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Abstract-- Underwater communication is hampered by
electromagnetic wave attenuation and scattering. Light Fidelity
(LiFi) resolves this issue by providing secure optical data
transmission with enhanced confidentiality and integrity.

The setup consists of a LiFi transmitter, receiver, and an
encryption/decryption Python script. Data is encrypted with
XChaCha20-Poly1305 and transmitted through CP210 (USB-to-
UART) to the LiFi transmitter, which modulates the data into
optical signals for underwater transmission. The receiver receives,
decodes, and transmits data back to the PC through CP210 (UART-
to-USB), where it is decrypted.

PBKDF?2 makes it secure by allowing only authenticated users with
the correct password to decrypt the data. This configuration offers
a safe, efficient, and real-time underwater communication system
for uses such as marine research, military, and robotics.

Keywords: LiFi, Underwater Communication, XCHACHA20-
POLY1305 encryption, XCHACHA20-POLYI1305 decryption,
PBKDF? key derivation.

I.INTRODUCTION

Wireless communication has become an essential part of modern
technology, which enables spontaneous data transmission in different
fields. However, traditional radio frequency (RF)-underwater
communication methods such as Wi-Fi, Bluetooth, and ZigBee high
signal utterly cause significant boundaries in the underwater
environment due to decimation, disintegration and intervention.
These challenges disable the RF-based system disabled for
submerged data transfer, especially in the applications of the deep-sea
where reliable communication is important. To remove these
boundaries, LiFi (light fidelity) emerges as a revolutionary option,
using visual light for communication of high speed, intervention-free
and safe water. Unlike RF signals, which struggle to effectively
penetrate the water, LiFi provides a viable solution for underwater
data transmission at short distance, making it
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mulitary operations, oceanographic research and deep-sea discovery
It is highly suitable for applications in.

The project, "Applying LiFi to underwater optical communication for
safe transmission, focuses on developing an Arduino-based LiFi
communication system that focuses on a reliable and safe optical
signal in underwater environment -The data ensures transmission.
Using signal transmission for signal reception and high-power LED
or laser transmitter for photodetectors, this system optimizes light
wave spread, reduces signal fall due to water turbidity, disintegration
and absorption. The implementation of LiFi technology in underwater
communication aims to increase data transfer speed, security and
efficiency to overcome the challenges faced by traditional wireless
communication methods.

The system works by transmitting text data using light waves to LiFi
receiver from LiFi transmitter. Initially, Arduino UNO encodes the
input text, which is then sent to the UART-based LiFi module for
optical conversion. The transmitter module converts this data into
light signals, which travel through the underwater. At the end of the
receiver, a photodetector captures the signs sent, converting them
back into electronic data that is processed by Arduino UNO. Finally,
the data obtained is displayed on the receiver PC, allowing the real -
time monitoring of the information sent. This method ensures high
speed, intervention-free and safe communication, making it a
promising option for data transfer.

One of the major benefits of using LiFi for safe water transmission is
its increased safety and reliability compared to RF-based
communication. RF signals are susceptible to blocking, making them
unsafe for unauthorized access and hacking. Conversely, the LiFi is
operated using visual light, which cannot enter solid surfaces, ensures
limited transmission range and reduces the risk of external
interception. Additionally, the system can be more secure by using
encryption techniques such as XCHACHA20-POLY 1305 (Advanced
Encryption Standard) and Quantum Key Distribution (QKD), which
ensures tampering-poof and confidential data transmission in a
sensitive environment. This makes LiFi an ideal choice for defence,
military and scientific applications, where data security
is a top priority.

There are far-reaching applications in various industries in successful
implementation of LiFi in underwater communication. In the military
and defence sector, it can facilitate safe and efficient communication
between submarines, naval units and underwater monitoring systems.
In Oceanographic Research, LiFi can enable real-time data
transmission from underwater sensors monitoring important
parameters such as LiFi temperature, salinity and marine biodiversity.
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Autonomous water vehicles (AUV) can benefit from LiFi technology
by enabling high-speed data exchange for coordinated navigation and
exploration. In addition, industries such as marine infrastructure
maintenance, oil rig inspection and environment monitoring can avail
LiFi to improve underwater communication efficiency and accuracy.

Finally, the LiFi technique represents a transformative approach to
secure underwater optical communication, providing a viable option
for traditional RF-based systems. With its ability to provide high
speed, intervention-free, and highly secure data transfer, LiFi is well
suited for underwater applications in military, industrial and research
areas. The project successfully demonstrates how an Arduino-
controlled LiFi system, reliable and efficient data transmission can
remove light absorption, disintegration and challenges of alignment
issues to ensure underwater. This technique has the ability to bring
revolution in the future of underwater by enabling rapid, safe and
more efficient data exchange in this technique, with continuous
progress in the LiFi-based communication network.

IL.LLITERATURE REVIEW

The LiFi technique using visual light communication (VLC) provides
a promising solution for high speed, wireless communication through
light waves. Its capacity for underwater optical communication is
important due to its high bandwidth, low delay and minimal
electromagnetic intervention. Traditional underwater communication
methods, such as acoustic waves, boundaries in bandwidth and high
delays, while optical communication provides rapid transmission and
high data rate. Recent studies have highlighted the increasing interest
in the application of LiFi into underwater environment, which
discovers its ability to remove intervention due to signal ignorance
and water properties.

LiFi in underwater settings offers more bandwidth than traditional
radio-frequency communication, offering many advantages in terms
of throughput. J. B. Thompson et al. (2022) displayed that using high-
powered LEDs in underwater optical systems can reduce signal
orthopaedics and expand the communication range. The study also
addressed how LiFi can be adapted to operate in different
environmental conditions, such as changes in water turbidity and
clarity.

When it comes to safe transmission in underwater communication,
security mechanisms are important to prevent unauthorized access
and data interception. Many studies have indicated weaknesses in
optical communication systems, especially in sensitive applications
such as military operations and underwater research. LS. Wang et al.
(2022) To increase the confidentiality of the data transmitted in the
optical system, the encryption-based approach and the physical layer
security methods are

An important body of literature indicates the challenges in using the
underwater due to the indication of light scattering, absorption and
depth. S. P. Singh et al. (2023)

The use of quantum cryptography for safe water optical
communication is also focused on research. N. M. Sharma et al.
(2023) was evaluated how quantum key distribution (QKD) can be

integrated with LiFi system to provide a strong and safe
communication link in underwater applications. They found that LiFi
could offer high data rates, integration of QKD for encryption can
greatly increase its safety in hostile water environment.

Additionally, studies have shown the importance of hybrid
communication systems combining both acoustic and optical
technologies for long distance communication. V. Of. Patel et al.
(2024) suggested a hybrid model that appoints both LiFi for high-
speed data transfer in clear water and acoustic communication for
deep water communication. This hybrid approach ensures different
distances and reliable communication on the atmosphere, providing a
solution to the boundaries of single-mode system.

Recent research has also focused on improving the quality of the
signal for LiFi in underwater communication. Researchers have
proposed several techniques, such as adaptive signal processing and
beamforming, water turbidity and different -different depth
challenges. C. A. Franklin et al. (2023) examined these techniques
and emphasized the role of beaming in focusing light signals in a
underwater LiFi system to reduce interference and optimize data
transmission efficiency.

As part of the comprehensive research agenda, attention is also
increasing on system optimization. Several studies have emphasized
that the design of LiFi system in underwater environment should
consider factors such as energy efficiency, compactness and strength
against environmental disturbances. In this regard, M. S. Zhang et al.
(2022) The proposed energy-efficient LED system, which is capable
of providing stable communication even in low-to-underwater
conditions, is suitable for long-term deployment in the
maritime environment.

III.PROBLEM STATEMENT

Underwater communication is important for various areas such as
military operations, oceanographic research, environmental
monitoring and the discovery of deep sea. The effectiveness of
communication in these domains is very much dependent on efficient
data transfer, but traditional methods such as radio frequency (RF)
communication and acoustic signs are not well suited for underwater
environment. RF signals withstand significant attentive when passing
through water, making them ineffective to communication under
water at long distances. On the other hand, acoustic waves, although
usually used, have limitations such as low data transfer rates, long
delays, high energy consumption, and sensitivity for intervention
from environmental factors such as water turbidity, pressure and
noise. These problems make it difficult to maintain reliable, fast and
safe communication under submerged circumstances.

The requirement of a strong and efficient water circulatory system is
clear, especially in scenarios where high -speed data transfer and
safety are paramount. In many applications such as submarine
communication, underwater research stations and military missions,
the ability to safely and real time is important. Unfortunately,
traditional communication systems often fail to meet these demands,
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especially when high-volume data or large geographical areas
deal under water.

LiFi (light fidelity) technique presents a promising option for high
speed, safe and efficient water communication. Unlike radio waves,
light waves can travel through water with low lying and intervention,
making them ideal for high-bandwidth communication in shallow in
moderately underwater environment. However, there is a need to
address several challenges in the practical implementation of the LiFi
system in underwater communication. These challenges include
absorption of light by water, light scattering, accurate optical
alignment, and ensuring that the transmitted data is protected from
interception or tampering.

To ensure the adaptation of light signal in the current research interval
in the current research interval in the underwater optical
communication using LiFi, to ensure the reliability and safe data
transmission of optical alignment in the moving or dynamic water
environment Integration of effective encryption methods involve for.
Additionally, for real-world applications, it is important to develop
cost-effective, low-power systems that are scalable and reliable for
continuous operations in underwater conditions.

The project, "Implementing LiFi in Underwater Optical
Communication for Secure Transmission" by using Arduino a
functional LiFi-based water-based communication system using
Arduino as core control platform. Wants to overcome challenges. The
system will include optical transmitters (LEDs or laser),
photodetectors and an encryption module to ensure safe transmission
of data in the system. The system will be designed to optimize
security in signal strength, transmission distance, and underwater
environment, addressing challenges such as signal loss, alignment
accuracy and intervention from environmental conditions.

The project will also detect the use of encryption algorithms such as
XCHACHA20-POLY 1305 (advanced encryption standard) or
quantum cryptography to secure the data transmitted through optical
signals. This encryption technique will ensure that the transmitted
data is confidential, which reduces the risk of unauthorized inter- -
conversion, which is particularly important for sensitive applications
such as military communication or oceanographic research.

By focusing on the performance of the LiFi communication system
to challenge the underwater situation and ensure its data security, the
objective of this project is to provide an option for traditional RF and
acoustic communication systems, for more efficient, fast and safe
method of water under water applications. Through real -world
testing and adaptation, this system has the ability to revolutionize
underwater communication by providing marine research, military
operations, deep sea discovery and other important industries.

Ultimately, this task will help install the LiFi-based water
communication as a viable alternative to traditional methods, which
addresses the growing demand of reliable, high speed and safe
communication systems in a submerged environment.

IV.EXISTING SYSTEM

LiFi (light fidelity) technology is emerging as a promising alternative
to rapidly underwater communication systems, using visible light for
data transmission. Unlike traditional radio frequency (RF) or acoustic
methods, which facilitates boundaries such as low bandwidth,
intervention, and signal ignorance, LiFi provides high data transfer
rates, increased security and low delays, causing it to water It is highly
suitable for the applications below. The LiFi technique takes
advantage of visible light communication, which is unaffected by
electromagnetic intervention affecting radio-frequency systems. This
ability often makes ideal to provide sharp and reliable communication
in a challenging underwater environment.

Many studies have detected the use of LiFi for underwater
communication, examining its viability and potential benefits on
traditional systems. A research paper delays the application of LiFi
technology to address the boundaries faced by acoustic and RF-based
water communication systems. This highlights the use of light for data
transmission, which allows for high-bandwidth communication,
which significantly reduces the effects of traditional intervention in
the underwater environment. The integration of optical fibre and LED
for high-speed communication is considered a solution to provide
reliable data transmission in these settings.

Another review letter discusses the principles of underwater optical
communication and modulation techniques using LiFi, focusing on
challenges and potential solutions to successfully implement
technology in real-world applications. This review emphasizes the
ability of LiFi to offer safe communication, especially in under-
sensitive water environment, such as used in military or scientific
research. Researchers highlight major components such as laser
transmitters and photodetectors able to transmit and acquire data with
minimal power consumption and high accuracy, making LiFi a viable
and attractive option for underwater communication systems
underwater. goes.

Li-F based communication systems have also been discovered in
many practical models for underwater use. A system introduced the
use of laser transceivers to broadcast lessons and audio data under
water, which demonstrates practical applications of LiFi for
communication in submerged conditions. Systems were designed to
remove challenges arising from high absorption of light by using
advanced modulation schemes to increase signal integrity and
communication reliability. This shows practical performance how
LiFi can provide consistent, high-speed communication in
challenging underwater conditions.

In addition to data transmission, many studies focus on the growth of
underwater LiFi systems that can support real-time updates and
dynamic communication scenarios. For example, a proposed system
design for submarines uses LiFi to support communication between
underwater crafts, ensure stable and safe communication during deep
water missions. The purpose of this design is to improve the operating
capabilities of submarines, providing them by providing them a high-
bandwidth, low-opinion circulatory system that is immune for
frequently experienced intervention by traditional radio-frequency
systems.
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Despite the promising results, there are challenges in applying LiFi to
underwater environment, especially in areas of light absorption,
disintegration and depth of communication. Some researchers have
proposed solutions such as advanced modulation technology,
beamforming methods and use of optical fibres to reduce these
challenges. Additionally, progress in LED technology and
photodetectors is being detected to improve the power efficiency and
underwater-LiFi system.

A combination of the benefits of LiFi, such as high-speed data
transfer, safety and minimal intervention, makes it an attractive option
for underwater communication. As the research continues, further
progress in technology will increase the viability of LiFi systems in
the real-world underwater environment. By resolving current
challenges and discovering new techniques, from LiFi scientific
research to military operations, underwater, underwater
communication can become a transformative technique for a wide
range of communication applications.

V.PROPOSING SYSTEM

The proposing system for LiFi-based underwater optical
communication uses visible light to provide high-speed, secure data
transfer in the harsh underwater environments where conventional
communication technologies fail. In contrast to conventional
techniques like acoustic waves or radio frequency (RF) signals, which
are plagued by bandwidth constraints, interference, and power
consumption, the LiFi-based system provides higher advantages with
very low latency, high data throughput, and robustness against
electromagnetic disturbances, which makes it an ideal choice for
underwater communication.

In a LiFi system, the transmitter uses an LED or laser diode to
modulate data into light signals, and the receiver uses photodetectors
(PDs) to detect the light and convert it into electrical signals.
Underwater communication is, however, made difficult by the
absorption, scattering, and turbidity of water, which can severely limit
transmission range and signal quality. The envisioned system
addresses such hindrances using high-intensity LEDs or lasers with
improved light emission and accurate beam-focusing technology to
provide greater signal reach and reliability.

The system has a transmitter unit, a channel of communication
(medium of the underwater environment), and a receiver unit. The
transmitter unit features a microcontroller or digital signal processor
(DSP) to control the system's functioning and a light source (laser
diode or LED) to project modulated light signals. Optical lenses or
mirrors condition and guide the signal, reducing dispersion and
maximizing transmission distance. The receiver unit has a
photodetector that receives incoming light and converts it into
electrical data. A demodulator decodes the received signal,
reconstructing original data for system use.

Furthermore, the proposed system facilitates bidirectional
communication, which is crucial for underwater applications such as
autonomous underwater vehicles (AUVs) and real-time data
exchange. Advanced multiplexing techniques, including Time
Division Multiple Access (TDMA) and Frequency Division

Multiplexing (FDM), enable simultaneous two-way communication
without interference, ensuring reliable data transmission even in
complex underwater conditions.

In addition to this, the system incorporates energy-efficient
architecture. Conventional forms of underwater communications,
especially acoustics and RF-based signalling, require much power
consumption. On the contrary, LiFi technology functions quite
efficiently with a lower energy usage, as sources of visible light
consume much lesser power compared to other communication
resources. With incorporation of energy-saving LEDs or lasers, the
system saves considerable amount of power usage, which renders it
very adaptable for deep-sea use because energy resources here are
limited.

In long-range underwater communication, the system presented here
uses a hybrid solution with optical Fiber links. For the initial data
transfer, Fibre-optic cables are installed at buoy or surface stations,
providing stable and high-speed connectivity over long underwater
distances. It ensures high data transfer and reliable communication
even in deep-sea environments with difficult conditions.

Implementation-wise, the system uses a specific communication
protocol to enable smooth data transfer between underwater devices.
Underwater Acoustic Communication (UAC) and Wireless Sensor
Networks (WSN) protocols are customized and incorporated into the
LiFi-based system, enabling interoperability in an underwater sensor
network, robotic systems, and other communication nodes.

For protecting the security and confidentiality of the data being
transmitted, the system uses XCHACHA20-POLY1305 (Advanced
Encryption Standard with Galois/Counter Mode) encryption. Light-
based communication by nature provides improved security over RF
and acoustic methods because it is line-of-sight, which reduces the
risk of unauthorized tapping. XCHACHA20-POLY 1305 encryption
further strengthens data protection, providing strong security and
ensuring the integrity of underwater communication networks.

In summary, the LiFi-based underwater optical communication
system that is proposed solves effectively the deficiencies of
traditional communication technologies and represents a significant
improvement of underwater data transmission. Through the use of
visible light for secure and high-speed communication, the system
may revolutionize underwater connectivity by ensuring significantly
better communication reliability and efficiency in dynamic and
adverse underwater conditions.
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Figure 1: Transmitter Side
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Figure 2: Receiver Side

VII.COMPARATIVE ANALYSIS

Underwater communication plays an important role in various fields
such as military operations, oceanographic research and industrial
applications. Traditionally, radio frequency (RF) and acoustic
communication have been used for data transmission in a widely
submerged environment. However, both methods have significant
boundaries. RF communication is prone to severe attenuation in
water, making it impractical for long distance transmission. Acoustic
communication, while capable of covering long distance, is
susceptible to environmental noise, high delay and low data transfer
rates. To address these boundaries, the LiFi (light fidelity) technique
has emerged as a promising solution for underwater optical
communication, offering high speed, low-oppression and safe data
transmission.

LiFi uses visible light waves to transmit data, providing a significant
advantage on RF and acoustic communication in terms of speed,
energy efficiency and safety. Unlike RF signals, which are heavily
absorbed by water molecules, LiFi signals can effectively spread with
minimal damage to moderate depth in shallow. Compared to acoustic
waves, which suffer from slow transmission speed and intervention
from maritime noise, LiFi ensures real-time communication with
more bandwidth, which makes it suitable for applications for which
for which for which for which it is suitable for Rapid and safe data
exchange is required. In addition, the use of light signals for
communication reduces the risk of blockage, as optical signals do not
spread beyond their guided paths, increasing security for under -
confidential water operations.

Compared to wired communication methods such as fibre optics, LiFi
offers a flexible, wireless option that does not require physical
infrastructure, making it ideal for mobile applications such as
autonomous water vehicles (AUVs) and Sensors under remotely
operated water. Although fibre optic cables provide the highest data
transmission speed, their deployment is limited to expensive, rigid
and fixed installations. On the other hand, LiFi enables efficient short-
range communication with low installation complexity and energy
consumption. However, its performance may be affected by factors
such as water turbidity, optical misalignment and absorption, which
need to be adapted to using techniques such as beamforming and
adaptive modulation.

Finally, the LiFi technique presents a highly efficient and safe option
for the underwater communication by overcoming the boundaries of

traditional RF, acoustic and wired communication systems. Its ability
to provide high speed, low-power and intervention-free
communication makes it a viable solution for military applications,
environmental monitoring and deep-sea discovery. By integrating the
encryption algorithm and optimizing the optical signal transmission,
communication under LiFi-based water can ensure safe and reliable
data transfer, making it a groundbreaking progress in wireless
communication systems.
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VIII.RESULT AND DISCUSSION

The LiFi-based underwater optical communication system has
demonstrated promising results when subject to various performance
tests. The system successfully exceeded the underlying challenges of
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underwater communication such as signal ignorance, intervention and
limited bandwidth, using visible light for data transmission. In
laboratory tests, the system achieved impressive data rates, minimum
error rate and high system stability under various water conditions.

Strong performance of the system is reflected in the ability to transmit
data at high speeds on small borders, with safe and reliable
communication installed in many test scenarios. Experimental setup
confirmed the viability of LiFi for underwater applications, with its
ability to protect, environmental monitoring and applies in
oceanography.
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Figure 3: Data rate comparison- LiFi vs Optical Communication

IX.CONCLUSION AND
FUTURE ENHANCEMENT

The Underwater Optical Communication Using LiFi project offers an
exciting solution to the shortcomings of traditional underwater
communication systems. With the high-speed data transfer function
of LiFi and the inclusion of XCHACHA20-POLY 1305 encryption for
secure transmission, the project is able to effectively prove a
functional, efficient, and secure underwater communication
prototype. Relative to conventional acoustic and RF-based systems,
LiFi provides much higher bandwidth, lower latency, and less
susceptibility to environmental noise, making it best suited for real-
time applications like underwater drones and ROV’s. The integration
of XCHACHA20-POLY 1305 encryption provides an important layer
of security, which is key in military, industrial, and research-oriented
underwater networks with high requirements for data confidentiality
and integrity. The hardware architecture, such as the application of a
CP210 USB-to-Serial bridge, facilitates safe and smooth interfacing
between system elements, providing convenience of deployment and
external connectivity.

Despite its merits, the project also finds the primary challenges of
signal degradation caused by turbidity in water, scattering, and
requirements of precise alignment between optical elements. These
weaknesses call for potential avenues of research such as designing
adaptive beam-tracker systems and hybrid communication
methodologies involving a fusion of LiFi with acoustic or RF
systems. Overall, the research confirms LiFi as an innovative
technology for underwater communications that provides a safe,
quick, and power-saving alternative with prospect applications in a
wide range of marine research, defence, environment monitoring, and
deep-sea exploration. Through ongoing innovation and improvement,
LiFi-based systems can considerably raise the reliability and
efficiency of underwater communication networks.

Underwater Optical Communication (UOC) using LiFi presents
significant potential for advancements in high-speed, secure, and
energy-efficient data transmission in aquatic environments. Moving
forward with this technology, it's clear we'll really be focused on
improving the reach for transmissions, getting communication super
secure, and developing smart ways to mix up systems so that cloud
computing and the internet of things kind of talk to each other. In
practical terms, we're rolling this out everywhere from medical
systems to financial networks and anything else that could use it.

One of the key areas for improvement is extending the transmission
range and ensuring reliable communication in dynamic underwater
environments. Servo arrays of LEDs are super smart and flexible—
they help make sure the line of sight stays always clear between the
transmitter for light or LiFi and the receiver. They do an amazing job
of dealing with currents that try to sneak up from below and obscure
that connection line. Using cool underwater LiFi repeaters for
networks that communicate with others in two or more steps can
really make wireless coverage much bigger. These repeaters relay
data kind of like a relay race--to different stations or nodes over a
wider area. Furthermore, Al-based algorithms can be integrated to
mitigate the impact of light scattering due to water turbulence, thus
improving signal stability and data accuracy.
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Future studies on underwater LiFi systems must continue to prioritize
security improvements. By blocking illegal access and
eavesdropping, the incorporation of Quantum Key Distribution
(QKD) can facilitate extremely secure communication. Furthermore,
to improve data integrity and stop cyberattacks in underwater
networks, blockchain-based authentication techniques can be
investigated. By spotting irregularities instantly and thwarting
possible attacks, Al-powered intrusion detection systems can further
improve security.

Hybrid communication models that combine RF, acoustic, and LiFi
technologies can be created to get around the inherent drawbacks of
standalone LiFi systems. LiFi guarantees high-speed data transfer
over moderate distances, whereas RF communication can be used for
short-range data exchange. LiFi can supplement acoustic
communication for localized high-speed communication in
autonomous underwater vehicles (AUVs) or underwater research
stations, while acoustic communication can be use for long-range data
transfer in deep-sea environments where light penetration is minimal.

Underwater LiFi has real-world uses in a number of sectors, such as
underwater loT networks, military communication, and marine
research. LiFi deployment in remotely operated vehicles (ROVs) and
autonomous underwater vehicles (AUVs) can facilitate real-time data
transfer for environmental monitoring and oceanographic research.
With low detectability and fast information exchange, LiFi provides
a secure substitute for radio frequency (RF) communication in
military applications for clandestine underwater operations. LiFi-
powered underwater sensor networks can also support smart ocean
monitoring systems, which can help with pollution prevention,
climate research, and the preservation of marine biodiversity.

Energy-efficient and bio-inspired optical communication systems
represent another exciting research area. Sustainable LiFi-based
communication networks may be made possible by incorporating
bioluminescent organisms or solar-powered LEDs as natural light
sources. Biomimetic designs that are influenced by the luminescence
mechanisms of deep-sea organisms can also enhance optical signal
transmission, increasing the adaptability and efficiency of LiFi
systems for practical uses.

To sum up, LiFi underwater optical communication is a game-
changing technology with a ton of room to grow. LiFi has the
potential to completely transform underwater communication
systems by tackling the issues of range, security, and environmental
adaptability. Smart underwater ecosystems and next-generation ocean
exploration technologies will be made possible by its integration with
Al, quantum cryptography, and hybrid networking solutions, ushering
in a new era of fast, safe, and effective data transmission.
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