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ABSTRACT: Underwater Wireless Optical Communication (UWOC) is a modern communication technique that enables high-speed
data transmission in underwater environments using optical signals. Conventional underwater communication methods such as acoustic
communication suffer from low bandwidth, high propagation delay, and noise interference, while radio frequency signals experience
severe attenuation in water. To address these limitations, UWOC systems use visible or near-infrared light sources such as Light
Emitting Diodes (LEDs) or laser diodes to transmit data efficiently. In this project, an embedded system based UWOC model is designed
and implemented using a microcontroller. The transmitter section converts digital data into optical signals through an LED/laser driver
circuit. These light signals propagate through the underwater channel, where factors such as absorption, scattering, and water turbidity
affect signal strength. At the receiver end, a photodiode or phototransistor detects the incoming optical signal and converts it back into
an electrical signal, which is then processed and decoded by the microcontroller to retrieve the original data. The system is analyzed
and simulated using software tools such as MATLAB and embedded programming platforms to evaluate parameters like signal strength,
transmission range, and bit error rate under different environmental conditions. The results show that UWOC provides significantly
higher data rates and lower latency compared to traditional acoustic systems, making it suitable for short-range underwater
communication.

1. INTRODUCTION

Underwater communication plays a crucial role in various applications such as ocean exploration, environmental monitoring, military
operations, and offshore industries. Traditionally, underwater communication is carried out using acoustic waves and radio frequency
(RF) signals. However, these methods have significant limitations. Acoustic communication provides long-range transmission but
suffers from low data rates, high latency, and noise interference. On the other hand, RF signals experience severe attenuation in water,
making them unsuitable for long-distance underwater communication. To overcome these challenges, Underwater Wireless Optical
Communication (UWOC) has emerged as an efficient alternative. UWOC systems use optical signals, typically in the form of visible
or near-infrared light, to transmit data through water. Due to the high frequency of light waves, UWOC offers significantly higher
bandwidth, enabling high-speed data transmission with low latency compared to traditional methods. In a typical UWOC system, the
transmitter converts electrical signals into optical signals using devices such as LEDs or laser diodes. These light signals travel through
the underwater medium and are received by a photodetector at the receiver end. The received optical signals are then converted back
into electrical signals and processed to recover the original data. Embedded systems, such as microcontrollers, are used for signal
processing, encoding, and decoding operations in both transmitter and receiver sections.
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1.1 HISTORY OF FIELD OF INTEREST

The development of underwater communication has evolved significantly over time due to the increasing need for reliable data transfer
in marine environments. Initially, underwater communication relied on acoustic waves, which have been used since early naval
applications in the early 20th century. Acoustic communication was preferred because it can travel long distances in water; however, it
suffers from low data rates, high latency, and noise interference. Later, researchers explored the use of radio frequency (RF)
communication for underwater applications, but RF signals were found to be highly attenuated in water, limiting their effectiveness to

very short ranges. With advancements in optical technology and optoelectronic devices, the concept of optical communication in water
emerged. In the 1960s and 1970s, the invention of lasers and light-emitting diodes (LEDs) enabled the possibility of transmitting data
using light. By the 1990s, research in optical wireless communication expanded, including free-space optical (FSO) communication.
This led to the development of Underwater Wireless Optical Communication (UWOC), where light is used as the transmission medium
in water. In recent years, UWOC has gained significant attention due to its ability to provide high data rates and low latency. Advances
in embedded systems, signal processing, and photodetectors have further improved system performance. Today, UWOC is widely
researched for applications such as underwater sensor networks, autonomous underwater vehicles (AUVs), environmental monitoring,
and military communication.

1.2 PROBLEM DEFINITION

Reliable underwater communication is a major challenge due to the physical properties of the water medium. Traditional communication
techniques such as acoustic and radio frequency (RF) systems have significant limitations. Acoustic communication, although capable
of long-distance transmission, suffers from low data rates, high latency, multipath distortion, and noise interference. RF communication,
on the other hand, experiences severe attenuation in water, making it ineffective for most underwater applications. With the increasing
demand for real-time data transfer in applications such as underwater monitoring, autonomous underwater vehicles, and military
operations, there is a need for a communication system that provides high data rates, low delay, and efficient performance. However,
designing such a system is challenging due to issues like absorption, scattering, and turbulence of signals in water. Therefore, the
problem is to develop an efficient underwater communication system that overcomes the limitations of existing methods and enables
high-speed, low-latency data transmission while maintaining reliability in varying underwater conditions. This project addresses this
problem by implementing an Underwater Wireless Optical Communication (UWOC) system using embedded system technology.

1.3 OBJECTIVES OF THE PROJECT

* To design an underwater wireless optical communication system.

* To achieve high-speed underwater communication.

* To reduce delay and improve communication efficiency.

* To study underwater channel effects such as scattering and absorption.
* To analyze system performance using simulation tools.

2. LITERATURE SURVEY

Paper 1: H. Kaushal and G. Kaddoum (2016) presented a comprehensive study on Underwater Optical Wireless Communication
(UWOC), focusing on the use of visible light, particularly in the blue and green spectrum, for high-speed underwater data transmission.
The authors analyzed the underwater optical channel by considering key factors such as absorption, scattering, and turbulence, which
significantly impact signal propagation.

Paper 2: L. Gkoura presented research in the field of Underwater Optical Wireless Communication (UWOC) in 2018, focusing on
improving the reliability and performance of optical links in underwater environments. The study mainly addressed the challenges
caused by underwater channel conditions such as absorption, scattering, and turbulence, which degrade signal quality

Paper 3: Yanfang Li, Hongxi Yin, Xiuyang Ji, and Bin Wu (2022) present a comprehensive study focusing on advancements in modern
communication and sensing technologies, with particular emphasis on improving system efficiency and reliability. Their work explores
innovative methodologies to enhance signal transmission performance, addressing common challenges such as noise interference,
attenuation, and environmental disturbances.

Paper 4: N. Ozlem Unverdi (2021) presents a detailed study on the performance enhancement of optical wireless communication
systems, with particular emphasis on improving signal quality under challenging environmental conditions. The research focuses on
analyzing the effects of noise, turbulence, and channel impairments on system efficiency, and proposes techniques to mitigate these
issues through optimized modulation and detection methods.
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Paper 5: Tingwei Fan, Tianhua Zhou, Guyu Hu, and Hanbin Gu (2025) present a recent advancement in optical and wireless
communication technologies, with a strong focus on improving system adaptability and performance in dynamic environments. Their
study emphasizes the integration of intelligent signal processing techniques with optical transmission systems to enhance data reliability
and efficiency.

3. PROPOSED BLOCK DIAGRAM AND EXPLANATION
The UWOC system consists of a transmitter section and receiver section. The transmitter uses ESP32 with high-power LEDs for signal
transmission. The receiver uses photodiodes and operational amplifiers to detect and amplify the received signal.

Transmitter Side:

The transmitter side of the Underwater Wireless Optical Communication (UWOC) system is responsible for converting electrical data
into optical signals for underwater transmission. It consists of components such as sensors or input devices, ESP32/Arduino controller,
encoder, LED or laser diode, and power supply. The controller processes the input data and sends it to the encoder, where the data is
converted into a modulated signal. The LED or laser diode then converts the electrical signal into light pulses, which travel through the
underwater optical channel. Blue-green light is commonly used because it experiences less attenuation in water, enabling efficient
underwater communication.

TRANSMITTER SIDE

DATA SOURCE ESP32 ENCODER LED TRANSMITTER UNDERWATER
(Sensors / Input) (Controller) (Data Encoding) (Optical Source) OPTICAL
CHANNEL

BATTERY
(Power)

Receiver Side:

The receiver side of the UWOC system is responsible for receiving and decoding the transmitted optical signal. It includes a photodiode
receiver, demodulation/decoder unit, ESP32 controller, and display/output module. The photodiode detects the incoming light signal
and converts it into an electrical signal. The decoder processes the received signal to recover the original data by removing noise and
distortion. The ESP32 controller further processes the decoded information and sends the final output to a display or monitoring device.
This receiver system ensures reliable underwater data communication with high speed and low latency.

RECEIVER SIDE

UNDERWATER PHOTSISED(;E'VER DEMODULATION / e BlSptay
OPTICAL N DECODER BT
CHANNEL (Converts Optical (DataiDecoding) (Controller)
to Electrical Energy) (Result / Output)

3.1 TRANSMITTER SIDE COMPONENTS
* ESP32
* High Power Blue-Green LED
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« MOSFET Driver Circuit
 Resistors

* Power Supply
* Voltage Regulator

3.2 RECEIVER SIDE COMPONENTS
* ESP32 Controller

* Photodiode (PIN/APD)

* Operational Amplifier

* Capacitors

* LCD Display

3.3 WORKING PRINCIPLE

The working principle of the Underwater Wireless Optical Communication (UWOC) system begins with system initialization, where
both transmitter and receiver sections are configured properly. Input data from sensors, files, or other sources is collected and prepared
for transmission. The collected data is then encoded using modulation techniques such as On-Off Keying (OOK) or Pulse Position
Modulation (PPM). After encoding, the electrical signal is converted into optical signals using a high-power LED or laser diode. These
light signals travel through the underwater optical channel. During signal propagation, the optical signal passes through water where it
may be affected by absorption, scattering, and turbidity. At the receiver side, a photodetector or photodiode captures the incoming light
signal and converts it back into an electrical signal. The received signal is amplified and filtered to remove noise and improve signal
quality. The processed signal is then decoded to recover the original transmitted data. Finally, error checking techniques are used to
ensure accurate communication, and the output data is displayed or stored for further use.

& Initialize System
(Transmitter & Receiver Setup)

@ Input Data
(Sensor / File)

Data Encoding
(Modulation - e.g., OOK/PPM)

e R

*” Optical Signal Transmission
(LED/Laser through water)

< Signal Propagation
A
A (Underwater channel)
‘\* Receive Optical Signal
(Photodetector)
— N e
D% Signal Amplification & Filtering
|
| Data Decoding
| o101 (Demodulation) ‘
@ Error Checking
Output Data
(Display / Storage)
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3.4 SOFTWARE REQUIREMENTS

* MATLAB

* Simulink

* Signal Processing Toolbox

* Instrument Controlling Toolbox

4. ADVANTAGES

Underwater Wireless Optical Communication (UWOC) offers several advantages over traditional underwater communication systems.
It provides very high data transmission rates and low latency, making it suitable for real-time underwater communication applications.
Unlike acoustic communication, UWOC supports high bandwidth and faster signal transmission using visible light signals. The system
also provides secure communication because optical signals are highly directional and difficult to intercept. UWOC systems are
compact, energy efficient, and capable of transmitting large amounts of data with reduced interference. Additionally, the use of blue-
green light enables better signal propagation in water, making the technology effective for underwater monitoring, marine exploration,
autonomous underwater vehicles, and defense applications.

5. LIMITATIONS

Underwater Wireless Optical Communication (UWOC) offers several advantages over traditional underwater communication systems.
It provides very high data transmission rates and low latency, making it suitable for real-time underwater communication applications.
Unlike acoustic communication, UWOC supports high bandwidth and faster signal transmission using visible light signals. The system
also provides secure communication because optical signals are highly directional and difficult to intercept. UWOC systems are
compact, energy efficient, and capable of transmitting large amounts of data with reduced interference. Additionally, the use of blue-
green light enables better signal propagation in water, making the technology effective for underwater monitoring, marine exploration,
autonomous underwater vehicles, and defense applications.

6. APPLICATIONS

Underwater Wireless Optical Communication (UWOC) is widely used in various underwater applications due to its high-speed and
low-latency communication capability. It is used in underwater sensor networks for real-time monitoring of ocean conditions and
environmental parameters. UWOC systems are also used in autonomous underwater vehicles (AUVs) and remotely operated vehicles
(ROVs) for underwater navigation and data transmission. In military and defense applications, UWOC enables secure underwater
communication and surveillance. The technology is further applied in marine research, offshore oil and gas industries, underwater
robotics, disaster monitoring, and real-time underwater video transmission. Additionally, UWOC supports underwater exploration and
smart ocean monitoring systems by providing efficient and reliable data communication:

7.RESULT

The expected result of the Underwater Wireless Optical Communication (UWOC) system is the successful transmission and reception
of data through an underwater optical channel using visible light signals. The system is expected to achieve high-speed communication
with low latency compared to traditional acoustic communication methods. The transmitter section should efficiently convert electrical
signals into optical signals using LEDs or laser diodes, while the receiver section should accurately detect and decode the received
optical signals using photodiodes and signal processing circuits. The system is expected to provide reliable short-range underwater
communication with reduced noise interference and improved data transmission efficiency. Additionally, the project should demonstrate
stable communication performance under different underwater conditions such as varying turbidity, scattering, and absorption levels.
Simulation and hardware implementation results are expected to show improved bandwidth, better signal quality, and effective real-
time underwater data transfer suitable for applications like underwater monitoring, marine research, and autonomous underwater
vehicles.

9. FUTURE SCOPE

The future scope of Underwater Wireless Optical Communication (UWOC) is very promising due to the increasing demand for fast and
reliable underwater communication systems. Future developments can improve communication range, data rate, and system reliability
by using advanced modulation techniques, adaptive beam steering, and high-sensitivity photodetectors. Integration of Artificial
Intelligence (AI), Machine Learning (ML), and Internet of Things (IOT) technologies can further enhance underwater monitoring and
smart communication applications. Hybrid acoustic-optical communication systems may also be developed to achieve both long-range
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and high-speed underwater transmission. UWOC systems are expected to play an important role in marine research, underwater robotics,
military surveillance, environmental monitoring, and offshore industries.

8. CONCLUSION

Underwater Wireless Optical Communication is an emerging technology capable of providing high-speed underwater communication
with low latency. Compared to traditional acoustic and RF communication systems, UWOC provides higher bandwidth, improved
security, and faster communication efficiency. The system uses LEDs or laser diodes for transmission and photodiodes for signal
reception. Although challenges such as absorption, scattering, and limited communication range exist, UWOC has significant potential
in underwater monitoring, marine research, military applications, and autonomous underwater vehicles. With future advancements in
optical devices and signal processing techniques, UWOC systems can become more reliable and efficient for real-time underwater
communication applications.

9. FUTURE SCOPE

The future scope of Underwater Wireless Optical Communication (UWOC) is very promising due to the increasing demand for fast and
reliable underwater communication systems. Future developments can improve communication range, data rate, and system reliability
by using advanced modulation techniques, adaptive beam steering, and high-sensitivity photodetectors. Integration of Artificial
Intelligence (AI), Machine Learning (ML), and Internet of Things (IOT) technologies can further enhance underwater monitoring and
smart communication applications. Hybrid acoustic-optical communication systems may also be developed to achieve both long-range
and high-speed underwater transmission. UWOC systems are expected to play an important role in marine research, underwater robotics,
military surveillance, environmental monitoring, and offshore industries.
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