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Introduction:  

Underwater communication underpins various endeavors, from oceanographic 

research and resource exploration to underwater robotics and autonomous 

vehicles. Traditional methods using radio frequency (RF) waves and acoustic 

signals encounter significant limitations underwater. RF waves suffer from high 

attenuation and multipath propagation, limiting their range and reliability. Acoustic 

communication, while functional, is plagued by low data rates and vulnerability to 

background noise.  

These limitations hinder our ability to effectively collect data, transmit commands, 

and establish real- time communication underwater. To address these challenges, 

researchers are exploring alternative technologies like Li-Fi (Light Fidelity). Li-Fi 

leverages light waves for data transmission, offering several advantages over 

traditional methods. Light experiences lower attenuation in water compared to RF 

waves, especially at specific wavelengths. Additionally, Li-Fi boasts higher data 

rates and inherent security due to the limited range of light underwater.  

Over the past decade, significant advancements have been made in visible light 

communication (VLC) and Li-Fi systems, primarily utilizing light- emitting diodes 

(LEDs) as the light source. These systems have found applications in various 

environments like indoor data transmission and vehicle communication.  

This underwater communication system utilizes an array of modulated lasers, a 

variant of VLC technology. Lasers offer several advantages over LEDs for 

underwater Li-Fi, including superior directionality, greater range, and higher 

bandwidth. We delve into the design and development of this system, focusing on the 

transmission of digital audio and data through the laser-based underwater Li-Fi 

channel and its reception and processing on the receiving end. This research paves 

the way for the exploration and advancement of Li-Fi based communication solutions 

using lasers for diverse underwater-applications. 
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Objectives: 

 To design and develop a system for underwater data transmission 

using Li-Fi technology. 

 To achieve the data transmission both in text and audio signals. 

 To obtain reduced interference in data transmission. 

 To optimize the utilization of available bandwidth 
without compromising efficiency 

 
Methodology:  

Li-Fi technology, revolutionizing underwater communication, operates through a 

meticulously orchestrated series of steps. Initially, data undergoes preparation, 

transforming text or audio into electrical signals and binary codes. These binary 

instructions are then encoded into light pulses through modulation techniques like 

On-Off Keying (0OK) or Pulse Width Modulation (PWM). The magic unfolds as light 

flickers convey the encoded data, akin to a Morse code of underwater whispers. To 

overcome absorption challenges underwater, lasers, with their focused beams, 

replace regular LEDs for longer journeys, especially favouring blue or green lasers 

for improved penetration. On the receiving end, photodetectors capture the 

modulated light signals, acting as underwater ears attuned to the light's language. 

The captured light signals are demodulated, converting them back into electrical 

signals and recovering the original binary data sequence. Through this process, the 

encoded information resurfaces in its original form, completing a journey through 

water powered by the remarkable capabilities of Li-Fi. Despite its evolutionary 

nature and challenges like water turbulence and limited range, Li-Fi holds immense 

potential for secure, high-speed data transmission, heralding exciting possibilities in 

marine research and exploration. 

 
 

Transmitter System: 
Initially, the system takes the chosen information, be it text, audio, or any digital file. 
The internal sorcerer, Digital Signal Processing (DSP), then orchestrates a 
transformation, translating the given information into a language comprehensible to 
the transmitter – electrical signals. This serves as the secret code, paving the way for 
the subsequent step: data encoding. The information is meticulously organized into a 
binary sequence, the language of light pulses represented by 0s and 1s, resembling 
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a Morse code for light. The transmitter uses the binary sequence to control the 
intensity of the laser, effectively "talking" in light pulses. High intensity represents "1" 
and low intensity represents "0" undergoing modulation. Finally, the transmission, 
facilitated by the laser, projects the modulated light into the underwater expanse.  

 
 

Fig1. Block diagram of Transmitter system 
 
 
 

Receiver System  
At the forefront of the receiver system is the Detection stage, where a specialized 

photodetector is employed. This photodetector serves as the eyes of the system, 

capturing the modulated light signals transmitted through the water. As the detected 

signals arrive at the receiver, they undergo a process of Demodulation. Following 

demodulation, the receiver system delves into Signal Processing. This critical stage 

involves refining and enhancing the received signals, compensating for any 

distortions or interference encountered during transmission through the underwater 

medium. The subsequent stage, Data Decoding, involves translating the processed 

signals into a format that can be comprehended and utilized. Ultimately, the 

culmination of these intricate processes leads to the final step: Data Output.  
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Fig2. Block diagram of Receiver system 

 

Conclusion:  

Overall, the project demonstrates the potential of red laser Li-Fi for high-fidelity 

underwater audio with the possibility of additional data transmission.  

While the primary focus appears to be high-fidelity audio transmission, the 10 GHz 

sampling rate presents an intriguing possibility – data transmission alongside the 

audio signal. Traditional Li-Fi systems utilize variations in light intensity to transmit 

data. The high sampling rate suggests the red laser Li-Fi system possesses 

significant bandwidth. This bandwidth could be cleverly exploited to embed data 

within the audio signal itself. Imagine transmitting critical underwater sensor data or 

control commands while simultaneously delivering high-quality audio – a single red 

laser beam handling both tasks efficiently.  

 

Scope for future work:  

Aquaculture and underwater farming could benefit from reliable Li-Fi links for 

remote monitoring and management, optimizing growth and minimizing 

environmental impact. Looking ahead, advancements in laser technology, particularly 

miniaturization and beam control, will be instrumental in creating compact and 

efficient Li-Fi systems. Material science also plays a vital role - developing new 

materials that are resistant to biofouling (accumulation of marine organisms) and can 

withstand the harsh underwater environment will be essential for long-lasting 

deployments. Finally, robust signal processing algorithms will be needed to filter out 

noise and ensure reliable data transmission. By overcoming these hurdles, Li-Fi has 

the potential to revolutionize underwater communication. The future holds immense 
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promise for a robust, versatile network infrastructure that facilitates groundbreaking 

ocean exploration deeper understanding of our planet's underwater world. 

 

 


