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Abstract

The main goal of this work is to develop an algorithm for visual presentation of information
through light in three-dimensional space. The problem of controlling a large number of
digital outputs at the same time using a very small number of control signals is considered.
A single-chip microcontroller Arduino Atmega 328 is used as a processor in a control unit
(CU). The control unit is implemented based on shift registers. A physical structure of
LEDs is also implemented as an executive device (LED matrix). Remote control is done
using a Bluetooth module, and software (for controlling the Arduino chip) is added to
control the LED matrix. The matrix consists of a total of 125 LEDs, forming a structure of
5 x 5 x 5 LEDs representing a three-dimensional “screen” through which information is
presented. The software environment for developing applications specifically for Arduino
is used for the software, namely Arduino IDE. The proposed implementation achieves
a low-cost 3D display architecture controlled by a voice-controlled volumetric interface.
Based on the shift registers used, effective control over the entire 3D visualization system
is achieved.

Keywords: three-dimensional; Arduino Atmega 328; through light; LED matrix

1. Introduction

A light field (LF) is a concept that describes multiple light rays propagating in free
space. By combining some of these rays, new views can be generated and three-dimensional
(3D) information can be extracted. One of the variants is the stacked 3D LF—a structure
obtained by superimposing several 3D LFs, which allows the viewpoint to be freely moved
over a wide range. However, the 3D LF is a relatively simple structure and its application
is limited due to the insufficient number of vertical light rays. In the paper [1], an effective
approach is proposed to estimate the vertical discrepancy between individual 3D LFs in a
stacked 3D LEF. This discrepancy can serve as key information to overcome the limitation.
The main contribution is the definition of a pair of light rays within the stacked 3D LF. The
rays in such a pair have a common foreground and background, and the difference between
them is only in the vertical. On this basis, an efficient method for image reconstruction for
the purpose of mismatch assessment has been developed. The method reconstructs the
reference image by connecting all rays that form pairs with rays from the target image in a
neighboring 3D SP.
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The study [2] presents the development of a low-cost, energy-efficient lighting system
in the form of a 3D LED cube (8 x 8 x 8), capable of displaying various patterns, symbols,
letters, and numbers with different time delays set according to user selection. The key
contribution is the control of a total of 512 LEDs using only three Arduino output (control)
pins with a supply voltage below 5 V. The structure is implemented by grouping 64 cathodes
into frames and eight anodes into lines, where the combination of eight frames and 64 lines
forms the cube.

In[3],an 8 x 8 x 8 LED cube system controlled by the STC89C52RC with the 74HC573
and ULN2803 is proposed. It improves stereoscopic perception compared to 2D LED
displays and enables both static and dynamic content suitable for informational and
decorative applications.

In paper [4], a visible light communication (VLC) system based on an LED cube
display is developed. The system can display content and transmit data simultaneously,
with a data rate of around 400 kb/s.

In [5], LECAVE is presented, an interactive 3D display system built from visualization
and interaction modules. In terms of display, a multi-screen light field model is developed,
which includes multiple LF displays for users and allows smooth presentations on multiple
screens. Compared to traditional single-screen configurations, the system provides a wider
viewing angle and allows for observation by a larger number of viewers.

Light field (LF) is a relatively simple concept, as it creates new views by combining
pixels from images. 3D LF treats light rays as passing through a line rather than a plane,
which makes them easier to capture. In [6], a method for LF rendering in a 3D LF built
from 360° images that maintains a maximum field of view is proposed.

The study [7] examines a static volumetric (SV) three-dimensional (3D) active-matrix
display (AMD) built on a bus-based architecture with a one-dimensional (1D) connection.
This 1D connectivity enables easier implementation by reducing both the physical structure
and the electrical interconnections of the 3D display. In the bus-based display system, each
light-emitting diode (LED) is activated or deactivated according to the frame rate of the
video signal.

In [8], the development of a volumetric display system with a piston-driven moving
screen and DMD-based projection of 2D slices is described, where software compensates
for optical magnification and a microcontroller synchronizes the processes. The system
achieves 12 3D frames per second with 90 layers per frame and about 20 million voxels,
with slight flicker observed, but the result remains visually acceptable.

An extensible modular system of LED cubes combined with a game engine for
example-based learning has been developed [9]. The modules are implemented as stackable
LED cubes using Arduino development boards, and their scalability and inter-module
communication are achieved via Bluetooth or WiFi. A communication interface package
between the Arduino control module and the game engine is created, enabling content data
exchange and real-time interaction.

2. System Implementation
2.1. Implementation of the Three-Dimensional Cube

An LED cube composed of blue diffuse LEDs with dimensions 5 x 5 x 5 is imple-
mented. The implementation of the cube is based on a common cathode type circuit for
each of the five layers. Four 74HC595 shift registers are used, which gives up to 32 outputs,
with the ULN2803 transistor assembly connected to the first five outputs, which provides
enough current for each of the layers. The remaining 25 outputs of the shift registers are
connected via resistors in the vertical LED columns. To control the entire LED cube, an
Arduino AtMega 328 is used, which provides enough digital inputs and outputs, as well
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as analog inputs that can be used to control the duration of displaying the image on the
cube or to adjust the speed of changing between images. Power is provided by an external
power supply with a maximum current of about 3A, which is more than enough for all
LEDs to work without worrying about any possible problems. A universal printed circuit
board is used for the correct placement of all elements.

2.2. Basic Block Diagram

The main modules in the construction of the system are given in Figure 1.

PC block Arduino block Bluetooth block

Control and image
¥ generation block

Power Supply unit Cube block Smartphone block

Figure 1. A block diagram of the system.

e  PC block—the computer configuration must have Arduino IDE software, version 2.3
installed.

e Arduino block—in the specific implementation, Arduino AtMega 328 is used, which
provides five analog inputs and fourteen digital inputs/outputs, completely sufficient
for the needs of the system.

e  Power supply unit—When choosing, the operating constant voltage that the power
supply unit must provide must be taken into account. In this case, it must be between
5 and 12 volts, and the current must be above 1A for the correct and safe functioning
of the entire system. The use of an external power supply unit also provides protection
for the USB port of the computer to which the controller is connected.

o  Bluetooth block—This is an additional module, which is not mandatory, but is used
to expand the functionality of the system. It provides the possibility of remote
control, such as from a mobile phone. There are a variety of Bluetooth modules,
and in practice their application is the same, and they differ only in the maximum
data transmission speed and the maximum transmission distance. In practice, the
implemented system does not need high indicators of these two characteristics,
which is why it is possible to use any available Bluetooth module or purchase the
most financially advantageous one. The Bluetooth module can operate at 3.3 volts
or at 5 volts, and in this case, it operates at 5 volts.

The JU-MCU module (Figure 2) was used, thanks to which it is possible to remotely
change the images that will be visualized on the cube using a smartphone.
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Figure 2. Simple Bluetooth module.
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Smartphone block—Here, all that is needed is a smartphone that is under the control of
the Android operating system above version 4.0 and with AMR Voice software version
1.0 installed (Figure 3). This program records the spoken word in real time, converts it
into a text string and sends it via Bluetooth to the phone. For proper functioning, it
is necessary to connect the phone’s Bluetooth to the system’s Bluetooth beforehand.
After establishing the connection, the phone’s program automatically sends the spoken
word in the form of a string to the Bluetooth module, and from there it goes to the
Arduino microcontroller. There, through it, the images will be remotely changed.

$23:3339% WD)

® AVR_Voice

Android Meets Robots !

Talk to Your Robot
Click belowto Speak!

Connect Robot
BluetoothSettings

APP Info

Figure 3. A view of the AMR Voice smartphone program.

Control block and image generation—This is perhaps the most essential block in the
entire system. Here, the signal coming from the Arduino block is converted into one
that is convenient for visualization. This block is a set of four 74HC595 shift registers
and a ULN 2803 transistor assembly, which make it possible to obtain 125 different
outputs that can control each of the LEDs.

Cube block—A connection is implemented between 125 blue diffuse LEDs, using
an organization in layers and columns (Figure 4). One layer is formed by 25 LEDs
connected to a common cathode, and one column is formed by the same number
of LEDs from five different layers connected to a common anode. An additional
copper wire is used to build the cube, which serves to increase the distance between
individual LEDs.
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Figure 4. The construction of the LED cube.

2.3. System Operation

The operation of the LED cube system is associated with the implementation of several

basic things:

1.

Visualization of statically entered images for a certain time and subsequent display of
another image. In this mode, the blocks—PC, Arduino, Power supply unit, control
unit and image generation—and cube take part. The images to be displayed are
loaded from the PC to Arduino, after which the control unit converts the signal so
that the observer can perceive the exact image from the LED cube.

Visualization of a statically entered image with variable speed of movement. The
blocks used here are the same as those mentioned above, with the speed change being
achieved by a potentiometer placed in the control unit. In this way, the user can
change the speed of the animation in real time.

Visualization of text written in real time. This functionality allows the user to enter
any text they want and see it displayed on the LED cube in real time. The input
language is English, due to hardware limitations, but there is also the possibility of
entering numbers from zero to nine. To obtain the ability to enter text in real time, the
serial console in the Arduino IDE development environment is used. Hardware-wise,
all blocks from the above block diagram are involved here, except for the Bluetooth
block and the smartphone.

Voice control via smartphone of the statically entered programs. Here, the user is
given the opportunity to control the system using their mobile phone. By pronouncing
certain words, the user is given the opportunity to change the individual images to be
displayed. In order for this functionality to be possible, absolutely all blocks from the
block diagram must participate.

3. Experimental Results

3.1. Controlling the Animation Speed

To implement this functionality, it is necessary to additionally include a potentiometer.

It is connected to one of the analog inputs provided by the Arduino board. In this way, its

reading is read every millisecond and the user is given the opportunity to use the values

obtained in real time. The basis of displaying images in the LED cube is based on the

speed of displaying and hiding a given image. If this speed is slowed down, a completely
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different image can be obtained than what was at a faster speed. Programmatically, this
speed is adjusted by interrupting the program execution using the delay(ms) function,
where ms is the value for which Arduino should interrupt the program. In the case when
the speed changes in real time relative to the potentiometer readings, the value taken from
the potentiometer simply needs to be set as an argument to delay. This is done by first
reading the data coming from the analog input with analogRead(potPin), where potPin
is the analog pin to which the potentiometer is connected. The results are the ability
to change the speed of movement of a pre-drawn object—in this case a mini cube with
dimensions 2 x 2 x 2, which is pre-programmed to move along a certain path. By using
the potentiometer, the user is given the opportunity to determine exactly how long this
movement should take.

3.2. Displaying Text Entered in Real Time

To obtain this functionality, the serial port is used, through which data is transmitted
and received (in this case USB).

In the program for displaying text that the user enters in real time, it is necessary to
have previously entered how each letter is lit (Figure 5). The recognition of the letters
themselves is done by ASCII code and separate functions are written based on it, which
light up the cube, so that the letters of the Latin alphabet and numbers become readable.
As an addition to the initialization of the program, a global variable is added, which stores
the value entered by the user.

ldr_test_01§
light_status = 0;
if (val>10) {

light_statug
}

com?

// print the ]
if (light_stay ias
if (light_sq|[...
count = cg

Serial.pri|_
if (county|189
count = |[|---

) .
} 191
if (light_sf|...
Serial.pri

}
| 3 Autoscroll |Noline ending v | |9600 baud

// save the old light status
Il light status old = light_status;

< il

Figure 5. Arduino serial monitor.

Arduino IDE allows use of the Serial Monitor functionality, through which the user
can enter text that reaches Arduino as a sequence of ASCII code. There, in turn, ASCII
code recognition and functions that respectively display the correct symbol have been
implemented. To increase the effect, an animation has been implemented, with the symbol
initially displayed from the bottom and then moving up the layers. If the user enters a
word or sentence, the display begins letter by letter, with each letter remaining visible for
one second, which is quite enough to understand what has been entered. In addition to

https:/ /doi.org/10.3390/engproc2026154063


https://doi.org/10.3390/engproc2026154063

Eng. Proc. 2026, 154, 63

7 of 9

Latin letters, it is also possible to display the numbers from 0 to 9, as well as “-”. As an
example, you can see the letter C displayed (Figure 6) and then the letter N (Figure 7).

Figure 7. Depicting the letter “N”.

3.3. Voice Control of Various Animations Using a Mobile Phone and Bluetooth

To implement this communication, both sides must be considered. On the mobile
phone side, an Android operating system and a program that converts the voice command
into a text string, such as AMR_Voice, are required. On the system side, Bluetooth is
connected to the pins for sending and receiving information in Arduino. In the program
that manages all this, there is a serial receipt of information, this time via Bluetooth. A
whole byte of information is read, which is each of the words that the user has spoken in
the application. In order to control or, more precisely, change the programs that are being
executed, it is necessary to check for a match to the string of words and, accordingly, to
start a different function (Figures 8 and 9). The expected result is that when each of the
numbers from one to ten is spoken in English, Arduino will start a different program for
execution, i.e., a different image.

https://doi.org/10.3390/engproc2026154063
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Figure 9. Displaying program number 2 from voice control.

4. Conclusions

In the presented article, a fully functional and working system has been built, which
gives the user the opportunity to present information visually and control it remotely
in several different ways. The system is implemented in several separate modules. For
the implementation of the LED cube itself, blue LEDs with diffuse lighting and a size
of 5 mm were selected as the most suitable, on the basis of which the LED matrix with
dimensions of 5 x 5 x 5 LEDs (a total of 125 LEDs) was implemented. In the process
of making the LED matrix, a decision was made for the distance between the individual
LEDs (implementing pixels in the structure) to be 2.5 cm and an auxiliary matrix (layout)
was made for the exact positioning and soldering of the individual diodes. The Arduino

https:/ /doi.org/10.3390/engproc2026154063
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Atmega 328 microcontroller was chosen to supply the control signals due to its speed of
operation, accessibility, and numerous tutorials for working with it on the Internet.
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