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Abstract — In today's fast-paced, information-driven world,
digital display technology has become a necessity. The LED
Matrix Display stands out as a versatile solution, capable of
showcasing programmed information with engaging graphic
designs. Beyond mere advertising, it finds utility as a
dynamic scoreboard and stopwatch for a wide range of indoor
and outdoor sports and games. The Bluetooth application
software integrated with Arduino microcontrollers used for
this project. The development process involved utilizing
MTT App Inventor software to craft Android applications,
along with the DS3231RTC for transmitting real-time
information to the LED display. This comprehensive
approach enables real-time customization of messages
displayed on the matrix, enhancing user interactivity. The
project's primary objective is to create a user-friendly phone
application for controlling the display, enabling seamless
message swapping without the need for physical connections.
This innovation addresses common issues such as static
displays and limited customization options. The Wireless
LED Dot Matrix display achieved excellent reliability and
minimal maintenance requirements, thanks to its Bluetooth-
enabled flexibility in displaying text, time, date, and
scoreboard information. By harnessing  Bluetooth
technology, this project offers a unique and efficient solution
for digital display needs, ensuring dynamic and customizable
content delivery without cumbersome cable connections.
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I. INTRODUCTION

LED displays have become an invaluable means of
conveying information, yet imbuing the message with
dynamism poses a challenge as users must tailor the content
to suit specific needs. These displays have emerged as a
consequence of urban evolution in the digital age, swiftly
gaining popularity owing to their diverse applications and
advantages. Contrasted with traditional display technologies
like neon lights, fluorescent tubes, and LCD displays, LEDs
offer benefits such as exceptional brightness, wide viewing
angles, energy efficiency, prolonged service life, resilience to
environmental conditions, and cost-effectiveness [1-4,8-11].
Numerous projects have leveraged LED matrix displays. For
instance, [4] devised an SMS-driven automatic electronic
display using a GSM MODEM. Similarly, [5] engineered a
wireless scrolling message board that could be updated via
Bluetooth or Wi-Fi. [6] also utilized a Bluetooth module
interfaced with Arduino and Android development tools
through an APK application. Another innovative project
involving LED matrix displays, proposed by [7], utilized
Google’s speech-to-text feature to convert spoken input from
an authority figure into text displayed on an LED matrix
notice board. Furthermore, LED panels find utility in general,
task, and stage lighting. These displays proficiently showcase
messages in various forms, including alphanumeric
characters and numbers, in static or scrolling formats. LED

technology stands out as a paragon of energy efficiency and
practicality [8,10]. These systems typically comprise red
matrix display panels. One groundbreaking initiative
involves designing an LED display system for wireless
mobile-to-display communication via Bluetooth. This
project, envisioned as a real-time scoreboard with matrix
display capabilities, empowers users to modify messages on
the fly. The primary objective is to create a compelling and
interactive display that captivates human attention.

Il. DESIGN AND PROCESS

The system comprises two distinct components: the message
transmission module, which operates through an Android
phone, and the reception and display module. The MIT app
investor employed the Android application depicted in Figure
1 to develop this system, which is designed to transmit text
messages displayed on an LED matrix board. Input is
received from the Android phone, acting as the transmitter.
On the receiving end, a Bluetooth receiver interfaces with an
Arduino development board. This board is then connected to
a P10 LED display with 16 rows and 32 columns.

The Android application communicates information
to the Arduino via Bluetooth using the HC-05 application.
The LED matrix receives data from the Arduino and also
sends information to a buzzer acting as a speaker, generating
a notification sound. The display on the LED matrix includes
the date, time, and scoreboard information.
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Fig. 1: An android application displays to key in message to
LED display
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I1l. PROPOSED SYSTEM
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Fig. 2: Block Diagram of Arduino Based Wireless LED
Matrix
WORKING

The process of updating text on the LED Matrix
display board begins with launching the application and
selecting the Bluetooth device associated with the LED
Matrix display board. Once the user inputs the data, they
transmit it by activating the "Send" button within the Arduino
LED Matrix application. Throughout the data transfer, the
application automatically logs the user's input into its
database dedicated to the Arduino LED Matrix application.
This application also manages data transmission via
Bluetooth, where wireless signals propagate through the air,
interacting with antennas for sending, receiving, and
interpreting data [11]. The Arduino device then receives the
data from the application, processes it for display on the LED
Matrix panel, following the steps illustrated in Figure 3 of the
flowchart diagram.

Regarding the connection between the Android
application and the Bluetooth module, the user initiates
message transmission to the Bluetooth module, which
establishes a connection with the microcontroller through the
serial communication port. This message is stored in the
Arduino and subsequently showcased on the LED dot matrix
display. The blinking sequence of LEDs to represent
characters is based on binary code, comprising 0s and 1s.
ASCII coding is employed to display characters in the
microcontroller's internal memory. Each '1' in the binary
sequence corresponds to an illuminated LED, showcasing the
message sent via the Android application. This process
iterates through all rows and columns of the LED Matrix.

An LED Matrix comprises an array of LEDs
interconnected such that the positive terminals (anodes) of
LEDs in the same column are linked, while the negative
terminals (cathodes) of LEDs in the same row are connected.
This project utilizes a Dot Matrix Display (DMD),
specifically the P10 LED Matrix module, which is commonly
utilized for showcasing large advertisements. The P10
module contains 512 LEDs, organized with 32 LEDs in each
row and 16 LEDs in each column. Additionally, the P10
module features two ports: an input port for receiving data
from the Arduino and an output port for connecting to another
P10 LED module.
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Fig. 3: Flowchart of Arduino Based Wireless LED Matrix

IV. HARDWARE COMPONENTS
A. Arduino
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The Arduino Uno is a microcontroller board based on the
ATmega328 datasheet. It has 14 digital input/output pins (of
which 6 can be used as PWM outputs), 6 analog inputs, a 16
MHz crystal oscillator, a USB connection, a power jack, an
ICSP header, and a reset button. It contains everything needed
to support the microcontroller; simply connect it to a
computer with a USB cable or power it with an AC-to-DC
adapter or battery to get started. The Uno differs from all
preceding boards in that it does not use the FTDI USB-to-
serial driver chip. Instead, it features the Atmega8U2
programmed as a USB-to-serial converter. "Uno" means one
in Italian and is named to mark the upcoming release of
Arduino 1.0. The Uno and version 1.0 will be the reference
versions of Arduino, moving forward. The Uno is the latest
in a series of USB Arduino boards, and the reference model
for the Arduino platform
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B. Bluetooth HC-05

The HC-05 is a popular Bluetooth module commonly used in

electronics projects for wireless communication. It's based on

the Bluetooth 2.0 specification and can be configured as
either a master or a slave device, making it versatile for
various applications.

Here are some key points about the HC-05 Bluetooth module:

1) Communication Protocol: The HC-05 module uses the
Serial Port Protocol (SPP) for communication, which
makes it easy to interface with microcontrollers like
Arduino-using-UART - (Universal  Asynchronous
Receiver-Transmitter) communication.

2) Operating Modes: The module can operate in either
Master or Slave mode. In Master mode, it can initiate
connections with other Bluetooth devices, while in Slave
mode, it can accept connections from other Bluetooth
devices.

3) Range: Typically, the HC-05 has a range of around 10
meters (33 feet) in open spaces, although this can vary
depending on environmental factors and interference.

4) AT Commands: The HC-05 module can be configured
and controlled using AT commands. These commands
allow you to change settings such as the device name,
baud rate, pairing code, and operating mode.

5) Voltage Level: The HC-05 module usually operates at
3.3V, but some modules can handle 5V logic levels as
well. It's essential to check the voltage requirements of
your specific module to ensure compatibility with your
microcontroller or other devices.

6) Applications: HC-05 modules are commonly used in
projects such as wireless data transfer between devices,
Bluetooth-controlled robots, remote control systems, and
10T (Internet of Things) applications.

V. HARDWARE DESIGN

The schematic circuit serves as an initial design before
transitioning into an actual circuit. Connecting the
components correctly according to the schematic (Figure 4 -
Figure 7) is crucial as it aids in creating a well-organized PCB
layout, making it easier to locate and place the components
accurately. By following the schematic diagram precisely,
ensure that the connections between various components are
established correctly. This not only simplifies the process of
designing the PCB layout but also helps in identifying any
potential errors or discrepancies early in the design phase.

Properly connecting the components according to the
schematic diagram streamlines the PCB layout process,
allowing for efficient placement and routing of traces. It also
contributes to the overall functionality and reliability of the
final circuit design.
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Fig. 5: Power Supply

Fig. 6: PCB Layout

VI. RESULT

This one is the result from the scrolling format, where the
input is ‘LED DOT- MATRIX DISPLAY’. The text ‘LED
DOT- MATRIX DISPLAY” will scrolling along the display.
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VIl. ADVANTAGES

1) Flexibility: Arduino platforms provide a flexible and
programmable environment, allowing to customize the
LED matrix's behavior easily.

2) Wireless Connectivity: By incorporating wireless
communication modules like the HC-05 Bluetooth
module can control the LED matrix remotely without
physical connections.

3) Scalability: Arduino platforms support scalability,
allowing expansion of LED matrix by adding more LED
modules or panels as needed.

4) Cost-Effective: Arduino boards and components are
relatively affordable, making them cost-effective for
small-scale applications.

VIIl. APPLICATIONS

1) Advertising and Signage
2) Gaming and Entertainment
3) Artinstallations

4) Data visualization

IX. FUTURE SCOPE

Integration with 10T platforms and cloud services will enable
Arduino-based LED matrices to receive data from a wide
range of sensors, web APls, and online databases. This will
enhance their capabilities for real-time data visualization,
remote monitoring, and interactive applications

As wireless communication technologies evolve,
Arduino-based LED matrices can leverage advancements
such as Bluetooth Low Energy (BLE), Wi-Fi Direct, and
Zigbee for faster data transmission, increased range, and
improved connectivity.

X. CONCLUSION

In summary, the display board was effectively designed,
built, and tested, meeting expectations. It was crafted using
cost-effective components, making it a budget-friendly and
user-friendly system. The integration of Bluetooth
technology has significantly enhanced communication
efficiency and speed. The ability to display messages
wirelessly without the need for cable connections has been
achieved with minimal errors and upkeep. This advancement
enables the digital transmission of information using logical
devices like microcontrollers for scoreboard displays.
Consequently, we anticipate that this design can serve as a
foundational blueprint for other researchers and educators
interested in developing more complex LED matrix displays.
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