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EXPERT EVALUATION OF QUALITY CRITERIA
FOR HUMAN-MACHINE INTERFACES IN AUGMENTED REALITY

Abstract. In today's world of widespread augmented reality technologies, ensuring high-quality user interfaces that
determine the effectiveness, safety, and reliability of user interaction with the digital environment is becoming
particularly important. The subject of the study is the methods and criteria for evaluating the convenience, clarity,
stability, and functional completeness of the augmented reality system interface for unmanned aerial vehicle
operators as part of an explosive hazard monitoring system. It is important to analyze the implementation
of methods such as evaluation using quality metrics, focus group surveys, and expert surveys, based on
a comparison of their advantages and disadvantages that become apparent under certain conditions. The purpose
of the work is a comprehensive expert evaluation of the augmented reality interface using a structured checklist.
The evaluation covered self-descriptiveness, controllability, error protection, consistency, aesthetic integrity,
responsiveness, reliability of information presentation, and other criteria recommended by relevant international
standards. Tasks: to develop an augmented reality interface; to identify possible quality criteria, taking into account
the characteristics of human-machine systems of a certain type; to propose a list of questions for expert surveys
based on the identified quality criteria; to conduct expert surveys. Research results: a mock-up
of an augmented reality interface for human-machine interaction between the operator and unmanned aerial vehicles
was created, a list of criteria for evaluating the quality of augmented reality systems was formed,
and an expert survey was prepared and conducted to evaluate the quality of the proposed interface. The survey
results are presented in the form of a radial diagram, which allows you to clearly identify the advantages and
disadvantages of the interface, as well as to form priorities for its further improvement. Conclusions. The expert
assessment method used is an effective tool for identifying problems in user interaction with augmented reality and
for outlining areas for improving the quality of the interface. The results obtained can be used to further modernize
the system, optimize the structure of information reproduction, and create a more intuitive, safe,
and ergonomic user environment.

Keywords: augmented reality; quality criteria; human-machine interfaces; expert assessment;
monitoring systems.

1. Introduction

Augmented reality (AR) technology is widely integrated into modern industrial and
non-industrial information systems as the latest method of human-machine interaction with the
aim of improving efficiency, safety, and ease of use [1-3]. AR applications cover manufacturing,
transportation, education, medicine, defense, and a range of consumer services, where high-
quality visualization and rapid information retrieval significantly affect task accuracy and reduce
user errors. Such a high level of interest and growing involvement
create a need for models, criteria, and formalized methods for evaluating the quality
of proposed AR interfaces.

As the technology spreads, so do the requirements for its ergonomics, reliability,
and compliance with international standards, in particular 1ISO 9241 and ISO/IEC 25010, which
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regulate the quality indicators of interactive systems. In the context of augmented reality, criteria
such as comprehensibility, intuitiveness, cognitive load, stability of visual elements,
and correctness of spatial positioning are of particular importance. The lack of a systematic
approach to evaluating these parameters complicates the development of effective AR solutions
and limits the possibility of their improvement.

In this regard, it is important to develop a list of quality criteria for expert evaluation
of AR interfaces, which will allow quantifying the quality level of the system and comparing
different options for its implementation. Such an evaluation creates a basis for identifying critical
shortcomings, determining the level of compliance with quality requirements, and forming
recommendations for optimizing the design of AR interfaces.

2. Analysis of scientific publications and formulation of the research problem

In one of the previous publications [4] by the authors of this work, an analysis of the state
of research was carried out and a review of the methods of assessing the quality of systems
available at that time was made. The article concluded that most of the proposed methods
are based on evaluating the quality of AR systems, since this indicator is the easiest way to assess
the attractiveness of the software product being developed for the user. Most often,
the heuristic research method is used for evaluation. This choice of evaluation methodology is
due to the fact that the quality of use is a subjective characteristic, and the use of the same
subjective evaluation method seems logical.

In more recent studies, this trend continues, although the list of evaluated indicators has been
significantly expanded. Thus, in works [5-7], physical, mental, and time loads, as well
as the efforts and productivity of the group of respondents, are taken into account along with
SUS indicators. The results obtained using this approach can be considered more accurate, since
it takes into account the impact of AR on the physical and psychological state of the respondents,
which is not characteristic of classical methods of evaluating quality of use.

Works [8, 9] consider various options for assessing the quality of AR, mainly focusing on
the visual aspect of this technology. Physical and mental load are not taken into account here,
but quality indicators such as adaptability, content quality, aesthetics, immersion, etc. are
considered. Of course, these criteria are important for human-machine systems with a high level
of immersion, which includes augmented reality, but they ignore technical factors and the
possible consequences of prolonged use of AR in the form of deterioration of physical
and emotional states.

It is also worth highlighting study [10], which evaluates the safety of using systems with AR
interfaces on the same hierarchical level as user satisfaction indicators. This quality criterion
should be one of the key criteria for human-machine interaction systems with augmented reality,
since they have a direct impact on the perception of the environment, but in most studies it is
ignored. At the same time, this work lacks criteria for assessing physical and mental stress, as
well as the visual component.

In general, it can be concluded that significant progress has been made in recent years in
assessing the quality of human-machine AR interfaces, but in the vast majority of cases, existing




methods are used without taking into account the specifics of augmented reality. Therefore,
determining key criteria for a comprehensive assessment of AR quality is a relevant scientific
and practical task. This task is especially important for human-machine systems in which
operators control the use of single unmanned aerial vehicles (UAVs), swarms of UAVS,
and fleets that combine different swarm systems, where the significant dynamics of flight control
require quick and accurate decisions. This applies, in particular, to unmanned systems for
humanitarian demining, technical inspection, etc. [11-13]. The integration of AR into such
interfaces is a new approach that requires appropriate research, in particular, on the assessment
of interface quality and the impact of AR on the operator and the system as a whole.
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3. Purpose and objectives of the study

The purpose of this study is to develop a set of quality criteria for human-machine augmented
reality systems and to conduct an expert evaluation of the proposed interface.
The study was aimed at identifying the strengths and weaknesses of the interface, identifying
potential problems in user interaction with the system, and developing quantitative indicators
that can be used for further design optimization. To this end, a 10-point expert survey was used,
which made it possible to obtain comparable and interpretable results across a wide range
of criteria, including functional completeness, responsiveness, self-descriptiveness, safety of use,
aesthetic integrity, and others. The data obtained provided the opportunity for a comprehensive
analysis of the interface and the formation of recommendations for its improvement.

4. Research materials and methods

4.1 Explosive object monitoring system

Since the human-machine interface cannot exist as an object separate from the system, the
authors of the study decided to develop the architecture of the explosive object monitoring system
shown in Fig. 1, where AR is considered as a means of visualizing information for UAV operators
and ground robotic complexes (GRC). Such a system, as noted, is an example
of human-machine systems with rapidly changing application dynamics.

The system includes a central server and databases responsible for processing and storing
critical information about the geographical coordinates of areas potentially contaminated with
explosive objects, historical data on the presence of mines, maps of demined areas,
and telemetry data obtained from UAVs and GRCs. This data is processed by a central server,
which transmits it to the control center and control station in real time.

The control center is the main analytical hub of the system, which manages the entire
operation, monitors the status of drone swarms and demining teams, and analyzes the data
received for quick decision-making.

Here, records, reporting systems, access lists (if necessary) are kept and confidential
materials are controlled.




The demining group works directly in the area of operation, but thanks to augmented reality
glasses, it receives critically important information that increases their level of safety. However,
the AR interface for the demining group is not considered in this work.
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Fig. 1. Architecture of the explosive objects monitoring system

The control station is located in close proximity to the area under investigation and serves
as a local control and maintenance point for UAVs and GRCs. It receives data from the server,
provides communication with operators, and controls the interaction of drone swarms.

Operators at the control station work with remote controllers, which allows them to control
individual UAVs or GRCs in critical situations, receive and analyze video streams in real time,
and change flight routes according to new data.

Operators use augmented reality glasses to display AR interfaces, allowing them to view
mine threat maps, control UAVs and GRCs, and receive important information.
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4.2 Augmented reality interface for drone operators

Although augmented reality interfaces are quite common, there are very few examples
of their use for interacting with UAVSs. This can be explained by the fact that research in this area
of AR use is still in its infancy.

For example, [14] presents an AR interface for mobile devices that allows you to control
a fleet of UAVs using virtual manipulators on a touch screen. However, there is a significant
drawback in that the operator must constantly maintain visual contact with the drone to control
its flight direction and ensure communication with the mobile device.

This necessity is caused by the fact that the window displaying the video stream received
from the UAV occupies less than 10% of the screen space and is partially covered by virtual
controls. For mobile devices with serious limitations in display size and resolution, such a small
display area makes it almost impossible to view information from the UAV.

This option of using AR to control a UAV can be used for personal purposes, but it is not
suitable for performing tasks in monitoring systems.

In [15], it is proposed to use augmented reality to control UAVs from a first-person
perspective using augmented reality glasses. A remote control is used to control the flight of the
UAYV, while information from the drone's cameras is displayed on virtual windows.

This option seems much more convenient in terms of control, but does not allow for the
control of a fleet of UAVSs. Also, in this version of the AR interface, there are no control elements
such as charge level, altitude, speed, etc. For these reasons, it is not possible to use
this option for monitoring systems.

In [16], an option is proposed that is positioned as an interface with augmented reality
elements for UAV control. Unlike the previous study, this one has all the necessary indicators
for controlling an unmanned aerial vehicle. However, the interface still has a number
of drawbacks, namely the small size of the elements responsible for displaying the video
stream from the UAV and the flight map, as well as the inability to control a group
of unmanned aerial vehicles.

There is also a conceptual question of whether the proposed human-machine interaction
system can be considered to contain augmented reality elements, since all virtual control
elements are located in a 2D plane, although the classic definition of AR[17] requires them to be
placed in 3D. Based on the above-described options and shortcomings of existing AR interfaces,
it is advisable to present our own design option.

Fig. 2 shows a mock-up of one of the developed drone control interfaces with built-in
augmented reality elements. This interface design aims to expand the operator's capabilities
in the process of human-machine interaction.

The concept of augmented reality provides the possibility of tactile control of individual
elements of human-machine interfaces, which theoretically simplifies and speeds up switching
between the control of individual units of UAV swarms and GRC.
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This, in turn, can contribute to improving the quality of use of such interfaces and enhance
the user experience of operators, while preserving the basic elements of classic human-machine
interfaces of unmanned aerial vehicles.

SELECTDRONE

MANUAL

“ GPS SPEED FLIGHT TIME  will a
3272 142 18.9M 12:10 60 ms 8%

Qe

Fig. 2. Augmented reality interface layout for drone operators

The proposed augmented reality interface for the UAV and GRC operator consists
of four virtual windows, each of which performs a separate function:

— the central interface window is the main one and is used by the operator to display
the video data stream coming from the UAV and GRC. In addition to the images from the drones,
the screen displays controls such as a compass for tracking the direction of movement and an
indicator of the angle of inclination of the video camera from which the image is transmitted.
Other controls are not displayed on this screen in order to reduce the number
of factors that distract the operator during the task and to increase the field of view;

— to the right of the main window is a window with a map for monitoring the flight route;

— the bottom panel displays information necessary for the operator about the technical
condition of the controlled UAV or GRC, its speed and altitude, operating time, position in space,
etc. These controls are placed in a separate window to free up as much workspace
as possible on the main screen;

— the window on the left is used for visual monitoring of the other drones in the system and
quick switching between them. This is the only element of the augmented reality interface that
involves touch interaction. This window is used not only to display the video stream from other
drones in the system, but also to quickly switch between them using gesture controls. When you
tap on an element in the window, control switches to the corresponding drone.
You can also use gesture controls in the window to scroll through the list of drones and switch
between the UAV and GRC tabs. This interaction mechanism is designed to speed up switching




between different types of drones and the drones themselves. Other interface elements do not
allow such freedom in interaction with them. This restriction is implemented to reduce the risk
of errors during drone control due to incorrect or mistaken gestures.

Thus, the augmented reality human-machine system described in Fig. 2 allows the drone
control elements to be broken down into separate windows. Traditionally, this approach requires
multiple monitors, but augmented reality has no such limitations and can use virtual monitors
placed in the operator's field of view. These windows can be placed in any order and at any
convenient point, changed in size and orientation, removed if necessary, and subsequently
reopened. Such flexibility in use should have a positive impact on the mobility
of the system and the operator's user experience.

Thus, the proposed interface has a number of significant advantages over the solutions
presented in [14-16]. Unlike the analogues considered, the interface in Fig. 2 provides control
based on information received directly from the UAV camera and supplemented with elements
in the form of a compass displayed in the central window and a map of the area displayed in
a separate window. The operator will not need to maintain constant visual contact with the
controlled device, thereby limiting the area of monitoring tasks. Also, in the proposed version,
telemetry data, including GPS coordinates, speed, altitude, flight time, image delay, temperature,
signal strength, and battery status, are consolidated into a single compact panel, which should
reduce visual noise and cognitive load thanks to better workspace organization. Integrated
warnings about the current status of the controlled UAV are intended to further improve the
operator's decision-making, and thus should reduce training time and increase the efficiency of
real-time information processing compared to the solutions described conceptually in [14, 16].

The scientific novelty of this approach to interface design lies in the optimization
of information presentation through the compact grouping of key telemetry indicators and
auxiliary functions into separate windows, which frees up as much of the main workspace as
possible from information noise. This differs from existing solutions [14-16], where telemetry
elements are placed on the main screen, reducing the visibility of the video stream. Reorientation
to a full-fledged AR environment, where functional elements are placed in space as separate
virtual windows, eliminates physical limitations of the workspace and provides
the ability to scale, rearrange, and personalize the interface. Also, unlike the known ones,
the developed layout provides for the use of gesture interaction between unmanned aerial
vehicles. The results obtained create the prerequisites for the further development
of multi-window AR-based human-machine interaction systems focused on scalable control
of UAV and GRC groups.
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4.3 Quality criteria for AR interfaces

A list of criteria for further expert evaluation of the quality of augmented reality human-
machine interfaces was prepared based on a combination of subjective and objective criteria.
Subjective criteria include indicators describing ease of use, perception, intuitiveness, and the
interface's compliance with user needs, formed in accordance with 1ISO/IEC 25010:2011 [18],
1SO 9241-210:2019 [19] and the arc42 conceptual quality model [21]. Objective technical criteria
that ensure reliability, correct display of information, and safe interaction were selected in




accordance with the requirements of NUREG-0700 [20] and the recommendations
of IEEE P2048.101 [23]. The coordination of these sources made it possible to form a balanced
and comprehensive set of indicators (Table 1), suitable for systematic analysis and comparative
evaluation of augmented reality interfaces.
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Table 1. List of quality criteria for AR interfaces

Ne Name Source
1 Functional Completeness [18, 19]
2 Functional Appropriateness [18]

3 Time Behaviour [18, 20]
4 Resource Utilization [18]

5 Learnability [18, 19]
6 Faultless proposed
7 Reactivity proposed
8 User Error Protection [18, 19]
9 Self-descriptiveness [18, 19]
10 Safety [18]
11 Durability [21]
12 Hazard Warning [18]
13 Predictability [21, 22]
14 Suitability [18]
15 Personalization [21]
16 Coherence [21]
17 Conciseness [21, 20]
18 Controllability [22, 19]
19 Aesthetic Integrity [22]
20 Visual Accuracy [22]
21 Readability [21, 20]
22 Aesthetics [19]
23 Alignment Accuracy [23]
24 Frame Rate [23]
25 Latency [23]
26 Cognitive Load proposed
27 Stress [6, 7]
28 Fatigue [6, 7]
29 Realism proposed
30 Unambiguity [20]
31 Distinguishability [20]
32 Visibility proposed
33 Interactivity [8]

Functional completeness — the degree to which the set of functions covers all the defined
tasks and goals of the intended users.

Functional Appropriateness — the degree to which the set of functions contributes to the
fulfillment of the defined tasks and goals.

Timeliness — the degree to which the response time of the system during the performance of
its functions meets the requirements.
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Resource utilization is the degree to which the number and types of resources used in
performing its functions meet the requirements.

Learnability is the degree to which the functions of a product or system can be learned for
use by specific users within a specified period of time.

Faultless is the degree to which the interface influences the accuracy of user actions
performed using the augmented reality system.

Reactivity is the degree to which the interface influences the speed of user response in
specific situations.

Error protection — the degree to which the system prevents user errors during operation.

Self-descriptiveness — the degree to which the product provides relevant information
necessary for the user to understand its capabilities and use without excessive interaction with
the product or other resources such as documentation, support services, or other users.

Safety — the degree to which a situation that endangers life, health, property, or the
environment can be avoided.

Durability — the degree to which a system is capable of remaining useful over
a long period of time.

Hazard warning — the degree to which the system is capable of warning of unacceptable
risks so that timely action can be taken to ensure the user's safety.

Predictability — the degree to which the consequences of user actions can be predicted,
including the current state of the system.

Suitability — the degree to which functions are provided that meet the stated and implied
needs of the intended users when used under the specified conditions.

Personalization — the degree to which the product can be modified or customized to suit the
user's personal preferences.

Coherence — the degree to which interface elements are logically and aesthetically organized
or integrated.

Conciseness — the degree to which the user interface is able to convey the necessary
information concisely, clearly, and without unnecessary elements, but without sacrificing content
or functionality.

Controllability — the degree to which the user feels in control of the interface elements.

Aesthetic integrity — the degree to which the interface elements visually correspond
to a single style.

Visual Accuracy- the degree to which the interface elements are free of visual, stylistic,
or spelling errors.

Readability — the degree to which interface elements are legible and easy to read.

Aesthetics — the degree to which the interface provides a pleasant and
satisfying interaction.

Alignment accuracy is the degree to which a virtual object deviates from its intended display
location.

Frame rate is the degree to which the image refresh rate meets requirements.

Latency is the degree to which there is a delay between the user's movement and
the image refresh.




Cognitive load — the degree to which the cognitive load on the user increases as they use
augmented reality interfaces.

Stress — the degree to which the user's stress or tension level increases as they use augmented
reality interfaces.

Fatigue — the degree to which the user's fatigue increases as they use augmented reality
interfaces.

Realism — the degree to which the augmented reality interface reflects elements of the
surrounding environment.

Unambiguity — the degree to which ambiguous interpretations of the purpose of augmented
reality interface elements are not allowed.

Distinguishability — the degree to which individual interface elements, icons, and symbols
differ from each other.

Visibility — the degree to which virtual elements stand out against the background
of the real world.

Interactivity — the degree to which direct interaction with augmented reality elements is
possible, including through touch, sound, and vibration.
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4.4 Expert poll

To validate the results obtained, they must be verified within the framework
of an experiment to evaluate the quality of the human-machine interaction system. In quality
engineering, there is a wide range of possible methods, but in the context of augmented reality,
the following are the most widely used:

— evaluation using metrics;

— focus group surveys;

— expert surveys.

At this stage of the research, it is not possible to use metric evaluation, as this method
requires a fully formalized quality model and a working prototype of the system. It is also
necessary for all participants in the evaluation process to have access to a device for displaying
interfaces, which in this case are augmented reality glasses. This makes the metric evaluation
method unsuitable at this time. The focus group survey method is also unsuitable for us, as this
method involves obtaining feedback directly from the end users of the product being evaluated.

The expert survey method is the most acceptable because it allows us to evaluate subjective
indicators of human-machine interfaces from the point of view of people with different levels of
professional experience in using AR. This makes it possible to identify existing design flaws and
improve the quality of the interface at the design stage.

Google Forms was chosen as the tool for conducting the expert survey because this service
combines the accessibility, convenience, and functionality necessary for evaluating interfaces,
and also guarantees that all responses are stored in the cloud for further statistical processing.
This minimizes manual work, reduces the risk of errors, and makes the results immediately ready
for analysis.
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To evaluate the quality of the proposed augmented reality interfaces using the expert
assessment method, the following questions were compiled based on the criteria
presented in Table 1:

1) Can such an interface facilitate the performance of all the operator's anticipated tasks?

2) Can such an interface affect the accuracy of the operator's actions?

3) Can such an interface affect the operator's reaction speed?

4) Will it be possible to master such an interface in a short period of time?

5) Is such an interface intuitive?

6) Does such an interface allow avoiding situations that are dangerous to the physical health
of the operator or the environment?

7) Can such an interface remain relevant for a long period of time?

8) Does the presence of augmented reality affect the moral aging of the interface?

9) Can such an interface warn the operator of possible risks?

10) Can the interface elements be customized according to the operator's personal
preferences (the location of AR elements in space)?

11) Is such an interface capable of conveying the necessary information in a concise,
understandable form?

12) Do the interface elements correspond to a single visual style?

13) Does this AR interface improve the realistic representation of the environment?

14) Does such an interface prevent ambiguous interpretation of the purpose of elements?

15) Do the AR elements of the interface stand out against the background
of the real world?

The process of expert evaluation of the interface by means of a checklist survey
in Google Forms using a 10-point scale consists of several consecutive stages that ensure
the reliability, representativeness, and reproducibility of the results. First, an expert group is
formed, consisting of specialists with relevant expertise in the field of human-machine interfaces
or augmented reality. Based on the evaluation criteria, a checklist is created that includes
indicators that can be measured quantitatively: interface clarity, user load, navigation
intuitiveness, stability, visual clarity, etc. Each item on the checklist is formulated
unambiguously and relates to only one criterion.

Next, a questionnaire is constructed in Google Forms based on this checklist. For each
question, the answer type "Linear scale” is selected with a range from 1 to 10, where 1 means
minimum compliance with the criterion and 10 means maximum compliance. For greater accuracy,
a short text explanation is added (for example, "1 — absolutely not", "10 — yes, completely").
The survey may contain additional open-ended questions for qualitative comments from experts.

The use of a 10-point scale for evaluating user interfaces is appropriate given its increased
sensitivity and analytical suitability. Unlike 3-, 5-, or 7-point scales, the 10-point scale provides
a wider range of gradations, allowing respondents to more accurately reflect their perception
of the convenience, clarity, or effectiveness of the interface. This scale reduces
the likelihood of the "central tendency™ effect, where participants tend to choose the average
value, and promotes more differentiated assessments. In addition, the 10-point scale is often
considered quasi-interval, which allows for the correct application of statistical analysis methods,
including the calculation of mean, variance, correlations, and regression models.
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This increases the accuracy of the results and provides a better analytical basis for researching
the quality of user interfaces.

After creation, the form is sent to experts, and their responses are automatically collected in
a spreadsheet. At the final stage, a statistical analysis is performed: the mean, median, standard
deviation, and range of ratings for each criterion are calculated. A comparative analysis between
experts or between different versions of the interface can also be performed. The results are
interpreted to identify the strengths and weaknesses of the interface and form the basis for further
recommendations for its improvement.

A group of 13 experts was involved in the quality assessment, consisting of specialists in the
area of information technology with varying levels of experience in the use, development, and
evaluation of human-computer interfaces. The vast majority of respondents are men
aged 24 to 80, most of whom are graduate students. Almost half of the experts have a high level
of expertise in evaluating the quality of human-machine systems, including augmented reality
interfaces. Table 2 provides detailed characteristics of the expert group.

Table 2. Characteristics of the expert group

Indicator Value %
Gender Male 11 84,62
Female 2 15,38
Age Under 30 5 38,46
30to 45 5 38,46
Over 45 3 23,08
Position Professor 4 30,77
Associate professor 1 7,695
Postgraduate student 7 53,84
Developer (3 years of 1 7,695
experience)
Level of expert Low 3 23,08
experience in Medium 4 30,77
analyzing interface High 6 46,15
quality

5. Research results

The results of the expert assessment presented in Fig. 3 demonstrate an uneven distribution
of interface quality indicators across a range of metrics. The highest scores were given
to criteria such as self-descriptiveness, trainability, functional completeness, and responsiveness,
which were rated predominantly at 8 points. This indicates that the interface is intuitive, easy to
learn, and capable of responding quickly to user actions. High scores were also observed for
accuracy, visibility, realism, and aesthetic integrity, indicating an overall positive perception of
the visual and behavioral components of the system.

Moderate ratings (7-8 points) were given to criteria such as unambiguity, conciseness,
personalization, and relevance, indicating that there is room for improvement, but without critical
comments from experts. The lowest scores were recorded for hazard warnings and durability,
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which were rated between 4 and 5 points. This indicates that the system does not pay sufficient
attention to safety aspects and specific mechanisms to ensure its stable functioning in the long
term. A slightly below-average level was also recorded for safety of use, which may indicate
a need for additional measures to inform users or reduce potential risks.

Overall, the interface demonstrates high levels of usability and clarity, but requires further
optimization in areas related to security, stability, and long-term operation.
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Fig. 3. Poll results diagram

6. Conclusions and further research

This study proposed a list of quality criteria for evaluating augmented reality
human-machine interfaces using the example of interfaces for drone operators. The quality
criteria were formed based on ISO/IEC 25010:2011, 1SO 9241-210:2019, NUREG-0700,
IEEE P2048.101, and other relevant sources. For the experimental evaluation using the expert
survey method, a questionnaire with 15 questions was compiled and presented to 13 experts.
The results of the expert assessment showed that the methodology used to analyze the quality of
the augmented reality interface based on a structured checklist and a 10-point scale is
an effective and valid tool for determining the usability and ergonomics of the system.
The obtained assessments made it possible to quantitatively characterize the key parameters of the
interface, in particular its clarity, consistency, informativeness, responsiveness, error protection, and
aesthetic quality. Analysis of the score distribution diagram showed that most criteria meet an
acceptable or high level of quality, but some aspects were identified that require further
refinement, in particular, optimization of the structure of information presentation, reduction of
cognitive load, and improvement of the stability of visualization elements.
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Overall, the results confirm that the proposed approach to expert evaluation is appropriate
for augmented reality systems for various purposes and can be used as a basis for the cyclical
improvement of interface quality, ensuring their high efficiency, safety, and compliance
with modern international standards. Further research may be directed at assessing
the impact of the proposed augmented reality interface on the speed and accuracy
of decision-making by unmanned system operators. Another important area of research could be
the optimization of the structure of information display in the user environment and the
development of augmented reality interfaces for the demining group, which also uses augmented
reality to work with the explosive object monitoring system.
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Kanapcbkuii €Breniii OnexcanapoBuy — Harionansauit aepokocMiuHmii yHiBepcHTeT " XapKiBChKHN
aBlauiiiHuii iHCTUTYT", acmipaHT Kadeapw KOMII'IOTEPHHUX CHCTEM, MEpeX Ta KibepOesmekw, Xapkis,
VYkpaina.

OpexoB Ogexcanap OuiekcaHAPOBMY — KaHAMJAT TEXHIYHMX HAyK, NOLEHT, HanioHaabHUN
aepPOKOCMIYHUH yHiIBepcUTeT " XapKiBChKUN aBiallidHUH IHCTUTYT ', Tpodecop Kadenpr KOMIT FOTEPHUX
CUCTEM, Mepex Ta KibepOe3smneku, XapkiB, YKpaina.

EKCIHEPTHE OIIIHIOBAHHSI KPUTEPIIB IKOCTI
JIOJUHO-MAIIVMHHUX IHTEP®ENCIB
JOIHHOBHEHOI PEAJIBHOCTI

VY cydacHHX yMOBaX aKTHBHOTO TONIMPEHHS TEXHOJIOTIH OTIOBHEHOT PEabHOCTI OCOOJIMBOI aKTyallbHOCTI
HaOyBae mipoOiemMa 3a0e3lEYCHHS BHCOKOI SKOCTI KOPHCTYBAIbKHX 1HTep(delciB, sSKi BU3HAYAIOTh
e(heKTUBHICTh, OE3MEUHICTh 1 HAAIHHICTh B3aEMOJii KOpHCTyBaya 3 nu¢ppoBuM cepenosumicM. Ilpeamerom
AOCJHiIKeHHS] € METOAM I KpuTepii OLIHIOBaHHA, CHOPSMOBAaHI Ha aHaji3 3PYYHOCTi, 3pPO3YMLIOCTI,
cTabimbHOCTI Ta (YHKIIHHOI TMOBHOTH IHTEpP(EHCy CHCTEMH JOIMOBHEHOI PEaJbHOCTI JJIS OIEepaTopiB
OC3MUIOTHHX amapartiB y CKJIaJi CHCTEMH MOHITOPHHTY BHOYXOHeOe3meuyHuX 00’€KTiB. BakiuBuM € aHaii3
TaKUX METOJIB, SK OIlIHIOBaHHS 3a JOMOMOTOK METPUK SKOCTI, OMUTYBaHHS (OKYC-TpyH 1 eKCIepTHe
ONUTYBaHHSA, HAa OCHOBI NOpPIBHAHHS iX IepeBar 1 HEIOMIKiB, IO BHSBIAIOTECS 3a MEBHUX YMOB.
Meta po6oTH — KOMIUIEKCHE €KCIIepTHE OIIHIOBaHHS iHTepdeiicy TOMOBHEHOT pealbHOCTI 3 BHKOPHCTAHHAM
CTPYKTYypOBaHOTO 4eK-TicTa. OIiHIOBaHHIO MiAJSTa CaMOOIMCYBAHICTh, KEPOBAHICTh, 3aXUIIEHICTD Bij
MMOMMJIOK, Y3TOJUKEHICTh, €CTETHYHA IUJIICHICTh, PEaKTHBHICTh, HAMIWHICTh MOJAHHS iH(popMamii Ta iHIII
KpUTepii, peKOMEHIOBaH1 BIIIMOBIIHUMU MDXHAPOJHUMH CTaHIApTaMH. 3aBAaHHA. pO3poOHUTH iHTEepdeiic
JIOTIOBHEHOI peasIbHOCT1; BU3HAUNTH MOXIIUBI KPUTEPil SIKOCTI 3 OTILY HA OCOOIUBOCTI JIFOAMHO-MAIINHHUX
CHCTEM TICBHOTO THWITY; 3alpoOIOHYBaTH TIIEPETiK 3amuTaHb s ONUTYBAaHHS EKCIEpPTIB HAa OCHOBI
BUOKPEMJICHUX KPHUTEPIiB SIKOCTi; MPOBECTH €KCIEPTHE ONUTYBaHH:. Pe3yabTaTn HOCTiIKEeHHS: CTBOPEHO
MakeT iHTep(deicy ITOMOBHEHOI pealbHOCTI JUIS JIFOJUHO-MAITHHHOT B3aeMOJIIi onepaTopa 3 Oe3MiIOTHHMHU
amapatamu, c(OPMOBAHO TIEpeNliK KPHUTEPIiB JUIS OIIHIOBaHHS SKOCTI CHUCTEM JOTOBHEHOI pPEaNbHOCTI,
a TaKoX MIATOTOBJICHO 1 IMPOBEIEHO EKCIIEPTHE ONUTYBAaHHS 3 METOK OLIHHUTH SKICTh HPOIOHOBAHOIO
iHTepdeiicy. Pe3ynbratd OMUTYBaHHS MOAAHO Yy BUIJIINI padialdbHOl Jiarpamu, IO Ja€ 3MOTY HAaO0YHO
BU3HAUUTH TepeBard i Hemoliku iHTepdeiicy, a Takox c(opMyBaTH MPIOPUTETH WHOTO MOJAIBIIOTO
BIOCKOHAJICHHSA. BHCHOBKH. MeTO/ eKCTIepTHOTO OIIHIOBAHHS € e()EeKTHBHUM IHCTPYMEHTOM JUTS BUSIBIICHHS
npo0ieM B3a€MOJIii KOPHCTYBadiB 3 JOMOBHEHOIO PEANBHICTIO M U OKPECICHHS HANpSMIB ITiIBUIICHHS
aKocTi iHTepdeiicy. OTpumani pe3yabTaTH MOXKYTh OYyTH BHKOPHCTaHI 3 METOH IMOJNANBINOI MOJEpHi3aLii
CHCTEMH, ONTHUMI3aIlil CTPYKTYpH BIITBOPEHHS iH(OpMAIil Ta CTBOPEHHS OLIBII IHTYITUBHOTO, O€3MeYHOro 1
€ProOHOMIYHOTO KOPHCTYBAIbKOTO CEPEIOBHUINA.

Kuro4oBi ciioBa: OMOBHEHA PeajbHICTh; KPUTEPIl SKOCTI; JIIOJUHO-MAIIUHHI iHTepdelicH; ekcrepTHe
OLIIHIOBaHHS; CHCTEMH MOHITOPHUHTY.
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