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Abstract. The article discusses creating an intelligent system for board games that combines
physical and digital interaction. The study aimed to develop a solution capable of automatically
tracking the position of game pieces on the board, transmitting data to a mobile application, and
highlighting certain sections according to a scenario in physical and virtual formats. The basis of the
development was the integration of modern technologies, including contactless data reading devices
and real-time interaction algorithms. The methodology included modeling a physical board using
PLA plastic, creating a display system based on addressable LEDs, setting up wireless
communication to synchronize components, and developing a mobile application to visualize
gameplay. The innovation of the solution lies in the hybrid approach to integrating physical and
digital gaming environments, which creates a new experience for users. The practical value of the
system lies in its adaptability and scalability. The solution will allow for the future creation of new
game scenarios, including procedural generation of the arrangement of pieces and the realization of
various types of events supported by visual indication. The proposed system can be applied in
entertainment and education, contributing to increased motivation and user engagement. Further
research can be aimed at implementing artificial intelligence algorithms to personalize the game and
analyze player behavior.

Keywords: interactive system, board games, visual display, mobile technologies,
entertainment, educational games.

Introduction

Board games are essential for developing logical thinking, social interaction, and creative skills.
They combine entertainment and educational value, reaching audiences of all ages. In the modern world,
their potential is actively used in education, where games help to model real-life scenarios, promoting
critical thinking, collaboration, and decision-making.

Digital technologies are transforming board games, opening up new opportunities for interactivity
by integrating physical and virtual components. Such games provide a personalized experience, adapt to
users' needs, and create favorable conditions for learning and entertainment by combining the best aspects
of traditional and digital solutions.

Problem Statement

Despite the active development of digital technologies, board games continue to be an essential part
of the entertainment industry. They create a unique atmosphere of social interaction and facilitate live
communication, which is not always possible with fully digital games. However, modern consumers
increasingly expect new interactive features from board games that integrate traditional experiences with
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the benefits of digital technologies. This demand creates the need for innovative solutions to make board
games more attractive, accessible, and technologically advanced.

One critical aspect of relevance is the use of interactive and augmented realities. The ability to
physically and virtually highlight the available moves greatly simplifies the gameplay for beginners while
opening up new opportunities for experienced players. It also makes board games more accessible for
people with special needs, such as players with limited vision or motor skills. In addition, such
technologies allow for integrating automation elements such as scoring or hints, significantly improving
the overall experience.

The growing popularity of hybrid platforms that combine physical and digital components confirms
the relevance of such developments. Products such as ChessUp or apps for HeroQuest demonstrate the
market demand for integrated solutions that add a technological element to traditional games. In addition to
the entertainment aspect, a system that tracks the position of pieces and integrates with a mobile
application creates new opportunities for learning, data collection, and analysis, which is essential in
educational and professional contexts [11].

It is important to understand that the development of an intelligent system for creating board games
promotes innovation in this area, allowing you to create your own educational and entertainment products.
This intelligent system not only meets users' needs for convenience and interactivity but also lays the
foundation for the further development of new-generation games that integrate physical and digital
experiences.

Review of Modern Sources of Information on the Subject of the Publication

The article considers the potential of using large language models (LLMs), such as GPT, to adapt
board games for learning. The researchers analyze the possibility of personalizing the learning process with
the help of intelligent systems that consider users' individual needs and learning styles. The main goal is to
integrate LLMSs to create adaptive learning content in games, allowing users to maintain interest and
improve their learning experience. The methods discussed in this article include:

e Tracking player behavior.
e Analyzing their decisions in the game.
e Applying machine learning algorithms to generate personalized tips.

Such approaches ensure the creation of adaptive content that corresponds to the player's current level
of knowledge and learning style. For example, using emotional and behavioral analysis helps improve
player interaction and motivation during the game

The study's results indicate the effectiveness of adaptive learning games using artificial intelligence,
especially for subjects with abstract concepts such as math or programming. The study demonstrates that
the use of Al approaches can significantly increase student engagement and performance and contribute to
the development of more complex game-based learning systems [1].

The article investigates the impact of board games on the development of multiple intelligences in
primary school students. The results showed that board games positively affect all aspects of multiple
intelligences, except for musical and physical intelligence, where improvements were observed in the
control group. This indicates that factors other than board games also influence these types of intelligence.
The study's conclusion shows the potential of using board games as a learning tool to increase students'
interest and motivation.

The study methods included a sample of primary school students attending after-school centers,
dividing students into experimental and control groups, measuring levels of multiple intelligences before
and after the introduction of board games, and comparing the results between the groups. The revealed
statistically significant difference between the groups demonstrates the increased effectiveness of board
games in developing students' intellectual abilities [2].

The article explores the use of board games as a tool for collecting data and analyzing algorithmic
influence in academic social media. The authors build on the tradition of studying board games in the
educational community but approach the issue from a new perspective by using games as a research
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method. As part of the study, they created a severe board game to analyze users' perceptions of algorithmic
mediation. The authors used SGDA (Serious Game Design Assessment) to develop the game. This
framework provides a structured approach to creating severe games, focusing on content, mechanics,
narrative, and aesthetics.

An essential part of the work was the challenges faced by the authors during the game's
development, in particular, the balance between the simplicity and complexity of the game, the need for
quality narration, and the risks of distorting the results due to the participants' strategies. The article also
discusses approaches to addressing these challenges and the types of data obtained through the game. In
conclusion, the authors emphasize the importance of choosing the target audience for testing, ensuring
simplicity of design and a strong narrative that allows for engagement and relevant data while minimizing
distortions due to "playing to win" [3].

The article explores students' creation of educational board games as a teaching method. The author
proposes a theoretical model of GEC (Games as Educational Challenge) to help understand how students
develop game tasks and solve specific dilemmas and difficulties in creating such games. The model is
based on previous research but adapted to analyze student design processes.

As part of a large project, GBL21 (Game-Based Learning in the 21st Century, 2017-2022), Danish
students in grades 5-8 from 19 schools used a design thinking approach to create game tools that solve
specific learning problems in such disciplines as math, Danish language, and science. The study pays
special attention to the task for the 5th grade, where students created a board game on the topic of
combating toxicity in online communication. The analysis through the lens of the GEC model revealed
three key aspects:

e Student involvement in the selection and development of game challenges
e The balance between game elements and educational goals
e The legitimacy of using board games in the context of academic subjects

The article highlights challenges and learning opportunities, contributing to a better understanding of

the complexity of educational processes through game design [4].

Objectives and Problems of Research

The main goal of this study is to create an intelligent system that combines the physical and digital
components of board games. The system should automatically track the positions of pieces on a physical
board, transfer this data to a mobile application, and highlight the available sections for movement both in
the virtual environment and on the physical board. This will simplify the gameplay for beginners and
increase the interactivity and engagement of experienced players. Additionally, the study aims to analyze
the impact of this approach on user interaction with games and assess the possibilities of integrating
physical and digital gaming experiences.

Among the key issues to be addressed is technological complexity: developing a reliable mechanism
for accurately tracking the movement of pieces and synchronizing data between the physical board and the
mobile application without delays. There is also the task of creating an intuitive interface that will not
overwhelm the user while keeping the game understandable for beginners and enjoyable for experienced
players. It is equally essential to ensure the system's adaptability to different types of board games, taking
into account their rules and mechanics, which requires flexibility in the design of algorithms.

Particular attention should be paid to the system's accessibility. It must remain financially accessible
to a wide range of users. In addition, a balance between automating the process and preserving the strategic
element of the game must be found to avoid oversimplifying the gaming experience. Solving these
problems is critical to successfully implementing a system that integrates the latest technologies into the
traditional format of table games.

Main Material Presentation

Developing an intelligent system for board games usually involves integrating physical and digital
components to create a modern interactive solution [5]. The main task is to ensure accurate tracking of the
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movements of pieces on a physical board and integrate this data into a mobile application for further
visualization and interaction. The main stages of the work included modeling the board, selecting
hardware, developing a mobile application, and implementing algorithms that ensure the system's
interactivity.

The process of creating the system relied on modern approaches to design and the use of available
technologies, such as 3D printing for manufacturing components, RFID readers for tracking the positions
of objects, and the ESP32 microcontroller for processing data and transferring it to the mobile application
(Fig. 1). These solutions were selected based on their functionality, reliability, and ability to provide real-
time integration of physical and digital components [5].
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Fig. 1. Block diagram of the system

One of the first steps was to model the physical board. A round shape with seven sections was
chosen to ensure versatility and ease of design. This structure was necessary to integrate RFID-RC522
mini readers, which measure 25 x 37.3 mm (Fig. 2.1). The height of the lower part of the board was set at
1.5 cm, and for the middle part, disks with a thickness of 0.4 mm and 1 mm were printed, which have
different effects on the level of light transmission.

/"

art

—

Fig. 2.1. Prototype whiteboard in Autodesk Fusion 360 Fig. 2.2. The process of printing a p

3D printing was used to manufacture the board, which ensured precision in production and quick
verification of experimental models (Fig. 2.2). The upper part of the structure was created to reproduce the
depth of the playing field and, thanks to the walls for each section, a specific concentration of light emitted
by the LEDs during illumination was achieved. This enabled the players to achieve the required level of
display visibility.

The system's effective operation depended on the right choice of hardware. The key requirement was
to ensure communication between the physical board and the mobile application. The ESP32 was chosen
as the microcontroller, which is characterized by built-in Wi-Fi and Bluetooth modules. These features
provide data transfer directly to the mobile device, making the system more flexible and easily integrated
with additional software solutions [6].

RC522 mini RFID readers were chosen to track the board's status. These devices work with
ISO14443A tags at a frequency of 13.56 MHz, providing a reading range of up to 5 cm. The use of
Ntag215 tags with 512-byte memory allowed it to store additional data for each game piece, allowing for a
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flexible approach to identification and interaction in the system [7].

The WS2812B LED strip was used to visually indicate the board's state: each LED corresponds to a
separate section, which simplifies the recognition of potential moves during the game. All components
were assembled into a single system that ensures full integration of physical and digital elements [8].

To work with several RFID readers in the system, you can provide for the use of a multiplexer (for
example, CD74HC4067) in cases where the number of free microcontroller pins to control SPI devices is
not enough. The multiplexer allows you to switch SS lines between several readers, which makes it
possible to connect up to 16 devices through a single set of pins. This approach ensures the system's
scalability, allowing you to quickly expand the number of readers without significant changes in the
structure (Fig. 3).
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Fig. 3. Schematic diagram of the prototype using a multiplexer

Integrating physical and digital components in hybrid board games provides new opportunities to
improve user interaction with gaming systems, mainly through two-way communication between physical
game sets and digital platforms. This allows automating and adapting game processes following real-time
and game conditions, essential for interactive games with high-accuracy rules and mechanics. In this
context, an essential component is ensuring synchronization between the game's physical elements and the
digital interface, which allows for effective feedback and adaptation of game actions [9].

We developed a mobile application that provides interactivity between a physical board and digital
objects to implement this approach. The application is built on the Kotlin programming language for the
Android platform, which allows the use of the specific functionality of this platform to optimize the user
experience [10]. The central function of the application is the creation of a "label-image" pair, which
allows you to link physical figures to virtual representations using NFC and RFID technologies (Fig. 4).
This makes it possible to scan the tags both through the built-in NFC module in the mobile device and
through RFID readers on the board, which allows the system to be adapted to different user hardware
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configurations.
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Fig. 4. The developed application for interaction with the physical field

Results and Discussion

To test the prototype's functionality, we assembled it and tested the interaction between the physical
board and the mobile application (Fig. 5.1). After selecting a piece in the application; the system activated
an algorithm for determining the available moves for a given piece. The result was displayed in two ways:
in the application, the virtual board highlighted the available sections, and on the physical board, the
WS2812B LEDs highlighted the corresponding zones in red (Fig. 5.2). This synchronized visualization
provided easy navigation for users.

‘ )
Fig. 5.1. View of the prototype in the disassembled version Fig. 5.2. Synchronization between the application
and the physical system

Conclusions

During the work, a prototype of an interactive system for board games was created, which uses
RFID technology to accurately track the position of game pieces on a physical board. The physical board
sections are illuminated with LEDs according to the allowed moves, and the mobile application displays
this in a virtual form, ensuring synchronized interaction between the components. The interactivity
supported by LED indication can significantly increase player engagement, providing visual support for
beginners and new strategies for experienced players.

85



Volodymyr Bukovskyi, Andriy Zdobytskyi, Krzysztof Pytel

The developed system has a high potential for scaling. Thanks to procedural generation, creating
unique game scenarios, such as dynamic placement of pieces, integration of random events, or
customization of rules for specific game conditions, is possible. The system, combined with the capabilities
of the mobile application, can be helpful in entertainment and education, particularly in teaching
algorithmic thinking and financial literacy or developing teamwork skills. This approach opens new
prospects for integrating digital technologies into next-generation board games.
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PO3POBJIEHHS TA TOCJIDKEHHS IHTEJIEKTY AJIbHOI CUCTEMU JJ151 CTBOPEHHSI
HACTUIIBHUX IT'OP
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AHoOTanig. Y CTaTTi ONHMCaHO CTBOPEHHS 1HTENEKTYaJIbHOI CUCTEMH JUIsl HACTUIBHUX irop, SIKa MOEHYE
¢isnuny Ta mudpoBy B3aemomiro. JlOCTiKEHHS Mallo Ha METi PO3POOUTH DIIICHHS, 3J]aTHC aBTOMATUYHO
BiJICTE)XYBAaTH ITOJIOKEHHSI irpoBUX (iryp Ha JOII, IepeaBaTH JlaHi B MOOUIBHUN JOIATOK i BUIUIATH IEBHI
TMUISHKHM BIiOBIAHO 1O CIEHapit0 y (i3UUHOMY Ta BipTyaibHOMY (opmaTtax. OCHOBOIO PO3pOOKH cTasia
IHTeTpallisi Cy4acCHUX TEXHOJIOTiH, BKIIIOYAOUM MPUCTPOI OE3KOHTAKTHOTO 3YMTYBAHHS JAHWX 1 alTOPHUTMH
B3a€MOii B pealbHOMY 4aci. MeTo10J10Tisl BKITIOYaia MOJETIOBaHHs (i3MYHOI IU1aTH 3 BUKOpUCTaHHAM PLA-
IUTACTHKY, CTBOPEHHS CHUCTEMH BiJIOOpaKeHHS Ha OCHOBI aJpECHUX CBITJIOZIONIB, HAaJalITyBaHHS
0e3IpOTOBOTO 3B’S3KY Ul CHMHXPOHi3allii KOMIIOHEHTIB 1 po3po0OKy MOOIIBHOTO NOAATKY ISl Bi3yauizarlii
irpoBoro mporecy. [HHOBawisi pimieHHs Toysirae B TiOpuaAHOMY migxoni mo iHTerpaumii ¢izuyHOrO Ta
nu(poBOro irpoBOrO CEPEOBUINA, II0 CTBOPIOE HOBUH JOCBIJ s KOpHCTyBaduiB. [IpakTW4HAa I[iHHICTH
CHCTEMH HOJIATae B i aJaTHBHOCTI Ta MaclITabOBaHOCTI. PileHHSA N03BOJINTH y MaiiOyTHROMY CTBOPIOBATH
HOBI ITpOBI ClieHapii, BKIIOUAOuM MPOLEIyPHY TeHepallifo po3rairyBaHHs (Giryp i peajiizaiilo pi3HUX THIIIB
NOJIH, IO MATPUMYIOThCS Bi3yaJbHOIO IHJMKAIi€r0. 3alpoNOHOBaHY CHCTEMY MOYKHAa 3aCTOCOBYBAaTH B
po3Barax i OCBITi, CHPHIOYH ITiJBUICHHIO MOTHBAIIIT Ta 3aIyueHoCTi KopucTyBaiB. [loganbi 1ociipKeHHs
MOXYTh OyTH CHpPSMOBaHI Ha BIIPOBA/KEHHS JTOPUTMIB LITYYHOTO iHTEJIEKTY JUIs IEepPCOHANI3alil IpH Ta
aHaJIi3y MOBEAIHKH I'PaBIIiB.

Kuo4oBi cjioBa: iHTEpakTHBHA CUCTEMa, HACTUIBHI iTpH, Bi3yalbHHUH AWCILIENH, MOOLIBHI TEXHOJIOTII,
poO3Baru, HaBYaJIbHI irpy.
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