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Abstract. Unmanned aerial vehicles (UAVs) have become important components of modern 
systems for monitoring, inspection, mapping, and autonomous intervention. Their 
performance directly depends on the efficiency of the control systems and the architecture 
used for data processing, decision-making, and mission coordination. The paper presents a 
comparative analysis of the main control architectures used in UAV platforms: control with 
on-board processing (On-Board Control), hierarchical Master-Swarm architecture, and 
centralized systems based on a Ground Control System (GCS). It describes the operating 
principles of each architecture, the hardware and software components involved, advantages, 
limitations, and specific areas of application. The analysis highlights the impact of each 
solution on autonomy, scalability, resilience to communication loss, and real-time control 
performance. The results obtained show that On-Board Control systems offer superior 
autonomy and robustness, Master-Swarm architectures are intended particularly for the 
collaborative coordination of drone swarms, and GCS systems provide advanced capabilities 
for monitoring and centralized processing. Furthermore, current trends oriented towards 
hybrid architectures are highlighted, which combine the advantages of the three models to 
increase the level of autonomy, safety, and operational efficiency of modern UAV systems. 

 

Keywords: UAV, autonomous drone, control system, On-Board Control, Drone Swarm, Ground 
Control System, real-time control, autonomous navigation, drone swarm, operational 
autonomy, multi-agent systems, distributed control. 

 

Rezumat. Vehiculele aeriene fără pilot (UAV) au devenit componente importante ale 
sistemelor moderne de monitorizare, inspecție, cartografiere și intervenție autonomă. 
Performanța lor depinde direct de eficiența sistemelor de control și de arhitectura utilizată 
pentru procesarea datelor, luarea deciziilor și coordonarea misiunilor. Lucrarea prezintă o 
analiză comparativă a principalelor arhitecturi de control utilizate în platformele UAV: control 
cu procesare la bord (On-Board Control), arhitectura ierarhică Master-Swarm și sistemele 
centralizate bazate pe un Sistem de Control la Sol (GCS). Se descriu principiile de funcționare 
ale fiecărei arhitecturi, componentele hardware și software implicate, avantajele, limitele și 
domeniile specifice de aplicare. Analiza evidențiază impactul fiecărei soluții asupra 
autonomiei, scalabilității, rezistenței la pierderea comunicațiilor și performanței controlului 
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în timp real. Rezultatele obținute arată că sistemele de Control la Bord oferă autonomie și 
robustețe superioare, arhitecturile Master-Swarm sunt destinate în special coordonării 
colaborative a roiurilor de drone, iar sistemele GCS oferă capabilități avansate de 
monitorizare și procesare centralizată. În plus, sunt evidențiate tendințele actuale orientate 
spre arhitecturi hibride, care combină avantajele celor trei modele pentru a crește nivelul de 
autonomie, siguranță și eficiență operațională a sistemelor UAV moderne. 

 

Cuvinte cheie: UAV, dronă autonomă, sistem de control, control la bord, roi de drone, sistem de 
control la sol, control în timp real, navigație autonomă, roi de drone, autonomie 
operațională, sisteme multi-agent, control distribuit. 

 

1. Introduction 
Unmanned aerial vehicles (UAV), generically known as drones, represent aerial 

platforms capable of operating without a human crew on board, being controlled remotely or 
functioning autonomously through complex algorithms or artificial intelligence systems. 
Initially developed predominantly for entertainment, UAV technologies have experienced an 
exponential expansion in recent decades, particularly in the agricultural, commercial, 
research, and military sectors. Due to their versatility, low operational costs, and the ability 
to explore hostile or hard-to-reach environments without risking human lives, drones have 
become important tools in a wide range of applications. Currently, they are widely used in 
fields such as precision agriculture, critical infrastructure monitoring, emergency 
management, mapping and three-dimensional terrain modeling, environmental surveillance, 
and logistics [1]. 

Despite significant progress in the development of UAV platforms, designing control 
systems remains one of the most complex engineering challenges. The nonlinear character 
of flight dynamics, variations in aerodynamic parameters, uncertainties in mathematical 
models, and the influence of external disturbances require the development of robust and 
adaptive control strategies. Moreover, the integration of an increasing number of sensors, 
communication systems, and data processing algorithms leads to higher demands regarding 
the computational performance and reliability of on-board systems [2]. 

Current trends in UAV design aim to increase the degree of autonomy through the use 
of advanced control techniques and artificial intelligence algorithms. Thus, classical methods 
based on PID (Proportional-Integral-Derivative) control are supplemented or replaced by 
modern strategies, such as predictive control (MPC – Model Predictive Control), adaptive 
control, robust control, and machine learning methods [4, 5]. These approaches allow for 
improving navigation precision, optimizing energy consumption, and increasing the capacity 
to operate in complex and unstructured environments. They constitute, in essence, 
technological ecosystems of remarkable complexity, representing the convergence point of 
aerospace engineering, advanced electronics, systems theory, and applied computer science. 
Their fundamental purpose is to guarantee stable flight dynamics, high-precision navigation, 
and the autonomous or semi-autonomous execution of complex tasks, operating in dynamic 
and often unpredictable three-dimensional environments (subject to aerodynamic and 
meteorological disturbances). 

In the context of modern applications, which include territory monitoring, mapping, 
precision agriculture, search and rescue operations, or autonomous deliveries, the 
requirements imposed on control systems are becoming increasingly complex. Depending on 
the operational requirements and the required degree of autonomy, the architecture of 
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control systems can be implemented in different configurations. Thus, processing and 
decision-making can be performed directly on board the drone (On-Board Control) [4], can be 
coordinated via a main drone within multi-UAV systems (Master Drone) [7], or can be centrally 
managed by a Ground Control System (GCS) [8]. Each of these approaches presents specific 
advantages and limitations regarding communication latency, processing capacity, 
scalability, and the level of system autonomy. Analyzing these control architectures is very 
important for understanding how modern drones operate and for identifying optimal 
solutions based on the specific characteristics of each mission. 

The problem addressed in this paper consists of the analysis and evaluation of control 
systems used for UAV platforms, focusing on the control mode, command architectures, and 
modern autonomous navigation methods [6]. The increasing complexity of missions 
performed by unmanned aerial vehicles requires the development of control systems capable 
of ensuring the safe, precise, and efficient operation of drones in dynamic and unpredictable 
environments. Traditional control systems, based exclusively on human operator 
intervention, are limited by communication latency, reduced real-time reaction capacity, and 
the difficulty of simultaneously managing a large number of aerial platforms. In this context, 
there is a need for advanced control architectures that allow for an increased degree of 
autonomy and adaptability for drones. 

The main challenge lies in designing and integrating control architectures that ensure 
an optimal balance between system autonomy, communication reliability, processing 
capacity, and operational efficiency. The choice of how to organize local control on board the 
drone, coordinated via a main drone, or centrally managed via a ground control station 
directly influences the system's performance. Furthermore, the challenge is amplified by the 
need to maintain flight stability, synchronization among components, and resilience in the 
face of communication errors or unfavorable environmental conditions.  

The objective of this paper is to analyze and compare the main control architectures 
used in UAV systems, with an emphasis on On-Board Control, hierarchical coordination 
through a Master Drone, and centralized management through a Ground Control System (GCS) 
[3, 6]. The paper aims to highlight the operating principles, advantages, and limitations of 
each approach, as well as to identify applicability domains based on operational requirements 
and the required level of autonomy. Through this analysis, the goal is to formulate 
conclusions regarding the efficiency and appropriateness of using different control models 
within modern drone systems.   

 

2. Analysis of Control Architectures for UAV Platforms 
 The control system architecture represents one of the fundamental elements that 
determine the performance, degree of autonomy, and reliability of a UAV platform. The 
evolution of communication technologies, embedded systems, and artificial intelligence 
algorithms has led to the emergence of several models for organizing control, each optimized 
for specific operational scenarios. Among the most widely used architectures are On-Board 
Control, hierarchical coordination via a main drone (Master Drone Control), and centralized 
management through a Ground Control System (GCS). 

 

2.1. On-Board Processing Control Architecture 
 The On-Board Control architecture is where all essential functions for flight control 
are executed by computing systems installed directly on the drone. This approach involves 
the integration of a flight control unit (Flight Controller), an on-board computer (Companion 
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Computer), and a set of sensors that provide information about the UAV's status and 
surrounding environment. Data from sensors are continuously analyzed to estimate the 
drone's position, speed, and orientation. Based on this information, control algorithms 
generate commands for the motors and control surfaces [4]. 

The diagram in Figure 1 presents the architecture of a closed-loop cascaded control 
system used for flight control of a drone or autonomous aircraft. Information flows from top 
to bottom for command execution, and measured data returns through a feedback loop to 
correct errors. The entire cycle repeats very rapidly (thousands of times per second) to 
maintain flight stability [5].  

 

Human Pilot Intent or Mission Planner (AI)
(Setpoints: Coordinates, Altitude, Direction)

OUTER LOOP (Navigation / Position)
• Compares the desired position/altitude to the actual one.
• Generates the required reference velocity.

Desired Velocity & Angles

INNER LOOP (Stabilization / Rate PID)
• Compares desired angles with the real angles.
• PID algorithm calculates control effort required on the 

axes:
Roll, Pitch, Yaw, Thrust
Abstract Effort / PID Sum

MOTOR MIXER (Command Allocation)
• Takes the abstract control effort.
• Distributes it to each motor individually based on the 

drone frame geometry.

Digital Commands – DShot Protocol

POWER HARDWARE & ACTUATORS
• ESCs (Electronic Speed Controllers) send current from the 

battery to the motors.
• Propellers generate thrust and change direction

Real Physical Motion in Air

SENSORS & PHYSICAL PERCEPTION
• IMU (Gyroscope and Accelerometer) measure angular rates 

and acceleration.
• Barometer and GPS measure altitude and position

Raw and Noisy Sensor Data

STATE ESTIMATOR (Kalman Filter – EKF)
• Cleans noise & fuses sensor data.
• Calculates the current estimated vehicle state.

Precise State Data

 
Figure 1. Architecture of an on-board processing control system for a drone. 

 

1. The process begins with the actions of a human pilot or a mission planning 
application. This establishes the desired flight parameters, called setpoints, such as 
coordinates, altitude, and direction of travel. These values represent the objective that 
the control system must achieve. 

2.  The outer loop is responsible for navigation and positioning. It compares the desired 
position and altitude with the real position and altitude of the drone.  

3. Based on this difference (control error), the system calculates the reference speed and 
angles needed to reach the desired position. 

4. The output of the outer loop is transmitted to the inner loop, which handles the 
stabilization of the aircraft. This loop compares the desired angles with the actual 
angles of the drone. It uses PID (proportional-integral-derivative) control algorithms 
to calculate the required control action. This control is applied to the primary axes of 
motion, resulting in an abstract control action for each axis. This control action cannot 
be applied directly to the motors. Therefore, a motor mixer intervenes, transforming 
the abstract control commands and distributing them individually to each motor, 
taking into account the drone's frame geometry. Commands are sent as digital signals. 
Digital commands reach the ESCs (Electronic Speed Controllers), which control the 
current supplied by the battery to the motors and regulate the motors' rotation speed 
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[4, 5]. The motors rotate the propellers, which generate the necessary thrust for the 
drone to move through the air. In this stage, the actual physical motion of the drone 
occurs. 

5. To understand the true state of the drone, the system uses multiple sensors such as a 
gyroscope, accelerometer, and barometer. Sensor data is raw and contains noise.  

6. The sensory data is processed by the state estimator. It filters out noise from the data, 
combines information from different sensors, and calculates the drone's estimated 
state. The filtered data is transmitted back to the outer and inner control loops. The 
controller can compare the desired state with the real state, correct errors, and 
generate new commands. This process forms a closed control loop, which repeats 
continuously, usually between 1000 and 8000 cycles per second for drone control [4, 
5]. Through this rapid updating, errors are corrected immediately, aircraft stability is 
maintained, and the vehicle can precisely execute navigation commands. 
The on-board processing control architecture has several advantages. It does not need 

a continuous connection with a ground station for navigation, the drone is highly resistant to 
jamming attacks or accidental signal loss, decision-making time is minimal, and it is the only 
viable architecture for environments where GPS or radio signals are inaccessible. But it also 
has disadvantages, such as weight and energy consumption limiting available computing 
power; integrating high-performance processors and advanced sensors increases platform 
costs; and if the platform crashes and is destroyed, data processed and stored locally may be 
lost, not being transmitted in real-time to a secure database. 

Due to its independence from external communication networks, this architecture 
dominates in applications deployed in isolated or heavily shielded environments. Areas of 
application for On-Board Control include autonomous navigation inside mines, sewer 
networks, or complex logistics warehouses, where a GPS signal is non-existent and 
maintaining a Data Link with the exterior is impossible. The drone relies entirely on local 
data processing and inertial positioning methods. Use in last-mile urban delivery scenarios, 
where zero latency in dynamic obstacle avoidance decisions (Sense and Avoid) is critical for 
safety. Space platforms sent to other planets, where the enormous latency of interplanetary 
communications makes real-time remote control impossible. 

 

2.2. Master-Swarm Hierarchical Control Architecture 
For missions requiring vast spatial coverage or operational redundancy, coordinated 

multi-agent systems are used. The Master-Swarm architecture reduces the individual 
complexity of drones by centralizing tactical intelligence at the level of a single aerial node. 
The Main Drone (Master) functions as a mobile aerial server. It has superior computing power 
and a more complex sensor suite. It handles generating global trajectories, obstacle 
avoidance, and dynamic target allocation. 

The Subordinate Fleet (Swarm) are the component drones, which operate exclusively 
at the hardware level with simplified control loops. Their main task is maintaining a relative 
position compared to the Master drone or tracking velocity vectors transmitted by it. 
Communication is achieved via an ad-hoc network (FANET - Flying Ad-Hoc Network) [9]. The 
Master drone issues setpoint commands, and the local control loops of the swarm drones 
execute necessary corrections. This topology prevents radio frequency spectrum congestion 
and significantly reduces the fleet's production cost. 
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Figure 2 presents the architecture of a drone swarm system (master–swarm) used for 
coordination and autonomous execution of distributed missions. The system is controlled by 
the Ground Control System (GCS), which transmits mission objectives and monitors overall 
operation status through a long-range communication link. At the center of the architecture 
is the Master drone, responsible for mission planning, dynamic task allocation, global route 
calculation, and swarm health monitoring. It processes data received from drones in the 
network and transmits global commands to them. 
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Figure 2. Architecture of a master-swarm drone system. 

 

 Drones in the swarm communicate with each other through a communication mesh 
network based on protocols such as MAVLink (Micro Air Vehicle Link) or DDS (Data 
Distribution Service) [7], which allows data sharing, routing through intermediate nodes, and 
achieving consensus between units. Each drone features a flight controller, RTK GPS 
localization system, obstacle avoidance sensors, and local autonomy modules, allowing it to 
execute tasks independently. The mission workflow includes stages such as task planning, 
swarm deployment, distributed data collection, target identification, and adaptive behavior 
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depending on the situation [2]. This architecture allows for distributed coordination, 
scalability, and operational robustness in complex autonomous applications [1]. 
 The Hierarchical Master-Swarm architecture, because it distributes tasks between an 
aerial command center and multiple executors, optimizing spatial coverage, has several 
advantages, such as: 

- simultaneous monitoring of extensive areas; 
- adding new drones to the swarm can be done with minimal software 

reconfiguration of the network topology; 
- subordinate drones can be extremely simple and cheap, possessing only the 

hardware strictly necessary for flying and maintaining formation; 
- the loss or failure of a drone in the swarm does not compromise the overall 

objective. The network automatically reconfigures to compensate for the missing 
node; 

However, there are also disadvantages, such as: 
- if the Master drone is destroyed or loses power, the entire swarm becomes 

inoperable or enters fail-safe mode, being unable to complete the mission; 
- the system has high computational and algorithmic complexity; 
- communication between drones is sensitive to radio spectrum congestion and 

requires considerable bandwidth over an area. 
The ability to cover vast areas through efficient load balancing makes this architecture 

preferable for large-scale monitoring systems. Using swarms for simultaneous multispectral 
mapping of thousands of hectares of agricultural land. While the main drone creates a global 
map of water deficits or pest infections, the swarm drones perform parallel tasks, spraying 
pesticides only in affected areas. It is used for the rapid scanning of vast mountainous or 
maritime areas. Subordinate drones can scan the given area, and upon detecting a thermal 
anomaly (such as a lost person), the main drone would reorganize the swarm topology to 
focus monitoring efforts on that point. Another scenario could be analyzing the spread of 
forest fires or toxic chemical spills in real-time, minimizing human impact and reducing 
operating costs (losing a drone in a swarm does not stop the mission). 

 

2.3 Ground Control Architecture 
The Ground Control System (GCS) is a system where the control component is located 

on the ground, and the drone acts as a strict executor of commands received remotely. 
Communications management (Data Link) takes place through a bidirectional radio link, 
consisting of an uplink channel (navigation commands, parameter adjustments) and a 
downlink channel (detailed telemetry, real-time video stream). The human operator or the 
software installed on the GCS defines the route via waypoints, leaving the Flight Controller 
to manage exclusively the stabilization on the determined trajectory. An inherent 
vulnerability of architectures based on ground control stations (GCS) is the loss of the data 
link. For this reason, the architecture must include algorithms (safety protocols) to 
automatically initiate a return-to-home function. Upon detecting signal loss for a critical 
period (approximately 3 seconds), the drone automatically switches to strict On-Board mode 
to return to the launch point based on GPS coordinates stored at takeoff [8]. 

The diagram in Figure 3 presents the complete control cycle of a UAV, highlighting 
the information flow between the ground control station and the aerial vehicle, as well as 
the role of the drone's internal components. The system operates through two main types of 
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communication links: control link (uplink) and telemetry and video (downlink). Initially, the 
operator uses a signal transmitter from the ground control station (GCS) to input flight control 
commands. These include parameters such as pitch, roll, yaw, throttle, or flight modes. 
Commands are transmitted to the drone via uplink. 

The signal is received by the transceiver on board the drone, which transmits the data 
to the Flight Controller (FC), the central component responsible for stabilizing and 
coordinating all systems. The flight controller processes the received commands and uses 
information from the drone's sensors, such as the IMU (gyroscope and accelerometer), GPS, 
and barometer, to determine the vehicle's orientation and position [10]. Simultaneously, the 
drone transmits telemetry data to the control station via the MAVLink protocol, including 
information on battery level, GPS position, altitude, and drone orientation. Also, a video 
camera with a VTX (Video Transmitter) broadcasts the real-time video stream. This 
information forms the downlink, through which the operator receives visual and technical 
feedback about the drone's status [8]. Thus, a continuous cycle of control and monitoring is 
created, where commands are sent from the ground to the drone, and status and video data 
are returned to the operator for adjusting piloting and supervising the mission. 

In the ground control system, the drone acts as a sensory relay and maneuver executor, 
but decision-making is outsourced to terrestrial servers or human operators. This allows 
running massive Machine Learning models on the Ground Control System or performing real-
time photogrammetric processing, which is not possible to integrate onto a mobile platform 
[10]. This is essential in critical or emergency situations where final decision-making requires 
human judgment and adherence to strict flight safety regulations. 
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Figure 3. The control cycle between a drone and the ground station. 
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Shifting the computing load to the ground allows the drone to be physically lighter, 
and its computational and electronic characteristics to be simplified, resulting in enhanced 
maneuverability and longer flight times. However, this architecture also has several 
disadvantages. Any communication interruption, atmospheric interference, topographic 
shielding, or cyberattack on the communication channel can have a critical negative impact 
on the drone. The range is strictly dictated by the performance of ground antennas, except 
when using satellite communication systems, which introduce increased costs. The time 
required for data to be transmitted to the ground, processed, and a return command sent to 
the drone can cause instability in situations that require prompt actions. 

When decision-making and big data analysis capabilities are more important than the 
mobility offered by remote UAV piloting architecture, the GCS architecture becomes the 
appropriate standard. This is used for monitoring oil and gas pipelines or high-voltage 
networks. Platforms navigate based on pre-established waypoints, transmitting terabytes of 
data (high-resolution photos, thermography) directly to terrestrial servers for immediate 
structural defect analysis. Another usage scenario for this architecture is high-precision 
terrain mapping with complex flight paths that require precise sensor calibration using the 
ground station control interface. 

 

3. Comparative Analysis of UAV Control Architecture Performance 
The comparative analysis of On-Board Control, Master Drone, and Ground Control 

System (GCS) architectures highlights that each control model is designed to meet different 
operational requirements and presents specific advantages and limitations, as seen in Table 1 [6]. 
From an autonomy perspective, the architecture based on on-board processing offers the best 
results. Because all critical decisions are made locally, the drone can continue the mission 
without relying on external communications. Master Drone type systems also offer a high 
level of autonomy, but their functioning depends on coordination between participating 
drones. Conversely, architectures based on a Ground Control System present a medium level 
of autonomy, as a significant part of the decision-making process is transferred to the ground 
control station. 

Table 1 
Comparative analysis of performances 

Criterion On-Board Control Master Drone GCS 
Autonomy Very high High Medium 
Scalability Low High Very high 

Communication necessity Minimal Medium Very high 
Resilience to link loss Very high Medium Low 

Available computing power Limited Medium Very high 
Infrastructure cost Medium High Very high 
Real-time control Excellent Very good Good 

 

Regarding scalability, centralized systems and those based on hierarchical 
coordination are superior to local control. A single drone with on-board processing can 
efficiently execute individual missions, but simultaneously managing a large number of UAVs 
becomes difficult. The Master Drone architecture allows efficient coordination of drone 
groups by distributing tasks and organizing activities in a hierarchical structure. However, the 
highest scalability is offered by GCS systems, which can simultaneously monitor and control 
vast fleets of UAVs using high-performance IT infrastructures [3]. 
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Analyzing communication dependency, it is observed that the On-Board Control 
architecture is the least dependent on the existence of a permanent communication link. This 
aspect represents a major advantage in applications deployed in isolated areas or in 
environments with electromagnetic interference. For the Master Drone architecture, 
communications are necessary for the continuous exchange of information between the 
leader and subordinate drones. GCS systems are the most dependent on communications, as 
the monitoring and command process relies on continuous data transfer between aerial 
platforms and the control center [3]. 

A criterion closely related to communications is resilience to communication link loss. 
Due to local processing, On-Board Control architectures are the most resistant to 
communication interruption. They can continue the mission or execute automatic fail-safe 
procedures without external support. In the Master Drone architecture, losing communication 
with the master drone can affect the coordination of the entire group, although modern 
redundancy mechanisms can mitigate this risk. GCS systems are the most vulnerable, as losing 
connection with the control station can significantly limit mission management capacity [6]. 

Regarding available computing power, GCS systems hold a dominant position. They 
benefit from high-performance servers and workstations that allow the implementation of 
complex artificial intelligence, video analysis, and mission optimization algorithms. Master 
Drone architectures offer intermediate computing capacity, as part of the processing is 
handled by the leader drone. For on-board control, computing power is limited by the 
dimensions, weight, and energy consumption of the equipment installed on the aerial 
platform [6]. 

Analysis of infrastructure costs indicates that GCS systems require the largest 
investments. Their implementation involves developing a complex infrastructure of 
communications, servers, management software, and operating stations. Master Drone-based 
architectures also involve high costs due to the complexity of coordination and redundancy 
mechanisms. On-board control presents moderate costs, as most functions are integrated 
directly into the UAV [3]. 

In terms of real-time control, the On-Board Control architecture provides the best 
performance. Local processing eliminates delays associated with data transmission and 
allows rapid reactions to environmental changes. Master Drone systems also offer very good 
performance, but response time can be influenced by information exchange between drones. 
In the case of GCS systems, performance depends on the quality and latency of 
communication channels. 

Overall, the analysis highlights that the On-Board Control architecture is optimal for 
missions requiring high autonomy, rapid reaction, and independence from communications. 
The Master Drone architecture is best suited for the collaborative coordination of multiple 
UAVs and implementing smart swarm concepts. The Ground Control System architecture 
offers the best results in situations requiring centralized surveillance, simultaneous 
management of a large number of platforms, and the use of advanced computational 
resources. In practice, the current trend leans towards hybrid architectures that combine the 
advantages of all three models to achieve a superior level of autonomy, flexibility, and 
operational efficiency. 
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5. Conclusions 
The analysis of control architectures for UAV platforms highlights that selecting a 

control solution depends directly on the mission's operational requirements, the required 
degree of autonomy, and available resources at the communication and processing 
infrastructure level. The architecture based on on-board processing (On-Board Control) offers 
the best performance in terms of autonomy, resilience to communication loss, and real-time 
control, being recommended for missions carried out in isolated environments or 
characterized by difficult communication conditions. The hierarchical Master-Swarm 
architecture allows the efficient coordination of a large number of drones and provides a high 
level of scalability, making it suitable for applications requiring distributed cooperation, 
monitoring over extensive areas, and simultaneous execution of multiple tasks. However, its 
functioning depends on maintaining the main node's integrity and the existence of efficient 
coordination and redundancy mechanisms. Systems based on a Ground Control System (GCS) 
have the most vastest computing resources and allow centralized monitoring of UAV 
operations, being appropriate for applications involving large data volumes, advanced 
processing, and in specific cases, can minimize or even completely reduce the need for human 
intervention in the decision-making process. The primary limitation of this approach is its 
high dependence on communication infrastructure and vulnerability to data link loss. 

The comparative analysis performed demonstrates that there is no universal 
architecture for all use scenarios. The current trend in UAV system development is geared 
towards hybrid architectures integrating local processing, distributed coordination, and 
centralized management. This approach allows exploiting each model's advantages and 
contributes to increasing autonomy, operational safety, flexibility, and energy efficiency. 
Future research directions include the integration of distributed artificial intelligence 
technologies, use of 5G/6G communications and FANET (Flying Ad-Hoc Network) networks, 
developing adaptive mechanisms for switching between different control modes, and 
implementing collaborative swarm-type systems capable of operating autonomously in 
complex and dynamic environments [9]. 
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