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Abstract- This paper presents an Optical
Communication System capable of transmitting
multi-format data, including text and images,
through laser technology. The system utilises an
Arduino for signal modulation and a solar panel as
the receiver, effectively demonstrating a cost-
efficient and accessible method for optical
communication. Text data is first converted to ASCI|I
code, and then transformed into a binary format for
laser transmission. For more complex data types,
such as images, we employ Base64 encoding,
ensuring compatibility with the laser communication
medium. Python scripts are used throughout the
process for encoding, decoding, and accurate data
reconstruction on the receiver end. This dual-format
transmission system showcases the versatility of
optical communication in handling both simple and
intricate data, contributing to the advancement of
communication technologies through light-based
systems.

Indexed Terms- Li-Fi, Laser-Based Data
Transmission, Base64 Encoding, Optical
Communication, FSOC, VLC, Visible Light
Communication, Optical Wireless Communication,
Light Fidelity, ADC, DAC.

I INTRODUCTION

The evolution of optical communication systems has
brought transformative changes to the field of data
transmission, leveraging the potential of visible light
communication (VLC) for high-speed, secure, and
efficient connectivity. Li-Fi, a key VLC-based
technology, has emerged as a sustainable and versatile
alternative to traditional radio frequency (RF) systems,
enabling the transmission of multi-format data such as
text, images, audio, and video using visible light. With
applications spanning underwater communication,
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smart cities, and industrial automation, Li-Fi offers
numerous advantages, including high data rates,
immunity to electromagnetic interference, and energy
efficiency [1][11][18]. Li-Fi systems utilize light-
emitting diodes (LEDs) or laser diodes as transmitters
and photodetectors or solar panels as receivers,
enabling seamless data exchange. Recent
advancements in VLC research have demonstrated
significant progress in implementing Li-Fi for short-
and long-range communication. Studies have explored
its ability to transmit audio and text signals [6], ensure
reliable underwater communication [5][18], and
enhance connectivity for smart homes and vehicle-to-
vehicle networks [15][17]. These findings highlight
the adaptability of Li-Fi for diverse use cases, making
it a pivotal technology for next-generation
communication systems [2].

In this context, the project Optical Communication
System for Multi-Format Data Transmission Using
Laser Technology aims to implement a Li-Fi-based
system for efficiently transmitting text and image data.
The proposed system leverages a laser module as the
transmitter and a solar panel as the receiver, ensuring
cost-effective and sustainable operation. Text data is
encoded into ASCII and binary formats for accurate
transmission, while image data is converted into
Base64 format to preserve its integrity during
transmission. Python scripts facilitate data encoding
and decoding, and Arduino is used for signal
modulation and reconstruction, ensuring a robust and
scalable system [4][8][12]. The project builds on the
foundation of prior research, particularly in areas such
as secure data transmission [16][22] and high-speed
optical wireless communication [13][21]. By
integrating advanced Li-Fi methodologies, the system
demonstrates the feasibility of using light as a reliable
medium for multi-format data transfer, addressing
bandwidth limitations and environmental
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sustainability challenges. This work contributes to the
growing body of research in VLC and Li-Fi
technologies, offering insights into practical
implementations and future applications [3][10][19].

Il. PROPOSED SYSTEM

The Optical Communication System integrates an
Arduino Uno R3, an HW-493 laser module, and a 6V
solar panel to transmit and receive data. Each
hardware component plays a critical role in ensuring
the smooth operation of the system:

Arduino Uno R3: The Arduino Uno R3 is the system's
central processing unit. It handles data conversion,
laser modulation, and signal reconstruction. With a
clock speed of 16 MHz and a flash memory of 32 KB,
the Uno R3 efficiently processes binary and Base64-
encoded data for both text and image transmission.

HW-493 Laser Module: The HW-493 laser module,
operating at a wavelength of 650 nm, emits red light
pulses corresponding to the transmitted data. This
module is compact and energy-efficient, with a
working voltage range of 3V to 5V, making it ideal for
data communication.

6V Solar Panel: The 6V solar panel serves as the
receiver in the system. It detects the light pulses
emitted by the HW-493 laser module and converts
them into electrical signals for further processing. The
panel’s high sensitivity to light ensures accurate
detection, even over varying transmission distances.
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FIG 1: Block Diagram

The overall system operates in a structured flow,
ensuring the reliable transmission of both text and
image data:

e Data Conversion: Text data is transformed into
binary format, and image data is encoded into
Base64 using a Python script. These formats are
ideal for transmission via laser communication.
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e Laser Modulation: The Arduino Uno R3 modulates
the HW-493 laser module, causing it to emit light
pulses that correspond to the binary or Base64
encoded data.

e Transmission: The modulated laser beam transmits
the data across a direct line-of-sight path, ensuring
minimal transmission loss.

e Reception: The 6V solar panel detects the light
pulses and converts them into electrical signals.

o Signal Reconstruction: The electrical signals are
processed by the Arduino to reconstruct the
original binary or Base64 data, which is then
converted back into its original text or image
format.

FIG 2: Hardware Setup

2.1 Text Data

The transmission of text data begins with converting
each text character into its corresponding ASCII
(American  Standard Code for Information
Interchange) value. ASCII assigns a unique numerical
representation to each character, ensuring consistent
data interpretation across different systems. Once the
text is transformed into a sequence of ASCII values,
each value is converted into an 8-bit binary format (a
string of Os and 1s). This binary sequence serves as the
data transmitted through the optical communication
system. After the text is converted into binary format,
the Arduino Uno R3 takes control of the transmission
process. The Arduino modulates the HW-493 laser
module to emit light pulses corresponding to the
binary data. Each light pulse represents a binary bit—
either a “1” or a “0.” When transmitting, a pulse of
light signifies a binary "1", while the absence of a
pulse represents a binary "0". The laser's rapid
modulation allows for the transmission of the binary
sequence over direct line-of-sight path.
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FIG 3: Text Transmission

Reception and Reconstruction of Binary Data At the
receiver end, the 6V solar panel captures the incoming
light pulses emitted by the laser. These light pulses are
converted into electrical signals, where the presence or
absence of light is detected and translated back into
binary form. The electrical signals are processed by
the Arduino, which reconstructs the original binary
data stream. Once the binary sequence is recovered, it
is grouped into 8-bit segments, each corresponding to
an ASCII value. The Arduino then converts these
ASCII values back into their respective characters,
successfully reconstructing the original text message
that was transmitted.

2.2 Image Data

To transmit image files through the optical
communication system, the images must first be
converted into a format suitable for laser
communication. The image data, which is typically in
binary form, is encoded into Base64 format. Base64 is
a widely used encoding scheme that transforms binary
data into a text-based format, making it easier to
handle and transmit. A Python script is used for this
conversion, transforming the image file into a long
string of alphanumeric characters. This encoded string
maintains the integrity of the image while preparing it
for transmission. Once the image is encoded into
Base64 format, the Arduino Uno R3 takes over the
modulation process. Similar to the transmission of
binary text data, the Arduino modulates the HW-493
laser module to emit light pulses that correspond to the
Base64 string. Each character in the Base64 string is
translated into its binary representation, and the laser
emits light pulses that represent these binary
sequences. As with text data, a light pulse represents a
binary "1" and the absence of light represents a binary
"0". The rapid modulation of the laser allows for the
efficient transmission of this large Base64 encoded
image data across the communication path.
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FIG 4: Image Transmission

At the receiving end, the 6V solar panel detects the
incoming light pulses and converts them into electrical
signals. The Arduino processes these signals to
reconstruct the Base64 encoded string. The recovered
Base64 string is then passed to a Python script, which
decodes it back into the original binary image format.
The Python script reconstructs the image file from the
decoded data, completing the process. The result is an
accurate recreation of the image initially transmitted
via the laser communication system.

I1l.  RESULTS AND DISCUSSION

FIG 5: Providing Input

FIG 6: Transmitting Binary Data

FIG 7: Text Output
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The system successfully transmitted and received text
data through optical communication by converting
characters into ASCII values and then into binary
format. The Arduino Uno R3 controlled the HW-493
laser module to modulate light pulses corresponding to
the binary data, where a pulse indicated a binary “1”
and the absence of a pulse represented a “0.” The 6V
solar panel accurately captured the light pulses at the
receiving end, converting them into electrical signals.
The Arduino then processed these signals to
reconstruct the binary sequence, grouping them into 8-
bit segments and converting them into ASCII
characters. The transmitted text message was
successfully  recovered with  high accuracy,
demonstrating the system’s effective performance in
text transmission.
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FIG 9: Base64 encoding of image

The system successfully transmitted image data using
Base64 encoding through the optical communication
system. A Python script encoded the binary image data
into a Base64 string, then transmitted via the HW-493
laser module, modulated by the Arduino Uno R3. Each
character in the Base64 string was converted into its
binary representation, and the laser emitted
corresponding light pulses for efficient transmission.
At the receiving end, the 6V solar panel captured the
light pulses and converted them into electrical signals,
which the Arduino processed to reconstruct the
Base64 string. The Python script then decoded this
string back into the original image format, achieving
accurate image reconstruction from the transmitted
data.
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CONCLUSION

In conclusion, our optical Communication System
successfully demonstrates the transmission of simple
and complex data formats, using laser technology
controlled by Arduino and received via a solar panel.
While transmitting text data is straightforward, our
system's ability to encode and transmit image data
using Base64 highlights its potential for handling more
intricate formats like audio and video. Through this
prototype, we showcased that image transmission is
feasible. However, limitations of the Arduino's
processing power and memory call for more advanced
hardware, such as Raspberry Pi, to handle larger data
formats like audio and video effectively. This marks a
significant step towards scalable, efficient optical
communication systems for multi-format data
transmission.

FUTURE SCOPE

While our prototype demonstrates successful text and
image data transmission, future work will focus on
expanding the system’s capabilities to handle more
complex data types, such as audio and video.
Implementing a Raspberry Pi or similar device with
greater processing power and storage capacity would
allow us to achieve this. Future research could explore
optimizing the system for non-line-of-sight
communication and enhancing the solar panel’s
sensitivity for better signal reception.

Procéssec)  I6MHzATmegad2P 1.5 GHz Quadvsore ARM Corlex-
)
Memory (RAM) 2KB SRAM $GB LP?)ERJ RAM
Storage 32KB Flash microSD (up to 512 GB)
Cost Low High
Data Processing Power Limited High
Data Transmission Speed Low (16 MHz clock limitation) High (faster data processing)

Table 1: Comparison between Arduino uno and
Raspberry pi

Encryption and decryption algorithms can be
implemented to ensure secure data transmission,
providing an additional layer of security. These
algorithms would protect the transmitted data from
interception, making the system suitable for
applications where data privacy is critical.
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