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At the current stage of IT industry development, augmented reality is of interest both from the side of science and from
the business side, since it is an advanced and newest tool for introducing a new immersive user experience. Today there are plenty
ready-to-use applications that use AR for business, educational, medical and other purposes. Augmented Reality is currently one of
the most popular upcoming technologies most commonly known for its use within games and advertising. By combining three-
dimensional modelling with augmented reality, it could be possible to obtain new user friendly applications for the representing 3D
models of objects in real time and in real size. The topic of research in the field of augmented reality is currently relevant both for
science and for the business industry.

The paper proposes a multifunctional information system for three-dimensional models visualization in augmented reality,
which is implemented in the form of a cross-platform mobile application. The proposed information system uses a device camera as
a mean of object visualization and provides quick reproduction of the selected from the application 's database model in augmented
reality in real size and in real time.

The developed application works quite well, has a user friendly and intuitive interface and allows user to add own models,
that makes this tool multipurpose.Test 3D models have been created for conducting experiments for verification the proposed
information system operation.

The further efforts of the authors will be directed to improving the existing algorithms for extending the current functionality
of the proposed tool for 3D objects models visualization in augmented reality and application of the developed tool for real-life needs,
such as digitization and visualization of museum exhibits and archaeological artifacts of Khmelnytskyi region.Keywords: information
system, Augmented Reality (AR), 3D model, visualization,cross-platform mobile application.

Omnbra [TABJIOBA, Auapiii BAILITA, Mukoiia KOBTOHIOK

XMenbHULBKHI HalliOHAIILHUI YHIBEPCUTET

IHOOPMALIAHA TEXHOJIOT IS LIS BI3YAJII3ALLT 3D-MOJIE/IEN OB’€KTIB Y
JIOMOBHEHI# PEAJILHOCTI

Ha cy4acHoMy etarii po3BUTKY iH@BOPMALIIVIHNX TEXHOION iV JOMOBHEHA PEA/IbHICTL CTAHOBUTDL IHTEDEC K 3 BOKY Hayku, TakK
[ 3 6OKy GI3HECY, afxe € NEPEAOBUM Ta HOBITHIM IHCTPYMEHTOM 47151 BIIPOBALKEHHS HOBOIo AOCBIAY KOPUCTYBaya. Hapasi Bxe €
6arato po3pobreHnx 3aCTOCYHKIB i3 BUKOPUCTAHHSIM JONOBHEHOI pEasIbHOCTI /15 KOMEDLIVIHOI, OCBITHBOI, MEANYHOI Ta iHLLMX ciep
3acTocyBaHHs. [JOrMOBHEHA PeasibHICTb CbOrOAHI € OGHIEID 3 MEDCITIEKTUBHNX TEXHO/IONMH, SKa BIAOMAE CBOIM 3aCTOCYBaHHAM y pexiami
1@ IrpoBivi IHAYCTPI. Yepes noegHarHs 3D MOAEMOBaHHS Ta AOMOBHEHOI PeasibHOCTI CTa/I0 MOXJ/MBO CTBOPUTH HOBMY 3DYYHMI
3aCTOCYHOK /15 BIATBODEHHS TDUBUMIDHUX MOAESEH y AOAaHIV PEAIbHOCTI Y PEXUMI PEa/IbHOrO Yacy Ta B PEasibHoMy posmipi. Tema
AOCTIIKEHD Y CEDI AOMOBHEHOI pea/ibHOCTI Hapasi € aKTyasIbHOK SIK LU151 Hayku, Tak [ 419 6i3Hec-iHayCcTpil.

Y pob6oTi 3arporoHOBaHO 6araTo@yHKLIOHAIbHY [HGOPMALIMIHY cucTeMy A1 Biyasi3auii TOMBUMIPHUX Mogened y
JOMOBHEHIY PeasibHOCT], SIKka peasli30BaHa y BUITILI KPOCIIATHOPMHOIO MOGIIbHOrO AOAATKY. 3arnporoHoBaHa iH@opMaLiviHa
cICTEMAa BUKOPUCTOBYE KaMEPY MPUCTPOIO SK 3aCi0 Bi3yasizalii 06'ekTa 1a 3abe3neqye LWBnAKe BIATBOPEHHS 00paHoi' 3 6asu gaHnx
Z04aTKy MOJEN B JOMOBHEHIV PeasibHOCTI B PEaslbHOMY PO3MIDI Ta B DEXUMI PEasIbHOMo Yacy.

Po3pobrieHni 404aTOK MPaLtoe JOCUTb JOOPE, MAE 3Py HMI Ta IHTYITUBHO 3pO3yMiii IHTEDGENC | JO3BOSISE KOPHCTYBAYEBI
£A043BaTV BJIACHI MOGEN, YO POBUTH LIy [HCTDYMEHT 6aratoLiiboBuM. Takox 6y/10 CTBOPEHO TECTOBI 3D MoJesi A/1S NPOBEAEHHS
EKCIIEPUMEHTIM [/151 IEPEBIPKY POBOTY MPOITOHOBAHOI IHGOPMALIMHOI cHCTEMA.

[ToganbLi 3ycnsnss asTopis 6yAyTe CrPSAMOBaHi Ha BAOCKOHAIEHHS [CHYIOYMX 3/IFOPUTMIB A/IS1 PO3LUMPEHHST MOTOYHOI
QDYHKLIOHA/IBHOCTI 3aripOrIOHOBaHOIO IHCTPYMEHTY 4718 Bizyasizauii 3D Mogenesi 06'ekTiB y AOMOBHEHIM peasibHOCTI Ta 3aCTOCYBaHHS
PO3POGIIEHOrO IHCTPYMEHTY AV151 PEAsIbHUX NOTPEL, Takux SIK OUM@PPYBAHHS Ta Bi3ya/li3aLlis My3€sHNX EKCIIOHATIB Ta apXeosIoridyHNX
apre@axTiB XMe/IbHULIbKOI 06/1aCTT,

KmoyoBi  crioBa:  [H@OPMaLiiHa cucTeMa, JOMOBHEHa pPeasbHIicTs (AR),3D-Mogens,  KpOCriaTtgopMHmi  MOBIIbHM
3acToCyHOK

Introduction

Currently, augmented reality technology is gaining more and more frequent use and is applied to more areas
of human life. We can see mobile applications, commercial and educational simulators, mobile games and even the
advertisement using augmented reality. AR technology has huge commercial potential in a variety of industries, from
opening new marketing channels to improving employee training processes. According to the information of the
International statistical company Statista [1], in recent years there has been a significant increase in the number of
software products using augmented reality. According to forecasts [2], by 2024 there will be around 2.4 billion
augmented reality applications users in the world. This technology is expected to reach $70-$75 billion in revenue by
2024. The diagram (Fig. 1) shows the growth dynamics of the number of software products based on augmented
reality, both for commercial use and user applications. The graph also shows positive dynamics from an economic
point of view, since the development and use of AR-based applications means the growth of global profits.
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Therefore, the topic of research in the field of augmented reality is currently relevant both for science and for
the business industry.
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Fig.1.The prospects for AR industry development in the world [2]

Domain analysis and literature review

According to market research [3-4], the industries that the most actively leverage AR technology are E-
commerce and advertising (IKEA Place and WannaKicks — the applications that provide virtual products fitting and
try on using AR), E-learning (Civilizations - an application launched by the BBC for British Museum; provides
visualization of ancient historical artifactsin AR) gaming industry (AR-games ZombiesRun and PokemonGO),
medicine and healthcare (SentiAR — the platform features a 3D visualization of a patient’s heart anatomy to assist
with diagnostics and surgerie), social networking (Instagram ans Snapchat AR-filters). The integration of augmented
reality technology in various areas of modern society is presented in Fig.2
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Fig.2.The examples of augmented reality technology integration in various areas of modern society

During the research the analysis of the existing trends and directions of augmented reality application for
different areas of life has been conducted. The results of the analysis are presented in Table 1.

The analysis of scientific publications for 2021-2022 and already existing solutions presented on the world
market showed that augmented reality is most often used for educational simulators, in immersive technologies, in the
field of advertising, e-commerce, for the development of the latest VR/MR user interface. The results of the recent
scientific publications topics using augmented reality are shown on a diagram in Fig. 3.

In Ukraine, augmented reality domain is also of interest to scientists. In recent years, the number of
publications on the application of augmented reality for the field of education has increased significantly [6-12]. Thus,
the paper [6] presentst an analysis of the current state and prospects for the development of augmented reality in
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Ukraine in business and education. The authors of [7] propose the application of augmented reality for educational
purposes. In [8] using augmented reality-based technologies in professional training of future teachers of Ukrainian
language and literature is proposed. The authors of [9] propose augmented reality-based approach for immersive
training for some specific professions. In [10] augmented reality is proposed to be used in university education of
future IT specialists. The source [11] considers application of augmented reality as an interactive form of pre-school
and primary school teaching. The authors of [12] propose using AR technology for visualization of atoms and
moleculas structures at Chemistry lessons. The paper [13] is devoted to using of augmented reality for navigation and
paving routes in real time. However none of the considered works is devoted to application of AR technology for three-
dimensional objects visualization.

Table 1
Trends and directions of augmented reality application for different areas of life
Technology or Trend of AR Application or Device Description
application
AR-based virtual companions Hybri virtual companion [4] Such an app will allow users to create an AR-based Al companion which
resembles real-life humans.
Leverage AR glasses for different | Google company Giants like Apple are already working on bringing unique AR
use cases experience through glasses slated to release in late 2025.
Cash in on the metaverse Microsoft Azure Microsoft is one of the technology giants looking to dominate the AR

experience. Their concept of merging cloud computing with AR/VR
excellence makes it an interesting case study.

Mobile Augmented Reality Instagram One of the finest examples of mobile AR is the image filter users can
Snapchat use in social media apps like Snapchat and Instagram. Snapchat is
preparing to introduce NFT(Non-fungible tokens) as filters in their
mobile applications.

Remote collaborations with AR - One fine example is cryogenic operations in oil refineries, where
temperature maintenance is critical. While on-site employees come
across issues that need expert assistance, AR can help with necessary
response assistance.

Immersive AR gaming AR games like Pokemon GO | One of the critical AR trends is the use of Augmented Reality in creating

applications and Egg. interactive entertainment for users. In addition, Inc and Harry Potter the
wizards unite have provided enhanced gaming experience on
smartphones.

AR-based marketing & Loreal Youtube has helped businesses with a “beauty try-on” feature that allows

advertising campaigns Burberry cosmetic brands to let users experience the product.Following the AR

market trend, brands like Loreal has already created unique and
immersive shopping experience in their apps. Not just as a marketing
approach, AR is an excellent way to advertise your products.
For example, Burberry allows its customers to create a custom handbag
AR model, which they can experience through the web app. As a result,
brands can leverage AR technology and create a customized experience
for their customers.

Supply chain efficiency Walmart For example, Walmart converted four of its physical retail stores into the
improvementwith AR testing environment for an AR-based inventory app. The idea was to
reduce the time needed for bringing products from backroom inventory
to the sales floor.

@ Education
@ Medicine
Data Analysis
@ E-commerce
@ ARNVRinterfaces

Fig.3. The results of the recent scientific publications topics using augmented reality

Thus, taking into account the relevance and importance of this task, the purpose of this work is to develop an
information system for visualization of three-dimensional objects based on augmented reality in the form of a cross-
platform mobile application and conduct experiments for visualization of 3D models of objects using the proposed
information technology.
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Augmented reality based information technology for objects 3D models visualization
In our previous works, a method and algorithm of information technology work for visualization of three-
dimensional objects based on AR were proposed. For developing the information system for objects 3D models
visualization, we will be using smartphone camera as a tool for representing the objects in augmented reality. To
present a 3D model in a real world space, it is necessary to consider that we need to work with three-dimensional

space.
The smartphone must also be located at the intersection of the X, Y and Z axes in the 3D Cartesian

coordinate system as shown in Fig. 4
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Fig.4. Location of the user's smartphone in the three-dimensional Cartesian coordinate system

The principle of operation of the proposed information system is that the user enters the mobile application.
Since the application is cross-platform, it provides visualization of models from both Android and iOS devices. Next,
the user can either upload his own model to the system database or choose one of the proposed ready-to-visualize
models contained in the system database. Once selected, the model is available to the user for preview with the option
to display in augmented reality in real time. The user can adjust the size and position of the model in the field of view
of the smartphone camera and take a photo or video of the model in the environment. The principle of the proposed

information system operation is presented in Fig.5.
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Fig.5. L The principle of operation of the information system for 3D models visualization in AR
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Experiments and Discussion
To be able to conduct the experiments, we need to create the 3D models for testing. We chose the Botanical
Garden of Khmelnytskyi National University as an environment for displaying the models and decided to create the
models of the outdoor smart art objects than can be represented in AR in real size and in real time.We chose Blender
as an environment for 3D models creating. The models are presented in Fig.6.

a) b) ©)
Fig. 6. 3D Models of art structures for Information Technology for 3D objects models visualization testing
Smart Solar Pannels Tree condtruction; b) The bench with Smart Solar Pannels Umbrella; ¢) Smart Bench with Solar Pannel based
Information Screen)

For conducting the experiments the proposed Information Technology for 3D objects models visualization
has been developed in the form of a cross-platform mobile application and installed on Andriod OS-driven mobile
device. The interface screens of the developed information system are presented in Fig.7.
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Fig. 7. Interface screens of Information Technology for 3D objects models visualization

User Profile Interface; b) Set of the available AR models; ¢) Preview of the selected model with the description before the visualization;

d) The process of models uploading)

The results of the experiments are presented as a set of photos taken with the smartphone camera (Fig 8). The
objects on photos are placed in the environment (Khmelnytskyi National University campus and Botanical garden) in
real size.
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a ih Bench and the Smart Umbrella

¢) the Solar Tree Art-object
Fig. 8. The experiment results on 3D objects models visualization in AR

Conclusions

Augmented reality has always been an object of interest as scientists as business industry representatives.
The prospect of this technology application for various areas of industry and social life is proved by the numerous
research works as well as the increasing number of commercial program products.

During the study the conducted literature analysis and the analysis of already existing AR-based mobile
applications provided the conclusions that currently there are no ready-to-use solutions that provide reproducing a
three-dimensional model of an object in augmented reality, so this is currently an urgent task from both a scientific
and a practical point of view.

Therefore the information system for 3D objects models visualization in augmented reality was developed in
the form of cross-platform mobile application. The proposed information system uses a device camera as a mean of
object visualization and provides quick reproduction of the selected from the application's database model in
augmented reality in real size and in real time.

The developed application works quite well, has a user friendly and intuitive interface and allows user to add
own models, that makes this tool multipurpose.The further efforts of the authors will be directed to improving the
existing algorithms for extending the current functionality of the proposed tool for 3D objects models visualization in
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augmented reality and application of the developed tool for real-life needs, such as digitization and visualization of
museum exhibits and archaeological artifacts of Khmelnytskyi region.

References
1. Number of mobile augmented reality (AR) active wuser devices worldwide from 2019 to 2024. URL:
https://www.statista.com/statistics/1098630/global-mobile-augmented-reality-ar-users/ (accessed February 13, 2022)
2. Augmented Reality in Business: Benefits. URL: https://redwerk.com/blog/augmented-reality-in-business/ (accessed February 13,

2022)

3. 10 Augmented Reality Trends to Redefine Business Growth in 2023. URL: https://www.intelivita.com/blog/augmented-reality-
trends/ (accessed February 14, 2022)

4. 12 Augmented Reality Trends of 2023: New Milestones in Immersive Technology. URL: https://mobidev.biz/blog/augmented-
reality-trends-future-ar-technologies (accessed February 14, 2022)

5. ‘Hybri’ Can Create a Virtual Companion Based on Real People URL:https://www.macobserver.com/link/hybri-virtual-companions/
(accessed February 3, 2022)

6. Mitii L., & Soloviov V. (2018). Augmented Reality: Ukrainian Present Business and Future Education. Educational Dimension, 51,
pp- 290-296.

7. latsyshyn A., et al. Application of augmented reality technologies for education projects preparation. CTE Workshop Proceedings.
Vol. 7. 2020. pp. 134-160

8. Petrovych O., et al. The usage of augmented reality technologies in professional training of future teachers of Ukrainian language
and literature. CEUR Workshop Proceedings, 2021.

9. TIatsyshyn A., et al. Application of augmented reality technologies for preparation of specialists of new technological era. (2020).

10. Babkin V., et al. Using augmented reality in university education for future IT specialists: educational process and student research
work. CEUR Workshop Proceedings, 2021.

11. Palamar S., et al. Formation of readiness of future teachers to use augmented reality in the educational process of preschool and
primary education. CEUR Workshop Proceedings, 2021.

12. Nechypurenko P., Stoliarenko V., Starova T., Selivanova T., Markova O., Modlo Y., & Shmeltser E. (2020). Development and
implementation of educational resources in chemistry with elements of augmented reality.

13. Pavlova O., Bashta A., Kravchuk S., Hnatchuk Y., Bouhissi H.E. Augmented Reality Based Technology and Scenarios for Route

Planning and Visualization. CEUR Workshop Proceedings, 2022, 3156, pp. 613—623

Oubra IlaBnoBa
Olga Pavlova

PhD, Senior Lecturer of Computer Engineering &
Information Systems Department, Khmelnytskyi National

nokTop ¢inmocodii, crapmmii BHKIamad
Kadeapu KOMIT'IOTEpPHOI imkeHepii Ta

University, Khmelnytskyi, Ukraine,

e-mail: pavlovao@khmnu.edu.ua
https://orcid.org/0000-0001-7019-0354

iHpopMamiiiHuX cucTeM, XMeIbHHIBKUI
HalliOHAIBHUH YHIBEpCHUTET,
XMebHULIbKUH, YKpaiHa

Awnapiii Bamra
Andriy Bashta

PhD student of Computer Engineering & Information
Systems Department, Khmelnytskyi National University,
Khmelnytskyi, Ukraine,

e-mail: andreybashta@gmail.com
https://orcid.org/0000-0002-0775-1347

acripaHT Kadeapy KOMIT IOTEpPHOI iHKeHepil
Ta iHGOpPMALIHHUX CHUTeM, XMEIbHULIBKHI
HALiOHATBHUT YHIBEpPCHUTET,
XMenpHULBKUH, YKpaiHa

Muxkonaa KoBToHIOK
Mykola Kovtoniuk

Master student of Computer Engineering & Information
Systems Department, Khmelnytskyi National University,
Khmelnytskyi, Ukraine,

e-mail: mykola.kovtonuk@gmail.com
https://orcid.org/0000-0001-7272-767X

CTYIEHT MaricTpaTypu 3a CIEIiaJbHICTIO
«Komm'roTepHa iHkeHepis, XMeNbHHUIBKHI
HalliOHAJIBHUI YHIBEPCHTET,
XMenbHULBKUH, YKpaina

74

MDKHAPOJIHUII HAVKOBUI )XYPHAJT

«KOMIT'IOTEPHI CUICTEMH TA THOOPMAIIIIAHI TEXHOJIOT Ti», 2023, Ne 1



https://www.statista.com/statistics/1098630/global-mobile-augmented-reality-ar-users/
https://redwerk.com/blog/augmented-reality-in-business/
mailto:pavlovao@khmnu.edu.ua
https://orcid.org/0000-0001-7019-0354
mailto:andreybashta@gmail.com
https://orcid.org/0000-0002-0775-1347
mailto:mykola.kovtonuk@gmail.com
https://orcid.org/0000-0001-7272-767X

