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Abstract

Technology does not stand still and plays an important and decisive role in our daily lives, constantly
creating new and unique opportunities to improve various areas, including transport and urban infrastructure.
Our project is aimed at actively introducing advanced augmented reality technologies into the daily lives of
consumers to optimize traffic and improve the overall safety of drivers. The mobile application we are
developing combines unique elements of augmented reality (AR) and gamification, offering users rewards and
bonuses for compliance with traffic and safety rules. This innovation contributes to the formation of more
responsible behavior on the roads and helps to reduce the number of violations, as well as contributes to the
reduction of accidents. The use of augmented reality technologies provides convenient and intuitive
navigation, imposing visual clues on the surrounding world, which helps drivers to better navigate difficult
areas. This allows the driver to make more informed decisions and improve driving skills. Our goal is to make
these innovative and useful technologies available to every user, so that their trips become not only safe, but
also interesting and exciting, turning ordinary trips into new experiences. The project is especially relevant for
major cities of Kazakhstan, such as Almaty, Astana and other megacities, where serious problems of traffic
accidents and constant traffic jams require new, effective and modern solutions.

Keywords: augmented reality, gamification, mobile application, traffic optimization, driver safety, game-
based learning, navigation.

AK. Aitrum !, ILE. Acan!, A. O6aimyroninkesb’, E.E. Anyapos!
Mexaynaponnsiii Vausepcurer Unpopmarmonnsix Texnonorui, r. Anmarsl, Kazaxcran
PA3PABOTKA MOBHWJIBHOT'O ITPUJIOKEHUSA IS OITTUMHN3AIIUNA TPAO®UKA C
MOMOIIbLIO TENMU®UKALIAN

AnHomayus

TexHOJIOTHH HE CTOST Ha MECTE U MIPAOT BaXKHYIO U PELIAOLIYIO POJIb B HAILEH ITOBCEIHEBHOM JKU3HU,
IMOCTOAHHO CO3AaBass HOBBIC W YHHUKAJBHBIC BO3MOXHOCTH I YIYUYHICHUA Pa3IMYHBIX C(bep, BKJIrO4YaA
TPaHCIIOPT M TOPOJCKYI0 MH(ppacTpykTypy. Hamr mpoekr HampaBlieH Ha aKTHBHOE BHEIPEHHE MEpPEIOBBIX
TEXHOJIOTHH JIOTIOJTHEHHOH pPEealbHOCTH B TOBCEIHEBHYIO >KH3Hb MOTPEOUTENEH C LENbI0 ONTUMHU3AINI
JOPOXKHOTO JIBMKEHHS U TOBBILICHUS 001Iei 6e3onmacHocTH BoauTeneil. PazpabarsiBaeMoe HaMu MOOHIBHOE
NPUIIOKEHUE coYeTaeT B ceOe yHHKaJbHBIC DIIEMEHTHI JONMOJHEHHOU peasbHOCTH (AR) m reiimudukanmy,
npejaras IoJib30BaTesIM BO3HATPAKACHUS U OOHYCHI 32 COOJNIOJICHHE MPABHJI JOPOKHOTO JBWKEHHS H
6e3onacHocTH. /laHHOE HOBOBBE/IGHUE CIIOCOOCTBYET (POPMUPOBAHHIO OOJIee OTBETCTBEHHOI'O MOBEJCHHUS HA
JIOporax W MOMOTaeT CHU3UTHh KOJIMYECTBO HAPYIICHHH, & TAKXKe CIIOCOOCTBYET CHIKEHHIO aBApUIHOCTH.
Hcnonb30BaHne TEXHOJIOTHI JONOIHEHHON peaqbHOCTH 00ecleunBaeT yaIo0HY0 U HHTYUTUBHO IOHSITHYIO
HaBUTallMIO, HaKJIaAbIBass BU3YyaJIbHBIC OPUCHTHUPBI Ha Opr)KaIOIlII/Iﬁ MUP, 4YTO IIOMOra€T BOAUTEIIAM JIydlIC
OPHEHTHPOBATLCS HA CJIOXHBIX YYacTKaxX. DTO TMO3BOJISIET BOJAWTENIO TPUHHMATh Oojiee 0OOCHOBaHHBIC
pELICHNUs U COBEPIICHCTBOBATh HABBIKM BOXAEHUs. Harra nens - caenaTs 3TM WHHOBALMOHHBIC U TOJIE3HBIE
TEXHOJIOTHH JIOCTYIHBIMHU JUIS KQKJOTO MOJIb30BATENS, YTOOBI UX MOE3[KH CTaJM HE TOJBKO O€30MacHBIMH,
HO W MHTCPECHBIMU M 3aXBaTbIBAIOUIMMHU, IIPEBpalias OOBIYHEBIE IIOC€3KN B HOBBLIC BIICYUATJIICHHS. HpOCKT
0c0o0EHHO aKTyaJeH AJsl KpyHnHbIX ropooB Ka3zaxcrana, Takux Kkak AnMatel, AcTaHa H APYTHX MEraroJicoB,
IZie Cepbe3HbIe MPOOIEeMbI TOPOKHO-TPAHCIIOPTHBIX MTPOUCIIECTBUI U OCTOSHHBIX MPOOOK TpeOyIOT HOBBIX,
3G PEKTUBHBIX U COBPEMEHHBIX PEIICHUH.

KuaroueBsble cioBa: JlomoHEeHHAsS peaabHOCTh, TeiMudUKaImst, MOOWILHBIC TPHUIOKECHUS, ONTTUMU3AIIHS
JOPOXKHOTO ABMKEHHMSI, 0€3011aCHOCTD BOJUTEIISI, UTPOBOE O0YUEHHUE, HABUTAIIHS.
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O.K. Oiirim %, I1LE. Acan’, A. O6aimyTaninkeiserl, E.E. Onyapos?
X anbikapansik Aknaparteik Texnonorusuap YHuBepcuteTi, Anmarsl K., Kazakcran
FEFIMI/I(DI/IKAHI/IH APKBIJIbI TPA®UK AFBIHBIH OHTAFIJIAHI[I)IPYF A APHAJIFAH
MOBWJIB/JAI KOCBIMIIAHBI 93IPJIEY

Anoamna

Texnonorus Oip OpeIHAA TYpMaiabl koHE Oi3MiH KYHAENIKTI eMipiMi3[e MaHBI3IBI JKOHE STy Pel
aTKapajbl, op TYpii OarbITTapipl, COHBIH INIiHAE KOIK JKoHE KajlalblK MHPPaKYpBUIBIMIBI KaKCapTy YIIiH
YHEMi >KaHa >koHe Oipereii MyMKiHAIKTep >kacaiapl. bizmiH xo00a TpaduKTI OHTAMIAHIBIPY KOHE
KYPTI3YIIUIEpAiH JKaNmbl KayilCi3miriH apTThIpy MAaKCaThIHAA TYTHIHYIIBUIAPIBIH KYHIETIKTI eMipiHe
KEHEUTIIreH IIBIHABIKTEIH O3BIK TEXHOJOTHSUIApBIH OelceHAl TypAe eHri3yre OarpITTanFaH. biz oszipremn
KaTKaH MOOMJIBA1 KOCHIMIIIA MaiiianaHyIIbUIapFa jKOJI KO3FaJIbIChl KOHE KayINCi3IiK epesKeNIepiH caKTaraHbl
YILIiH Mapanartap MeH OOHYCTap YChIHA OTBIPBII, TOJMBIKTHIPBUIFaH MBIHIBIK (AR) jkoHE reiMupUKasIHbIH
Oipereit asmeMmeHTTepiH OipikTipenmi. bynm jkaHAMBUIABIK S>KONAAapAa JKayarmKepIIUTiKTI MiHe3-KYJIBIKTHIH
KaJIBIITACybIHA BIKIIAJ €Te i XKOHE OY3yIIBIIBIKTAp CaHbIH a3aiTyFa KOMEKTece li, COHBIMEH KaTap Ka3aTaibIM
OKHFaJlap/IbIH a3al0bIHa BIKMA eTei. TONBIKTHIPBIIFaH MIBIHIBIK TEXHOJIOTHSIAPBIH KOJJIAaHY BIHFAMIIBI )KOHE
WHTYWUTUBTI HaBUTALMSHBI KaMTaMachl3 €Teli, KOpIIaraH oJeMre KepHeKi Oenrimepai eHrisemi, Oy
KYPTi3ylIiiepre KUbIH alMaKTapIbsl JKaKCHIpAaK IMapiayFa KeMeKTecedi. byl »Kyprisymiire HeFypibIM
HETI3JIeNITeH MIenriMIep KaObuigayFa »oHEe JKYpri3y Jar[bUIapblH SKeTUIAIpyre MYMKIHIIK Oepeni. bizmin
MaKCaTBIMBI3-0Chl HHHOBAIMSUTBIK KOHE MaiiIalibl TEXHOIOTUSIIAp B! 9pOip MaiianaHyIbIFa KOJDKETIMII €Ty,
OChUIalIlIa ONapIblH camapiapbl Kayilci3 FaHa €MeC, COHBIMEH KaTap KbI3BIKTBI YKOHE KbI3BIKTHI OOJIBII,
KapanaibIM camapiiapabl kaHa ToxipuOenepre aliHanapipansl. XKoba acipece AnmaThl, ACTaHa CHSKTHI
KazakcraHHBIH ipi Kamajapbl YIIIH JKOHE JKOJ-KOJiK OKHFalapbl MEH TYPaKThl KENTeNiCTepIiH Kypewi
mpo0JieManapsl JkaHa, THIM/II )KOHE 3aMaHayH MIeiMAEPAl KaXeT eTeTiH 0acKa /1a MEeTaroIucTep YIIiH 63eKTi
OOJIBITT TaOBLIAIEL.

Tyiiin ce3aep: ToNBIKTHIPBUIFAaH MIBIHIABIK, TeAMHUKAaLUs, MOOWIBAI KOCHIMINA, TpPapHUKTIi
OHTaWIaHBIPY, )KYPTi3yIIli Kayinci3iri, ONbIHFa HETI3[eNITeH OKBITY, HABUTAIIHSL.

Main provisions

This study focuses on the development of a mobile application that aims to optimize traffic flow
and improve road safety using innovative features such as gamification and augmented reality. The
key features of the application include providing optimal route options, road sign recognition based
on augmented reality, real-time navigation with animated guides, and image recognition through
augmented reality. Additionally, the system incorporates a gamified element that offers rewards and
progress tracking, motivating users to adopt safe driving habits.

Introduction

In today's fast-paced world, technology has become an essential part of our daily lives, offered
convenience but also posed new challenges. Modern roads, however, face numerous difficulties such
as high numbers of traffic accidents and congestion. According to the World Bank [2], around 3,000
people lose their lives and over 30,000 are injured every year due to road accidents in Kazakhstan.
This indicates that the risk of death from a road accident in Kazakhstan is 11 times higher than in
countries such as Norway. One of the main reasons for this situation is the inability of drivers to resist
the urge to use smartphones while driving, leading to inattention and disastrous accidents.
Additionally, poor driving habits contribute to this problem, another piece of evidence is represented
in Figure 1 below.

146




Abaii amvinoazer Kaz¥I1Y-uiy XABAPIIBICHI, « Dusuka-mamemamura evlaimoapsly cepusicol, Ned(88), 2024

35000
30 000
25000
20 000
15 000
10 000
5000
0
N < N W NN 0 OO O 4 NN < N W N 0 O O 3 N M
O O O O O ©0 O ™ ™ = o = « = o = o &N o N
o O O O O O O O O O O O O O o o o o o o o
N AN &N &N &N N NN AN NN N NN NN NN NN
Number of accidents Death, toll === Number of wounded, people

Figure 1. The growth in the number of road accidents in Kazakhstan for 2003-2023 years

According to the Committee on Legal Statistics and Special Accounts of the Prosecutor General's
Office of the Republic of Kazakhstan, from 2003 to 2023, the number of road accidents is rapidly
growing, and as reported by specialist: One of the main causes of traffic accidents is the low discipline
of drivers on the roads of the republic [1].

Our project aims to address these challenges by creating a mobile app that utilizes gamification
and Augmented Reality techniques to encourage safe driving behavior among drivers for optimizing
traffic flow and enhance road safety by rewarding responsible driving with incentives. By integrating
gamification elements and Augmented Reality features into the mobile application, we focus on
reducing distractions while driving and promote safer road behavior and believe that this approach
will lead to a more enjoyable, safe driving experience for everyone. While there are numerous traffic
management and navigation apps available, most of them focus solely on providing directions for
drivers [2]. This lack of attention to other aspects of driving safety, combined with an alarming
increase in road accidents [3], highlights the need for innovative solutions to promote safer driving
habits. In conclusion, the novelty of our app lies in the use of cutting-edge technologies, such as
Augmented Reality (AR), which provides navigation information seamlessly to the driver's field of
view. We also incorporate gamification elements to promote safe driving behavior. These tools are
not currently used in existing traffic applications, despite their potential to engage drivers and reduce
distractions that can cause accidents. By addressing this gap, we hope to play a significant role in
reducing the risks associated with distracted driving.

Research methodology

The purpose of the project is to develop a mobile application that optimizes traffic by using a
gamified approach that encourages drivers to drive safely, as well as providing innovative tools such
as convenient navigation tools with Augmented Reality features and other. This Mobile application
mainly focusses on reducing traffic congestion, improving road safety and improving interaction
between road members [4]. Research question for this study: How can we optimize traffic flow by
using gamification, improve driving quality, and enhance road safety with the help of innovative tools
integrated into our mobile app? To achieve the objectives of this study, there will be used a mixed
approach that includes qualitative and quantitative techniques.

Target audience for this study. According to the priorities of the study, a random sample will be
used. For quantitative studies such as performance evaluation, a random selection within the relevant
population group will be made to ensure objectivity and representativeness. The target audience for
our mobile application is diverse. Thanks to its versatility, we can appeal to a wide range of users,
including drivers, novice drivers, members of the community, and travelers. The detailed information
about these groups is illustrated in Table 1 below.
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Table 1. Key audience groups for mobile application

Who Needs Benefits of using app
Drivers who have their To use efficient navigation, The application provides variants of
own private car. real-time traffic data and optimal routes, in addition rewards
reminders for safe driving. system for safe driving techniques.
Individuals with limited The guidance in navigating Due to the user-friendly navigation
driving experience like complex roads and features with AR, making path easier by
new, young drivers. comprehensive understanding | building confidence on the road.
of traffic rules.
People AR navigation assistance and | Provide navigation tips with visual
information about landmarks | elements, making it interesting.
and historical sites.
Travelers Enhanced safety measures in | Features help users feel informed and
new places, monitoring new secure themselves in their journeys.
road conditions.

The table illustrates data about the main groups of people that will use this mobile application,
their needs from using this application, in addition what benefits they will receive using this system.

Since everyone can use and evaluate this mobile application, for receiving respectable and valuable
evaluation, there will be a random sampling method employed. However, for prototype testing there
will be used non-probability method Purposive sampling. Drivers with a lot of experience will be
evolved for prototype testing and getting real feedback that will help to identify high quality and
relevant data. The study will use both qualitative and quantitative methods, so the sampling approach
will fit these approaches. The sample observations will represent specific solutions, which will then
be generalized to apply to the general population [5].

The sample size for the quantitative component will be larger to use statistical analysis around
200-250 participants. Participants will be randomly selected from demographics to involve a balances
representation of age, gender, experience, and geographic location. It will be beneficial for the
calculation of significant statistics, to make accurate about user needs, benefits about application.
For the qualitative component, the sample size will be smaller, it mainly focuses on in-depth
interviews and prototype testing with approximately 20-25 drivers with extensive experience. Online
surveys: It will be widely distributed on social networks, forums for drivers, taxi drivers and large
communities. This approach will help reach a broad audience, making results more exact.
Moreover, as mentioned before there is no limitation about the target audience of mobile applications,
because even if the kids use navigation apps to get somewhere, consequently there are no strict
inclusion criteria. In contrast for prototype testing of navigation system, participants must meet the
following criteria: Aged 18 years/older. They have their own vehicle and have more than 4 years’
experience in driving. So, including both purposive and random sampling approaches ensure the
accurateness of this study by exact data.

Data collection methods. For the study, it is planned to develop a mobile application with the
integration of a navigation system using augmented reality (AR) and gamification. The application
will be aimed at optimizing traffic and improving driving safety.

The planned technologies that will be used in the application include:

1. GPS and real-time navigation: GPS technologies are supposed to be used to determine the user's
location in real time, which will allow providing accurate routes considering the traffic situation.

2. Integration with the Mapping API: The API will provide up-to-date traffic and route data,
helping users choose the best paths considering road conditions and congestion.

3. Augmented Reality (AR): AR will be used to display information about road signs and
buildings on the device screen, helping drivers navigate the roads. AR will also provide visual cues
along the route (such as arrows and pointers), improving navigation quality.
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4. Cloud storage and data analysis: it is planned that all data on user movement, route selection
and interaction with the system will be uploaded to the cloud storage for subsequent analysis. This
will allow you to evaluate the effectiveness of the system by collecting data on user behavior, their
preferences in routes and the success of gamification to improve security.

5. Gamification and collection of user interaction data: The system will collect data on user
behavior, including compliance with traffic regulations, choosing optimal routes, as well as
participation in game mechanics (for example, awarding points for safe driving). This data will be
analyzed to assess the impact of gamification on driving quality and safety.

Planned data collection methods:

Quantitative methods: it is planned to collect statistics on the use of routes, compliance with traffic
regulations, driving time and participation in game mechanics through the application, which will
allow a quantitative analysis of user behavior [6]. Qualitative methods: it is planned to conduct
interviews and surveys of users to collect qualitative data that will help us to better understand the
experience of using the application, the perception of gamification and identify possible
improvements in the system. The work process about AR functions shown in Figure 2 below.

AR
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P function

navigation

AR
navigation

sign

Map

Traffic sign Building we:rl?i;g)

Figure 2. Flowchart for AR navigation system

According to Figure 2, when a user selects the "Map Navigation" option, the application uses a
mapping API to load routes and provides real-time information about traffic conditions. This allows
the user to follow the optimal route and receive updates about road closures and traffic jams [7].

The map interface shows the direction of travel and any traffic disruptions, functioning similarly
to a traditional navigation system but with additional features provided by augmented reality (AR)
and cloud-based mapping data. AR functions offer various interactive options such as map navigation,
object scanning, and walking navigation, which are explained in more detail in Figure 3. About Map
Navigation and AR walking Navigation for pedestrian navigation, they are similar in working process
but differ by the use. AR for Map Navigation displays signs for drivers in the map, while AR walking
Navigation is focused on the pedestrian navigation by involving extra properties [8].

The option of AR Scanning for Objects allows users to scan markers (such as traffic signs or
buildings) using their device's camera. The app then renders the object in augmented reality,
displaying additional information from a connected database, like descriptions or images. After
viewing, users can return to the previous screen or main menu. Together, these technologies and data
collection methods form the foundation for a system that improves traffic flow and promotes safe
driving using gamification and Augmented Reality features [9].

Prototyping and Development Process. There are different types and styles used for mobile
applications. In this case, this app optimizes traffic flow and promotes responsible driving by
incorporating two main features such as gamification and Augmented Reality elements.
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Figure 3. Flowchart for AR functions system

Gamification: The goal of integrating a gamified driving system is to encourage safe driving by
motivating users through a game-like experience. Users earn points for following safe driving habits,
traffic rules and can exchange these points for prizes or discounts. Additionally, various animations
will be presented to help users navigate and stay focused, as shown in Figure 4 below. Each user will
have their own animated character that will assist them with navigation and encourage safe driving.
By combining fun with education, we aim to create a system that engages drivers and helps them
develop better driving habits, ultimately reducing the number of accidents on the road.

Leaderboard
Leaderboard
Today Month Al Times

Hellol it Is AIDAI
Map with AR functions

Figure 4. The gamification features

1. Augmented Reality: While the integration of the AR system will provide real-time visual
guidance (arrows on the road, road signs), it provides convenient navigation tools with augmented
reality functions, helping the driver not to be distracted and making the trip livelier without letting
the driver get bored on long trips [10]. In addition to map navigation using AR, functions will also be
included for road signs and for buildings, as shown in Figure 5 below.

- Augmented Reality Road Signs: Recognizes Road signs and provides additional information.

- AR markers for buildings: Allow the user to point the camera at buildings and get information
about them, such as the name or historical data.

- Animated Augmented Reality Character: Pedestrians can use a character to guide them along
the route in augmented reality mode.
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Figure 5. AR functions in application

To develop this mobile app that includes maps, navigation, Augmented Reality (AR) functions for
displaying extra information about traffic signs and buildings, there are used such instruments
tools as. The main platform for development of AR — Unity Engine.

- AR Foundation — the built-in Unity library.

- Vuforia-image recognition.

- Google ARCore for Android AR.

- Visual Studio Code IDE.

- Android Studio — to build an application.

- Mapping service — Google Map.

- Datasets for navigation, traffic signs, buildings information, etc.

- Flutter, Dart programming languages.

- PostgreSQL, Postman.

The use of Unity, AR Foundation, Vuforia is significant, because of their popularity and ease of
use in the developing AR based system. Furthermore, other tools that also play a crucial role in the
development of mobile applications that aim to optimize traffic flow through gamification elements.
Ethical considerations. The study was conducted in accordance with ethical principles requiring the
informed consent of all participants before data collection [11]. The study has identified several
potential limitations that can be eliminated in the future:

Using standard mobile devices

- The current Augmented Reality navigation system was designed to work on conventional
mobile devices, which limited the use of more advanced technologies such as smart glasses or
Bluetooth beacons. In the future, with the development of technology, it is possible to integrate such
solutions, which will improve the accuracy and quality of navigation.

- Lack of personal support.

- During the experiment, users did not receive assistance from the staff, which could cause some
difficulties and disruptions in the visiting process. In the future, the use of automated prompts or
interactive assistants may solve this problem and improve user convenience.

- Limited applicability of the results.

- Since the study was conducted in the specific context of an outdoor exhibition, its results are
difficult to generalize for all types of AR navigation systems. However, with the improvement of
augmented reality and GPS technologies, in the future such systems will be able to be adapted to a
wider range of conditions.

The development of a mobile application with the integration of Augmented Reality (AR),
gamification technologies represent an innovative approach to optimizing traffic and improving
driving safety. AR allows you to create interactive elements that make the navigation process more
intuitive and convenient. By superimposing virtual hints on the real environment, users can navigate
the roads more easily, which minimizes the risk of errors and increases safety. Thus, the application
makes navigation more convenient for users and increases road safety. The project is relevant for
large cities of Kazakhstan. The introduction of such technologies will help create a safer transport
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system [12]. Drivers will be able to easily plan their routes and participate in the game elements of
the app, which will make them more involved and responsible on the road.

Results of the study

Upon starting this application, according to the main goal of this mobile application, there are
main, and first page is map, such as navigation page with the menu bar that provide access to other
functionalities like play Augmented Reality functions, profile, and chat page, shown in Figure 6. In
the top of this map page, there are windows about What are you going to? by clicking to this user
build road directions from, to address. In addition, on the map page, users can also choose various
transport, type to go. As mentioned before, the mobile application for optimizing traffic flow shows
variants of routes with the explanation and differences vary them with different colors.

Figure 6. Interfaces of Map Navigation function in mobile app.

To draw the road line for users’ destination. There represented only the initial examples about
map components. Additionally, in navigation of users this application will display navigation
elements in AR form making it easy, and interesting without distracting the user, by supporting to be
focused on the road signs and don’t get distracted. The System Architecture of this application is
outlined in the UML class diagram for traffic optimization that incorporates gamification and
Augmented Reality (AR), below in Figure 7.

User

-String useriD
-String userType
String location
-int drivingScore
-int rewardPoints

+getRoute()
+earnPoints{)
+receiveNotification()

w
Driver
String licenseNumber
-String vehicleType
-String drivingHistory
+setRoutePreferences()

+checkFatiguelevel()

navigates

Pedestrian

-float walkingSpeed

-String preferredRoute

+useARNavigation()

Figure 7. UML class diagram for the application

uses
-
GamificationSystem
int points

-List leaderboard
-List rewarditems

+addPoints()

+redeemPoints()
~displayLeaderboard()

NavigationSystem

-String currentLocation
-String destination
-List routeOptions

Mmap trafficData

=calculateRoute()
+optimizeRoute()
+getTrafficUpdates()
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ARNavigation

-String currentCameraView
-String roadSignRecognition
-List landmarkinfo

+activateAR()
+displaySigni)
+showlLandmarks()

depends on

receives

¥

NotificationSystem

-String alertType
-String alertMessage
-int alertPriority

+sendAlert()
+getNotificationHistory()
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It defines the main classes that are responsible for the application's features and how they interact,
offering a safe and engaging navigation experience through AR, and promoting safe driving. First,
there are 7 classes including User class that interacts with other classes such as Driver, Pedestrian,
GamificationSystem, ARNavigation, NotificationSystem and NavigationSystem, with appropriate
methods of each of them.

All components/classes are demonstrated in this class diagram communicate through a database,
ensuring consistency in data. For instance, the main User class contains information about userlD,
userType, location, drivingScore, rewardPoints with methods getRoute() for drawing road for
navigation(destination), earning points by maintaining good behaviour on road, and receiving
notification about possible harm or challenges. Users of application receive alert notifications from
NotificationSystem class which contain information about alertType, alertMessage, alertPriority and
methods for sending alert message and getting notification history. While GamificationSystem class
is used by users to earn points, to browse leader board and reward details. In addition, another class
called Pedestrian class is displayed there, as mentioned earlier, it uses an animated AR character for
a pedestrian using the useARNavigation() method.

On the other hand, Figure 8 shows a diagram of the use cases. The diagram shows how specific
actors (player, system, pedestrian) interact with a mobile application for navigation and traffic
optimization. The first goal of the mobile app is to motivate users to maintain good driving habits,
and in this case, by following the rules and warning messages, users earn points that can be exchanged
for other rewards in the future. At the same time, the system displays several options for the best route
options from the request of users. While the system displays optimal variants of routes by the request
from users. In addition, an actor called pedestrian in diagram, that handles Augmented Reality
functions to recognize road signs and buildings, animated character for navigating user while
navigating user to their destination by giving directions with AR features.

select animated character
redeem points for rewards

\J.

<<Extents>
Safe driving habits) -~

0

)
o

< é)?teﬂd}:
View points TS
.

view driving statistics

’
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o
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A
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Display routes

]
;
!
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Start AR navigation }
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AR road signs

animated AR character AR buildings

0

Figure 8. The Use case diagram for a mobile application
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The uniqueness of this mobile application lies in the combination of advanced technologies,
gamification and augmented reality. Augmented reality (AR) technology plays an important and
valuable role in the effectiveness of the application, so here it illustrates a sequence diagram in Figure
9, that displays augmented reality functions in the application according to the interaction of objects
such as the User, ARNavigation, map, road signs, recognition of buildings and augmented reality
animated character.

User ARNavigation | Map

| SignsRecognition | BuildingRecognition | ARCharacter

Enable AR for Navigation

A 4

Load AR Map

»!
Lt

I
|
|
|
|
|
|
Start AR navigation display Iﬁ
I

'
Detect Road Signs in AR

»!
P

Return Recognized Signs with Details
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A
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I I
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Return Building Info (Name, History)
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| |

I
J
I
1 Start Pedestrian Guidance
T T T
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|
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|
|
| | I | 1 I

Figure 9. Sequence diagram for AR functionalities

With the camera, users can scan road signs that have been detected and returned with detailed
information, and activate AR markers for buildings that recognize and return building information in
AR mode in the app. In addition, a sequence of actions is displayed according to an animated AR
character who guides the pedestrian to their destination using AR elements. In general, the purpose
of this sequence diagram is to show how users use the application and the sequence of functions, how
it starts and how it returns a response, displaying augmented reality objects in the application view
mode with all the augmented reality functions in the mobile application.

AR Development and Testing process. According to the functions relating to AR, as mentioned
before, right now we work in Unity Engine to develop the application that uses AR technology. The
first task about AR was about the capturing image or marker that after recognizing and displaying
necessary information, details. Using the camera of Android phone, we can see that only in case there
appeared any image on camera AR is activated and showed little elements saying that it is work and
find image. In that case, Unity's AR Tracked Image Manager used to detect when an image from
Reference Image Library is recognized by the camera, below, represented the example of this system
in Figure 10. Using Unity as the main platform for augmented reality (AR), the application for
Android phones is now integrating AR images of road signs and building elements into the mobile
app. This allows users to capture these images with their phone's camera and view additional
information in a new layer.
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Rotation X 0 Y o z o
Scale & X1 1 o 1
¥ #| v XR Origin @ =
Seript XROrigin
Origin Base GameObject & XR Origin ®
Camera Floor Offset GameC ) Camera Offset [}
Camera = Main Camera (Camera) @
Tracking Origin Mode Not Specified -
Camera Y Offset 11176
v 2= v AR Tracked Image Manager (Script) @ = i
Seript ARTrackedimageManager
Serialized Library #a Refer ibrary (XR [o)
Max Number Of Moving Ima 1
Tracked Image Prefab @ Cube ®
v - (Script)
Script ARObjectSpawner

Figure 10. Example of working with Unity's AR Tracked Image Manager

In Figure 11, we see the first test of handling images using the camera. As you can see, the mobile
app detects, recognizes, and shows details of the markers.
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Figure 11. Initial test on AR functions

So, to detect and display these images we used VVuforia and AR Foundation, along with other tools,
to capture various elements, such as traffic signs and building information, in our case, there are
demonstrated the example of working with AR Tracked Image Manager, as shown in Figure 12.

00 Reference Image Library (XR Reference Image Library) @ i :
== Open
@
Name StopSign
Specify Size v
Texture Size (pixels) X 300 Y 400
Physical Size (meters) X 0.07 Y 0.093333:%

Keep Texture at Runtime

A‘ 7
Select |

Name PedestrianSign
Specify Size ¥
Texture Size (pixels) X 225 N 225
Physical Size (meters) X 0.07 Y 0.07

Keep Texture at Runtime

Add Image

Figure 12. Example of working with AR Tracked Image Manager.
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As you can see, right now our system is in the process of integrating and working in main functions
of AR to capture elements by camera of the phone and displaying other extra information in the
mobile application by creating new layer that user captured by themselves. Furthermore, there to
develop and manage all these AR Foundation libraries in Unity Engine, there used Programming
Language as C#, which is the main in Unity Engine Platform. In addition, there are displayed the
peace of code implementations on Unity Engine platforms, in Figure 13 below.

using UnityEngine;

using UnityEngine.XR.ARFoundation;
using UnityEngine.XR.ARSubsystems;
using System.Collections.Generic;

public class ARObjectSpawner : MonoBehaviour
public ARTrackedI ger trackedImageManager

public GameObject cubePrefab;
public GameObject spherePrefab;

private Dictionary<string, GameObject> spawnedObjects = new Dictionary<string, GameObject>();
void OnEnable()

trackedImageManager.trackedImagesChanged += OnTrackedImagesChanged;

void onDisable()
trackedImageManager.trackedImagesChanged -= OnTrackedImagesChanged;
void OnTrackedImagesChanged(ARTrackedImagesChangedEventArgs eventArgs)

foreach (ARTrackedImage trackedImage in eventArgs.added)
(
string imageName = trackedImage.referenceImage.name;

if (imageName == "PedestrianSign")
{

Debug.Log("Contains™);
SpawnObject(trackedImage, cubePrefab);

X

else if (imageName == "StopSign")

{
¥
foreach (ARTrackedImage trackedImage in eventArgs.updated)
iF

L
if (spawnedObjects.ContainsKey(trackedImage.referenceImage.name))

4
Debug.Log("Contains");
spawnedobjects[trackedImage.referenceImage.name].transform.position = trackedImage.transform.position;

1
s

Figure 13. “ARObjectSpawner” code for image recognition.

All these current tests and developments demonstrate how the work process is rapidly progressing
and improving towards achieving the goals of the mobile app. Now, this AR function detects images
captured by the camera and displays additional information about road signs and buildings. However,
we should remember that this is only an initial test, so the interface of the mobile application will
become more user-friendly and easier to understand for users, as shown in Figure 7.

Regarding Unity Engine, as previously mentioned, for all aspects of integrating Augmented
Reality features, programming language C# will be used, while for implementing other functionalities
of the application, we will use platforms such as Android Studio and a significant API for maps.

Discussion

The development of our mobile application, which combines elements of gamification and
augmented reality (AR), offers a new approach to solving problems on the roads, such as traffic jams
and dangerous driver behavior. The app motivates drivers to follow safety rules by offering them
rewards for proper behavior, and helps improve traffic on the roads. Using augmented reality for
navigation makes the driving process easier and more interesting by providing drivers with useful
information in real time without distracting them from the road.

How gamification affects driver behavior. Gamification is an important element that affects how
drivers behave. Rewards for following traffic rules and responsible behavior increase user motivation.
Research shows that gamification helps make everyday tasks more fun, and in our case, it helps
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drivers learn and follow safety rules. The points system, ratings and bonuses motivate users to drive
safer and increase their engagement.

Augmented Reality to improve navigation. One of the key features of our app is the use of AR to
improve navigation. AR adds navigation information directly into the driver's field of view, which
helps to be less distracted by the phone or map. The app also recognizes road signs and shows
information about buildings and other objects. This turns our app not only into a navigation tool, but
also into an assistant for the driver, providing useful data. On the other hand, for mapping, Google
APIs will be used to capture maps. This is due to their ease of use and accessibility.
There are numerous platforms and systems available for navigation, including those that use AR in
their maps, such as Pogo Map. Pokémon Go Map, developed during the popularity of the Pokémon
Go game, uses AR only as game components to prevent boredom. While it has more functionality
than other platforms in this area, there is also research on Zombies on the Road: a holistic approach
to balancing gamification and safe driving. Moreover, in our country, when it comes to navigation
tools, most people are familiar with only a few popular apps. All these popular apps focus on
providing directions to users.

Data collection and user feedback. We use two methods of data collection: quantitative and
qualitative methods. Quantitative data, such as driving habits and route selection, allows you to assess
how well the app is working. Qualitative methods such as surveys and interviews help to understand
how satisfied users are with the application and what can be improved. This information will help us
make the app better based on real user reviews.

Limitations and challenges. Despite the innovativeness of our project, there are some limitations.
For example, the capabilities of standard mobile devices may reduce the accuracy of AR functions.
There are also challenges related to maintaining user interest and data protection. Since the
application collects behavioral data, it is important to ensure high security of users' personal
information.

The mobile application, which combines elements of gamification and augmented reality (AR), is
an innovative solution aimed at improving the traffic situation and improving driver safety.
Gamification helps to increase the motivation of users to follow the rules of the road, making the
driving process more responsible and interesting. Augmented reality facilitates navigation by
providing useful information in real time without distracting the driver from the road. Despite existing
limitations, such as the technical capabilities of mobile devices and the need to ensure data security,
our application has significant potential to improve the traffic situation and increase user satisfaction.
The quantitative and qualitative data collected will allow us to optimize the operation of the
application, focusing on real user feedback.

Conclusion

Our mobile application is an innovative solution aimed at improving road safety and optimizing
traffic flows. Combining augmented reality (AR) technologies and gamification, it allows users to
learn the rules of the road in an exciting way and apply them in practice. Users receive rewards for
following the rules, which contributes to the formation of a culture of safe and responsible driving.
At the initial stage of the project, we focused on creating basic functionality, including AR navigation,
a traffic sign recognition system and a system for calculating points for correct behavior on the road.
The first tests confirmed that the application is able to improve the interaction of drivers with the
environment, making trips more convenient and safer. We have also received feedback from users
who emphasize the usability and the need for such technologies in real life.

One of the key features of the application is its adaptation to the road conditions of Kazakhstan.
We take into account the specifics of the local infrastructure, such as the condition of roads, the
presence of signs and the general congestion of the transport network. This allows you to create a tool
that not only helps drivers comply with the rules, but also helps to reduce traffic jams and improve
the overall transport situation. An important stage of the work was the study of user behavior. The
analysis of the data collected during the testing process allowed us to identify areas for further
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improvements. For example, we plan to optimize navigation algorithms and expand AR functionality
to make the process of interacting with the application even more convenient and intuitive.

Despite the successes achieved, we face challenges to improve user data protection, increase the
accuracy of AR modules and integrate additional functions. In the future, we plan to expand the
application’s capabilities by adding, for example, information about local attractions and services,
which will make it useful not only for drivers, but also for tourists. The project demonstrates how
modern technologies can become an effective tool for solving urgent transport problems. We are
convinced that the developed application will contribute to improving road safety, improving driving
culture and developing Kazakhstan's digital infrastructure.
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