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ABSTRACT: The 3D LED Cube (8×8×8 Matrix) project is a sophisticated embedded system-based visual display 

designed for dynamic and interactive lighting effects. Comprising 512 LEDs, the cube is controlled by a microcontroller 

system using multiplexing techniques, reducing the number of required microcontroller pins while enabling smooth 

animations. This 3D display provides depth perception, offering a more immersive experience compared to traditional 2D 

LED matrices. The system operates with a layer-by-layer scanning mechanism that creates a persistence of vision (PoV) 

effect, making the LEDs appear continuously lit. Transistor arrays manage current distribution, ensuring stable operation 

and preventing excessive load on the microcontroller. Pulse width modulation (PWM) is used to control LED brightness, 

offering energy-efficient power consumption and smooth intensity transitions. An infrared (IR) remote allows users to 

switch between pre-programmed animations, adjust brightness, and interact wirelessly. This design is compact, scalable, 

and customizable, making it ideal for embedded system education, artistic displays, and interactive lighting applications. 

The project highlights the potential of embedded electronics in creating modern, energy-efficient visualization systems. 

“Index Terms – 3D LED Cube, Embedded System, Multiplexing, Pulse Width Modulation (PWM), Interactive Lighting, 

Infrared (IR) Remote” 

1. INTRODUCTION 

The 3D LED Cube (8×8×8 Matrix) project is a modern 

and interactive embedded system-based display designed 

to produce dynamic three-dimensional lighting effects 

using a microcontroller. Comprising 512 individual 

LEDs arranged in a cube format, the system creates a 

visually immersive experience far beyond the 

capabilities of traditional 2D displays. By leveraging 

spatial visualization, this cube offers a unique platform 

for enhancing learning in electronics and embedded 

systems, as well as for digital art installations and STEM-

based educational tools [1], [6]. It serves as a creative 

and hands-on approach to understanding embedded 

design and real-time visual effects. 

At the heart of the cube’s operation is an efficient control 

system using multiplexing techniques, which 

significantly reduces the number of required 

microcontroller pins without compromising performance 

[2]. Multiplexing enables the microcontroller to scan 

each LED layer rapidly, producing a persistence of vision 

(PoV) effect where all LEDs appear illuminated 

simultaneously. This method allows for smooth, flicker-

free animations while maintaining low hardware 

complexity. Moreover, this scanning technique is 

essential for real-time applications and visual accuracy, 

which are fundamental in teaching embedded systems 

and programmable hardware platforms [1], [5]. 

To enhance user interactivity, the system integrates an 

infrared (IR) remote control, allowing wireless switching 

between various pre-programmed animations and 

brightness modes. This wireless functionality makes the 

system highly interactive and adaptable, promoting an 

engaging user experience [3]. The use of an IR remote 

also introduces learners and hobbyists to human-

computer interaction principles and remote signal 

decoding. The cube's brightness control is achieved 

through pulse width modulation (PWM), allowing fine-

tuned intensity transitions, reducing power consumption, 

and enhancing visual performance [2], [6]. PWM is 

widely recognized in embedded systems for its precision 

and efficiency, particularly in display and motor control 

applications. 
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Furthermore, the design includes transistor arrays that 

help manage current flow to each LED layer, thereby 

protecting the microcontroller from excessive current 

loads and enabling consistent brightness across the 

display. This aspect of the design reflects a strong 

emphasis on hardware safety and power optimization—

critical principles in the field of embedded electronics 

[4], [7]. As a compact, scalable, and user-friendly 

solution, the 3D LED Cube not only showcases modern 

circuit design techniques but also offers a practical, 

engaging platform for learning and creative expression 

in digital visualization and IoT environments [1], [6]. 

2. RELATED WORK 

In the realm of human visual perception, Davis [8] 

explored the concepts of auditory and visual flicker-

fusion thresholds as reliable measures of fatigue and 

perception limitations. His early study laid foundational 

knowledge on how human eyes perceive continuous light 

through rapid flickering, which is the core principle 

behind the persistence of vision (PoV) effect. This 

understanding is fundamental in LED display technology 

where rapid refresh rates create an illusion of constant 

illumination. Round [11], in one of the earliest 

discoveries, noted the emission of light from 

carborundum crystals, marking the discovery of the 

light-emitting diode (LED), which revolutionized the 

electronic display industry. This development sparked 

the progression towards the use of LEDs in compact and 

energy-efficient digital displays such as 3D LED cubes. 

Al-Masri et al. [12] introduced the concept of emerging 

hardware prototyping platforms as practical tools for 

interactive learning. Their study emphasized the role of 

prototyping kits like Arduino in enhancing the hands-on 

experience of learners in STEM fields. These kits 

promote interactive learning by enabling students to 

design, test, and evaluate embedded systems in real-time 

environments. The application of Arduino-based systems 

has gained significant traction in the development of 

programmable LED cubes due to their simplicity, cost-

effectiveness, and strong community support. 

Complementing this, Martin et al. [5] advocated for 

remote experimentation using Arduino-based 

laboratories, enabling students to control and program 

hardware remotely. This approach has directly 

influenced IoT-integrated LED cube projects where 

remote interactions such as infrared (IR) or Bluetooth-

based controls are common. 

Further expanding on learning methodologies, Boltsi et 

al. [6] surveyed digital tools and STEM-oriented 

learning technologies, noting that platforms integrating 

electronics, coding, and visualization effectively support 

Education 4.0 frameworks. Their findings endorse 

projects like smart LED cubes that combine embedded 

programming, creative design, and real-time control. 

Similarly, Becker and Park [13] conducted a meta-

analysis highlighting integrative approaches among 

science, technology, engineering, and mathematics 

(STEM) subjects. They argued that projects 

incorporating real-time programming and visualization, 

such as LED cube displays, substantially improve 

student engagement and conceptual understanding by 

linking theory to practice. 

On the subject of smart display systems, Gorecki et al. 

[3] proposed novel lighting mechanisms for intelligent 

LED-based IoT bulbs, which adaptively respond to 

environmental changes. Their intelligent lighting 

concepts form a basis for enhancing the functionality of 

LED cubes, particularly for smart home or interactive 

ambient display applications. The application of LEDs in 

smart infrastructure indicates the scalability of display 

cubes beyond educational or artistic uses. Lee et al. [4], 

while reviewing 3D-printed smart devices for use in 4D 

printing, introduced adaptive material-based systems 

capable of changing properties over time. Their work on 

physical transformation aligns with LED cube projects 

when considering future integrations with flexible 

printed circuits and dynamic displays for more 

interactive designs. 

Bogue [14] discussed the transformational impact of 3D 

printing in modern manufacturing, suggesting a shift 

from conventional subtractive methods to additive 

techniques. His work supports the integration of 3D 

printing in the structural development of LED cubes, 

enabling precise and custom-built frameworks for LED 

placement, wiring channels, and modular stacking. 

These advancements not only improve assembly 

efficiency but also enhance the aesthetic and mechanical 

robustness of the cube structure. In addition, Weller, 

Kleer, and Piller [15] revisited the economic implications 

of 3D printing in light of market structure models. They 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                         Volume: 09 Issue: 04 | April - 2025                            SJIF Rating: 8.586                                    ISSN: 2582-3930                                                                                           

 

© 2025, IJSREM      | www.ijsrem.com                                   DOI: 10.55041/IJSREM45375                                               |        Page 3 
 
 

proposed that the decentralization and customization 

offered by additive manufacturing make it highly 

suitable for prototyping electronic displays, including 

LED cubes. Their study underlined how such 

innovations democratize access to hardware prototyping, 

allowing students and makers to develop personalized, 

scalable electronic projects like the 3D LED cube with 

reduced cost and complexity. 

Tirumalasetty et al. [2], in their design and 

implementation of a 3D LED Cube, presented a detailed 

exploration of cube architecture, including layer 

scanning, control mechanisms, and animation rendering. 

Their model formed a blueprint for embedded system 

learners and hobbyists aiming to create programmable 

lighting displays. Their work emphasized hardware 

efficiency and introduced software control for animation 

generation, which is a critical feature in current cube 

projects. Supporting this, the SparkFun guide [9] and 

Makerspaces platform [10] introduced beginner-friendly 

documentation and tutorials on Arduino UNO 

programming, pin configurations, and component 

interfacing. These resources are vital for students and 

beginners developing interactive LED cubes, providing 

accessible, step-by-step implementation knowledge. 

Lazurik et al. [7] proposed a psychodiagnostic system 

based on information processing, which, although rooted 

in cognitive analysis, shares architectural similarities 

with embedded systems in terms of signal processing and 

user interaction. Their focus on system design and user 

feedback loops aligns well with smart LED systems that 

respond to user input, such as through IR remotes or 

environmental sensors. Together, these studies reinforce 

the educational, technical, and practical relevance of 3D 

LED cube projects, highlighting their value as platforms 

for both creative exploration and embedded systems 

education. The collective contributions of these 

researchers form a comprehensive backdrop against 

which the present project—developing a smart, energy-

efficient, remotely controlled 3D LED cube—has been 

conceptualized, offering both theoretical grounding and 

practical insights. 

 

 

3. MATERIALS AND METHODS 

The proposed 3D LED Cube system features an 8×8×8 

matrix controlled by a microcontroller using 

multiplexing and transistor arrays to manage 512 LEDs 

efficiently while minimizing pin usage and power 

consumption [2][5]. Layer-by-layer scanning enables 

smooth animations, leveraging persistence of vision for 

seamless display [8]. Infrared (IR) remote integration 

enhances user interaction by allowing wireless control of 

animation modes and brightness levels, eliminating 

manual reprogramming [6][12]. Pulse Width Modulation 

(PWM) ensures smooth brightness transitions and energy 

efficiency [3]. The modular design supports scalability 

and future upgrades without major architectural changes 

[14]. This system offers an interactive, cost-effective, 

and energy-efficient alternative to traditional LED 

displays, suitable for educational tools, artistic 

installations, and embedded system applications [5][13].   

 

“Fig.1 Block Diagram” 

The smart 3D LED cube project utilizes a 230V, 50Hz 

AC supply stepped down to 5V, 2A by a power supply. A 

main PCB, featuring an ATMEGA32 microcontroller, 8 

MOSFETs, and 8 D-latches, controls an 8x8x8 pixel 3D 

LED cube structure. This hardware foundation, 

combined with IoT tools (not explicitly shown), enables 

the creation of dynamic and interactive 3D visual 

displays controllable remotely.    

i) Components Used: 

a) Microcontroller: 

The microcontroller, such as Arduino Mega or ESP32 

(without Wi-Fi), serves as the brain of the 3D LED Cube. 

It decodes IR signals received from the sensor, processes 
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animation patterns using multiplexing techniques, and 

generates PWM signals to control brightness transitions. 

Additionally, it handles audio input for music 

synchronization features. Its versatility and real-time 

control capabilities make it ideal for managing the 512 

LEDs in the cube efficiently, ensuring smooth 

animations and seamless user interactions. 

b) IR Sensor Module: 

The IR sensor module, like the TSOP1738, enables 

wireless communication between the user and the LED 

cube. It receives infrared signals from a remote control 

and converts them into digital signals, which are 

processed by the microcontroller. Users can conveniently 

switch lighting modes, adjust brightness levels, and 

enable or disable music synchronization. This module 

adds an interactive element to the project by allowing 

remote access to various functionalities without the need 

to touch or reprogram the system. 

c) LED Cube Matrix: 

The LED Cube Matrix consists of 512 LEDs arranged in 

an 8×8×8 configuration to form a three-dimensional 

display. Each LED is precisely positioned to create 

dynamic lighting effects and spatial animations. 

Multiplexing is used to control multiple LEDs with 

fewer pins, reducing wiring complexity and enhancing 

energy efficiency. The cube supports interactive patterns, 

remote-controlled effects, and audio-responsive lighting, 

providing a captivating visual experience and 

demonstrating core concepts of embedded systems and 

digital visualization. 

d) Pulse Width Modulation (PWM) Circuit: 

The PWM circuit plays a key role in controlling LED 

brightness by altering the duty cycle of high-frequency 

on-off signals. A microcontroller adjusts the duration of 

time the LEDs stay on, enabling smooth brightness 

transitions and effects like breathing light. PWM is 

highly energy-efficient and avoids heat loss associated 

with traditional dimming methods. It allows precise 

control of light intensity and is essential for creating fluid 

and appealing visual animations in LED projects like the 

3D cube, especially when synchronized with user 

commands or music input. 

ii) Working Process: 

The working process of the 3D LED Cube revolves 

around a structured and real-time control flow managed 

by a microcontroller. Upon powering up, the system 

undergoes initialization where all essential modules—

including I/O pins, IR sensor, transistor arrays, and PWM 

control—are configured. The IR receiver constantly 

monitors input signals from a remote control, allowing 

users to interact wirelessly. When a button is pressed, the 

IR sensor sends corresponding digital signals to the 

microcontroller, which then decodes the command to 

determine the desired lighting pattern or brightness level. 

Based on this input, the system selects an appropriate 

animation sequence for execution. To display the 

animation, the cube uses a layer-by-layer scanning 

approach where only one layer of the 8×8×8 LED matrix 

is activated at a time. This rapid scanning creates a 

persistence of vision (PoV) effect, giving the illusion of 

a fully lit 3D cube. Brightness is controlled through pulse 

width modulation (PWM), where the duty cycle is 

adjusted to increase or decrease LED intensity smoothly. 

The microcontroller maintains this process in a 

continuous loop, enabling dynamic animations and real-

time user interactions. This systematic and efficient 

workflow ensures a visually engaging and energy-

efficient LED display suitable for both educational and 

creative applications. 

4. RESULTS & DISCUSSION 

 

Fig 2: Output of led cube 

The output of the 3D LED Cube project is a visually 

captivating, programmable 3D matrix of 512 

monochrome blue LEDs arranged in an 8×8×8 format. 

The cube displays a variety of dynamic lighting patterns 

and animations that appear to float in three-dimensional 
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space. These patterns are controlled by a microcontroller, 

which sequentially activates the LEDs using 

multiplexing and timing logic. The user can interact with 

the cube using push buttons or an IR remote (if enabled), 

allowing them to change patterns or reset the display. The 

final output is a fully functional, hardware-based LED 

cube that demonstrates real-time animation, pattern 

transitions, and precise control over a large LED grid, 

offering an eye-catching and technically rich 

demonstration of embedded system capabilities. 

 

5. CONCLUSION 

The 3D LED Cube (8×8×8 Matrix) project serves as a 

compelling demonstration of how fundamental 

electronic components and embedded system concepts 

can be integrated to create an interactive, visually 

engaging display system. By combining LEDs, 

microcontrollers, transistor arrays, and IR sensors, the 

project effectively showcases real-time control, 

multiplexing, and user interaction through wireless 

inputs. It allows users to experiment with animation 

patterns, brightness control, and layer scanning 

techniques, offering practical exposure to core embedded 

programming and circuit design principles. This hands-

on approach not only enhances technical skills in areas 

such as soldering, PCB layout, and signal processing but 

also fosters creativity in visual design and interactivity. 

The modular structure of the system ensures that it can 

be expanded and enhanced with features like music 

synchronization, Bluetooth connectivity, or additional 

sensor integration. Suitable for academic 

demonstrations, technical exhibitions, or hobbyist use, 

the cube offers both educational and aesthetic value. It 

stands as a scalable and cost-effective solution, 

emphasizing the importance of combining innovation 

with fundamental engineering knowledge. Ultimately, 

this project paves the way for further exploration in 

dynamic 3D visualizations, smart lighting systems, and 

interactive embedded applications. 
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