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INTEGRATING ARDUPILOT SITL FOR
DRONE BEHAVIOUR SIMULATION IN
GAMIFIED TRAINING

New educational technologies, as well as the challenges of the
modern world, encourage the search for ways to improve and develop
training methods for specialists to operate in dangerous spaces using
unmanned swarm systems. Using technologies such as Unity and ArduPilot,
it is possible to create a simulated learning environment that, through
gamification mechanics, provides a sense of reward and challenge while
learning to interact with a swarm of drones, which requires extensive
interdisciplinary expertise. The subject of the study is the interaction
moaule of the Unity game engine and the ArduPilot SITL simulation engine.
The object of the study: a software system for training specialists to
operate in dangerous spaces using drone swarms. The purpose of the
article is to suggest ways to integrate the Unity game engine and the
ArduPilot SITL simulation engine in context of a gamification of training
specialists to operate in dangerous spaces. To achieve this objective, the
paper addresses the following tasks: to formulate the concept of an
application that simulates missions with drone swarms in dangerous spaces
and provides progression and assessment through gamification mechanics;
to justify the choice of a technological stack, in particular ArduPilot, SITL,
MAVLink, Unity; to describe the architecture of the Unity < SITL
Iinteraction, using TCP/UDP communication, MAVLink message processing,
as well as the separation of responsibilities between layers and
components. As a result of the research, the architecture was
substantiated, and an interaction module between Unity and ArduPilot SITL
was implemented using the MAVLink protocol, providing two-way data
exchange and scalable integration of multiple simulated devices within a
single application. To evaluate the scalability of the system, an experiment
was conducted to analyze CPU resource usage and model update time
depending on the number of simulated drones. The results showed an
almost linear relationship between system load and the number of drones,
and no bottleneck was observed in Unity’s main thread.

Keywords: gamification, UAV, dangerous spaces, hazardous
environments, drone swarms, Unity, ArduPilot, MAVLink

Introduction

Modern unmanned technologies allow reducing risk for
specialists and accelerate operations in dangerous spaces [1].
However, coordinating a swarm of unmanned systems requires
highly qualified specialists in several fields: computer science,
mechanical engineering, and domain-specific expertise (e.g.,
demining, firefighting). The training of such specialists is complex
and comprehensive, and if it is necessary to involve a large
number of specialists, as in war conditions, it may become
shortened and superficial, thus requiring new approaches [2].
Therefore, the creation of an application that simulates the
operation of UAV swarms in dangerous spaces, using
gamification elements to support learning, focus, progression, and
performance assessment, would enhance the training of such
specialists.

Literature review

Current research on gamification indicates that it is an
effective tool for improving learning outcomes. Gamification is
defined as the use of selected categories of game elements
(including goals and rules, assessment, challenges, control,
environment, immersion, narrative, and social interaction) in non-
game educational contexts [3]. Gamification is particularly
promising in professional and adult learning, where it is used not
as a full-fledged game, but as a means of structuring complex
tasks, supporting gradual progression, and fostering a sense of
competence [4].
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Studies confirm that gamification, combined with virtual and simulation environments, is an effective
approach to training specialists whose work involves elevated risk [5]. And while the reviewed simulators do include
gamification elements, such as performance assessment tools and operational scenarios for training pilot skills [6], no
implementation was found that features a comprehensive, consistent gamified approach to training swarm system
operators.

Examples of real-world missions performed by unmanned vehicles were also examined. The work [7]
describes tools for detecting explosive objects using various classes of UAVs. The article [8] addresses real-time
prediction of wildfire spread and coordination of firefighting operations. In [9], the authors describe the use of
unmanned vehicles for measuring air pollution at key locations. Analysis of such sources is necessary for formulating
training missions within the gamified application.

The work [10] provides a systematic review of the MAVLink protocol as a communication standard between
unmanned vehicles and ground control stations. Works [11], [12], and [13] describe the successful use of game engines
and 3D visualization in scientific applications, which confirms the appropriateness of the chosen development stack.

Thus, despite existing technological and methodological practices, there is currently no systematic gamified
solution for training specialists to operate in dangerous spaces using unmanned swarm systems. Besides, it’s required
modern and usable technological solutions for gamification-based training processes, a specially for critical
applications.

Purpose of the article

The purpose of the article is to suggest ways to integrate the Unity game engine and the ArduPilot SITL
simulation engine in context of a gamification of training specialists to operate in dangerous spaces.

To achieve this goal, the article addresses the following tasks:

- to formulate the concept of an application that models drone swarm missions in dangerous spaces
and provides progression and assessment through gamification mechanics;

- to justify the choice of the technology stack, specifically ArduPilot, SITL, MAVLink, and Unity;

- to describe the Unity «<» SITL interaction architecture, using TCP/UDP communication, MAVLink
message handling, and the separation of responsibilities across layers and components.

- to conduct an experiment evaluating the scalability of the system by analyzing CPU resource usage
and model update time depending on the number of simulated drones.

Gamified application

The idea is to create a gamified simulation environment that will gradually introduce the core concepts of
UAV-swarm operator interaction in dangerous space. Within the application, a future operator learns to control drones
by starting with the simplest missions — for example, measuring air pollution levels in a defined area using a single
sensor on a single drone.

A simple mission allows the trainee becoming familiar with the basics of unmanned vehicle control and
provides virtual resources for developing their capabilities (Fig.1). By completing such missions, the future operator
unlocks new features: drone types, sensors, objectives, and threat types that hinder mission completion. Over time,
the trainee even gains access to a drone constructor, which allows them to assemble a drone from components using
virtual currency — independently choosing the frame, motors, propellers, battery, sensor suite, and other electronics,
based on analysis of the next mission.

Within this constructor, the player can observe how parameters such as mass, thrust, thrust-to-weight ratio,
battery capacity, communication range, flight range, and final drone cost interact and change in response to their
choices. This gives the user practical experience in customizing drones and matching their specifications to different
task types — from versatile builds that balance a wide range of parameters, cost, and efficiency, to specialized drones
with a narrower scope but greater effectiveness in a specific role.

Ultimately, the player enters what can be described as a classic game loop, in which they assemble vehicles
for a given mission while adapting to available budgets, mission requirements, and accessible components. Upon
mission completion, the player receives immediate feedback, iterates on their previous work, or faces new challenges
and unlocks new capabilities.

Next Mission Swarm Mission
Analysis Preparation Execution

Reward and Post-Mission
-

—| Progression Satisfaction Feedback

Fig. 1. Game Loop of gamified simulator
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Engineering Solution

As the engineering basis, a stable and popular open-source solution is proposed, meaning that the
gamification will yield not only a theoretical scientific result but also a practical one — the acquisition of hands-on
experience with production-grade drone control technologies.

To that end, ArduPilot [14] will be used as one of the most widely adopted open-source flight control systems.
Several well-known Ground Control Station applications are available for ArduPilot — tools used for mission
planning and sending commands to drones. The most popular open-source options are Mission Planner and
QGroundControl [15]. ArduPilot also includes a built-in SITL (Software in the Loop) component, which enables flight
simulation of an unmanned vehicle while accounting for both the onboard hardware configuration and the
environmental settings.

Communication between the various components is handled via the MAVLink (Micro Air Vehicle Link)
protocol [16]. When SITL is used, it spins up a server and establishes a UDP/TCP transport channel for
communication.

Unity was selected as the visualization and user interaction platform, offering rich capabilities for developing
game mechanics. But the following ideas can be used in any visualization engine.

From the end user's perspective, all interaction with drones is encapsulated and works identically whether
running against a simulated or a real vehicle in terms of protocol. Together, these components allow drone flight to
be reproduced in a controlled environment under conditions that closely mirror real-world operations.

Environment Setup
ArduPilot is a large C++ project with a Linux-oriented dependency stack. When working on Windows, it is
recommended to use the Windows Subsystem for Linux (WSL). The first step is installing Ubuntu within WSL. This
step can be skipped when working directly on Linux.

wsl --set-default-version 2
wsl --install -d Ubuntu

After running these commands, the console will automatically switch to Linux management mode, where the
setup will continue. The next step is to update Linux to the latest version and ensure that git is installed:

sudo apt update && sudo apt upgrade -y
sudo apt install -y git

The next step is downloading the ArduPilot source files, updating the latest versions of all submodules, and
launching the build process via the script provided by the developers:

cd ~
git clone https://github.com/ArduPilot/ardupilot.git
cd ardupilot

$ git submodule update --init --recursive
Tools/environment_install/install-prereqs-ubuntu.sh -y

The script performs installation into a virtual environment (venv), and all subsequent SITL sessions must be
launched from within it:

source ~/venv-ardupilot/bin/activate
Tools/autotest/sim_vehicle.py -v ArduCopter

Running this command starts a SITL session, brings up a MAVLink server, and begins streaming live
telemetry from the simulated vehicle to the console. This marks the successful completion of the first stage — the
machine now supports running SITL.
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Fig. 2. Architecture scheme of connection module

Architecture scheme is shown on Fig. 2. Its components are described further.

MAVLink is a binary protocol. When a SITL instance is launched, a TCP or UDP connection is opened, and
data is written to a stream, from which bytes must be read and assembled into structures according to the protocol’s
rules. Open libraries exist that implement this byte-reading logic, such as the Mission Planner MAVLink library. In
the Unity application, a separate C# TcpClient is created for each drone digital twin. It connects to the host and port
specified in the command-line arguments used to launch the SITL instance, and a new Thread is spawned to
continuously read from the TcpClient's stream. Each time new data arrives in the stream, the selected MAVLink parser
attempts to assemble it into a packet. If a packet is successfully formed, it is added to a ConcurrentQueue, and on the
main thread, Unity’s Update method periodically checks this queue for newly arrived MAVLink packets.
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1 public class MavLinkTcpGateway : MonoBehaviour, IMavLinkGateway

// .
private readonly ConcurrentQueue<MAVLinkMessage>
_messageQueue = new();

private void Update()

{
while (_messageQueue.TryDequeue(out var msg))
onMessage?.Invoke(msg);
}
private async void ConnectAsync()
{
_tcpClient = new TcpClient();
await _tcpClient.ConnectAsync(host, port);
_stream = _tcpClient.GetStream();
_readThread = new(ReadLoop) { IsBackground = true };
_readThread.Start();
}
private void ReadLoop()
{
while (!IsCancellationRequested && _tcpClient.Connected)
{
var message = _mavlLinkParser.ReadPacket(_ stream);
if (message != null && message.lLength != 0)
_messageQueue.Enqueue(message);
}
}
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To keep the codebase organized and maintain a clear separation of concerns, each message type is handled
by a dedicated handler, which is also responsible for updating the corresponding drone's model (Fig.3).

Read Thread Main Thread )

TCP Stream—»| Parser —| C.Queue —»| Update |—| Handlers —| Model

J (
Fig. 3. “Read from TCP Stream” Flow

For the tech demo, command input is implemented using the free Trilnspector library, which allows C#
attributes to generate Unity Editor controls, such as buttons and read-only fields, for displaying telemetry. These
buttons function in both Play Mode and Editor Mode but are only accessible within the editor, meaning they are
available exclusively to the developer. While they will not be part of the final product due to their inaccessibility to
end users, they serve as a convenient and fast tool for prototyping and technical experimentation. Each VehicleModel
has an associated VehicleController that exposes methods marked as buttons. These methods send MAVLink
commands to the vehicle and, in doing so, modify its behavior. Fields can be used to pass and live-tune additional
arguments.

public class VehicleController : MonoBehaviour
{

// ...

[SerializeField]

private NedVector pointA = new(20, 0, -10);

[Button]

public void Takeoff() => Send(new MavCmd_Takeoff(address));

[Button]

public void FlyPointA() => Send(

new MavCmd_SetPositionTarget(address, position: ned));

}

An application layer called "Commands" creates a statically-typed facade over the MAVLink protocol
(Fig.4). Each command has its own representation in the application with clearly defined parameters. Most MAVLink
commands share a single structure with the type MAVLINK _MSG_ID.COMMAND_ LONG, a subcommand, and up
to seven payload fields with no semantics embedded in the code — as can be seen in the MavCmd_Takeoff example.
Semantics that the Commands layer encodes, serving as self-documenting code and reducing cognitive load when
working within the business logic layer. Ultimately, each command assembles the packet structure required by the
MAVLink protocol and writes it to the TCP stream.

GUI

——

Command [—| MavLink Packet —| Gateway

|V

Controller

Fig. 4. “Write to TCP Stream” Flow

In this way, a bidirectional communication channel was established between SITL and Unity. On the
ArduPilot side, each vehicle is a separate SITL process with its own arguments, which can be obtained from a
dedicated service responsible for spawning SITL processes — the VehicleCommandBuilder.

As a result, a vehicle is represented in the application as a single GameObject with the following
MonoBehaviour components (Fig.5). To add more drones to the same scene, it is sufficient to duplicate an instance
of this prefab:

- MavLinkTcpGateway — the MAVLink communication channel;

- VehicleMessageListener — responsible for receiving messages from MAVLink and configuring
their logging verbosity;

- VehicleController — used to issue commands to the drone;

- VehicleModel — stores the drone's current state;

- VehicleCommandBuilder — generates the console command for manual launching a SITL instance.
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Fig. 5. Screenshots from Unity, demonstrating main components

Since Unity has no access to spawning processes inside the Linux virtual machine, a lightweight Node.js
HTTP server is introduced as an auxiliary service to automate SITL instance management. It listens on a single port,
accepts start and stop GET requests with a drone identifier as a parameter, and orchestrates SITL processes
accordingly — spawning them on demand, signalling when they are ready, and terminating them when no longer
needed. This service is launched before the main application starts and remains active for its entire lifetime.

Experiment methodology

Two primary sources of CPU load are of interest in this experiment:

- the vmmemWSL process, which encapsulates the Linux virtual machine and all computation
running within it, including all SITL calculations;

- the model update performed on Unity's main thread from the concurrent queue, which at high
volumes could become a performance bottleneck.

The goal of the experiment is to evaluate the scalability of the proposed system by analysing how CPU usage
and model update time depend on the number of simulated drones.

Before each performance measurement run, the required number of drones is activated as follows. Using the
HTTP server running in the WSL context, N SITL processes are launched sequentially. Each process is set to stream
GLOBAL POSITION INT and ATTITUDE telemetry messages at 10 Hz. The drone is then set to
COPTER_MODE.GUIDED, Armed, get a Takeoff command, followed by a SetPositionTarget command targeting a
position 1 km away at an altitude of 200 m from the origin. Commands are sent sequentially with a 4-second interval
between each. Successful reception of all commands is verified in the console, and the drone's position change is
confirmed in the model view.

The vmmemW SSL process was measured as follows. Once all conditions are met and all drones are in motion,
Windows Performance Recorder is run for 40 seconds. The resulting event log is analysed in Windows Performance
Analyzer, filtered by the vmmemWSL process over a 20-second window. The tool reports CPU usage in milliseconds
of processor time; dividing by the 20-second interval yields the average load on a single CPU core.

Model update time under the same conditions is measured using the standard C# System.Diagnostics.Stopwatch
utility to sum all ElapsedTicks for the Update method of the MavLinkTcpGateway class, including the execution time of all
subscribers — which corresponds to a full update of the digital twins of all drones.

Each configuration was run three times and the middle value was taken to avoid outliers. Experiments were
conducted on a system equipped with an Intel Core 19-10850K CPU @ 3.60 GHz and 64 GB of RAM, running a
licensed installation of Microsoft Windows 11 Pro, version 25H2 (OS build 26200.8037). The simulation environment
was implemented using Unity version 6000.3.9f1. The autopilot software used in the experiments was ArduPilot-
4.6.0-betal.
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Drones Number

vmmemWSL Total
(MSec)

vmmemWSL CPU
(MSec)

vmmemWSL CPU %

vmmemWSL CPU %
per drone

20000

0,035

Experiment results

Table 1 presents the results of measuring the amount of resources used by the vmmemWSL process
according to the described methodology. «vmmemWSL Total» indicates the analytics collection time in milliseconds.
«wmmemWSL CPU» shows the number of milliseconds of processor time used by the vmmemWSL process during
the analytics collection period. «vmmemWSL CPU %» represents the percentage of CPU usage during the
measurement period. «vmmemWSL CPU % per drone» shows the average load on a single CPU core caused by
simulating one drone with the vmmemWSL process.

1 2
20000 20000
215 366
1,075 1,83
1,075 0,915

20000

665
3,325

0,831

20000

1385
6,925

0,866

16

20000

2998
14,99

0,937

Table 1
32

20000

6450
32,25

1,008

Figure 6 shows the percentage of CPU core usage (vertical axis) by the vmmemWSL process depending on
the number of drones (horizontal axis). The resulting graph is close to linear, taking measurement error into account.
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Fig. 6. vmmemWSL CPU core usage total (%)

30

The graph shown in Figure 7 demonstrates that the SITL process uses on average about 0.8—1% of a CPU
core to simulate a single drone depending on the number of drones.

1,25
1,00
0,75
0,50
0,25

0,00

10

20

Fig. 7. vimmemWSL CPU core usage per drone (%)

30

Table 2 presents the results of measuring the time spent by Unity’s main thread on updating the model.
«Unity Total Time» shows the total duration of one measurement cycle. «Unity Model Time» represents the total time
spent updating the model during the measurement period. «Unity % of time» indicates the percentage of the total time
used to update the models of all drones. «Unity % of time per drone» shows the average percentage of the total time
spent updating the model of a single drone.

Drones Number

Unity Total Time (MSec)
Unity Model Time (MSec)
Unity % of time

Unity % of time per drone

0 1
21107 20469
0 13
0 0,063
0 0,063

2
20633
22
0,104
0,052

4
20282
42
0,207
0,052

8
20333
77
0,378
0,047

16
20447
149
0,727
0,045

Table 2
32

20332
319
1,568
0,049

Figure 8 shows a graph illustrating the linear increase in the time spent updating the models of all drones
(vertical axis) depending on the number of drones (horizontal axis).
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Fig. 8. Unity model update total time (%)
The graph shown in Figure 9 demonstrates that updating the model of a single drone requires approximately
0.05% of the available processing time, depending on the total number of drones.
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0,00
0 10 20 30
Fig. 9. Unity model update time per drone (%)

The experiment showed that the system’s resource usage grows linearly with the number of drones, and that
model updates do not become a bottleneck for Unity’s main thread, whose resources can therefore be used for
visualization.

Discussion

Gamification in this article is addressed only at a conceptual level. The planned game mechanics are
mentioned but their interplay and impact on the learning process are not elaborated. The concept has not been validated
through a pedagogical experiment, and claims regarding the system's educational effectiveness currently rest solely
on the literature review — which is a natural limitation of the present stage of the work. Future studies will examine
this direction more thoroughly, including the distinction between the micro game loop (the mission process) and the
macro loop, or meta-game loop (the player's overall progression throughout the course of training).

The dangerous-space operation scenarios are referenced as a category — demining, firefighting,
environmental tasks — but each requires its own classification, analysis, and dedicated training mission design within
the context of gamified UAV swarm operator training.

The environment setup demonstrated in this article is technically demanding. Given that gamification is
intended to raise motivation and broaden participation, a incapsulated simulator launch mechanism would be
worthwhile. Generally, the authors consider a full ArduPilot deployment on a student's own machine to be a valuable
mid-training milestone — one that could be gamified itself.

This article examines only SITL as the simulation backend. Future work may compare it against alternative
drone simulation approaches; however, the architecture described and the use of MAVLink make backend substitution
largely transparent.

The architectural discussion covers the transport and command layers of the integration. Subsequent work
should address the remaining parts of the system, including the implementation of gamification mechanics and the 3D
visualisation of drones, terrain, and hazards.

Error handling was deliberately omitted from this article; fault tolerance is a substantial and complex topic
that warrants dedicated investigation.

The experiment presented here should also be conducted across different environments in order to establish
the upper bound of simulatable drones on a wider range of hardware configurations.

Finally, one of the most significant challenges of this project as a whole will be the integration of all
knowledges — requiring deep interdisciplinary expertise spanning education and gamification, computer engineering,
and the domain-specific requirements of each mission included in the final product.

Conclusions
The article substantiates the feasibility of a gamified approach to training specialists to operate in dangerous
spaces using UAV swarms, and reviews the current scientific literature on gamification, simulation environments, and
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the use of UAVs in applied hazardous-areas tasks such as demining, fire monitoring, and environmental control. The
analysis revealed the absence of comprehensive solutions that feature a consistent gamified training system.

The technology stack — ArduPilot, SITL, MAVLink, and Unity — is presented, along with the reasoning
behind each choice. The Unity «» SITL interaction module has been proposed, described, and implemented using a
TCP/UDP channel for bidirectional data exchange, with built-in scalability and a unified interface that works equally
with both simulated and real unmanned vehicles.

The practical outcome of the work is a technical implementation of the module with a clear separation of
responsibilities across the following layers: transport layer, commands layer, messages layer, and vehicle layer —
reducing cognitive complexity and improving code maintainability.

The scalability experiment demonstrated that CPU usage grows approximately linearly with the number of
simulated vehicles. Specifically, simulating a single drone in the SITL environment consumes roughly 0.8—1% of a
single CPU core, while updating one vehicle's model on Unity's main thread requires approximately 0.05% of the
available execution time. These results indicate the absence of critical bottlenecks in the proposed architecture and

confirm its suitability for scaling.

The proposed solution establishes a technical basis for further development of a full-featured drone swarm
simulator with gamification mechanics, including progression, immediate feedback, assessment, and engaging
mission-scenario context, to enhance motivation in the training of specialists working in dangerous spaces.
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Al tour application for visualizing archaeological,

[TaBmo IIOHOMAPEHKO, Bsuecnap XAPUEHKO

HamionansHuii aepoKOCMIYHHI yHIBEpPCHTET «XapKiBChKHUIT aBiaiitHUI IHCTHTYT»

IHTEI'PALISA ARDUPILOT SITL 5IK BIPTYAJIbBHOI'O CUMYJISITOPA TPOHA B
I'EMMI®PIKOBAHIA INIAT'OTOBII

HOBI OCBITHI TEXHOJTOIT], @ TAKOX BUKITUKY CyYECHOIO CBITY CIIOHYKAOTh [0 MOLLYKY LLTISXIB MTOKPALYEHHS | PO3BUTKY METOLIB
T14roToBKY (PaxiBLiB 3 MOJONIAHHS HEOEINEYHMUX MPOCTOPIB 338 AOMOMOror0 GE3MISIOTHUX POHOBUX CUCTEM. 3a [OMOMOIoH TaKuX
TexHostorivi sk Unity Ta ArduPilot MOXHa CTBOPUTY CUMYJIbOBaHE HaBYa/IbHE CEPEAOBULLE, SKE 3aBASKV rerMighikaLiiviHiM MexaHikam
HAaAAae BIAYYTTS BUHArOpoau Ta BUKIMKY PU HABYAHHI B33EMOLIT 3 POEM L[POHIB, KM BUMArae riimboKux 3HaHb B 6aratbox
ancuynrisidax. lpeameTom AOCTIKEHHS € MOAY b B3aEMOAIT irpoBoro pywis Unity Ta cumynsuiviHoro pywis ArduPilot SITL. O6'ekt
AOCTIIKEHHS: MPOrpamMHa cUCTEMA /151 MIArOTOBKU QPaxiBLiB 3 1040IaHHS HEOE3NEYHNX IPOCTOPIB. MeTow CTaTTi € 3arporoHyBaT
wax iHTerpayii irposoro pywis Unity 1@ cumynsuivinoro pyuwis ArduPilot SITL B KOHTEKCTI resiMighikoBaHoi rigrotoBkv gaxisLis 3
poboTu 3 Hebe3neyHnMu rpocTopamu. 1S peasizadii mocrasieHoi Metv y CTatTi BUDILIEHO HACTYIIHI 3aBAaHHS.: copmysioBatm
KOHLenyito 3aCTOCYHKY, LLYO MOJE/TIOE MICIi 3 pOSIMU [POHIB Y HEBE3MEYHMX POCTOPax Ta 3a6e3reYye Mporpecito 4 OLIHIOBAHHS Yepe3
reviMighikaLliviti MExaHiku,; OBrpyHTYBaTH BUGID TEXHOJIOMYHOIO CTEKy, 30kpema ArduPilot, SITL, MAVLink, Unity; onvcatv apxXiTekTypy
B3aemogii Unity < SITL, a came TCP/UDP-komyHikauito, o6pobky rosigomaeHp MAVLInk, a 1akox po3riogin BigrioBiaaabHOCTI MK
wapamm 1a KOMIoHEHTamMu. Pe3ysibTatv JOCTXKEHHS: 0OrpyHTOBaHO apXiTEKTYPy Ta pPeasi3oBaHO MOGy b B3aeMogii mix Unity 1a
ArduPilot SITL Ha ocHosi ripoTokosy MAVLink, o 3abesrneqye ABOCTOPOHHIN O6MIH AaHUMU T@ MACLUTEO0BaHy IHTErpaLito KibKox
CUMY/IbOBAHUX aNapatiB y MEXax €4ANHOro 3acTOCYHKY; 419 OUiHKU MacLuTaboBaHOCTI CUCTEMU IPOBEAEHO EKCIIEPUMEHT 3 aHasl3y
BUKOPUCTAHHSI MPOLIECOPHUX PECYPCIB Ta YACy OHOB/IEHHS MOAET 3a/1EXXHO BI KifIbKOCTI CUMY/IbOBaHUX APOHIB. OTpuMaHi pesysibtatm
TI0KA3aIIN MavKe JIHIVIHY 3a7IEXHICTb HABAHTAXEHHS BIf KifIbKOCTI anapariB 1a BIACYTHITb BY3bKOIro MICLsl B OCHOBHOMY roToui FOHITI.

Krroqosi crioBa: revimipikaviis, bIIA, HebesneyHr rpocTopy, poi ApoHis, Unity, ArduPilot, MAVLink
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