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Abstract: Traditional manual  matrix boards present significant limitations in dynamic environments due 

to their static nature and the time-consuming process of updating information. This paper presents the design 

and implementation of an adaptive LED matrix display system that overcomes these challenges by providing 

a flexible, microcontroller-based solution for dynamic information dissemination. The system utilizes an 

Arduino Uno (ATmega328P) as the central processing unit to control an 8x8 LED matrix via multiplexing 

techniques, enabling the display of both static and scrolling text messages. The core innovation of this work 

lies in its adaptive display capability, which allows a user to switch between different display modes—

including static text and scrolling text—through a simple push-button interface, eliminating the need for 

reprogramming. The hardware architecture, software implementation using the Arduino IDE, and the 

system's working principle are discussed in detail. The results demonstrate that the system achieves clear 

text visibility with low power consumption and rapid mode-switching response. This cost-effective and 

user-friendly design is highly applicable for use in educational institutions, offices, and public spaces as a 

modern alternative to conventional notice boards. 

 

Index Terms - Arduino Uno, LED Matrix, Adaptive Display, Embedded System, Digital Notice Board, 

Multiplexing. 

I. INTRODUCTION 

In the modern era of digital communication, the efficient dissemination of information is critical for the 

operational effectiveness of educational institutions, corporate offices, and public facilities. Traditional 

notice boards, which rely on manually posted paper notices, are increasingly proving to be inadequate. They 

are time-consuming to update, lack visual appeal, and offer no flexibility for real-time changes [3]. This 

inefficiency drives the need for an automated, dynamic, and eye-catching alternative. 

Light Emitting Diode (LED) technology has emerged as a leading solution for modern display systems due 

to its high brightness, energy efficiency, and long operational life [5]. LED-based displays are capable of 

delivering clear and visible messages even from a distance, making them suitable for a variety of public 

information applications. However, many existing electronic matrix display board implementations are 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2026 IJCRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882 

IJCRT26A3029 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org i511 
 

designed for a single, pre-programmed function, requiring a computer and a new code upload to change the 

displayed content [6]. This limits their practicality in environments where information needs to be updated 

frequently and by non-technical users. 

To address this gap, this paper presents the design and implementation of an adaptive LED matrix display 

system. The primary objective is to create a low-cost, user-friendly, and versatile digital notice board that 

can display different types of messages without requiring reprogramming. The system is built around the 

widely accessible Arduino Uno platform, which is based on the ATmega328P microcontroller. Its simplicity 

and strong community support make it an ideal choice for such embedded system projects [1], [2], [7]. The 

key innovation of this work is the integration of a simple user input mechanism—a push button—that allows 

the user to switch between different display modes (e.g., static text and scrolling text) in real-time. This 

adaptive capability makes the system highly practical for dynamic environments where the nature of 

announcements changes frequently. 

This paper details the complete design process, including the system architecture, hardware components, 

software methodology, and working principle. The performance of the system is evaluated, and a cost 

analysis is presented. Finally, the potential applications of this adaptive LED matrix display are explored, 

demonstrating its viability as a modern solution for digital communication. 

 

II. RELATED WORK 

The development of microcontroller-based digital notice boards has been a subject of extensive research, 

driven by the need for efficient and modern communication systems. Foundational works, such as those by 

Patil and Patil [1] and Singh and Sharma [2], have established the Arduino platform as a powerful and 

accessible tool for prototyping and implementing embedded systems, including LED display applications. 

Their work highlights the ease of programming and the vast library of resources available, which 

significantly lowers the barrier to entry for such projects. 

Subsequent research has focused on enhancing the functionality and accessibility of these systems. Sharma 

and Gupta [3] designed a wireless LED notice board using Arduino, demonstrating the feasibility of remote 

message updates. Their work focused on eliminating the need for physical access to the board, a significant 

step forward in convenience. Similarly, Singh and Kumar [4] advanced this concept by integrating a Wi-Fi 

module to create an IoT-based smart notice board, allowing for real-time message broadcasting from web 

servers and mobile applications. These studies showcase the evolution from manually updated to remotely 

controlled systems. 

Another critical area of research involves the optimization of display quality and power efficiency. Rao and 

Patel [5] explored the use of multiplexing and scanning methods for large LED matrices. Their work is 

foundational for efficiently driving LED matrices with a limited number of microcontroller pins, a technique 

essential for this project. Reddy and Ramesh [6] took a different approach by utilizing GSM technology for 

a wireless notice board, proving that SMS-based updates are a reliable method for information dissemination 

in areas with limited internet connectivity. A comparative analysis by Kumar and Singh [7] evaluated 

different microcontroller platforms, reaffirming the Arduino Uno's suitability for LED display applications 

due to its balance of cost, processing power, and ease of use. 

While these existing systems effectively address the challenges of remote updating and wireless control, 

many are designed with a single display mode. Our work builds upon these foundations by incorporating an 
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adaptive display capability, allowing a user to switch between different visual modes (e.g., static and scroll) 

using a simple input mechanism, thereby increasing the system's versatility without adding significant cost 

or complexity. 

 

III. SYSTEM ARCHITECTURE 

The system architecture is designed to be modular and cost-effective, consisting of a central processing unit, 

a display unit, a power supply, and a user input interface. 

3.1 Subsystem Overview 

The system is divided into four main subsystems: 

1. Control Subsystem: An Arduino Uno microcontroller board (ATmega328P) acts as the brain of the 

system. It executes the main program, reads the user input from the push button, stores the message data, 

and generates the control signals for the LED matrix [1], [7]. 

2. Display Subsystem: An 8x8 LED matrix is the output device. It is constructed from individual 5mm LEDs 

arranged in a grid. This configuration allows for alphanumeric character generation and basic graphical 

patterns [5]. 

3. User Input Subsystem: A single push button is used as the primary input device. It allows the user to cycle 

through the different display modes without needing to connect to a computer. 

4. Power Subsystem: A 12V DC adapter provides the necessary power to the system. This voltage is 

regulated by the Arduino Uno's onboard voltage regulator to provide stable 5V for the logic circuits. 

 

3.2 Block Diagram 

The block diagram in Fig. 1 illustrates the flow of data and control signals within the system. 

 

Fig. 1: Block Diagram of the Adaptive LED Display System 

http://www.ijcrt.org/


www.ijcrt.org                                                   © 2026 IJCRT | Volume 14, Issue 3 March 2026 | ISSN: 2320-2882 

IJCRT26A3029 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org i513 
 

3.3 Components and Libraries: 

The key hardware components and software libraries used in this project are: 

Hardware: 

- Arduino Uno (ATmega328P): The main controller with 14 digital I/O pins, 6 analog inputs, and a 16 MHz 

clock speed [2]. 

- 8x8 LED Matrix: The primary output display, constructed from 64 individual 5mm LEDs [5]. 

- Push Button: A momentary tactile switch for user input to switch display modes. 

- Jumper Wires: Used for all temporary connections on the breadboard. 

- 12V, 1A DC Adapter: Provides external power to the system. 

- 74HC595 Shift Register: Used to reduce the number of I/O pins required to control the LED matrix. 

Software/Libraries: 

- Arduino IDE: The integrated development environment used for writing, compiling, and uploading code 

to the Arduino Uno [1]. 

- LedControl Library: A standard Arduino library that simplifies the control of LED matrices, handling the 

complex multiplexing and refresh logic. 

- EEPROM Library: Used to store the user's selected display mode persistently, so the setting is retained 

even after a power cycle. 

 

IV. METHODOLOGY 

4.1 Hardware Design 

The hardware design focused on creating a reliable and stable electrical connection for all components. The 

8x8 LED matrix was built on a prototyping breadboard. To manage the 64 individual LEDs, we 

implemented a multiplexing technique. The rows of the matrix were connected to the digital output pins of 

the Arduino via current-limiting resistors, while the columns were connected through a shift register 

(74HC595) to reduce the number of I/O pins required. The current through each LED is given by: 

ILED =   (Vsupply−Vforward−Vsaturation)×   Rlimit 
-1        (1) 

Where V_supply = 5V, V_forward = 2.0V for a typical red LED, V_saturation = 0.2V for the shift register 

output, and R_limit is the current-limiting resistor. For a desired current of 10mA, the resistor value is 

calculated as: 

   Rlimit = (5V - 2.0V - 0.2V)  / 0.01A = 280ΩA                            (2) 

A standard value of 330Ω was used for safety. 
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4.2 Software Implementation 

The software was developed in the Arduino IDE using C++. The program's logic is structured around several 

key functions: 

1. Initialization (setup( )): This function initializes the serial communication, sets the pin modes for the 

push button and the LED matrix driver, defines the message to be displayed, and sets the initial display 

mode. 

2. Display Modes: The core of the program includes functions for each display mode: 

   - displayStaticText(): This function displays the message on the matrix without any movement. 

   - displayHorizontalScroll(): This function implements a scrolling text effect by shifting the character's 

column data across the matrix column by column with a defined delay to control speed. 

3. Mode Switching: The loop() function continuously monitors the state of the push button. When a button 

press is detected (with a delay for debouncing), the program increments a variable that determines the active 

display mode. 

 

4.3 Dataflow and Controls 

The dataflow begins with the pre-defined message stored in the Arduino's memory. When the system is 

powered on, the default display mode is loaded. The control flow is as follows: 

1. The Arduino reads the current mode from EEPROM or sets it to default. 

2. The main loop continuously checks the push button state. 

3. If a button press is detected, the mode variable increments and the new mode is saved to EEPROM. 

4. Based on the active mode, the corresponding display function is called. 

5. The display function converts the message into binary patterns for each column and row. 

6. The shift register is updated at high speed to multiplex the display, creating a persistent image through 

persistence of vision. 

 

V. WORKING PRINCIPLE 

The working principle of the adaptive LED display system can be described in the following steps: 

Step 1 -  Power Supply: The system is powered using a 12V adapter that converts AC from the wall socket 

into DC voltage. The Arduino's onboard regulator steps this down to 5V to power the microcontroller and 

the logic circuits. 

 

Step 2 - Microcontroller Control: The Arduino Uno (ATmega328P) acts as the brain of the system. It stores 

the message to be displayed and controls the timing and sequencing of the LED matrix [1]. 
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Step 3 - Message Processing: The Arduino processes the stored message and converts it into a series of 

binary signals. Each character is represented by a 5x7 or 8x8 font matrix. The Arduino calculates which 

LEDs should be ON (1) or OFF (0) to form each character. 

 

Step 4 - Multiplexing: The system uses a multiplexing technique to control the 64 LEDs of the 8x8 matrix. 

Only one row is activated at a time, but the rows are cycled through so quickly (approximately 2-5 

milliseconds per row) that the human eye perceives a steady image. This is known as persistence of vision 

(POV). The refresh rate f_refresh is given by, 

frefresh = 1 / (n × trow) 

Where n is the number of rows (8) and t_row is the time each row is active. For trow = 2ms, the refresh rate 

is 62.5 Hz, which is above the flicker fusion threshold. 

 

Step 5 - Adaptive Mode Switching: The user can press the push button to cycle through the different display 

modes. When a button press is detected, the Arduino reads the current mode from EEPROM, increments 

the mode variable (with wrap-around), saves the new mode to EEPROM, and updates the display function 

accordingly. 

 

Step 6 - Output: Finally, the LED matrix displays the message in the selected mode (static or scrolling), 

which can be clearly read from a distance. 

 

Fig. 2: Flowchart of System Operation 
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VI. RESULTS AND DISCUSSION 

The experimental setup was tested under various conditions to evaluate its performance and reliability. 

6.1 Performance 

The system was evaluated on three key performance metrics: 

1. Display Clarity: The message "LED MATRIX  BOARD" was displayed in both static and scrolling 

modes. The text was clearly visible from a distance of up to 10 meters in indoor lighting conditions. The 

scrolling text moved smoothly at a rate of approximately 5 characters per second, with no visible flicker due 

to the high refresh rate. 

2. Response Time: The mode switching response time was measured from the moment the push button was 

pressed to the moment the display changed to the new mode. The average response time was 50 

milliseconds, which is imperceptible to the user and provides a seamless user experience. 

3. Power Consumption: Using a multimeter, the total current draw of the system was measured at 0.42A at 

12V, resulting in a power consumption of approximately 5.04W. This is significantly lower than traditional 

incandescent-based displays and confirms the energy efficiency of LED technology [5]. 

 

6.2 Cost Analysis 

A detailed cost analysis was performed to evaluate the economic viability of the system. The components 

were sourced from local electronic markets and online retailers. The cost breakdown is presented in Table 

I. 

 

Table I: Cost Analysis of the Adaptive LED Display System 

 

Item Quantity Price (rs) 

    ATMEGA328P MC 1 100 

    Arduino Uno 1 700 

   74HC595 Shift Register 1 80 

 Jumper Wires  1 150  

 Resistors  8 10 

 12v Adapter 1 200 

Total - 1240 

 

The total cost of ₹ 1240 makes this system highly affordable for educational institutions, small businesses, 

and community centers, especially when compared to commercial digital signage solutions that can cost 

several thousand rupees. 
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Fig. 3: Output Display of LED Matrix Board 

 

VII. APPLICATIONS 

The adaptive LED display system developed in this work has numerous practical applications in various 

sectors: 

1. Educational Institutions: The system can be deployed in schools and colleges to display important 

announcements, exam schedules, event notifications, and motivational messages. 

2. Public Transportation Hubs: At railway stations and bus stops, the display can show arrival and departure 

schedules, platform numbers, and delay notifications. 

3. Corporate Offices: The system can serve as an internal communication tool, displaying meeting 

reminders, company announcements, and employee recognition messages. 

4. Retail Environments: Shopping malls and stores can use the display for advertising promotions, sales 

announcements, and directional information. 

5. Healthcare Facilities: Hospitals and clinics can utilize the system for displaying patient information, 

visiting hours, emergency alerts, and health awareness messages. 

6. Public Safety: The system can be deployed in public spaces for displaying safety instructions, weather 

warnings, and emergency evacuation information. 

7. Banking and Financial Institutions: Banks can use the display to show exchange rates, interest rates, 

service updates, and queue management information. 
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VIII. CONCLUSION 

This paper presented the successful design and implementation of an adaptive LED matrix display system 

using an Arduino Uno microcontroller. The system effectively addresses the limitations of traditional 

manual notice boards by providing a flexible, cost-effective, and energy-efficient solution for dynamic 

information dissemination. The key contributions of this work are: 

 

1. The integration of multiple display modes (static and scrolling) into a single, user-switchable system, 

eliminating the need for reprogramming. 

2. A detailed hardware and software methodology that demonstrates how to efficiently control an 8x8 LED 

matrix using multiplexing techniques. 

3. A comprehensive cost analysis showing that the system can be built for approximately ₹1320, making it 

accessible for a wide range of applications. 

 

The experimental results confirm that the system achieves clear text visibility, fast mode-switching 

response, and low power consumption. The system's simplicity and affordability make it ideal for 

deployment in educational institutions, public spaces, and commercial environments as a modern alternative 

to conventional notice boards. 

 

8.1 Future Scope 

 

The future scope of this project includes several enhancements that could further improve its functionality: 

1. Wireless Connectivity: Integrating Wi-Fi (ESP8266) or Bluetooth modules would enable remote message 

updates from mobile devices or web servers [4]. 

2. Larger Display: Expanding the matrix to 16x16 or 32x32 LEDs would allow for more detailed text and 

graphics, suitable for outdoor applications [5]. 

3. IoT Integration: Connecting the system to cloud platforms would enable real-time data display such as 

weather updates, news feeds, and social media notifications. 

4. Auto-Brightness Control: Incorporating a Light Dependent Resistor (LDR) to automatically adjust LED 

brightness based on ambient light conditions would optimize power consumption and improve visibility. 

5. Voice Control: Adding voice recognition capabilities would allow hands-free mode switching and 

message updates. 
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