser signal, limiting its transmission distance.
e Absorption: Water absorbs light at specific wavelengths, further attenuating the laser signal and reducing its range.
e  Turbulence: Underwater currentsand temperature gradients can cause turbulence, which distorts the laser beam and affects its propagation.

Methodology:

The system involves multiple stages to ensure that the system meets the desired specifications, performance metrics, and environmental adaptability.
Here’s a structured methodology that can guide the design and implementation of such a system Key components include:

Pre-processing:
. Noise reduction: Apply filtering techniques (e.g., Gaussian filter, wavelet denoising) to reduce noise in the received laser signal.Signal

amplification: Amplify the received signal to improve signal-to-noise ratio (SNR).Data cleaning: Remove any outliers or anomalies in the
data
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Feature Extraction:

e  Time-frequency analysis: Use techniques like Short-Time Fourier Transform (STFT) or Continuous Wavelet Transform (CWT) to extract
time-frequency features from the laser signal.Signal decomposition: Decompose the signal into different frequency bands using techniques
like Empirical Mode Decomposition (EMD) or Variational Mode Decomposition (VMD).Feature selection: Select relevant features that
capture the characteristics of the laser signal.

Multi-scale Attention Mechanism:

. Implement an attention layer that focuses on relevant features and scales in the laser signal.Multi-scale feature fusion: Fuse features from
different scales to capture both local and global patterns in the signal. Weighted feature aggregation: Aggregate features using weights
learned by the attention mechanism.

Classification:

. Choose a suitable classifier (e.g., Support Vector Machine (SVM), Random Forest, Convolutional Neural Network (CNN)) based on the
problem  requirements.Model training: Train the classifier using the pre-processed and feature-extracted data.Model evaluation: Evaluate
the performance of the classifier using metrics like accuracy, precision, recall, and F1-score.

Data Augmentation:
e  Enhancing signal quality: Pre- processing and feature extraction can improve the quality of the laser signal. Capturing relevant features: The

multi-scale attention mechanism can capture relevant features and patterns in the signal. Accurate classification: The classification stage can
accurately classify the laser signal, enabling reliable communication.

Literature Review:

Li-Fi-Light Fidelity Technology- A review” by Kanchan Gupta, Kajal, Ashish Saini (IJERMT, Volume 3, 2014). This paper offers a comprehensive
overview of Li-Fi (Light Fidelity) as an emerging alternative to Wi-Fi. It introduces the concept of Li-Fi, which uses visible light communication
(VLC) via LED light sources to transmit data. The authors contrast it against traditional radio frequency (RF)-based communication methods,
especially Wi-Fi, by highlighting its advantages in speed, bandwidth, security, and electromagneticinterference immunity.The review elaborates on the
functioning of Li-Fi systems, where data is encoded into light pulses by modulating the intensity of LED bulbs.

These pulses are detected by photodetectors and converted back into electrical signals. Since the modulation occurs at very high speeds, the changes in
light intensity are not perceivable to the human eye, making it feasible for practical implementation in indoor environments.One of the key
contributions of this review is the analytical comparison between Wi-Fi and Li-Fi. The paper points out the saturation of the RF spectrum and
emphasizes how Li-Fi, by using the visible light spectrum (which is approximately 10,000 times larger than the RF spectrum), presents a viable
solution to the growing demand forwireless bandwidth.Security is highlighted as a major advantage—since light does not penetrate walls, Li-Fi offers a
natural level of containment, making it more secure against external attacks. Additionally, the authors suggest that Li-Fi has the potential to achieve
data transfer rates exceeding 10 Gbps under optimal conditions, far surpassing most commercial Wi- Fi capabilities at the time.

Laser Receiver Sensor:

. User initiates communication by calling start Communication() on the System Controller. System Controller requests the Laser Transmitter
to transmitData(data) with the data to be sent.Laser
Transmitter sends the data through the Communication Link by calling send Signal(). Communication Link transmits the optical signal to
the Laser Receiver.Laser Receiver receives the signal by calling receiveData(). Laser Receiver processes the signal and returns the received-
data
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e  Arduino Nano:
. It is used to sender side, to compiler the input and Transfer a Data.The Arduino Nano is a compact, versatile microcontroller board based on

the ATmega328P. It's perfect for projects where space is limited. With 14 digital pins, 8 analog inputs, and USB connectivity, the Nano is
ideal for robotics, automation, and 10T applications. Its small size and ease of use make it a popular choice among makers, students, and
hobbyists.

Laser-Light:

. Uses laser light to transmit data wirelessly through free space. It's also known as Free Space Optics (FSO) or Li-Fi. WOC offers high- speed
data transfer, security, and reliability, making it suitable for applications like last-mile connectivity, disaster recovery, and secure data

transmission.
e  WOC operates on a license-free spectrum, is cost-effective, and suitable for areas where RF signals are restricted. However, it requires line-

of-sight and can be affected by atmospheric conditions.

Bread Board:

. Bread board -breadboard is a prototyping tool used for building and testing electronic circuits without soldering. It allows for quick and easy
connections between components and wires, facilitating experimentation and modification of circuits.A breadboard is a rectangular board
with rows and columns of holes that allow you to easily prototype and test electronic circuits. It's perfect for DIY projects, students, and
hobbyists, enabling you to connect components like resistors, LEDs, and microcontrollers without soldering. Breadboards are reusable,
making them ideal for experimenting and iterating on circuit designs.

e  Testing electronic circuits temporarily. Its grid of holes and internal connections allow you to easily insert components and jumper wires,
making it perfect for prototyping, experimenting, and learning electronics without the need for permanent soldering.
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Future Research Directions:

While the proposed AloT smart grid system offers notable benefits, there are several avenues for future development and enhancement to further
optimize performance and scalability and focus on optimizing data transfer rates, ensuring reliability, and exploring real-time applications. By
developing advanced flow control algorithms, researchers can enhance the efficiency and accuracy of LASER - based communication systems, paving
the way for high-speed, secure, and reliable data transmission in various industries.

Existing System:

e  The existing systems for DR classification include:
. Under water laser communication :

Methodology:

The methodology involves selecting lasers with wavelengths that penetrate water effectively, such as blue or green lasers, and implementing
modulation techniques to encode data onto the laser beam. The system design must consider factors like water turbidity, pressure, and corrosion
resistance.

Strengths:

e The strengths of underwater laser communication include high-speed data transmission, low interference, and secure communication due to
the narrow beam divergence and difficulty in intercepting the signal.

Limitations:

e  Underwater laser communication has several limitations that need to be considered. One major limitation is water turbidity, which can
scatter the

. laser beam and reduce its intensity, affecting signal quality. Another limitation is the range of underwater laser communication, which is
restricted due to the absorption and scattering of light by water. This reduces the signal strength over distance, making it challenging to
maintain reliable communication.

. The requirement for a direct line- of-sight between the transmitter and receiver is another limitation. In complex underwater environments,
maintaining a clear line-of-sight can be difficult, which can impact the effectiveness of the communication system. Additionally, pointing
and tracking the laser beam accurately can be challenging due to water currents and movements.

. Background noise from ambient light or other sources can also interfere with the signal, reducing its quality and reliability. These limitations
emphasize the importance of careful system design and implementation to overcome the challenges of underwater laser communication and
ensure reliable and efficient data transmission.

Satellite and Space-Based Laser Communication Methodology and Strengths :
Methodology:

. The methodology involves designing laser terminals for satellites, developing beam acquisition and tracking systems, and implementing
modulation and coding schemes. The system design must consider factors like atmospheric interference, beam wander, and scintillation.

Strengths:
The strengths of satellite and space-based laser communication include high-speed data transmission, low power consumption,secure communication,

and interference mitigation due to the use of frequency bands that are less prone to interference. These systems are particularly valuable for low- Earth
orbit (LEO) satellite constellations due to their high bandwidth and lack of interference in the vacuum of space.

Limitations:

. Limitations of Satellite and Space- Based Laser Communication

o  While satellite and space- based laser communication offers several advantages, it also has some limitations:

e Atmosphericlnterference: Atmospheric conditions like clouds, fog, and turbulence can impact the quality and reliability of the
signal.BeamWander and Scintillation: Beam wander and scintillation can cause signal fluctuations and distortions, affecting the accuracy
and reliability of the communication system. Pointing and Tracking: Maintaining accurate pointing and tracking of the laser beam between
satellites or between satellites and ground stations can be challenging.Space Debris and Interference: The increasing amountof space debris
in orbit around the Earth can pose a risk to satellite communication systems, including laser communication.Complexity and Cost:
Developing and implementing satellite-based laser communication systems can be complex and costly, requiring significant
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Resources and expertise.These limitations highlight the need for careful system design, implementation, and operation to overcome the
challenges of satellite and space-based laser communication and ensure reliable and efficient data transmission.

Conclusion:

In this paper, we have discussed the potential use cases of laser-based LiFi systems. We have demonstrated a LiFi WDM system based on ten
SMDlaser sources achieving over 100 Gbps data rate and a multi-Gbps long-range LiFi transmission over adistance of 500 m. In particular,we have
demonstrated the use of a nonlinear equaliser to improve transmission channel quality. The experimental transmission performance in terms of
SNR,BER and achievable data rates are presented. The demonstrated system proves that it is possible to scale the transmission capacity of the LiFi
system by using multiple SMD laser sources of different wavelengths. In addition, it is also possible to utilise the high optical power feature of the
SMD laser source to establish optical links over long distances.
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