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Basic principles of building aerial robots 
Igor Zarubin, Svetlana Sotnik  
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 Anotation: The study covers key principles of building aerial 
robots, including those related to construction, aerodynamics, 
navigation and data acquisition systems. The focus is on 
integration of modern technologies, such as sensors, GPS 
modules, and specialized software, which ensure efficient task 
performance in challenging environments. The paper analyzes 

benefits of implementing intelligent control systems, including 
algorithms for automatic route planning, flight correction, and 
obstacle detection. Particular attention is paid to the 
aerodynamic design of the body and choice of materials that 
ensure lightness, durability, and resistance to external factors 
such as wind, rain, and high temperatures. The study offers 
practical examples of implementation of design principles on 
example of modern agricultural aerial robots used for 

monitoring and data collection. A critical analysis of design and 
operational challenges provides deep understanding of potential 
of these technologies. Visual elements of work contribute to 
better understanding of complex technical solutions. 
 Key words: aerial work, design, aerodynamics, navigation, 
sensors, data collection. 

I. INTRODUCTION 

In today's world, aerial robots (drones) have become 

indispensable tools for performing wide range of tasks, 
from environmental monitoring to data collection for 

agriculture. The fundamental principles of their 

construction determine their effectiveness and reliability 

in executing tasks, particularly in complex and often 

unpredictable conditions. Developing aerial robots 

requires comprehensive approach that includes both 

engineering solutions and the integration of advanced 

technologies [1-7]. 

The design of aerial robot is crucial for ensuring its 

stability and maneuverability. Key aspects include 

selection of materials for chassis, which must provide 

necessary strength and lightness, as well as aerodynamic 
shape, which affects flight efficiency. Navigation and 

control systems, including sensors and management 

algorithms, play a vital role in ensuring accuracy and 

autonomy. The integration of advanced technologies, 

such as GPS modules, LIDAR, and various sensors, 

ensures high precision in data collection and adaptability 

to changing conditions. 

This work explores fundamental principles of aerial 

robot construction, including their design, material 

selection, aerodynamic characteristics, and modern 

navigation and data collection systems. Practical 
examples of these principles in contemporary models 

used for various tasks, such as agronomic monitoring and 

mapping, are examined. This research provides better 

understanding of how technical and technological aspects 

impact the effectiveness and reliability of aerial robots, as 

well as the challenges faced by developers in this rapidly 

evolving field. 

Automation is an ever-present topic in development of 

aerial robots, as it provides increased task efficiency and 

adaptability to changing conditions. Thanks to automated 

control and data collection systems, drones can perform 

complex tasks with minimal human intervention, making 
them indispensable in many areas of activity [8, 9]. 

II. THE ROLE OF BASIC COMPONENTS 

AND TECHNOLOGIES IN CONSTRUCTION 

OF AERIAL ROBOTS 

In modern design of aerial robots, role of various 

components and technologies is critical to ensure 

efficiency, reliability, and functionality of devices. 

Different design elements and technological solutions not 

only determine technical characteristics of robots, but 
also affect their ability to perform complex tasks in real 

world. The table below provides detailed overview of key 

components and technologies that play important role in 

design and operation of aerial robots. 

 

Table 1. The role of main components and technologies 

in construction of aerial works 

Component/ 

Technology 

Role in  construction of aerial robots 

 

 

 

Body and frame 

 

Ensuring strong and lightweight design 

for optimized aerodynamics. 

Use of modern materials to reduce 

weight and increase durability. 

 
 

 

Management 

systems 
 

Flight control and stabilization using 
GPS and inertial measurement units 

(IMU). 

Intelligent algorithms for autonomous 

control and navigation. 

 

Engines and 

propellers 
 

Impact on maneuverability and flight 

efficiency. Selection of engine and 

propeller types. 

Aerodynamic characteristics for optimal 

lifting power. 

Energy systems 

 

Selection of power sources to ensure 

long flight time. 

Optimize energy efficiency and reduce 

battery weight. 

Sensors and 

cameras 

 

Expanding data collection and 

environmental monitoring capabilities. 

Integration of sensors to collect 

information and improve autonomy 
functions. 
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III. THE PROCESS OF DESIGNING AERIAL 

ROBOTS USING MODERN 

TECHNOLOGIES 

The design process for aerial robots is complex and 

multi-stage, involving numerous steps and technologies 

to maximize efficiency and reliability. Modern 

technologies, such as computer-aided design, simulation, 

data-driven optimization, and intelligent systems 

integration, play critical role in each stage of design 

process. The concept of design process is shown in Fig. 

1. 

 

 
Fig. 1. Design process concept 

 

At «Define Requirements and Objectives» stage, main 

functions to be performed by aerial robot (e.g., 

surveillance, data collection, monitoring) are established. 

The target characteristics can be presented in form of 
defining technical parameters, such as maximum flight 

altitude, duration of operation, maximum payload. 

Assessment of operating conditions should be made, 

namely: 

1. Environment analysis. Evaluation of environment in 

which robot will be used (e.g., urban environments, 

agricultural lands). 

2. Protection requirements Determination of protection 

requirements against weather, dust, and other factors. 

The «Conceptual Design» phase should consider 

development of concepts, ideas, technologies and 
materials. Decisions need to be made to determine type 

of structure (quadcopter, hexacopter, flying drone) 

according to objectives, and basic aerodynamic 

characteristics need to be developed to optimize lift and 

stability. Responsible consideration should be given to 

selection of lightweight and strong materials, such as 

carbon fiber or composites, to increase strength and 

reduce weight, and to consider opportunities to integrate 

latest technologies, such as brushless motors and high-

performance sensors.  

3. The final stage of design process is called 
development and modeling, during which CAD system is 

used to create 3D models, i.e. to develop detailed models 

of structure using computer simulation for accurate 

planning of all elements, analysis and verification 

(checking model for compliance with technical 

requirements and operating conditions). After these steps 

have been completed, we move on to design 

optimization. 

The process of design optimization based on testing 

Fig. 2. 

 

 
Fig. 2. Design optimization process based on testing 

 

1. Integration and testing of components. The choice 

of sensors for navigation, such as GPS, barometers, or 

LiDAR, helps robot better understand its location and 

environment, just as transformers help systems recognize 

context of query. Video surveillance cameras can be 

selected with high resolution and night vision capabilities 

to ensure accurate data collection, and installing motors, 

sensors, and cameras according to designed model 

ensures that robot will have all necessary functions and 
capabilities. This includes correct placement of 

components to ensure optimal stability and flight 

efficiency. Testing involves ground and flight tests to 

verify operation of control systems, integration of 

components and their interaction, and to identify any 

problems before conducting flight tests. Flight tests, in 

turn, evaluate flight efficiency, stability, and accuracy of 

robot's control in air. This helps to identify and correct 

any problems that may arise in real-world use. 
2. Optimization and control is broken down into 

several steps, such as: collecting data on robot's 

performance, including flight time, sensor performance, 

and stability, is critical for further analysis and adjusting 

system design performance assessment based on 

information obtained. If necessary, design and 

component changes are made based on results of analysis 

and testing to improve overall performance and reliability 

of aerial robot. Machine learning models can help adapt 

the system to different flight conditions and improve 

overall performance of robot. 
3. The implementation stage also includes several 

points, namely: 

- final testing. Conformance checks and final tests to 

confirm that robot meets all technical requirements and 

can operate in real-world environments. Final testing 

includes checking all systems and components and 

ensuring that quality standards are met before going into 

mass production; 

- preparation for production. Includes setting up 

production processes, ensuring required quality standards 

and preparing production facilities. 

- implementation. Launching aerial robot in real-world 
conditions to test its functionality and reliability in actual 

use, supervising the robot's operation and ensuring its 

efficient operation, identifying and eliminating any 

problems that may arise during use; 

- user training. Conducting training for operators and 

technicians on use of aerial robot, its setup and 

maintenance, providing support to users to resolve any 

issues or problems that may arise during operation. 

This approach provides clear picture of designing and 

implementing aerial robots process, with emphasis on 

Integration and testing of 

components 

Optimization and adjustment 

Implementation 

Defining requirements and goals 

Conceptual design 

Development and modeling 
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importance of each stage and its role in ensuring robot's 

efficiency and reliability. 

IV. TECHNOLOGY AND INNOVATION 

In today's world, where technology is evolving at 

incredible pace, innovations in development and use of 

aerial robots are becoming critical to improving their 

efficiency and functionality. Continuous progress in 

aerospace technology, computing, and materials science 

opens up new opportunities for improving aerial robots, 

which significantly expands their capabilities and reduces 

limitations they face. 

This section is dedicated to analyzing advanced 

technologies and innovations that affect design, 

manufacture, and operation of aerial robots. We will 

review latest advances in areas such as sensor 
technology, control systems, data processing algorithms, 

materials and structures, as well as latest approaches to 

automation and artificial intelligence. Special attention 

will be paid to how these innovations contribute to 

accuracy, reliability, and efficiency of aerial robots, as 

well as benefits they provide in practical applications 

such as environmental monitoring, agronomic research, 

and more. 

The purpose of this section is to present current 

technologies underlying development of new models of 

aerial robots and to assess their impact on future trends 
and opportunities in this dynamic and promising industry. 

The presentation of latest technologies and innovations 

can be seen in Table 2.  

 

Table 2. Technologies and innovations in aerial robot 

development 

Section Subject Description 

1. Technologies 

and innovations 

Sensor 

technologi

es 

Modern sensor 

technologies used to 

ensure accurate 

navigation, 

environmental 

monitoring, and task 

completion. 

The 

development of 

sensory systems 

High-

resolution 

cameras 

Innovative cameras 

provide detailed 

images and video, 

including thermal 

imagers and variable 

focus cameras. 

LiDAR and its 

application 

Laser 

systems 

for 

distance 

detection 

LiDAR systems 

create 3D maps of 

terrain using laser 

pulses. The latest 

technologies ensure 

high accuracy and 

speed of data 
collection. 

Integration of 

sensor data 

Processing 

data from 

different 

sensors 

Integration of data 

from cameras, 

LiDAR, and other 

sensors to obtain 

comprehensive 

information. 

Continued Table 2 

2 Control and 

automation 

systems 

Developm

ent of 

manageme

nt systems 

Control systems 

include powerful 

processors and 

specialized software 

for data processing 

and robot control. 

Autonomous 

systems  

Autonomo

us route 

planning 
and 

obstacle 

avoidance 

Innovative AI 

algorithms allow 

robots to make 
decisions and 

perform tasks without 

human intervention. 

Extended use of 

AI 

Intelligent 

algorithms 

for object 

recognition 

AI algorithms are 

used for object 

recognition, route 

planning, and flight 

control. 

Programmable 

systems 

Speciali 

zed 

platforms 

for 

software 
develop 

ment 

Programmable 

systems allow you to 

customize robot's 

operating parameters 

and use specialized 
programming 

languages. 

3. Materials and 

structures 

Newest 

materials 

Using composites and 

nanomaterials to 

create lightweight 

and durable 

structures. 

3D printing and 

its application 

3D 

printing 

technolo 

gies for 

manufactur

ing parts 

3D printing allows 

you to quickly 

produce parts and 

components, reducing 

costs and providing 

flexibility in design. 

Aerodynamic 

structures 

Modeling 

of 

aerodyne 
mic 

characteris

tics 

Use of simulations to 

optimize wing and 

body shapes to ensure 
flight efficiency. 

Innovations in 

power supply 

systems 

Increased 

battery 

capacity 

and 

charging 

speed 

Developing new 

types of batteries and 

power sources, such 

as solid-state batteries 

and supercapacitors, 

to improve energy 

efficiency. 

4. Automation 

and data 

processing 

Process 

automation 

Reduce need for 

manual intervention 

by automating flight 

planning and data 
collection. 

Big data 

processing [10] 

Storage 

and 

analysis of 

data from 

various 

sources 

Using cloud 

platforms and 

specialized programs 

to process and store 

large amounts of 

data. 
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Continued Table 2 

Real processing 

time and speed 

Real-time 

data 

processing 

Powerful computing 

systems for 

processing sensor 

information and real-

time navigation 

control. 

Real processing 

time and speed 

Real-time 

data 

processing 

Powerful computing 

systems for 

processing sensor 
information and real-

time navigation 

control. 

Real processing 

time and speed 

Real-time 

data 

processing 

Powerful computing 

systems for 

processing sensor 

information and real-

time navigation 

control. 

Intelligent 

algorithms 

Machine 

learning 

and deep 

learning 

Use of intelligent 

algorithms to 

improve data 

processing and 
automate processes. 

5 Latest 

approaches and 

trends 

Integration 

with IoT 

Connecting aerial 

robots with the 

Internet of Things 

(IoT) for distributed 

monitoring and 

control. 

Use of 

blockchain 

technologies 

Data 

security 

and 

transparen

cy 

Blockchain to ensure 

security and 

protection of data 

collected by aerial 

robots from fraud and 

unauthorized access. 

Development of 

new form 
factors 

Hybrid 

systems 
and new 

designs 

Development of new 

form factors for aerial 
robots, including 

hybrid systems and 

compact designs. 

Improving 

energy 

efficiency 

The impact 

of 

technology 

on 

developmen

t 

Innovations and latest 

technologies 

contribute to 

expansion of their 

capabilities and areas 

of application. 

 

Together, these technologies and innovations open up 

new opportunities for development of aerial robots, 

making them more functional, reliable and efficient in 
various applications. The development of these areas 

ensures continuous improvement of the quality of robots 

and expansion of their capabilities. 

V. CONCLUSIONS 

The development of aerial robots has undergone 

significant advances due to introduction of advanced 

technologies and innovations. Modern sensor systems, 
such as high-resolution cameras and LiDAR, have 

significantly increased accuracy of data collection and 

detail of information about environment. This allows us 

to create accurate 3D maps of area and provides reliable 

navigation and real-time monitoring. Important 

component is development of control systems, where 

intelligent algorithms and autonomous systems provide 

high level of automation. Independent route planning and 

automated control reduce need for manual intervention 

and increase flight efficiency. 

Materials and designs of aerial robots have also 
undergone significant improvements. The latest 

composites and 3D printing technologies contribute to 

lightweight and durable structures that optimize 

performance and stability during flight. Innovations in 

data processing and process automation enable rapid 

analysis and adaptation to changing conditions, and use 

of machine learning allows for continuous improvement 

of algorithms and robot performance based on data 

obtained. 

Recent trends include integration with Internet of 

Things (IoT) and use of blockchain technologies to 

improve data security, which opens up new opportunities 
for expanding robot functionality. The development of 

new form factors and improvements in energy efficiency 

through new batteries and energy recovery systems also 

contribute to durability and reliability of aerial robots. 

Thus, modern technologies and innovations not only 

improve functionality and efficiency of aerial robots, but 

also ensure that they can adapt to new challenges and 

requirements in various applications. The development of 

these technologies ensures that aerial robots will continue 

to improve and be introduced into new practical areas in 

future. 
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