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Abstract: In the context of Industry 4.0, augmented reality (AR) is becoming a key element for innovations in the field of lifetime usability of products and optimisation of production
processes. lts integrated use outdoors via GPS and Simultaneous Location and Mapping (SLAM) indoors with a focus on inertial technologies enables precise positioning and
efficient navigation in industrial environments. The aim of this study is to test the user-friendliness of the proposed indoor navigation system using inertial sensors. The AR
application provides indoor navigation between defined points of interest representing key locations. ARCore and ARFoundation were used for development. Participants are
tested using three different approaches to orientation in the environment. Their task is to evaluate the user-friendliness and compare the use of a smartphone with an ARNAV app,
2DMAP with visual elements, and variants without wayfinding support "BLIND". User acceptance is validated using a standardized SUS questionnaire. The evaluation results
show similar perceptions of the system among most respondents, except for the need for technical support and the presence of inconsistencies, where the ARNAV group showed
different opinions, indicating the need for optimisation in these specific areas to improve the user experience. In line with other studies the results suggest that despite advances
in augmented reality, there is still a lack of added value, especially for inexperienced users. Despite the number of studies available, user testing of the proposed systems remains
poorly carried out, with the emphasis more on functional verification. The results of the study suggest that the low variety and simplicity of tasks in the studied environment limits
significant differences in the perception of AR navigation. Future research should focus on the use of augmented reality in complex environments and in solving more complex
tasks.
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1 INTRODUCTION

Industry 4.0 uses cyber-physical system (CPS)
technology to create a platform of cyber-physical production
systems (CPPS). This platform is also used to connect the
virtual space with the real world in order to increase the
intelligence of the equipment in a smart factory [1]. To
achieve the fundamental design principles of digital
transformation in Industry 4.0, the implementation and
integration of diverse information, digital and operational
technologies (IDOT) is essential. This integration ranges
from simple to advanced technological elements such as
industrial sensors, controllers and automated guided vehicles
[2]. Within the Industry 4.0 concept, there is an opportunity
to interact with technology paradigms that include the
Internet of Things (IoT), artificial intelligence (AI), robotics,
big data processing, and cloud storage. In addition to these
aspects, other innovative technologies, namely virtual and
augmented reality, are also being used [3]. Fraga-Lamas et
al. [4] describe areas of industry that are suitable for the
application of augmented reality systems - manufacturing,
service or training.

Augmented Reality (AR) is a technology that provides
the user with a means to present a polysynthetic world.
Azuma [5] also presents specific application perspectives of
augmented reality in the context of situations where it can be
effectively used, for example, through navigation maps or
visualisation of the current and planned environment.
Augmented reality technology relies on different
methodological approaches. One of them is markerless AR,
which is a form of augmented reality that allows the
placement of virtual objects without the need for a reference
node. Specifically, this is accomplished by simultaneously
displaying a virtual object associated with a precise location

obtained through technologies such as GPS and a digital
compass. Marker-based AR relies on real-time recognition of
images, eyes and other real-world objects to provide digital
content to the user [6, 7].

Research oriented towards navigation in the physical
environment can be broadly classified into three main
groups: external navigation, internal navigation and their
integration [8, 9].

Navigation solutions, such as the Google Maps
application, rely on information from GPS, aerial imagery
and satellite imagery, but with a primary focus on the
external environment [10]. Alternatively, an integrated
solution can be implemented that combines technologies
such as GNSS and LiDAR or SLAM [11, 12]. In outdoor
navigation, we exclusively encounter the application of GPS
technology [13-15].

For today's large-scale structures such as organisations,
universities, business centres and logistics warehouses,
navigation is an increasingly complex challenge. An
effective solution to this challenge lies in an integrated
approach that harmonises external and internal navigation.
This integration brings significant benefits in optimising time
and facilitating navigation in complex environments [16, 17].

1.1 Related Work in Augmented Reality Indoor Navigation

De Souza Cardoso et al. [18] identified the prevalent
augmented reality applications in industrial environments
that are primarily focused on manual assembly processes.
These applications provide users with work instructions to
perform specific tasks. At the other end of the spectrum is the
logistics domain. Rejeb et al. [19] identified limitations to the
benefits of augmented reality technology in the area of
logistics and supply chain management. They emphasise the
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need to support human-centred designs for effective and
successful user experiences with AR. Trebuna et al. [20]
describe the issue of truck logistics analysis using GPS
location technology.

For indoor navigation solutions, there is a wide range of
technologies that are used to pinpoint the user's location in
confined spaces. These technologies include Bluetooth, radio
frequency identification (RFID), Wi-Fi, magnetic navigation
and even LED light technology [21-24]. One frequently used
approach is the use of Inertial Measurement Unit (IMU)
sensors. These use a magnetometer, gyroscope, and
accelerometer, which together enable tracking of the user's
movement and orientation in space [13, 17].

Bajpai and Amir-Mohammadian [26] introduced an
indoor navigation system that operates without the need for
physical signs and uses ARKit technology for the iOS
platform. This system works with a server that stores and
retrieves 3D map data. An open-source visual SLAM
framework called OpenVSLAM is used to implement the 3D
map reconstruction.

Romli et al. [27] focused on the development of an AR
application with an emphasis on the urbanisation domain. A
library was chosen as the demonstration environment for the
AR prototype. The Vuforia SDK technology was used for
specific scene identification and navigation in the space,
which allows setting image markers. The marker system was
also introduced by Sato [28], but his solution was extended
to include BLE transmitters in order to minimise the energy
burden of the mobile device.

The idea of creating augmented reality-enabled 2D and
3D indoor maps has been addressed by Cankiri et al. [29].
They presented a system design that incorporates 3D
humanoid agents for realistic navigation scenarios created in
an AR environment and integrates IMU and SLAM sensors.
Other research is focused on the implementation of a 3D
point cloud through Google Glass devices. This study
concludes that computer vision technologies are an effective
alternative to other methods of simultaneous localisation and
mapping [30].

Yao et al. [31] developed a system that relies on the A*
algorithm for optimised route planning based on a 2D map.
The optimal route is then passed to the navigation module in
the form of a sequence of nodes. This navigation module uses
AR based on location-based services (LBS). For comparison,
they also conducted experiments with a Wi-Fi system, where
this approach was found to be significantly less accurate with
respect to the real location, in the range of 3 to 8 metres.

Wang [32] presents the concept of an iBeacon
positioning mechanism that features the ability to flexibly
adapt appropriate detection values for different iBeacon
devices at variable distances. The goal of this approach is to
provide stable indoor localisation. At the same time, it is
intertwined with the AR display functionality without the use
of markers.

Extended support in robotics is addressed by Kapinus et
al. [33], who present a framework called ARCOR2. This
framework focuses on the efficient management of robotic
workstations using AR. The authors approach this problem
with a methodological foundation, which is paralleled in our
paper where we investigate user-friendliness.

1. 2 Hypothesis Setting and Research Questions

We formulated the questions based on the standardised
System Usability Scale (SUS) questionnaire [34], which is
used later in the paper. For each question we established a
null hypothesis (HO) and an alternative hypothesis (H1). HO
assumes that there are no significant differences between
respondents in their perception of a particular aspect of the
system, and H1 assumes that there is a significant difference
between at least two groups of respondents.

Ql1: There are significant differences between groups in
perceptions of increased use of the system.

Q2: There are significant differences between groups in
perceptions of unnecessary complexity of the system.

Q3: There are significant differences between groups in
perceptions of the ease of use of the system.

Q4: There are significant differences between groups in the
perception of the help needed from a technical support person
to use the system.

QS5: There are significant differences between the groups in
the perception of good integration of the different functions
of the system.

Q6: There are significant differences between groups in
perceptions of inconsistencies in the system.

Q7: There are significant differences between groups in
perceptions of very quick learning to use by most people.
Q8: There are significant differences between groups in
perceptions of the great difficulty of using the system.

Q9: There are significant differences between groups in
perceptions of great confidence in using the system.

Q10: There are significant differences between groups in
perceptions of the need to learn new knowledge before using
the system.

Here we set the research question RQ1: Which of the
proposed options is the most favourable in terms of SUS
score?

In the introduction of the article, we delve into the
elements of Industry 4.0 and their integration with
augmented reality, specifically focusing on navigation in
logistical processes. Stemming from the main AR panel, we
formulate hypotheses and research questions. Subsequently,
we describe the methodology, proposing three navigation
variants, including an AR application with a graphical user
interface and system functionality. We present the results
through processed SUS questionnaires, focusing on key
aspects of these questionnaires. In the discussion, we
compare our findings with similar experimental results from
other authors.

2 METHODOLOGY

The aim of this study is to conduct an experimental
investigation aimed at comparing the user-friendliness of
different forms of indoor navigation support. Specifically,
this is in a laboratory environment where a fully illuminated
corridor serves as a representation of the space. This area
contains individual offices that represent points of interest
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involved in a simulated logistics process. A secondary output
of this study is also the evaluation of the proposed algorithm
operating at the augmented reality level, whereby the
algorithm simultaneously operates in a markerless
environment. The experiment uses standardised AR
packages (described later), which were selected based on a
search in the internal environment. We deliberately dropped
the use of GPS, which is not relevant in indoor environments.
Among the frequently discussed applications are
technologies working with inertial measurement units. One
of the advantages of this technology is the possibility to
operate without the need for additional external tools,
moreover, the required technologies are present in common
smartphones.

A smartphone serves as the primary device using AR
technology in this study. This decision is based on the fact
that despite the widespread use of head-mounted display AR
glasses, the deployment of AR glasses is still limited,
especially due to the high cost of the device (for example,
Microsoft HoloLens 2 costs $3,500 - March 2024) [35]. In
parallel, we still observe a lack of progress in software
capabilities for these devices. We experimentally compare
variants using 2D maps, where we are inspired by the concept
of visual management [36]. Another source of inspiration for
our experiment is the 5S system, which works with colour
variants to facilitate spatial understanding and visual
management [37]. The purpose of this comparison is to
evaluate how technologically advanced orientation support
will contribute to user-friendliness. To achieve this idea, it is
necessary to explore technological differences, with the most
logical approach being to analyse the 2D map aspect of the
traditional view.

The application testing was conducted on a Xiaomi
Redmi Note 11 Pro mobile device, which has ARCore Depth
API support. The characteristics of this test device can be
classified as representative of lower-end mobile phones. The
operating system of the mobile phone used for testing is
Android 11, with a display refresh rate of 120 Hz. The main
camera has a resolution of 108 megapixels, and the battery
capacity reaches 5000 mAh.

Three variants are analysed in the framework of the
indoor navigation analysis:

1) Absence of navigation support to assess the natural
orientation in space - BLIND.
2) Navigation using a two-dimensional (2D) map as part of

a visual management concept - 2DMAP.

3) Navigation through an augmented reality (AR)
application on a smartphone - ARNAV.

The user experience was retrospectively evaluated using
the System Usability Scale (SUS) questionnaire [34], which
is the most widely used standardised instrument for
evaluating the perceived usability of the system being tested.
In the context of its psychometric properties, it can be
concluded that the SUS questionnaire proved to be effective
in terms of reliability, validity, and sensitivity of the outputs.
In this questionnaire, it should be considered that users who
experience a higher level of satisfaction in the initial use of
the system are likely to show a tendency to use the product

more often, which will enable them to achieve a high level of
skill with the product. The current trend favours the use of
short scales because of their efficiency and ease of
administration. The standard version of the questionnaire
contains a mix of positive and negative items, with odd items
worded positively and even items negatively. Respondents
rate their level of agreement with each item using a five-point
scale from 1 (strongly disagree) to 5 (strongly agree). The
SUS total score is calculated by converting each item to a 0-
4 scale, where higher values correspond to higher perceived
usability. We then sum the converted scores. Finally, we
multiply the sum by #2.5. This procedure generates scores
that can range from 0 to 100, with higher scores indicating a
higher level of perceived usability of the system [38]. The
analysis was performed in Excel with RealStatistic using
Excel add-in version 2210 installed [39].

2. 1 Description of the AR Application for the ARNAV Variant

There are specific requirements that must be met by the
application. The primary purpose of the application is for the
user to easily navigate using AR, which in our case involves
displaying virtual navigation lines leading to points of
interest. The system includes a simulation of the processes of
loading and unloading objects, and these processes are
displayed in the form of a task list that visualises the
sequential steps. The application is optimised to work on
specified frameworks. A limitation of the application is the
specific environment for which it was designed. The
application uses the standardised ARCore and

ARFoundation libraries, which are designed for Android

VARIANT 3 o

devices.

VARIANT 3 B

UK308
UK310
UK309

Default

Figure 1 User interface: A — application input interface, B - drop-down list of
positions.

The experimental application, the interface seen in Fig.
1, features a miniature floorplan of the defined environment.
The control of the application is implemented through
buttons in the graphical interface. The "LINE VISIBILITY"
button displays a virtual line that navigates in space
according to the generated NavMesh. To generate a line to
the exact point of interest, a dropdown list is implemented, in
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which the individual locations are listed. From this list we
can select our preferred location. To minimise the need for
additional cues during the experiment, a "LIST" button was
created. Pressing it displays a list of tasks that the proband
must complete during the experiment. During the
implementation of the user interface, we emphasised the
criteria of simplicity, clarity, and maximum user-
friendliness.

2.2 Methodology for Testing Variants

Participants are thoroughly briefed on the testing
procedure at the beginning of the experimental process. For
the purposes of the first phase of the experiment, we chose
the environment of the University of West Bohemia,
considering the possible influence of the complexity of the
environment and unstable lighting conditions on the results
of the experiment. The experiment itself is initiated in a fairly
sterile environment consisting of a flat and symmetrically lit
corridor, which allows better control of any environmental
effects. In this primary part of the experiment, special
emphasis is placed on evaluating the results from the
questionnaire that the probands complete.

This experiment represents a logistical process where the
proband assumes the role of a new worker in a warehouse.
The aim of the experiment is to use one of the available
spatial orientation aids to facilitate and optimise the
navigation process.

The proband's task is to determine the direction of the
location of objects in the warehouse and then, according to a
predetermined procedure, to distribute these objects around
the production area. Each specific location in this context
represents the location of a production machine and one
central warehouse.

2.2.1 Variant 1 (Without support tools - BLIND)

This experimental variant represents a basic and direct
approach to interacting with the surrounding space, but at the
same time presents a more challenging spatial orientation
task. The proband is provided with a list of tasks to complete.
Coloured labels representing different objects are placed on
a door symbolising a warchouse. The proband follows the
task list, collecting the required number of labels of different
colours from the door. They then place these labels on the
doors that represent the production machines. The colours of
the labels must match the task list. When all the labels have
been distributed, the experiment is terminated. Immediately
after completion, the proband conducts an evaluation using
the SUS questionnaire. To simplify and speed up the
response process, a QR code is placed on the wall that links
to a Google Form questionnaire specifically designed for this
experiment.

2.2.2 Variant 2 (Using 2D Maps - 2DMAP)

The second variant of the experiment operates with a
background in the form of a 2D map (Fig. 2), which is given
to the proband simultaneously with the task list. Emphasis is

placed on the fact that the use of the attached map is an
integrated part of the experiment and the proband is actively
encouraged to use it to improve their orientation in space.
Subsequently, the proband completes the same procedure as
in the first variant. After completing all tasks from the list,
the proband again completes the SUS questionnaire.

line: 002

workplace: UK324
produ riant: 0202
responsible person 1KK

0

line: 002
workplace: UK319
production variant: 0202

responsible person 1KK

line: D02

workplace: UK323

line: 001

workplace: UK325
production variant: 0101
responsible person: 1KK

START POINT
A

ENTRY
UL

Figure 2 Diagram of a 2D map with visualisation elements given to probands
during the 2DMAP experiment.

2.2.3 Variant 3 (Use of AR - ARNAV)

The experiment starts with the proband receiving a
mobile phone with an app installed which is capable of
visualising the surrounding space through augmented reality.
The aim of the app is to display a virtual route leading to
points of interest, represented by each door in the corridor.
These doors represent locations in a warehouse or production
area and are followed in the same way as in the previous
versions of the experiment. Before running the experiment,
the functions of the app are explained to the proband, and a
brief description is provided of what to expect in the app and
how to interact with it. As mentioned earlier, we tried to
configure the augmented reality system in such a way that the
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proband does not need any additional information. The
information about the tasks to be performed by the proband
is available directly in the augmented reality application.
Before starting the application, the proband stands in the
zero position and starts the application. After quick
familiarisation with the list of tasks found under the "LIST"
button, they select the desired position from the drop-down
list. They then click on the "LINE VISIBILITY" button and
a virtual line in space appears on the mobile device's display
to navigate to the selected location. Following the on-screen
instructions, the proband performs an action, such as picking
up or sticking a piece of paper on a door. They then check the
list of tasks again and repeat the process until all the tasks are
completed. An example of the process can be seen in Fig. 3.
The experiment ends with the proband completing a
questionnaire evaluating the system and its features.

,'s."‘.’l

Figure 3 Visualisation of the eperimental procedure in the ARNAV variant; A -
Sheet with the list of tasks, B - Representation of the navigation line, C - Placement
of a coloured label at a specific position.

3 RESULTS

The evaluation works with three different variants of
support systems for orientation in an unfamiliar environment,
namely:

1) Variant 1: Navigation without support "BLIND" with the
participation of 18 respondents.

2) Variant 2: Navigation with 2D map "2DMAP" with 25
respondents.

3) Variant 3: Navigation with augmented reality application

"ARNAV" with 22 respondents.

The Kruskal-Wallis test was used for a targeted
comparison of the means of the three different variants. This
is a non-parametric statistical method, applicable when
comparing the means of several independent groups,
especially in cases where the assumptions for parametric tests
are not met. These assumptions include, for example, the
independence of the data (meaning different numbers of
respondents coming from different groups), failure to meet
the assumption of a normal distribution of the data, or the use
of unmeasured metrics where only rankings and comparisons
are available. Its undeniable advantage is its relative ease of
interpretation and implementation, which is significant for
statistical analysis without extensive assumptions [40, 41].
As part of the evaluation process, ten questions (Q1 ... Q10)
were formulated that directly correspond to the standardised
questions in the SUS questionnaire. The alpha level of
significance was set at 0.05 when the Kruskal-Wallis test was
performed. This level determines whether we can reject the
null hypothesis. The result of this statistic is obtained through
the p-value, which is the result of the test performed, and can
be seen in Tab. 1. Furthermore, the comparison of the median
values for each variant is shown in Fig. 4.

Table 1 Summary of the values of the Kruskal-Wallis test for the stated hypotheses

supplemented by the evaluation of the hypotheses.

1 2.519 | 0.284 |There are no significant differences between the variants
2 0.528 | 0.768 |There are no significant differences between the variants
3 2.119 | 0.347 |There are no significant differences between the variants

Significant differences in perception were shown by the

4 .22 .01
9225 DUNN method between the 2DMAP and ARNAV groups

5 1.417 | 0.493 |There are no significant differences between the variants

Significant differences in perception were shown by the

6 5.273 | 0.037
DUNN method between the 2DMAP and ARNAV groups

7 2.628 | 0.269 |There are no significant differences between the variants
8 1.869 | 0.393 |There are no significant differences between the variants
9 0.199 | 0.886 |There are no significant differences between the variants

10 3.577 | 0.031 |There are significant differences between the variants

Comparison of mean values of individual variants

===BLIND

—2DMAP

Response value

= ARNAV

Question number
Figure 4 Comparison of mean results for each question of the SUS questionnaire.

For QI1, Q2, Q3, Q5, Q7, Q8 and Q9, no significant
differences were found for any respondent groups and the
null hypotheses are not rejected. Therefore, only Q4, Q6
and Q10, where significant differences were found
between at least two groups of respondents, need to be
examined in further detail.
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Q4:

HO: There are no significant differences between the groups
in perceptions of assistance from a technical support person.
H1: There are significant differences between groups in
perceptions of the help of a technical support person.

The p-value of the test was found to be p =0.016, leading
to the rejection of the null hypothesis. However, the median
values of the BLIND and 2DMAP groups are the same and
equal to 1, while the ARNAYV group is equal to 1.5. Half of
the respondents from the BLIND and 2DMAP groups
responded with a value of 1. That is, they strongly disagree
that they would need the support of a technical person to use
the system. Respondents in the ARNAV group reported
responses ranging from 1 to 2, or that they did not need the
support of a technical person. Significant differences in
perceptions were found between the 2DMAP and ARNAV
groups, with ARNAYV respondents showing higher levels of
agreement with the need for technical resource support than
2DMAP group respondents.

After rejecting the null hypothesis in the test of mean
equality, a post hoc analysis was conducted to identify groups
with statistically significant differences. The Dunnett's test
was used for this analysis, which is suitable when compared
groups have different sample sizes. The analysis revealed a
statistically significant difference between the 2DMAP and
ARNAYV groups (p =0.004 <p =0.016), see Fig. 5.

Q4 DUNNETT's TEST  alpha =0.05
group 1 group 2 p-value
BLIND 2DMAP 0.095
BLIND ARNAV 0.324
2DMAP ARNAV 0.004

Figure 5 Comparison of Dunnett test variants for question 4

Qé6:
HO: There are no significant differences between the groups
in their perception of good integration of different system
functions.
H1: There are significant differences between groups in
perceptions of good integration of different system functions.
The p-value of the test was found to be p = 0.037, again
leading to the rejection of the null hypothesis. The medians
of the BLIND and 2DMAP groups are equal to 1. The median
of the ARNAYV group is equal to 2. Half of the respondents
in the BLIND and 2DMAP groups answered 1. So they do
not perceive any irregularities in the system. The third group
ARNAYV answered 2 or less. Significant differences in
perception were found between the 2DMAP and ARNAV
groups, with ARNAV respondents showing a higher level of
agreement with too many irregularities in the system than
2DMAP group respondents.

Q6 DUNNETT’s TEST alpha = 0.05
group 1 group 2 p-value
BLIND 2DMAP 0.719
BLIND ARNAV 0.058
2DMAP ARNAV 0.014

Figure 6 Comparison of Dunnett test variants for question 6

We conducted the same analysis, the Dunnett's test, after
rejecting the null hypothesis for question 6 as well. We found
a statistically significant difference between the 2DMAP and
ARNAV groups (p =0.014 < p =0.037), as shown in Fig. 6.

Q10:
HO: There are no significant differences between the groups
in their perceptions of gaining new knowledge before using
the system.
H1: There are significant differences between groups in
perceptions of new knowledge gain before using the system.
Despite the rejection of the null hypothesis, the same
median values were found in all groups, namely the value of
1. Thus, it can be concluded that respondents do not perceive
the necessity of gaining new knowledge before using the
system. In each group, one half of the respondents clearly
chose the answer 1. For this reason, a post-hoc analysis was
performed, but no pair with a significant difference was
identified.

Table 2 Summary of SUS questionnaire scores for individual variants.

SUS score
Respondent BLIND 2DMAP ARNAV
1 52.5 97.5 42.5
2 90 100 82.5
3 85 77.5 82.5
4 97.5 82.5 80
5 80 87.5 82.5
6 97.5 95 62.5
7 45 65 87.5
8 72.5 92.5 80
9 92.5 82.5 77.5
10 100 97.5 80
11 77.5 92.5 95
12 55 70 100
13 90 97.5 90
14 77.5 97.5 92.5
15 92.5 90 87.5
16 100 87.5 97.5
17 37.5 90 77.5
18 80 100 72.5
19 27.5 82.5
20 62.5 65
21 95 85
22 95 80
23 52.5
24 82.5
25 85
MEAN VALUE 79.03 84.10 81.02
MEDIAN 82.5 920 82.5

Parallel to this, an evaluation of the SUS questionnaire
was carried out in a standardised form, which is described in
the introduction of the methodology. These outputs are
summarised in Tab. 2. The higher the SUS score, the higher
the level of user acceptance of a given system. This score
answers our question: which of the proposed options is the
most favourable in terms of SUS score? The output shows
2DMAP as the most preferred option with a value of exactly
90 for the median score. The secondary output of the
evaluation of the AR navigation algorithm demonstrated the
successful completion of the functionality of the whole
system.
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A final Kruskal-Wallis test was performed for the SUS
score. Here the hypothesis was posed: There are significant
differences in median SUS scores between groups. After
performing the Kruskal-Wallis test, the p-value was
calculated as p = 0.301 with an alpha value of 0.05. The
hypothesis was rejected.

4 DISCUSSION

The analysis and evaluation of mobile navigation
compared to traditional maps has been studied in the past.
With our experimental variants, we achieved identical
designs - mobile app, a paper 2D map and direct experience.
The research confirmed that the directional errors of the
participants in the different groups did not show significant
differences from each other [42]. A similar study is designed
to assess the AR experience in comparison to the map-based
experience. However, it is conducted within a VR context.
This analysis mainly focuses on the effect of AR on driving
performance and route learning ability in the context of a
virtual environment [43]. In a similar vein, they conducted an
analysis of the forklift navigation process in VR within a
logistics process [44]. In many aspects, we can observe the
substitution of augmented reality for virtual reality
environments. As VR currently has more advanced
technology, it provides more significant support for the
application of AR elements and their research [45].

In an outdoor environment, Mulloni et al. [46] performed
an experimental comparison of an AR application with a
traditional map. A significant finding of the research is that
users predominantly use augmented reality near road
intersections. This location appears to be crucial to
effectively support accurate tracking. This result shows that
despite the progress made in AR, there is still a lack of
sufficient added value, especially for inexperienced users.

Conversely, Diinser et al. [47] identified that while using
map backgrounds integrated into an AR application, users
focused their gaze on the screen for the longest time,
especially when walking. The authors state that this can be
explained by the different design of the study conducted. The
results of this analysis also show that users generally look at
the screen less frequently with the AR interface. The authors
interpret this fact to mean that this interface is primarily used
for quick verification at decision points and for confirming
directions. Sekhavat and Parsons [48] discuss the design and
comparison of two tracking methods in outdoor augmented
reality applications: location-based augmented reality (LAR)
and marker-based augmented reality (MAR). The results
show that the characteristics of the location-based tracking
method bring the need for less time to locate points of
interest; reducing the number of errors in locating specific
POlIs; inducing a higher perception of the quality of the user
experience and promoting a higher acceptance rate to using
AR technology.

QR codes are an important integration into AR
navigation systems, serving not only as markers for location
definition, but increasingly as key elements for identifying
points of interest (Pol). In parallel with this functionality,
applications are being developed to optimise cloud

connectivity. The main impetus for this implementation is to
minimise the energy consumption of hardware devices -
smartphones or AR glasses [49-52].

Tadepalli et al. [53] presented a solution with some
similarities using the A* algorithm. However, it should be
noted that this is a rather simplistic approach that has not been
developed, for example, in the form of experimental testing.

5 CONCLUSION

Industry 4.0 opens up the possibility of interacting with
technological paradigms such as the Internet of Things,
artificial intelligence, robotics, big data processing and
augmented reality. Augmented reality is a technology with
various applications, including navigation and environmental
visualisation. In the area of navigation in physical
environments, the integration of external and internal
navigation is key to effectively addressing the challenges of
navigating complex environments, bringing significant
benefits in optimising time and facilitating navigation.

In industrial environments, augmented reality is widely
applied in manual assembly processes, while in logistics it
faces constraints requiring human-centric designs for optimal
user experiences. In indoor navigation a variety of
technologies from Bluetooth to IMU sensors enable accurate
user location in confined spaces. Research in AR navigation
includes innovative approaches such as the use of
standardised frameworks for iOS and Android platforms or
the combination of 3D map data with visual SLAM. The
broad spectrum of research also includes optimised route
planning using the A* algorithm and the development of
positioning mechanisms such as iBeacon and RFID for stable
indoor localisation and efficient integration with AR
displays.

Our experiment conducted on indoor AR navigation is
structured to systematically evaluate the factors affecting the
effectiveness of AR technologies and the user experience.
The creation of an augmented reality-enabled application
based on IMU sensors for a smartphone will enable the
assessment of the potential of AR navigation and the
optimisation of the research results. The proposed algorithm
uses standardised packages to support Android devices,
namely ARCore and ARFoundation.

The experiment systematically presents the process of
testing AR navigation in indoor environments, starting in a
test environment for the first phase and gradually moving to
an industrial setting. Participants are introduced to the
experimental process and detailed tasks, with each variant of
the experiment involving specific means of navigation. The
experimental conditions are carefully designed to maintain
symmetrical results and obtain quality feedback from
participants. Each variant of the experiment simulates a
logistics process with the proband in the role of a warehouse
worker. The experimental variants include different
approaches to interacting with the environment, including the
use of a 2D map and a mobile app with AR navigation, as
well as a variant without any orientation support.

During the evaluation of the system, no statistically
significant differences were found between the three groups
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of respondents on most of the questions investigated.
Questions related to frequent use of the system, its
complexity, ease of use, correct integration, presence of
inconsistencies, speed of learning and confidence in use did
not show statistically significant differences between the
different variants. It can be concluded that the respondents
from the total sample had similar views on different aspects
of the system.

However, significant differences in the perception of
different aspects of the system emerged on the issue of the
need for technical support. The 2DMAP group, which
required a lower level of technical support, was statistically
different from the ARNAV group, which required a higher
level of technical support. Respondents in the ARNAYV group
showed greater agreement that they would need the support
of a technical person. Similarly, there were significant
differences for the question regarding the presence of
inconsistencies in the system, where respondents in the
ARNAYV group were more likely to agree that there were too
many inconsistencies in the system than respondents in the
2DMAP group.

Overall, while most respondents' perceptions of the
system were similar, it is important to focus on specific areas
where significant differences emerged between the groups.
These findings may be key to further optimising the system
and improving the user experience. It is significant to note
that the initially expected negative evaluation of the system
by the BLIND and 2DMAP groups was not confirmed.
Nevertheless, the ARNAV group was not statistically
different in its perception of the system.

The cause of these results is attributed to the low level of
task variety and complexity, as well as the specifics of the
environment. This fact can be considered a limitation of this
study. Within a low-diversity and non-complex environment,
the chosen technology is not a decisive factor, and the user
experience is very similar. A key question for further
research is to what extent the use of augmented reality
support is significant in complex environments and when
dealing with complex tasks. This step is the subject of future
research.

Some studies suggest that experiments with mobile apps,
paper maps and direct experience have confirmed that
directional errors between these methods do not show
significant differences. Other studies have compared the use
of an AR app with a traditional map in outdoor environments,
with proximity to road intersections being a key area for
effective support. The results also suggest that despite the
successes in AR, users still prefer quick verification at
decision points and confirmation of directions.

Integrating QR codes into AR navigation systems and
optimising cloud connectivity are also identified as key
elements for the effective use of these technologies.
Although advanced algorithms such as A* exist, the need for
further experimental testing to fully evaluate their
effectiveness in real navigation conditions should be
emphasised. Overall, there is a dynamic and diverse approach
to the development of navigation technologies, especially in
conjunction with augmented reality.
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