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ANALYSIS OF USER INTERFACES FOR GROUND CONTROL STATIONS
OF UNMANNED AERIAL VEHICLES

Introduction. In the modern world, software (SW) is updated daily, particularly for ground
control stations (GCS) of unmanned aerial vehicles (UAVs). These systems ' user interfaces
(Ul) ensure operator interaction with the drone, flight control, mission planning, and real-
time data acquisition. These interfaces must be functional, convenient, and intuitive, allow-
ing operators to perform their tasks effectively. Examining global experience allows for an
evaluation of existing systems and the identification of areas for improvement. Important
aspects include creating intuitive Uls to prevent information overload, ensuring situational
awareness, adapting to extreme conditions, and integrating with other systems. The use of
virtual and augmented reality technologies, as well as artificial intelligence, can enhance
the functionality and convenience of GCS. Such analysis will help in creating safe, efficient,
and reliable systems for UAV control.

The purpose of the paper is to investigate and conduct a comprehensive analysis of
existing user interfaces of software for UAV ground control stations, focusing on their
functional capabilities and ease of use.

Methods. The following methodological tools were used: concepts of intellectualiza-
tion of information technologies, the theory of intelligent control, the methodology of build-
ing autonomous systems, decision-making theory, and artificial intelligence theory.

Results. A review of global experience in user interface development was conducted.
The Uls of each of the studied software were analyzed, and their functional capabilities
were assessed, identifying their strengths and weaknesses. Comparative tables of interface
products were compiled based on their functional capabilities and Ul usability levels. Gen-
eralized recommendations were prepared for creating a unified interface that combines the
best features of existing solutions and addresses their shortcomings.

Conclusions. The analysis of GCS UI design for UAVs showed that all systems have
strengths and weaknesses. The Ul of the Mission Planner software has the most extensive
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capabilities, but it also requires improvement. Future development should add roles for mili-
tary pilots and operators, develop a more intuitive and user-friendly interface that meets user
needs, and simplify SW settings. For working in extreme conditions, the interface needs to be
optimized. Enhancements in data visualization will help make information clear and easy to
understand, which is critically important in fast-paced and dangerous situations.

Keywords: user interface, ground control station, UAV, virtual reality, augmented reality.

INTRODUCTION

In today's world, many drone manufacturers have created different software
solutions, each with its unique ground control station (GCS) user interfaces.
These are essential for unmanned aerial systems (UAS), enabling operators to
control the drone, plan missions, and gather real-time data. Modern GCS user
interfaces are highly functional, user-friendly, and intuitively designed, allow-
ing operators to work efficiently. This review aims to examine the key compo-
nents and features of GCS user interfaces and study global experiences in de-
signing UAS user interfaces. Such analysis will assess the functionality and
usability of existing software and identify areas for improvement.

When reviewing the user interfaces of ground control stations for un-
manned aerial vehicles (UAVs), we encounter various challenges that can im-
pact the efficiency and safety of UAV operations.

The UAV operator must monitor many parameters simultaneously, a com-
plex task, especially during emergencies when information overload can reduce
operational efficiency. Therefore, creating an intuitive user interface is crucial.
At the same time, ensuring a sufficient level of situational awareness for the
pilot-operator is essential, as shortcomings in this area can lead to accidents.

Modern user interfaces must be adaptable for use in various conditions, in-
cluding extreme temperatures, rain, and other weather conditions. Additionally,
in wartime conditions, they must be resilient to physical damage. When study-
ing global design experiences, it is important to consider integration with other
military and civilian systems.

Furthermore, exploring innovative implementations in user interfaces is
necessary, particularly the use of virtual reality (VR) and augmented reality
(AR) technologies, which enhance operator situational awareness. The analysis
of user interfaces should also consider the applications of artificial intelligence
(AI), which, when combined with AR, promises to enhance the functionality
and usability of ground control stations in the future.

This analysis of worldwide control systems aims to help address the challenges
faced by GCS user interface developers, ensuring the safe, efficient, and reliable
operation of both individual UAVs and large unmanned aviation complexes.

OBJECTIVES

The goal of this article is to analyze the current user interfaces of ground con-
trol station software for unmanned aerial vehicles, focusing on their functional-
ity and usability.
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ANALYSIS OF THE FEATURES OF THE CONSTRUCTION OF EXISTING USER INTERFACES
FOR DRONE CONTROL STATIONS

Experience in building user interfaces of drone control stations. The litera-
ture review highlights significant progress in unmanned aerial systems, particu-
larly ground control stations for UAVs. User interfaces of these systems are
crucial for ensuring UAV efficiency and safety. Recent studies focus on opti-
mizing UI design, enhancing usability, improving situational awareness, and
adapting to extreme conditions. This section analyzes and compares existing
user interfaces for ground control stations to identify directions for further de-
velopment and improvement.

The review begins with article [1], which emphasizes providing operators
with essential information about risk assessment to enhance situational aware-
ness and safety. The study compares the usability of two graphical user inter-
faces, exploring how users interact with different information display styles.
Feldman's usability scale was proposed, and the analysis of complex tasks,
such as risk assessment and prioritization, was conducted for workload and
response time. The results offer insights applicable to the analysis of existing
Uls in the present study.

In contrast to the general approach of the previous article, the authors of
article [2] focus on understanding the impact of three primary control interface
methods (line-of-sight, video recording, and first-person view) on flight per-
formance, situational awareness, and perceived mental workload. The research
compares traditional control Uls and first-person view (FPV) control. It high-
lights the problem of increased mental workload and lower situational aware-
ness compared to traditional methods. Given the rapid advancement of tech-
nologies, it is essential to reassess these results when analyzing modern Uls.

One fundamental criterion for evaluating UI performance is usability in hu-
man-machine interaction. Users with low technological experience require simple
interfaces that support recognition rather than recall. Article [3] examines creating
a natural user interface that mimics "natural”" sensorimotor embodied interaction
with the environment. This paper compares the usability of a new interface based
on eye-tracking and hand gesture recognition with a traditional interface (key-
board) for the distal control of a drone flying in a virtual environment. Natural Ul
is a new direction for UAV control, making it interesting to explore how similar
ideas are implemented in specific software and the prospects for further develop-
ment in designing new universal GCS and their Uls.

In article [4], researchers from the USA examine the issues of creating in-
tuitive gesture-based user interfaces. Precise remote control of robotic devices
requires simple, intuitive, and reliable control interfaces. A control method
relying on upper body movement was applied, allowing inexperienced pilots to
outperform those using manual control tools with traditional Ul. Although the
study's results are promising, the developers note that drone control was only
tested on relatively smooth waypoint trajectories. Thus, it is essential to con-
sider that complex trajectories with sharp directional changes may not be such
successful. In our study, these results should be viewed as interesting but not
requiring immediate implementation in Uls. Additionally, the sample size was
small and lacked diversity, consisting mainly of young university students.
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Article [5] presents a study on using a natural user interface, where an in-
tuitive control method is achieved through body gestures. The Robot Operating
System was used for project control and management of various components.
While the proposed idea found experimental implementation, the design ideas
for organizing the Ul under this new method were not thoroughly explored,
leaving ample room for analyzing human-system interaction features.

UAYV missions in urban areas or over long distances offer new opportunities
for UAV operators but often carry potential risks, including obtaining permissions
from authorities. Almost always, when discussing UAV operations in cities or over
long distances, there is a need to support the mission planning process. Article [6]
presents the development of an interactive representation of operational parameters
on maps to accelerate the planning process for large-scale missions. The results are
particularly interesting due to the extensive feedback collected, allowing for the
creation of a broad repository of risks. Although the study investigated the impact
of operational parameters on safety and identified some risks, it would be interest-
ing to supplement the list with previously unidentified risks in our analysis and
suggest approaches to address them.

When addressing mission definition and flight automation tasks, there is a
need for a system that performs measurements for discrete infrastructure in-
spections using UAVs, particularly multirotor drones [7]. Therefore, when de-
veloping the Ul, a multi-purpose mission definition system architecture should
be employed to facilitate the definition of flight missions for various types of
automated operations using visual tools. This would overcome the limitations
of basic tools provided by drone manufacturers and provide users and pilots
with a shared operational perspective.

The UI of the proposed in the article system supports automated operations for
various UAV autopilots and sensors. The tool defines a set of pre-defined primary
inspection modes that help easily determine parts of a large number of mission
operations. Although real-time telemetry and sensor visualization are possible, the
system requires significant improvements and modifications for universal applica-
tion with drones from different manufacturers. The study also presented a unique
type of 3D flight simulation, but it does not guarantee that the proposed visual
information is exactly what the operator needs at each stage of the flight.

Overview of available interfaces. A user interface, or human-machine in-
terface [8], for ground control stations in UAV operations, refers to the graphi-
cal and interactive components that allow users to control and manage UAVs.
Figure 1 shows an example of the hardware implementation of a UAV ground
control station user interface.

Here are the key elements typically found in the user interface of GCS
software:

Flight Data Display: The UAV control system provides users with access
to real-time telemetry data, including altitude, speed, GPS coordinates, battery
status, and signal strength. Position indicators display roll, pitch, and yaw, of-
fering detailed information about the current flight status.

Map Interface: The map interface provides a live map showing the UAV's
current location. It includes overlays with waypoints and mission planning, as
well as visualizations of geofences and no-fly zones, which are critical for safe
flight management.
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Fig. 1. Presentation of the interface of the UAV ground control station

Mission Planning Tools: The system offers tools for setting waypoints,
flight paths, and mission parameters. These tools allow users to edit and save
mission plans for future use, ensuring flexibility and convenience in flight
planning.

Video Streaming: The system supports live video streaming from the
UAV's camera(s), allowing users to monitor the flight in real time. Options for
recording and replaying videos are also available, which are useful for post-
flight analysis.

Alert Elements: Real-time alerts about battery status, signal loss, obstacles,
and other critical issues ensure a high level of safety during flight. Audio and
visual notifications help users quickly respond to potential problems.

Settings and Configuration: Users have access to various settings for the
UAYV and the ground control station. Calibration tools for sensors and control-
lers ensure system accuracy and reliability.

Data Logs: The system provides access to flight logs and telemetry data
visualization, allowing for detailed flight analysis. Data export options enable
further analysis, which is essential for scientific research and technology im-
provement.

Control Elements: Users can control the UAV using a virtual joystick or
control buttons for manual flight control. Additionally, the system supports
automated commands for takeoff, landing, and waypoint navigation, signifi-
cantly simplifying the control process.

DJI pilot and DJI GO

DIJI Pilot and DJI GO are two distinct ground control applications created by
DIJI for managing their drones. These apps offer flight control, camera control, and
flight data monitoring, making them essential tools for DJI drone operators. (Fig. 2)
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Fig. 2. DJI Pilot / DJI Go software user interface

DIJI Pilot [9] is a specialized app designed for DJI's business and industrial
drones, such as the Matrice 300 RTK and Matrice 30 series. This app offers a
clear telemetry data display, easy access to mission planning tools, and a cus-
tomizable dashboard. DJI Pilot's interface is modern and intuitive, making it
convenient for professional users. Its optimized structure ensures high usabil-
ity, allowing quick drone deployment and effective flight control. DJI Pilot also
supports real-time video streaming, enabling operators to receive visual infor-
mation during flight and store and analyze flight data for later use.

DJI GO [10] is a comprehensive app providing full flight control and cam-
era settings for DJI drones like the Mavic, Phantom, Inspire, and Osmo series.
Its simplified interface features basic controls for camera and flight operations,
making it suitable for users of all skill levels. The DJI GO interface resembles
consumer mobile apps, making it user-friendly for hobbyists and beginners.
The app allows easy control of the drone's camera, video, and photo capture, as
well as editing and sharing directly from the app. This makes DJI GO ideal for
those who do aerial photography for fun or small projects.

Both DJI Pilot and DJI GO apps include flight data storage and analysis capa-
bilities, allowing operators to keep flight logs, view flight paths, analyze telemetry
data, and use that data to improve future missions. A notable advantage is the inte-
gration with other DJI programs for further data processing and analysis.

Cybersecurity is increasingly important in the field of drone use. A study [11]
showed that DJI software can collect and analyze data not only from drones but
also from remote controls. This includes information about the pilot's account, the
specific drone, connection timestamps, the pilot's location, the drone's flight
path, and content captured during flights. This data is critical for ensuring op-
erational security and protecting confidential information.

In summary, DJI Pilot and DJI GO are powerful tools for controlling DJI
drones, each with unique features designed for different user categories. They
provide high functionality, ease of use, and integration with other DJI products,
making them indispensable for both professional and amateur drone operators.
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OGroundControl

QGroundControl is open-source software [12] for ground control stations,
compatible with various drones. It offers mission planning, flight control, and
telemetry monitoring, providing a comprehensive range of features for drone
operations. From flight control and mission planning to aircraft configuration
and real-time data display, QGroundControl addresses all aspects of drone
control. Its cross-platform compatibility, open-source code, and support for
multiple flight stacks make it a versatile tool for both professional and amateur
UAYV users (Fig. 3).

Developed by an open-source community, QGroundControl allows users
to modify and improve the software freely according to their needs. It offers
advanced flight planning, including the ability to automate mission planning
and replanning in real-time. This feature is handy for increasing vehicle auton-
omy and reducing operator workload.

One of QGroundControl's main features is real-time telemetry, enabling
users to receive and analyze flight data directly during flight. Its support for
different types of UAVs makes the software extremely flexible and versatile
for various tasks and operations.

While QGroundControl's interface is functional, it may not be as polished
as DJI's apps. However, its high level of customization allows experienced
users to optimize the program for their specific needs. This aspect makes
QGroundControl particularly appealing to those requiring advanced features
and capabilities for specialized tasks.

The usability of QGroundControl can be considered average; it is best suited
for advanced users and those needing sophisticated features. Beginners might find
the interface complex, but experts in UAVs will find its capabilities invaluable.
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Fig. 3. QGroundControl software user interface
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A significant achievement in the field of UAVs is the automation of mis-
sion planning and replanning in real-time, which is very useful for enhancing
vehicle autonomy and reducing operator workload. The article [13] discusses
automated mission planning systems in terms of building a human-machine
interface that facilitates the operator's work, utilizing the capabilities of
QGroundControl and the modeling environment.

UGCS (Universal Ground Control Software)

UGCS (Universal Ground Control Software) is a robust solution developed by
SPH Engineering for the professional planning and control of unmanned aerial
vehicle (UAV) missions [14]. This software supports a wide range of UAV plat-
forms and autopilots, making it suitable for organizations of all sizes, from single
operators to large enterprises with UAV departments. (Fig. 4)

UGCS is known for its powerful features, including extensive mission
planning, 3D mapping, real-time telemetry, and automation scripts. These fea-
tures enable users to efficiently plan and execute complex missions efficiently,
ensuring high accuracy and reliability. The 3D mapping and real-time teleme-
try capabilities, in particular, give operators a comprehensive view of the situa-
tion, allowing them to make informed decisions during missions.

The UGCS interface is professional and detailed, with a focus on advanced
features. It provides a high level of control and flexibility, which is especially
crucial for professional use. The usability of UGCS can be rated as medium to
high, although it is intended for users with significant training and experience.
New users may need some time to learn all the features and capabilities.

One of the standout features of UGCS is its support for photogrammetric
and complex LiDAR surveys. This includes Lidar area and Lidar corridor tools,
which enable high-precision measurements over large areas. The photogram-
metry tool simplifies the mission planning process by allowing users to create
and execute photogrammetry missions with just a few clicks.

Fig. 4. UGCS (Universal Ground Control Software) user interface
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UGCS also supports the import of custom altitude data and offers a terrain
tracking mode that provides optimal flight paths in areas with challenging ter-
rain. This feature allows drones to automatically adjust their altitude based on
the topography, which is essential for maintaining a consistent distance to the
ground during LiDAR surveys and improving data quality [15].

Other key features of UGCS include the ability to combine multiple pho-
togrammetry areas into one route, the option to optimize survey lines for each
area separately, and the option to use a “dual grid” option to enhance point
cloud quality in urban and densely vegetated areas. This greatly improves the
quality of the final orthomosaic, which is important for accurate geodetic and
cartographic work.

Overall, UGCS offers advanced planning tools that, through automatic
calibration and terrain tracking, allow UAV operators to conduct LiDAR sur-
veys more efficiently. Using UGCS can reduce the time spent planning LIDAR
flights by up to three times compared to manual methods, significantly boost-
ing productivity and operational efficiency.

Pix4Dcapture

Pix4Dcapture is a free drone flight planning software by Pix4D designed
for optimal 3D mapping and modeling [16]. This software allows users to plan
and control drone flights using only a mobile device, making the process very
convenient and accessible for users of various levels. (Fig. 5)

The main feature of Pix4Dcapture is the ease and speed of planning a mis-
sion for aerosolization. The program's interface is simple and clean, focused on
photogrammetry missions, making it ideal for users familiar with mapping
applications. The program provides high usability, allowing operators to
quickly get acquainted with its functionality and use it effectively.
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Fig. 5. Pix4Dcapture software user interface
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Fig. 6. Results of photogrammetric processing of Pix4D software for different locations and
methods of georeferencing. [17]

A key feature of Pix4Dcapture is its integration with the Pix4D software
package, offering a seamless transition from data collection to processing and
analysis. This enables users to create accurate 3D models and mapping prod-
ucts. The program also includes specialized plans for capturing specific ob-
jects, such as cell towers and power lines, simplifying the process and ensuring
high-quality data.

The Pix4Dcapture interface supports the automatic downloading of digital
terrain models, including terrain detection. This feature provides optimal flight
paths in areas with complex terrain, crucial for creating accurate maps and
models. Additionally, Pix4Dcapture allows the import of custom altitude data
and offers a terrain tracking mode, enabling drones to automatically adjust their
altitude based on terrain, maintaining a constant ground distance during shoot-
ing and improving data quality.

Studies have shown [17] that the results of photogrammetric processing of
data collected using Pix4Dcapture demonstrate high accuracy and quality.
Drone image post-processing modules for 3D surface modeling were com-
pared, and Pix4Dmapper proved to be one of the best tools for creating 3D
models [18]. Although the algorithmic output from Pix4D is sometimes com-
plemented by other programs for accurately modeling local elevations such as
trees or buildings, it provides an excellent 3D perspective for tasks like golf
course mapping. (Fig. 6)

Overall, Pix4Dcapture is a powerful and convenient tool for planning and
executing aerial missions. Its integration with other Pix4D programs, simple
interface, and automatic flight height adjustment has made it indispensable for
professionals in cartography and 3D modeling.

Mission Planner

Mission Planner is an open-source ground control station software primar-
ily used for ArduPilot-based drones [19]. It includes mission planning, flight
control, and telemetry data analysis. Although designed specifically for Ar-
duPilot vehicles, mission planning systems generally provide optimized
schemes for military operations across various military systems, typically fea-
turing input, core databases, and decision-making modules to support com-
mand and control. (Fig. 7)

14 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and Comp. Eng. 2024. Ne 3 (217)



Analysis of User Interfaces for Ground Control Stations of Unmanned Aerial Vehicles

FLIGHT PLAN INTIAL SETUP  CONFIGITUNING ON  TERMIMAL HELP DONATE

&

Fig. 7. Mission Planner software user interface

Developed by the ArduPilot community, Mission Planner offers a compre-
hensive set of tools for mission planning, UAV configuration, and monitoring.
Users can create detailed flight plans, configure various drone parameters, and
monitor performance in real time. One of Mission Planner's main advantages is
its versatility, allowing for a wide range of tasks, from simple drone setup to
complex military operations.

The Mission Planner interface is complex and feature-rich but has a steep
learning curve [20]. Beginners will need time to master all the functions, but ad-
vanced users will appreciate its power and flexibility, allowing customization to
meet specific needs. The ease of use ranges from low to average, as effective use
requires a good understanding of UAV principles and operational processes.

The user interface must consider not only the functional aspect but also
modularity, scalability, and interoperability. The article proposed the architec-
ture of a heterogeneous multitasking mission planning system based on a ro-
botic operating system and the Mission Planner user interface [21]. The future
widespread use of robotics and autonomous systems is anticipated, especially
for missions requiring coordination and cooperation between multiple robots.

Mission planning remains a human task, but the development of artificial
intelligence raises the issue of joint human-Al mission planning. The article
discusses new Al-based methods that effectively transfer information from Al
to operators [22], supporting their mission planning workflow. The approach
involves viewing the human-operator and Al system as a single unit with a
common cognitive system, allowing for better identification of key information
to create the most effective mission plan jointly.

Mission Planner is a powerful tool for professional use, especially in mili-
tary and complex civilian operations. Its versatility, advanced planning, data
analysis capabilities, and potential for Al integration make it indispensable for
UAYV operators who require high levels of control and precision.
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COMPARATIVE ANALYSIS OF USER INTERFACES OF GROUND CONTROL STATION

In this section, we will conduct a comparative analysis of several popular UAV
ground control station interfaces. Our main goal is to identify their strengths
and weaknesses and pinpoint the most effective solutions for future improve-
ments. We will examine aspects such as design intuitiveness, functionality
(including customization options, support for various usage scenarios, and op-
erator situational awareness), and usability.

This comparative analysis will help us to understand how different systems
meet user needs in various operating conditions and will guide further innova-
tion in the field of UAV ground control stations.

It's important to note that all Ul GCS UAVs (specifically, DJI Ground Sta-
tion Pro, ArduPilot Mission Planner, and UGCS) support real-time telemetry
transmission, which is a key function. This feature allows operators to receive
current data about the drone's flight, such as altitude, speed, position, battery
status, and other critical parameters. It enables quick responses to change flight
conditions and informed decision-making, aligned with mission tasks and
safety considerations.

Design of User Interfaces

The user interface design for ground control stations of unmanned aerial
vehicles, developed by various companies, adheres to standard rules and shares
fundamental design elements. These typically include a main screen with maps
and flight plans, panels with telemetry, video streams from drone cameras,
controllers, data analysis tools, and emergency functions. The key principles in
designing our user interfaces are intuitiveness, ease of use, situational aware-
ness, and adaptability to various conditions.

Simplicity and Intuitiveness. DJI Go features a colorful and user-friendly
interface with large icons and easy access to main functions, making it appeal-
ing to beginners. DJI Pilot is also intuitive but caters more to professional use,
offering more technical data on the screen. Pix4Dcapture provides a simple and
user-friendly interface for quick setup and mission launch.

Technicality and Flexibility. QGroundControl and Mission Planner have a
more technical interface with numerous settings and options, which can be
challenging for beginners but very useful for advanced users. UGCS also tar-
gets professional users with a comprehensive set of tools for detailed mission
planning and analysis. While the UGCS interface is more complex, it offers
significant control and flexibility for experienced operators.

Maintaining a balance between providing all necessary flight and device
information without overloading the UAV operator's screen is crucial in Ul
design. This challenge is further complicated by the need to integrate advanced
features like augmented and virtual reality.

The continual evolution of interfaces, considering technological advance-
ments in artificial intelligence for function automation, also requires attention.
This is important both to preserve the functionality of the human-machine sys-
tem and to reduce the workload on human operators.

Functionality of User Interfaces

Missions Planning. All programs offer mission planning but with varying
levels of detail. DJI Pilot and DJI Go enable you to create a straightforward and
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efficient flight plan by setting waypoints, altitude, and speed. QGroundControl
and Mission Planner provide advanced mission customization, including auto-
pilot calibration and setup. UGCS excels in 3D flight planning and supports
various drone types, making it ideal for complex missions. Pix4Dcapture spe-
cializes in aerial photography, allowing you to plan for high-quality image
collection for further processing.

Real-Time Monitoring. All apps offer real-time monitoring, tracking the
drone's position, speed, altitude, and battery status. DJI Pilot and DJI Go are
user-friendly and present essential data. QGroundControl and Mission Planner
provide more technical data and customizable information displays. UGCS
offers advanced monitoring, including simultaneous control of multiple drones.
Pix4Dcapture focuses on the quality of collected data for mapping tasks, pro-
viding basic monitoring.

Camera and Sensors. DI Pilot and DJI Go support camera and sensor
control, enabling you to take photos, and videos, and collect data. QGround-
Control and Mission Planner also support a wide range of sensors, making
them suitable for professional tasks. UGCS integrates with various sensors,
including specialized industrial add-ons. Pix4Dcapture is centered on aerial
photography, providing camera control for 3D modeling data collection.

Security and Alerts. All apps include safety features and alerts, such as
low-battery, lost-communication, or approaching-obstacle notifications. DJI
Pilot and DJI Go offer an intuitive and easy-to-understand interface.
QGroundControl and Mission Planner provide more technical capabilities that
may require a deeper understanding of the system. UGCS offers advanced
transmission for complex missions, while Pix4Dcapture prioritizes safety dur-
ing aerial photography.

Ease of use

Ease of use is one of the main features that characterize UI. DJI Pilot is op-
timized for quick deployment and ease of use, offering a high level of usability.
DIJI Go is designed for general users, hobbyists, and beginners, providing very
high usability. QGroundControl is suitable for advanced users who need ad-
vanced features but offers average usability. Mission Planner, despite its
power, has low to average usability due to its complex interface. UGCS offers
medium to high usability as it is intended for professional use with extensive
training and experience. Pix4Dcapture is highly user-friendly, especially for
mapping and surveying applications.

Based on the analysis, two comparative tables were compiled: a function-
ality comparison table (Table 1) and a comparative table of interface usability
(Table 2).

All the programs considered have unique features that make them suitable
for different usage scenarios. DJI Pilot and DJI Go offer convenience and ease
of use for a wide range of users. QGroundControl and Mission Planner provide
powerful tools for professional use and flexible customization. UGCS stands
out with its support for many types of drones and the ability to work with mul-
tiple devices. Pix4Dcapture specializes in aerial photography and is particularly
useful for mapping tasks.
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Table. 1. Comparative table of functional capability

UAV Mission | 3D Map- Photo- Aut_oma— Customi-
Software Platform Support | Plannin in gram- tion Zation
pp g ping metry (Scripts)
DJI Pilot Mobile DJI Yes No No Yes No
DJI Go Mobile DII Limited No No No No
QGround- Mobile/ .
Control Desktop Various Yes Yes Yes Yes Yes
Mission Desktop | Various Yes No No Yes Yes
Planner
UGCS Desktop | Various Yes Yes Yes Yes Yes
Pix4Dcapture | Mobile DH’eI:jrmt’ Yes Yes Yes Limited No
Table. 2. Comparative table of interface usability
Software Design Features Usability
Modern and intuitive, Clear display of telemetry O .
DJI Pilot designed for commercial | data, easy integration with (If;glho’ oPg;?ﬁgiozgalggﬁ
users DII drones proym P
User-friendly, similar to Simplified interface with Very high; designed for
DJI Go . .
mobile apps basic control elements general users
QGround- Functional, less polished Adval}ced light planning, Medium; suitable for
Control than DJI apps real-time telemetry, sup- experienced users
PP port for various UAVs P
- Complex and multifunc- | Comprehensive toolset for | Low to medium; powerful
Mission Plan- . . . X .
ner tional, but with a steep mission planning and but requires knowledge
learning curve telemetry and experience
Professional, highly de- Extensive mission plan- . S
UGCS tailed with a focus on ning, 3D mapping, real- Medium to hlgh ; designed
. . ; for professional use
mission planning time telemetry
Designed for photogm— Photogamew and 3D High; casy to use for
PixdDeapture metry and 3D mapping mapping capabilities, mapping and photo i
b ptu with a user-friendly inter- integration with Pix4D PPINE and piotog
metry tasks
face software
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Analysis of Strengths

Versatility And Variety Of Functions. All apps offer both basic and ad-
vanced features for drone control, including mission planning, real-time moni-
toring, camera and sensor management, and flight data analysis tools. This
versatility allows users to select the program that best fits their needs.

Intuitiveness And Ease Of Use. Programs like DJI Go and Pix4Dcapture
have simple, intuitive interfaces that are accessible even to beginners. This
lowers the entry barrier and helps users quickly master the basic functions.

Enhanced Functionality For Professionals. Programs such as QGround-
Control, Mission Planner, and UGCS provide detailed setup and support for
complex missions, giving professionals full control over drones and allowing
them to adapt to specific tasks.

Security And Alerts. All the reviewed programs offer high levels of secu-
rity, providing users with warnings about critical situations, such as low battery
or communication loss. This helps reduce risks during flights.

Areas for Improvement

Unification Of Interfaces. Each application has unique characteristics, but
the lack of a unified approach to interface design can make it difficult for users
to switch between different applications. Developing more standard interfaces
could simplify the learning process and reduce errors.

Reduction Of Technical Complexity. Programs like QGroundControl and
Mission Planner have very technical interfaces that can be challenging for be-
ginners. Reducing technical complexity or providing more intuitive learning
tools could make these programs more accessible to a wider range of users.

Compatibility Improvements. While most apps support a wide range of
drones and sensors, there are occasional issues with compatibility or integration
of new devices. Continuous software updates to support new drone models and
sensors could greatly enhance the user experience.

Enabling Collaborative Drone Missions: Programs such as UGCS already
support the operation of multiple drones simultaneously. Extending this func-
tionality to other platforms could open up new opportunities for complex mis-
sions and projects that require the coordination of multiple drones.

Optimizing Productivity. Some programs consume significant system resources,
affecting their performance on less powerful devices. Optimizing the software for
better performance could provide a smoother experience across platforms.

Disadvantages of Mission Planner

Let's focus on the user interface of Mission Planner, which, despite its
powerful functionality, has several significant shortcomings that reduce its
effectiveness compared to other popular UAV control programs like
QGroundControl and DJI Go.

One of the main issues is the complexity of the user interface. The pro-
gram is overloaded with numerous options and settings, making it difficult to
master, especially for beginners. Compared to the more intuitive and user-
friendly interfaces of QGroundControl and DJI Go, Mission Planner feels out-
dated and cumbersome. This creates barriers for new users, who may spend
considerable time learning the basic functions of the program.
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Another issue is its excessive versatility. While it can be used for a wide
range of tasks and different types of UAVs, such as multicopters, fixed-wing,
and VTOL, this versatility makes it difficult to adjust for specific tasks. Users
face additional challenges when trying to quickly adapt the program for par-
ticular tasks. The interface tries to cater to the needs of different UAV types,
leading to overload and difficulty in use. In military operations and intelligence
contexts, where quick response and precision are essential, these limitations
can be critical. Compared to DJI Go, which is optimized for specific usage
scenarios, Mission Planner requires more time and effort to set up.

Another significant problem with Mission Planner is its performance in ex-
treme environments, such as combat operations or military intelligence. In
these situations, the software must ensure reliability and speed, including
readiness for potential failures or loss of communication. For instance, if the
UAV is intercepted by enemy electronic warfare (EW), the operator may lose
contact with the device. Mission Planner lacks convenient and fast tools to
switch to an autonomous "radio silence" mode, which is crucial in a military
setting. Additionally, customizing UAV functions for military needs is often
complex and requires deep technical knowledge.

Thus, despite its powerful functionality, Mission Planner has significant
shortcomings in user experience, versatility, and ease of use in extreme environ-
ments. These issues make it a less attractive choice compared to programs like
QGroundControl and DJI Go, especially for beginners and in critical situations.

DISCUSSION OF THE RESULTS

An overview of the world experience in the development of user interfaces was
made. The user interfaces of each of the studied software tools were analyzed
and their functional capabilities were evaluated, and their strengths and weak-
nesses were determined. Comparison tables of interface products were com-
piled according to their functionality and the level of usability of their user
interfaces. Generalized recommendations have been prepared for the creation
of a unified interface that would combine the best features of existing solutions
and eliminate their shortcomings.

Recommendations for improving the efficiency of using the Mission Plan-
ner software and meeting the needs of users may involve introducing several
important changes. Firstly, adding the roles of military pilots and operators to
the list of users. This will allow for consideration of the specific needs of these
roles and provide appropriate functionality. Secondly, developing a more intui-
tive and user-friendly interface that will meet the needs of users.

Equally important is simplifying the software configuration by introducing
templates for specific tasks. This will significantly reduce setup time and re-
duce the likelihood of errors. Similarly, it is necessary to optimize the interface
for operation in extreme conditions, such as combat or military reconnaissance,
by providing quick access to key functions. Finally, the data visualization
should be improved to make it more understandable and easy to interpret,
which is critical in fast-paced and dangerous situations.
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CONCLUSIONS

An analysis of user interface designs for ground control stations of unmanned
aerial vehicles revealed that all systems have their strengths and weaknesses.
The Mission Planner software was identified as having the greatest potential
for functionality and improvement, though it also requires enhancements.

For further development and the creation of a new universal user interface,
it is recommended to include the roles of military pilot and operator. This addi-
tion would address the specific needs of these roles and provide appropriate
functionality. Developing a more intuitive and user-friendly interface is essen-
tial to meet user needs. Simplifying software setup through task-specific tem-
plates will reduce setup time and minimize errors.

In extreme conditions, such as combat operations or military intelligence,
optimizing the interface to provide quick access to key functions is crucial.
Enhancing data visualization will make information clear and easy to interpret,
which is vital in fast-moving and dangerous situations.

Opverall, improving user interfaces will increase the efficiency and safety of
UAV operations, offering a tool that is better adapted to real operating conditions.
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Mi>kHapoHUIT HayKOBO-HaBYIEHUN

LeHTp iHPOPMAIITHIX TEXHOIOTIN

ta cucteM HAH Ykpaian ta MOH Ykpainw,
mpocn. Axax. I'mymxkosa, 40, 03187, Kuis, Ykpaina

AHAJII3 IHTEP®EMCIB KOPUCTYBAYA HABEMHUX CTAHIIIA
KEPYBAHHA BE3IUVIOTHMMMU JIITAJIBHUMU ATTAPATAMUA

Bcmyn. 'Y cyuacnomy ceimi wooeHHo onosnoemvca npocpamue 3abesneuvenns (113),
30KpemMa OISl HA3eMHUX CMAaHYitl YNPpAaeniHHsg Oe3nitomHuMy JimaibHuMy anapamamu
(bnJIA). Ilepeo ixuimu inmepgeticamu kopucmyesaua (IK) nocmaroms 3a0aui 3a6e3neuenns
63a€MO0ii onepamopa 3 OPOHOM, KOHMPOAIO NOAbOMY, NAAHYEAHHS MICIll ma OMPUMAHHA
Oanux 6 peanvrHomy uaci. L[i inmepgeticu nosunni 6ymu QyHKYiHUMUY, 3PYYHUMU MA
IHMYIMUeHO 3pO3yMInUMU, Wob onepamopu Mo2iu eekmueHo UKOHY8amu C60i 3a60aHHA.
Jocniooicenns cimogozo 00cgidy 0a€ 3MOZYy OYIHUMU HAA6HI CUcmeMu ma GU3HAYUMU
obnacmi 015 800CKOHANeHHs. Baxciusumu acnekmamu € cmeopenus inmyimugnux IK ona
3an06icaHHA NEPeBAHMANCEHHIO THPOpMaYiero, 3a06e3neyeHHs cumyayitiHoi 0OI3HAHOCMI,
aoanmayisi 00 eKCmpemMarbHux yMos ma inmezpayis 3 inwumu cucmemamu. Buxopucmanms
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MexHON02I BIPMYANbHOI Ma OONOBHEHOI PeanbHOCMmi, d MAKOMC WMYYHO20 IHMeNeKmy,
MOACYMb NiOGUWUMU PYHKYITIHICMb ma 3pyyHicms HazemHux cmanyit kepysanna (HCK).
Takuii ananiz 0onomoodice cmeoprosamu Oesneuni, epekmusHi ma HadilHi cucmemu Ois
xepysanns bnJlA.

Mema cmammi — Oocnioumu i npogecmu KOMNIEKCHUL aHANI3 HAAGHUX IHmepgelicie
KOPUCMYB8AYa NPOZPAMHO20 3a6e3neyenis HazemMHux cmanyii kepysanns bnJlA, 3 gpoxycom
Ha iX QYHKYITIHUX MOICTUBOCIAX MA 3PYUHOCHI GUKOPUCTIAHHS.

Memoou. 3acmocosano maki mMemooonoiuHi incmpymenmu: Konyenyii inmenexmyanizayii
iHopmayitiHux MexHON02Il, Meopito IHMENEKMYAIbHO20 KePYBaHHs, MEmoooNoeito nodyoosu
ABMOHOMHUX CUCIIEM, MEOPII0 NPULIHAMMSA PilieHb, MEoPito WIMYYHO20 THMEeNeKNy.

Pesynbmamu. byno 3pobneno oenad ceimoeozo 00csidy po3pobdieHHs iHmepgericie
xopucmysaua. Ipoananizoeano IK koocnoeo 3 docnioscysanux 13 ma nadano oyinky ix
DyHRYTIHUX MOdHCIUBOCMEl, BUSHAYEHO IXHI CUNbHI ma cnabki cmopoHu. Byno ckiadeno
NnopieHsIbHI mabauyi itmepgetichux npooykmie 3a ix QYHKYIIHUMU MONCIUBOCTIAMU MA
pisnem w3abinimi  IK. Iliocomosneno ys3azanvHeHi pekomeHOayii Onsi CMEOPEHHS.
VHIQIKOBaH020 HMep@elicy, aKull 6u NOEOHY8A8 HAUKpAWi PUcCU ICHYIOUUX piuleHb ma
nepeobauas ycyHenHs ix HedoiKis.

Bucnoeku. Auaniz ousainy IK HCK ona bnJIA nokasas, wo 6ci cucmemu maromo
cunvhi ma crabxki cmoponu. Hatiwupwi moscausocmi mae IK I13 Mission Planner, oonax i
6in maxodic nompedye 800CKOHANEHHs. [ noOanvbuio2o po3eumky ciid 000amu poi
BIlICbK0BO2O NilOmMa ma onepamopa, po3pooumu Oiibl THMYIMUeHUL ma 3pyuHull
inmepdgetic, axuii 8ionogioamume nompebam KOpUCMYB8aAUi8, ma CAPOCMUMU HALAULINYBAH-
us I13. [{nss pobomu 6 excmpemanbHux ymosax nompiono onmumisyeamu inmepgetic. Boo-
CKOHANEHHsL 8i3yanizayii OaHuUX OONOMOdCce 3POOUMU IX 3PO3VMINUMU MA Ne2KUMU, WO €
KPUMUYHO BACIUBUM Y UBUOKONTUHHUX | HeDe3NeUHUX CUmyayisx.

Kniwouosi cnosa: inmepgeiic xopucmyeaua, Hazemna cmanyis Kepyeamms, bBnJIA,
8IPMYANbHA PeanbHiCMb, O0NOBHEHA PedlbHICb.
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