© November 2024 | 1JIRT | Volume 11 Issue 6 | ISSN: 2349-6002

LI-FI: Based Data Transmission Using Light

Karan Nagrale!, Srujal Dahagaonkar2, Mayur There3, Omkumar Mourya*, Prof. Vrushali Awale®
Rajiv Gandhi College of Engineering, Research & Technology, Chandrapur

Abstract—LiFi (Light Fidelity) is a revolutionary
wireless communication technology that uses visible light
to transmit data. This study presents a practical prototype
of a LiFi system designed to transmit sound data. The
setup involves an LED light bulb as a transmitter, a solar
panel as a receiver, and a sound box for output. Audio
signals modulate the LED’s intensity, and the solar panel
captures the modulated light to recreate the audio. The
project demonstrates the fundamental principles of LiFi,
highlighting its potential for high-speed, secure
communication. It also addresses challenges like line-of-
sight requirements and ambient light interference,
offering insights into the future scope of LiFi technology.
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I.  INTRODUCTION

The rapid increase in global data consumption has
driven the need for innovative wireless
communication technologies. Traditional methods,
such as WiFi, rely on radio frequency (RF) waves,
which are limited in bandwidth, prone to
interference, and often insecure in open
environments. To address these challenges,
researchers have developed alternative technologies
like LiFi (Light Fidelity), a form of visible light
communication (VLC) that uses the visible light
spectrum for data transmission.

LiFi transmits data by modulating the intensity of
light emitted by a source, typically LEDs. This
modulated  light carries information to a
photodetector, which converts the light signals back
into electrical signals. Unlike WiFi, LiFi offers
several advantages, including a vast unlicensed
spectrum, enhanced security due to its line-of-sight
requirement, and reduced interference in RF-
sensitive environments.

This paper explores a basic implementation of LiFi
technology to transmit audio data using visible light.
The project employs simple components—an LED
bulb, solar panel, sound box, and auxiliary

circuitry—to demonstrate the feasibility of using
light for wireless communication. The study
provides an introduction to LiFi principles,
highlights its applications, and identifies challenges
to its implementation.

By creating this prototype, we aim to showcase LiFi
as a potential game-changer in  wireless
communication, paving the way for secure, high-
speed, and interference-free data transmission in
various fields, including healthcare, smart homes,
and underwater communication.

Il. AIMS AND OBJECTIVES

To design and develop a prototype for LiFi-based
data transmission that demonstrates the use of visible
light to transmit sound signals, showcasing the
potential of light fidelity technology as an alternative
to traditional wireless communication methods.

Objectives

1. Demonstrate Data Transmission via Visible
Light: To use an LED light bulb to modulate and
transmit audio signals through visible light,
highlighting the basic principles of LiFi
technology.

2. Develop a Simple Receiver System: To utilize a
solar panel as a photodetector to capture the
modulated light signals and convert them back
into electrical signals for sound output.

3. Implement a Practical Prototype: To construct a
working model using readily available
components, including an LED, solar panel,
sound box, battery, resistor, and aux cable, for
real-time data transmission.

4. Analyze System Performance: To evaluate the
performance of the LiFi prototype in terms of
transmission quality, range, and reliability under
various environmental conditions.

5. ldentify Challenges and Limitations: To study
potential challenges such as line-of-sight
dependency, ambient light interference, and
range limitations, and propose possible
solutions.
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6. Raise Awareness of LiFi’s Potential: To
showcase LiFi as a secure, fast, and interference-
free alternative to RF-based communication,
emphasizing its future applications in various
fields.

I1l. COMPONENTS

The LiFi prototype utilizes basic components to
create a simple yet functional system for audio data
transmission through visible light. Below is a
detailed explanation of the components used and
their roles in the setup.

Components Used

1. Solar Panel

e Function: Acts as a photodetector that captures
modulated light signals transmitted by the LED
and converts them into electrical signals.

e Role: Essential for receiving the transmitted
audio data and enabling its conversion to sound.

2. LED Light Bulb

e Function: Transmits modulated light signals
based on the audio input from the aux cable.

e Role: Acts as the transmitter in the system,
converting electrical audio signals into visible
light signals.

3. Sound Box

e Function: Amplifies and plays the electrical
signals received from the solar panel as audible
sound.

e Role: Outputs the final audio, completing the
communication system.

4. Battery

e Function: Powers the LED light and ensures
consistent operation of the transmitter circuit.

e Role: Provides the necessary electrical energy to
the system.

5. Battery Clip

e Function: Connects the battery to the circuit

securely.

e Role: Ensures stable power delivery to the
components.

6. Aux Cable

—

e Function: Carries the audio signal from the
source device (e.g., smartphone, MP3 player) to
the LED circuit.

e Role: Serves as the interface between the audio
source and the transmitter.

7. Resistors
-

e  Function: Limits the current flowing through the
LED to prevent damage and ensure proper
modulation.

e Role: Protects the LED and maintains stable
operation of the circuit

IV. METHODOLOGY

The methodology for the LiFi communication
system consists of two main components: the
transmitter and the receiver. Below is a detailed
explanation of how each component works.

1. Transmitter (LED Light Bulb Setup)
The transmitter is responsible for converting the
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input audio signal into modulated light for wireless
transmission.

Components Used:

o LED Light Bulb

. Battery and Battery Clips
e  Aux Cable

. Resistor

Working Process:

1. Power Supply to LED:

A battery provides a steady DC power supply to the
LED.

A resistor is connected in series to regulate the
current, ensuring that the LED is protected from
excessive current flow.

2. Audio Signal Input:

An audio source, such as a smartphone, MP3 player,
or computer, is connected to the LED circuit using
an aux cable.

The aux cable transmits the electrical audio signal
from the audio source to the circuit.

3. Light Modulation:

The audio signal is superimposed onto the DC power
supply of the LED.

This causes the LED to vary its brightness in sync
with the amplitude of the audio signal.

4. Transmission of Modulated Light:

The LED emits modulated visible light that carries
the audio signal.

The light serves as the medium for wireless data
transfer to the receiver.

Key Considerations: The LED and battery should be
correctly connected, ensuring the polarity is
maintained.  The modulation is achieved without
altering the original frequency of the audio signal.

2. Receiver (Solar Panel and Sound Box Setup)
The receiver’s role is to capture the modulated light,
decode it, and reproduce the original audio signal.
Components Used:

e Solar Panel

e Sound Box (Speaker)

Working Process:

1. Light Detection by Solar Panel:

A solar panel is positioned in a direct line-of-sight
with the LED transmitter.

The solar panel detects the modulated light emitted
by the LED.

The intensity variations of the light are converted
into corresponding electrical signals by the solar
panel.

2. Audio Signal Reconstruction:

The amplified electrical signals are fed into a sound
box (speaker).

The sound box converts the electrical signals back
into sound waves, reproducing the original audio
signal sent by the transmitter.

3. Output Sound Playback:

The sound box outputs the decoded audio for
listening.

The quality of the playback depends on the alignment
of the LED and solar panel and the efficiency of the
components.

Key Considerations: The solar panel must be aligned
to directly face the LED for maximum signal capture.
Any interference, such as obstacles or ambient light,
may affect signal strength and audio quality.

V. OUTPUT

The results of the LiFi-based data transmission
system demonstrate the feasibility of using visible
light for wireless communication. The following
observations were made during the testing phase:
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Audio Transmission and Reception

The audio signal from the source device (e.g.,
smartphone) was successfully transmitted via
modulated light using the LED light bulb.

The solar panel acted as an effective
photodetector, capturing the light variations and
converting them back into electrical signals.
The sound box amplified these electrical signals,
resulting in audible sound that closely matched
the original input audio.

Signal Quality

Clarity: The output sound was clear, with
minimal distortion, when the system was
properly aligned.

Latency: No noticeable delay was observed in
the audio output, demonstrating real-time data
transmission.

Noise Interference: Ambient light interference
caused slight distortion in brightly lit
environments, but this was mitigated by
reducing external light sources.

Range of Communication

The system performed effectively within a range
of 1-2 meters under optimal conditions.

Beyond this range, the light signal weakened,
reducing the quality of the received audio. This
limitation highlights the dependency of LiFi
systems on the strength of the light source and
the sensitivity of the photodetector.

Line-of-Sight Requirement

The transmission required a clear line-of-sight
between the LED light and the solar panel.
Obstructions in the light path disrupted the
signal, stopping data transmission completely.

Effects of Alignment

Proper alignment between the LED and the solar
panel was critical for effective communication.
Minor misalignment reduced the signal strength
and caused a decrease in audio quality.

Impact of Ambient Light

In low-light or controlled environments, the
system worked efficiently with high signal
clarity.

In brightly lit environments, such as under
sunlight or fluorescent lights, the signal quality
was affected. This is due to the interference from
ambient light, which introduces noise to the
solar panel’s output.

VI. ADVANTAGES

1. High-Speed Data Transmission

e Wide Bandwidth: LiFi uses visible light, which
has a spectrum 10,000 times larger than the radio
frequency (RF) spectrum. This offers
significantly higher data transfer rates compared
to WiFi and other RF-based systems.

e Real-Time Communication: The system enables
near-instantaneous audio transmission with no
noticeable delay, making it suitable for real-time
communication applications.

2. Enhanced Security

e Confined Transmission Range: LiFi signals
cannot pass through walls, limiting the
transmission to a specific area. This inherent
limitation  provides better  security as
unauthorized interception of the signal outside
the intended area is difficult.

e Reduced Eavesdropping Risk: Since LiFi
operates in the visible light spectrum, it is
immune to common RF-based attacks like
jamming or eavesdropping, providing a more
secure communication method in sensitive
environments.

3. No RF Interference

o Ideal for RF-Restricted Areas: LiFi operates in
the visible light spectrum, completely avoiding
interference with existing RF-based wireless
communication systems like WiFi, Bluetooth,
and cellular networks. This is particularly
beneficial in environments like hospitals,
airplanes, and industrial settings, where RF
interference is a concern.

e Clean and Reliable Signal: In environments with
high RF congestion, LiFi provides a cleaner,
more reliable alternative for communication,
reducing the chances of signal dropouts or
performance degradation.

VII. CHALLENGE

1. Line-of-Sight Dependency:

LiFi systems require a clear line-of-sight between the
transmitter (LED) and the receiver (solar panel). Any
obstruction, whether from objects or people, disrupts
the signal, making data transmission impossible.

2. Limited Range

The range of LiFi communication is inherently
limited due to the nature of light propagation. In the
prototype, effective transmission was only achieved
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within a distance of 1-2 meters, and the signal
strength weakened with increased distances.

3. Ambient Light Interference

LiFi systems are sensitive to external light sources,
such as sunlight, fluorescent lighting, and other
ambient lighting in the environment. These light
sources can interfere with the modulated light signal,
causing distortion or complete signal loss.

4. Complexity of Modulation and Demodulation
Modulating an LED light source with an audio signal
to create accurate data transmission, and then
demodulating the signal at the receiver, can be
complex. It requires precise control of the LED’s
brightness and effective detection of small light
intensity variations by the solar panel.
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