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 ABSTRACT In order to save time and money for tourists, as well as taking into account their limited mobility in the 
conditions of Covid, the concept of an intelligent guide based on augmented reality (AR) is proposed. A UML method 
diagram and algorithm for communication of the system with the user with AR and voice control support have been 
developed, as well as an application that allows tourists to immerse themselves in the historical retrospective of 
recreational places. On the example of the central part (downtown) of Ternopil, Ukraine, AR locations are offered, 
which gives an opportunity to get acquainted in more detail with the information about the tourist object. At the same 
time, the shortest tourist route is illuminated of historical monuments. 
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I. INTRODUCTION 
OURISTS around the world are interested in the advanced 
information systems that can save their time and money, as 

well as provide additional contextual information and access to 
attractive historical and cultural values. At the same time, 
digital innovations and high technologies are the engines of 
development and demonstrate their influence everywhere, 
including in the field of tourism services. In particular, the 
impact of digitalization on tourism should be considered at 
several levels: mega-, macro-, meso- and micro-levels. The 
mega-level corresponds to the level of international tourism, 
which is most affected by new digital technologies. Today, 
every tourist has a smartphone that can receive information 
from various sensors and provide a user-friendly interface to 
such information systems. 

However, the real situation with Covid imposes significant 
restrictions on the mobility of tourists and in accordance with 
the range of travel services. 

Therefore, developing the concept of an intelligent guide 
with the support of AR, is one of hot topics of tourism business. 
This article is devoted to this topic, the rest of which is 
distributed as follows: Section 2 discusses the analysis of 
related work; section 3 presents the method of building an 
intelligent guide with AR support; section 4 the 
implementation of one of the modules of the method. Section 5 
presents the conclusions of the study. 
 

II. RELATED WORK 
The paper [3] presents an overview and analysis of IT solutions 
based on the implementation of augmented reality in industrial 
applications. In [1] several strategies for forecasting the 
information needs of the user in the house with Augmented 
Reality and Virtual Reality (VR) support are investigated. In 
[2] the results of AR implementation as a part of the interactive 
user manual are presented. An original approach to the 
introduction of automated augmented reality systems for 
industrial production and entrepreneurship is presented [4, 19]. 

In [18] the authors analyzed the elements that affect the 
tourism experience in the context of cultural tourism from a 
theoretical point of view, discussing the impact of VR and AR 
technologies on the learning experience of visitors. Study [15] 
outlines tourism requirements for mobile applications for 
tourism in AR, contrasting them with themes in mobile 
computing identified in previous studies to confirm previously 
defined requirements and explore new elements and 
perceptions of tourists in line with modern technology. The 
study [16] integrated the Technology Acceptance Model 
(TAM), stimulus-response structure (SOR) and flow theory to 
study the impact of mobile AR applications on the behavior of 
buyers of tourist impulses. The study [17] proposes a new 
model for the adoption of augmented reality technology, based 
on the adaptation of the technology implementation model, as 
well as through the use of tourist surveys and structured 
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interviews for public and private agents working in the tourist 
context of the city. 

The work [21] is aimed at researching, identifying and 
discussing the benefits and general role of big data and artificial 
intelligence in the tourism sector. The paper [11] compares the 
characteristics of both traditional tourist information services 
and those included in smart tourism. In [20] the information 
technologies for modeling of tourist demand taking into 
account the characteristics of the most important factors are 
presented. The paper [14] highlights the support of decision-
making on the tourist route based on the model of buffer 
analysis of neural networks. [13] proposes a conceptual model 
that aims to improve GRS for tourism using game techniques, 
smart agents modeled on the context and profile of tourists, 
such as psychological and socio-cultural aspects, and dialogue 
games between agents for the post-recommendation process. A 
conceptual model of an intelligent information system for smart 
tourist destinations based on the most modern technologies 
used in tourist directions is proposed [10]. The article [5] 
developed an intelligent tourist information system that uses 
virtual reality technology. The study [6] developed an 
interactive application that can visually display information 
and tourist objects in the form of 360° images to make it easier 
for users to view tourist attractions. In article [7] the intelligent 
tourist platform for the mobile terminal is developed. The paper 
[8] presents a web platform for mobile platforms based on deep 
neural networks for autonomous identification of historical 
monuments. A study [9] developed a smart map to identify 
tourist attractions based on tourist desires. 

The paper [12] presents a simple method of developing a 
conversational agent with the most modern tools by mapping 
the types and properties associated with tourism to 
conversational elements in a direct and general form. The study 
[22] explored the useful features of a virtual hands-free guide, 
without eyes, which can answer questions using the interface 
for conversational dialogue and inform the user about 
interesting features while driving, the tourist in different 
directions. The work [23] is aimed at developing approaches 
that combine different elements of sound reproduction, 
geolocation and other sensory capabilities of smartphones, 
which allows to create exciting geolocation stories in a mobile 
application. 

The above-mentioned works describe the introduction of 
tourism activities with the help of information technology and 
with the support of AR, there are also intelligent systems for 
tourism. It is important to combine AR with intelligent systems 
for sightseeing. In this regard, the purpose of this article is to 
develop a method of developing an intelligent guide with the 
support of AR, which will develop a full-fledged application 
that will allow tourists to immerse themselves in the historical 
retrospective of recreational places. 

Unlike analogues [12, 22, 23], the proposed concept of the 
intelligent guide is based on a combination of the following 
technologies: identification, AR, GMS, IoT, sound effects 
support and intelligent voice chatbot. 

III. MATERIALS AND METHODS 
The impact of digitalization on tourism should be considered at 
several levels: mega-, macro-, meso- and micro-levels. The 
mega-level corresponds to the level of international tourism, 
which is most affected by new digital technologies. And it is 
for international tourists that it is important to have the 
opportunity for more convenient sightseeing. 

To this end, the concept of an intelligent guide with AR 
support has been proposed, which, based on the appropriate 
software environment, will help the tourist to better perceive 
the tour. 

Therefore, the method of developing an intelligent guide 
with AR support is represented by the following steps and 
UML diagram (Fig. 1): 

Step 1. The tourist submits a request to log in and passes the 
identification and transfers personal data to the system. 

Step 2. In this step, the tourist, the system provides the 
opportunity to use the Smart tourist infrastructure of the city. 
These include: 
 Personal control - providing a higher degree of 

personalization in hotels and on flights, because it 
provides the ability to control more devices or services 
through a centralized device, tablet PC or user’s own 
phone. 

 Seamless journey. Sensors can be used to alert restaurant 
staff when a guest arrives and automatically send them the 
desired table number. 

 Location information. Travel companies can use this 
technology to send customers location information and 
collect valuable data, send notifications about local 
attractions and times when they are least busy, or point to 
public transportation nearby. IoT technology can be used 
to collect accurate data on the number of people who use 
specific hotel services at different times to optimize 
staffing levels. 

 Maintenance and repair. Warning about failure of tourist 
locations. 

Step 3. The basis for communication between the system 
and the user is an intelligent chatbot with voice control. The 
algorithm is described below (Fig. 2). Voice control works by 
combining artificial intelligence, connecting to the Internet 
and, in some cases, the Internet of Things (IoT). A customer 
can get travel information by asking correspondent questions. 

Step 4. Next, the tourist has the opportunity to choose a 
tourist route with AR support. The sound effects and voice 
accompaniment of the tour are connected accordingly. 

The method presented above allows tourists to immerse 
themselves in the historical retrospective of recreational places 
with the support of AR. 

Within the framework of the concept, an algorithm for 
communication between the system and the user has been 
developed, which is an intelligent guide with AR support and 
voice control and the ability to select a route, and which is 
represented by the following steps (Fig. 2): 

Step 1. The tourist (block 1) submits a voice request for 
route selection (block 2). 

Step 2. Converts human speech to AR-enabled text (block 
3), after which the NLP algorithm (block 4) structures and 
labels it relative to the conversation script knowledge base 
(block 5). Automatic Speech Recognition (block 3) - reads the 
user's oral language and converts it into text format for further 
processing. It is important to remember that the system needs 
to extract as many features as possible from the received text, 
especially for the correct operation of the next module. Natural 
Language Understanding (block 4) - trains the obtained models 
and on this basis creates an additional layer of logic, which 
controls the work of the entire architecture and becomes the 
foundation of the module of the intelligent guide with AR 
support. 
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Figure 1. UML diagram of smart guide with AR support 
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Figure 2. Algorithm for intelligent guide with voice control 

and the ability to choose a route with AR support 

Step 3. Next, an intelligent guide with AR support interprets 
it into teams and conducts the entire system (block 6). 
Intelligent guide (block 6) - the locomotive of the dialog 
system, which decides to execute or ignore the user's request. 
It is closely related to backend processes that can access third-
party services or databases. Also, one of our next developments 
will be the introduction of the opportunity to buy a ticket during 
the tour and watch (listen) to a virtual concert at the opera 
house, which is generally very important during the restrictions 
associated with the pandemic. 

Step 4. At the output (block 7) the user receives the 
expected result, accompanied by the generated text, audio 
message, link or image. Natural Language Generation (block 
7) is the last bastion in the machine's attempt to understand 
human intention and produce the final result. Having collected 
the necessary information from all previous modules, it 
generates a response relevant to the query in human language. 

Step 5. Next, the input parameters of the local route points, 
which include the route area (block 8). 

Step 6. Merging routes (block 9), as a result, a map of routes 
is created, in which points (cities) were visited n number of 
times (block 10). 

Step 7. The cycle runs as long as there is at least one route 
in the combined route (block 11-14). If the need can be met, the 
parameters are placed in a new route (block 15), and if not met, 
the cycle is repeated until a new route is created. If the 
conditions of the total needs of the client group are met, the 
cycle ends and the tourist route is displayed through an 
intelligent guide with AR support. If not, the cycle repeats 
again. 
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IV. EXPERIMENTAL RESULTS AND DISCUSSION 
Based on the algorithm of an intelligent guide with voice 
control and the ability to choose a route with AR support, 
developed an application for a tour of the central part of 
Ternopil, Ukraine (Fig. 3). 
 

 
Figure 3. Route with AR locations in Ternopil 

In the application (Fig. 4) there is a possibility of voice 
control and output of the entered text on the screen. AR 
locations also have information directories, which is 
represented by an additional designation above the 
corresponding object. When the customer clicks on the marker, 
a pop-up window will appear with information about the 
monument and its historical photos. If the user wants to get 
acquainted with the information in more detail, he can go to the 
window with complete information. 

 

 
Figure 4. Guide interface with AR support 

The next important aspect of the application is the 
presentation of the guide in the form of a historical figure, 
namely Jan Tarnowski. Jan Amor Tarnowski - statesman, 
politician, military figure of the Kingdom of Poland, founder 
of the city of Ternopil. It appears when the user clicks on the 
button as a voice icon. He is waiting for a user question. Then 
he talks about the sights. Voice control is developed on the 
basis of the algorithm developed above (see Fig. 2) intelligent 
guide with voice control and the ability to choose a route with 
AR support from 1 to 4 steps. 

Another feature is AR navigation. In this application, the 
function is displayed by highlighting the route to historical 
monuments. What is developed on the basis of the algorithm 
developed above (Fig. 2) intelligent guide with voice control 
and the ability to choose a route with AR support from 5 to 7 
steps. 

The authors conducted a research test of the developed 
application among students in Computer Science at West 
Ukrainian National University. 132 students from the 1st to the 
4th year of the bachelor's degree and the 1st year of the master's 
degree took a part in the testing. The testing was conducted on 
personal smartphones with Android OS. Students went on a 
tour as testers (Table 1) according to a different scenario 
(randomly) (Fig. 5), in particular: 
 Tour Guide – Testing the main default tour. 
 Study of city history - Check of the program function 

regarding history. 
 Touristic tour - Selecting the desired geolocation of 

tourist site and the opportunity to track it. 
 Back-alley tour - Check of the least used program 

features. 
 Boring tour – Spending the time minimum per each 

program screen, filling the minimum of fields and 
selection of the shortest route. 

Table 1. Structure of questions during the developed 
application testing 

№ Question Variants of answers 
1 Year of study 1-5 
2 Type of testing Tour guide;  

Study of the history of the 
city;  
Tourist tour;  
Tour on the back alley;  
Boring tour. 

3 The operating system version of 
your smartphone 

ОС Android 4.4; ОС 
Android 5.0-5.1; ОС 
Android 6.0; ОС Android 
7.0-7.1; ОС Android 8.0-
8.1; ОС Android 9.0; ОС 
Android 10.0; ОС Android 
11.0; ОС Android 12.0. 

4 Was there a problem with  installing 
the application? 

0 – no, 1 - yes 

5 How long has the application been 
starting? 

Number of seconds 

6 How do you like the idea of the 
application? 

0 - like; 1 – don’t like 

7 Convenience of the placed buttons 0 - convenient, 1 – not 
convenient 

8 Convenience of the size of buttons 0 - convenient, 1 – not 
convenient 

9 Were there any problems with 
connecting the camera to the app? 

0 – no, 1 - yes 

10 How many errors did you make 
while passing your type of test? 

Number of errors 

11 Were there any problems with 
geolocation determining? 

0 – no, 1 - yes 

12 Were there any problems with your 
mobile internet connection? 

0 – no, 1 - yes 

13 Were there any problems with voice 
control? 

0 – no, 1 - yes 

14 Were there any problems with 
determining the shortest path? 

0 – no, 1 - yes 

15 Is the text size convenient? 0 - convenient, 1 – not 
convenient 

16 Evaluate the usability of your type 
of testing 

0-10 

17 Overall usability rating 0-10 
18 Will you use this application in the 

future? 
0 - yes, 1 - no 

 

 
Figure 5. Distribution of testing scenarios between students by 

year of study 

Fig. 6 shows that the students who took the most part in 
testing of the developed application were students of 3 and 2 
years of study, respectively 30% and 29%. 
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Figure 6. Distribution of testing scenarios between students by 

year of study 

To analyze received results of testing above let’s consider 
the average download time of the application (Fig. 7). As it can 
be seen from the respondents, the higher the version of the 
Android OS, the shorter the download time of the application. 
This is understandable, because smartphones with a higher 
version of Android have better technical characteristics, 
respectively, and AR processing is running faster. 

 

 
Figure 7. Distribution of test scenarios relative to software 

download time 

 
Note, the only 2% run for more than 40 seconds. Most 

applications downloaded fairly quickly. 
Most of  testers (Fig. 8) had 5 errors in passing different 

scenarios, which is 15% of all. The 25% of testers got one error 
and the 24% had no errors. 

 

 
Figure 8. Percentage of the average number for detected errors 

 
Fig. 9 shows that the average number of errors which were 

detected in the test scenarios is the largest in the "Study of city 
history." The fewest errors were found in the "Boring Tour" 
scenario. 

 

 
Figure 9. Distribution of test scenarios relative to the average 

number of detected errors  

Let’s consider the distribution of test scenarios for detected 
errors in more detail. As it can be seen from Fig. 10 most bugs 
appeared in older versions of Android OS. In particular, in 
Android 4.4, the only problem was installing the application, 
but this OS no longer has a proper support from the developers, 
so fixing these errors is not relevant. 

Testers analyzed the placement of buttons, taking into 
account their size and text size. At the same time, testers who 
had screens with lower resolution in older smartphones had 
incorrectly displayed button sizes on the screen. 

Nobody had any problems connecting the camera. There 
were no significant problems with voice control, only 6% had 
errors. 

Users with older versions of Android had the most problems 
with geolocation and Internet connection, which is 35% and 
34%, respectively, for all users. Also, in the scenario "Tour 
guide", several errors were found with the installation of 
geolocation (for users with older versions of Android). 

 

 
Figure 10. Distribution of test scenarios for detected errors 

 
When evaluating the usability of the application (Fig. 11), 

users with older versions of the Android OS had the lowest 
average rating. The authors believe that this is because the 
application on their smartphones worked less stably and there 
were many errors. This statement is confirmed by the fact that 
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users with newer versions of Android have better impressions 
and, accordingly, the higher evaluation of application usability. 
In particular, the 23% and 25% of testers scored 9 and 8 points 
respectively on application usability. 

 

 
Figure 11. Distribution of testing scenarios for usability 

evaluation 

 
The case study confirmed that 95% of people plan to 

continue using this application after modifications. 
The developed application gives everyone the opportunity 

to get an unforgettable experience, thanks to augmented reality 
technology. Tourists can use GPS and a compass to get detailed 
location information as well as information about the 
surrounding area on the screen of their mobile devices. In 
augmented reality, there is a great opportunity to demonstrate 
large objects in the city space, such as buildings, structures, 
premises, etc. 

It is expected, the modified version of Intelligent Guide will 
be integrated with the AURA project MagneticOne [23]. 
AURA will be a WEB platform that allows to buy tickets for 
VR viewing performances for opera houses, which are 
currently represented by 3D model for theaters in Florence, 
Berlin and Lviv. At the same time, it will be possible to buy a 
ticket during the tour and watch (listen to) a virtual concert in 
the opera house, which is generally very important during the 
restrictions associated with the pandemic.  

V. CONCLUSIONS 
The concept of an intelligent guide with AR support has been 
developed, represented by a combination of method, UML 
diagram and algorithm, which allows tourists to immerse 
themselves in the historical retrospective of recreational places. 
The algorithm demonstrates the communication of the system 
with the user-intelligent guide with AR support and voice 
control, as well as the ability to choose a tourist route. 

The algorithm is implemented in the form of an application 
using AR location for the central part of Ternopil, Ukraine, 
which enabling to learn more about the information of the 
tourist object. At the same time, the shortest tourist route is 
illuminated by historical monuments. 

To assess the capabilities of the application, its testing was 
conducted, in which 132 students in Computer Science at West 
Ukrainian National University took part. Testing was 
conducted according to the scenarios: "Tour guide", "Study of 

city history", "Touristic tour", "Back alley tour" and "Boring 
tour". 

The developed application interested students and 
accordingly 95% of them are going to continue using this 
application after revisions. Most errors are observed in the 
scenario "Study of city history". 

In future the authors are going to develop the identification 
module, smart tourism infrastructure module and new AR 
locations, in particular some API routines and protocols to 
provide listening to virtual concerts based on auralisation 
project. 
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