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In this work a specialized game system based on the Arduino Uno microcontroller was
designed. The concept of the indie project was developed, and the implementation in the form of
interacting modules within the framework of a single system was also presented. The system
consists of three interfaces that interact with each other and can be expanded in the future. The
project has all the necessary characteristics of a computer system, which are divided into several
sections. Necessary accompanying documentation with a detailed description of capabilities,
characteristics of the system, etc., has been created. The developed concept, as well as the
possibility of its comparison with existing developments, allow to determine its advantages,
disadvantages and potential areas of improvement. Further implementation helped to better
appreciate all stages of game development, as they were closer to reality.
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Introduction. In recent years, the unprecedented growth of computer technology has
revolutionized various aspects of human life, including entertainment and gaming. One
remarkable field that has seen significant advancement is the design and development of
specialized game computer systems [1,2]. These systems cater to a diverse range of gaming
enthusiasts, offering unique experiences and immersive gameplay.

For many, the world of games becomes a communication bridge and possibly the only
way to interact with other people. Furthermore, computer games allow for faster and better
perception of new information and improve coordination of movements. Many gaming projects
are used for educational purposes [3-5]. The results of new studies increasingly support the
significant benefits of games, such as increased gray matter and improved brain activity,
among others. Emerging technologies such as virtual reality represent exciting new
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opportunities not only for the gaming sector, but for different simulators (medic, military,
engineering, etc.).

However, it cannot be claimed that games are solely a positive factor. It is evident that
everything depends on the individual, the environment, the time allocated to gaming, and, of
course, the purpose behind playing them.

Game development is a complex process that involves several stages [6-8]. In general,
they can be categorized into several steps, starting with the design phase (generating ideas,
choosing the genre, theme, and storyline, etc.). The testing phase is obviously a crucial point
(closed, open, etc.). The industry involves many professionals with different roles, ranging
from programmers who write code to managers, graphics specialists, and composers. Indie
projects refer to video games that are created without the involvement of major publishers.
Typically, these are either free games or games available for a “symbolic” fee. They are
usually small in size and spread rapidly. Moreover, the relative simplicity of the project allows
for quick modifications to game elements and rapid release to the market.

Such games are characterized by innovative ideas or revolutionary approaches to genres.
One of the best examples of those products — Vampire Survivors. Created by one person it
follows last trends: new updated, gamers involvement, immersive content.

Clearly, lacking sufficient resources to sustain a large development team and achieve
popularity, the only practical way to explore the game development process is by creating one's
own product while maintaining all the main stages of development. An indie game can serve as
such a product.

Among the vast array of platforms available, the Arduino Uno, a versatile and widely
adopted microcontroller board, has emerged as a promising candidate for creating specialized
game computer systems. The Arduino Uno's flexibility, ease of programming, and cost-
effectiveness make it an attractive choice for hobbyists and developers alike, opening up new
possibilities for gaming innovation.

In this scientific article, we present a comprehensive exploration of the concept and
implementation of a specialized game computer system based on the Arduino Uno platform.
Our research delves into the fundamental components and functionalities that constitute such a
system, addressing the challenges and opportunities that arise during its development.

The primary objective of this study is to investigate the capabilities and limitations of the
Arduino Uno as a game computer system, with a focus on achieving optimal performance and
providing an engaging user experience [9-11]. We aim to demonstrate the potential of this
platform for creating unique and interactive gaming experiences that align with modern gaming
expectations.

To achieve our research goals, we have undertaken an in-depth analysis of the Arduino
Uno’s hardware specifications, processing capabilities, and memory resources [12].
Furthermore, we have developed and tested a prototype game computer system that showcases
the feasibility and potential of the platform.

In the subsequent sections of this article, we will discuss the related work in the domain
of specialized game computer systems, explore the design considerations for implementing
gaming functionalities on the Arduino Uno, and present the development process of our
prototype system. Additionally, we will conduct performance evaluations, considering factors
such as frame rates, latency, and power consumption.

This article aims to shed light on the capabilities and prospects of specialized game
computer systems based on the Arduino Uno, highlighting their relevance in modern gaming
scenarios.
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Methodology. The best way to learn about indie game development is through creating
your own project, preferably without using ready-made game engines, which would simplify
the development process on one hand but impose certain limitations on the other. Source
analysis has shown that simply creating a game is not enough for a successful indie project. In
order to appeal to users, they need to be interested in the product. Therefore, in addition to
developing the game itself, it is necessary to create specialized controllers that will enhance
integration into the gameplay and also develop a web application that can attract a wide range
of potential players.

Thus, a system created from scratch will encounter most of the processes and issues that
arise during the development of similar products.

The main goal of developing the system is to create a complete product with
accompanying documentation, and based on it, research the development processes.

Steps to a achieve: investigate game market, create tech requirements and test plan, create
scheme, start development phase, test all system components isolated and integration, update
test documentation, create .exe, support.

Results and discussion.

The system should meet the following requirements: 1) implementation of multiple
interfaces with the ability to interact with each other. Mandatory interfaces include a web
resource and a desktop application; 2) conducting testing (unit, manual, etc.) of the developed
system as a whole, as well as its individual components; 3) scalability of the system; 4)
utilization of design patterns; 5) providing access to view the development stages; 6)
development of supporting documentation for the created computer system.

Fig. 1 shows a simplified diagram of the entire system. The desktop application will be
the central component of the system, interacting with other elements such as the web
application and the system controller.

Web
application

Desklop Lo o System
application contoller

Fig. 1. Simplified scheme of the system

It is expected that the controller is not a mandatory component of the system.

If the port to which it should be connected does not send the corresponding signal, the
user will control the game process using a standard keyboard. However, if the controller is
connected, all in- game interactions with the keyboard will be ignored. Since the controller also
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serves as a score counter, it is necessary to consider delays in data transmission and
synchronization between the components.

The web application, on the other hand, will have no direct relation to the controller and
will serve as an auxiliary service for hosting necessary information and storing game results.
Reverse communication will be implemented through "pulling” the results table into the
desktop application. The desktop application itself will process input signals, send output
signals, and manage its processes.

For a better understanding of the processes and connection of all components of the game
joystick, an electrical functional scheme was developed (Fig. 2). It consists of several
interconnected components: Arduino Uno R3 - the computational component of the entire
controller, an analog stick, a touch sensor button, LCD and TFT displays.
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Fig. 2. The electrical functional diagram of controller

The scheme was created in several stages. Each stage involved the addition of an
additional component. Thus, at the beginning, the analog stick was connected: it receives GND
and VCC and transmits the current position of the stick. Next, the touch sensor was connected.
With this set, testing of the controller could already be carried out.

An 12C adapter was used to connect the LCD display, which allowed saving a significant
number of outputs on the board. In turn, the adapter is connected to the display itself with
corresponding pins. The TFT display is a rather sensitive element, so it is powered by 3.3V,
and other pins are connected to the respective digital pins, which need to be declared in the
firmware code in the correct sequence.

As a result, only 2 elements have feedback with the computational center - the analog pin,
which signals the button press and continuously transmits its current position through analog
pins, and the touch sensor button.

The implementation of the controller itself took place in several stages, each of which
involved the installation of an additional module and writing an additional code fragment
enclosed in a function. Thus, to change the functionality of a specific module, you need to
work with a specific function.

The most non-obvious was the implementation of signal transmission for movement: all
possible positions of the stick (within a radius of 512 units) were divided into 9 sectors. Each
sector corresponded to a certain direction (up, down, left, right, intermediate movements -
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simultaneously up and left, idle state). Thus, in each iteration of reading, the desktop
application received values indicating the necessary movement of the user's game object.

After reading the position of the stick, the main check takes place: if the position
corresponds to the idle value, a decision is made to transmit a "null" value (indicating that the
controller is in a state of rest) or to transmit a signal for movement in the corresponding
direction. The entire physical controller can be seen in Fig. 3.

Fig. 3. The controller of designed system

One of the key decisions was to check the port with the controller. Therefore, the desktop
application was designed to receive data from the keyboard if the controller was not connected,
or from the controller itself. This way, the user does not have to worry about controller
settings.

Desktop application is a game of interaction of objects with each other with a refresh of
the screen, with a frequency set by the bitrate. In the center of the application is a ship with a
certain amount of HP. The game continues until his health reaches 0. The player has the ability
to control the ship in all sides of the 2D world, as well as perform a shot. Enemy objects with a
predetermined trajectory can hit the ship, reducing its HP. There is a system of bonuses,
counting points, saving the last ones. The graph diagram of the algorithm of the functioning of
one object for one bitrate is presented in Fig. 4.

The implementation of the web application is specific, as a significant part of the
development was dedicated to design decisions (the absence of a background). At the initial
stage of development, a menu was created for navigation between website pages.

The website is responsive, meaning that the sizes of the menu and other elements adjust
to any screen resolution, allowing users to access the website on computers with different
screen sizes.

Additionally, the website features a leaderboard table that is updated according to the
results from the desktop application. Part of the web application can be seen in Fig. 5. As you
can see, text and menu options (icons and text on left side of screenshots) changed dynamically
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due to monitor resolution. It makes app user-friendly and avoid issues which depends on user
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Fig. 4. Algorithm of functioning of one object for one bitrate

The desktop part is a rewrite of an existing screen with positions of various game objects
that can interact with each other. In addition, all processes are tied to an internal refresh timer,
which allows for data retrieval/transmission with the controller, avoiding various queues and
delays.
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Fig. 5. The web part window of designed system

The desktop application, utilizing a range of design patterns, allows for quick addition of
new objects and modification of existing ones, enabling the user to directly influence the
gameplay through configuration files. Fig. 6 contains one of frames of the desktop application.

Press any key to start

Fig. 6. The desktop part window of designed system

To include users in game process deeply, current concept support using custom game
models. If user want to change any of item, all that it has to do — create his whole folder with
appropriate images and change targeted path in config file. After this all item will use new
models. Manual testing was conducted for all components individually, as well as
integration/system testing.

For testing, we used our own documentation, as well as the TestRail platform. In addition,
the built-in test system of Visual Studio allows you to describe auto-tests yourself and check
them directly in the development environment.

Testing is divided into: manual (functional), automation. For testing the Web-application
(Fig. 7), the IDE capabilities were used to make sure that the loaded page contains the expected
data.
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Fig. 7. Web-application testing

Desktop and hardware interfaces (Fig. 8) were tested in manual mode, since their
interaction is quite easy to assess visually.
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Fig. 8. Desktop application (a) and the game controller testing

The obtained research results can be used in further studies of the gaming industry. The
developed project can be expanded, and the documentation created during the development
process can be modified. For example, another software product can be developed using
different concepts (such as using ready-made game engines, open-source applications, etc.),
testing methods, technologies, and workforce, and the results can be compared to identify
differences.
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Regarding the further expansion of the product, it is possible to increase the number of
gameplay mechanics, create sandbox environments, levels, and provide more freedom to the
player (even involving them in the development process, allowing them to design their own
levels, units, etc.). Add possibility to create new units with unique model view, parameters and
trajectory, so it will become simple game sandbox.

Additionally, one can attempt to release the project on a gaming platform and continue
researching the life cycle of the game product during the release and support stages.

Conclusion. The result of the work is the developed concept of an indie project according
to the given task specification, as well as its further implementation in the form of interacting
modules within a single system. The system consists of three interfaces that interact with each
other and can be expanded in the future. The project possesses all the necessary characteristics
of a computer system, which are dedicated to several sections.

Necessary supporting documentation has been created, providing a detailed description of
the system's features, characteristics, and so on. The developed concept, as well as the
possibility of comparing it with existing developments, allows for identifying its advantages,
disadvantages, and potential directions for improvement.

The further implementation has helped to better assess all stages of game development, as
they were brought closer to reality. Various implementation problems were identified at
different stages, and strategies for overcoming them were developed. Project can be found by
the link: https://github.com/clnnamon-rol1l/Game/tree/RefactorVa.
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VY nmaniit gocnigHUNOBKI po6OTi Oyna yCIIMIHO CIIPOEKTOBAHA Ta peai3oBaHa CIeIiaTi3oBaHa
irpoBa cHCTeMa, sIKa BHUKOPHCTOBYe MikpokoHTposep Arduino Uno. Konmemmiss mpoekty
BKJTFOYasa B ce0e BUCOKOSIKICHY 1HTETPAIlil0 B3aEMOIIFOYHX MOJYJIB, [0 00'€THYBANUCS B €UHY
cucteMy. Y IEHTpPi CHCTEMH PO3TAIIOBaHI TpH iHTepdelcH, sKi He TiTbKU B3a€MOMIIOTH, ale W
MOXYTh JIETKO PO3IIMpIOBaTHCA y MaitbyTHpoMy. Peanizamis mepenbavana CTBOPEHHS TPbOX
oKpeMux B3aemofirounx uactuH: Desktop-monatky, Web-momaTky Ta irpoBoro KOHTpoJjepa.
Pobota Oysa mojijieHa Ha IIICTh YAaCTHH, BKIIOYAIOYHM peaizalifo KOKHOTO 3 KOMIIOHEHTIB, 1X
iHTerpaLito, MIOUTTS MiICYMKIB Ta BUCHOBKH II[0JI0 PO3POOIICHOTO H/i-IPOEKTY.
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KirowoBi XapakTepHCTHKH KOMI'IOTEPHOI cHUCTeMH OyiM peTelabHO pPO3MiiIeHI Ha pi3Hi
po3mimu, mo cnpwswio Outemr  edexTHBHIH po3pobmi Ta BHpoBakeHHIO. CympoBinHa
JIOKYMEHTaLlisl, KA BKJIIOYaja NEeTAIbHUH ONUC MOXKIMBOCTEH Ta XapakTEpPUCTHK CHCTEMH, Oyia
CTBOpEHA JUIs TIOJICTLICHHS. PO3YMIHHS Ta B3a€EMOJIIT 3 TIPOCKTOM.

Konuenmis cucremu Oyna peTenbHO po3poOiieHa, 1 MOPIBHSUIBHHK aHAi3 i3 Cy4acHUMHU
po3poOKkamMu JO3BOJIMB BUABUTH MEpEBard Ta HEJOMIKH, 8 TAKOK BU3HAYUTH HMOTEHLIIHI HAIPsIMH
JUISl TIOAANBIIOTO BIOCKOHAICHHS. PesynbpraroM OyB po3poONIeHMH NMPOXYKT, SIKMH HE TLIBKH
BpaxoBy€ MOTOYHI CTaHAAPTH Taly3i, aje W BHXOAWTH 3a IX MeXi, IIPOMOHYIOYH IHHOBaLiiiHI
piIIeHHS.

BaximBuM eraroM BIPOBaPKEHHS CUCTEMH OYJIO OLIIHIOBAHHS BCIX €TaliB PO3POOKH TpU B
YMOBaXx, sKi Oy/iM SKHAWOLUIbIE HAOMMKCHI 10 peanbHOCTI. 1le T03BOMMIO BUSBUTH MOTEHIIHHI
TPYIOHOLII Ta BIOCKOHAIUTH CHCTEMY, 3a0e3medyloun ii onTuManbHe (YHKIIOHYBaHHS B
pCaIbHUX YMOBaX.

VY3aranpHIOYM, TPOEKT YCHIIIHO BTUIMB 140 irpOBOi CHCTEMHU, sKa BIIIOBIZa€ Cy4acHHM
BHMOraM Ta BiJKpHBA€ IEPCHEKTMBM UlA MaiOyTHHOrO PO3BUTKY Ta PO3IIMPEHHs. Ioro
KOHIICTIISI Ta peai3allisi MPeICTaBIsIoTh COOOI0 I[IHHUI BHECOK y cdepy iHAI-po3po0OK,
JIEMOHCTPYIOUH BHCOKHI piBeHb TEXHIYHOI Ta KOHIENITYaJIbHOI MaliCTEPHOCTI.

Kniouoei cnosa: iHai-po3podka, AAA-TIpOEKT, iIrpoBHiA KOHTPOJIEp, KOHIICOT IPH.
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