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QUADROCOPTER HARDWARE AND SOFTWARE DEVELOPMENT

Abstract. Relevance. Over time, people have come to realize the potential of drones not only in the military but also in
civilian industries. Their functionality is constantly expanding, and they are becoming a key tool in various areas of society.
Currently, quadcopters are used to monitor the condition of forests, detect forest fires, control the operation of pipelines or
power lines, and deliver goods to hard-to-reach areas. They open up new horizons and contribute to the development of
various industries, providing effective solutions for various tasks and challenges. Currently, there is a wide variety of
quadcopters from different manufacturers, but the price of most is too high. Object of research: quadrocopter hardware
and software. The purpose of the study is to create a fairly cheap solution using Arduino. Research results. Current
models of drones can be varied in design - from simple to foldable, which opens up wide possibilities for expanding their
functionality depending on their purpose. This study proposes to use the Arduino microcontroller to create a quadcopter.
The authors describe in detail the components selected for its construction, the main stages of design and testing..
Conclusions. Without a pilot on board, unmanned aerial vehicles can be more efficient and cost effective than manned
aircraft. This approach reduces the weight and size of drones, expands their capabilities, and provides greater autonomy in
operation. In other words, unmanned aerial vehicles have the potential to improve efficiency and reduce costs compared to
manned aircraft due to the absence of a person on board. Developing software and hardware for a quadcopter requires
interdisciplinary knowledge in electronics, programming and aviation mechanics. Thanks to modern open platforms and
availability of components, creating a quadcopter is becoming a reality not only for engineers, but also for enthusiasts. This
approach opens up wide opportunities for experimentation, research and innovation in the field of unmanned aerial
vehicles. Drones are an important tool that is rapidly gaining popularity and opening up new possibilities in various fields,
from entertainment and scientific research to commercial applications.
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Introduction

As a result of technological progress, quadcopters
are becoming increasingly popular and accessible to a
wide range of users [1]. Technologies for using drones
in various areas of life are developing, including aerial
photography, monitoring forest resources, precision
farming, environmental monitoring, and search and
rescue operations. It is important that the development
of unmanned aerial vehicles occurs in the absence of
common standards and requirements for their design.
This leads to a variety of drone characteristics
determined by their size, functionality, flight range,
takeoff type, specialization, and other parameters.
Currently, there is a wide variety of quadcopters from
different manufacturers, but the price of most is too
high. The purpose of the study is to create a fairly
cheap solution using Arduino.

Without a pilot on board, unmanned aerial vehicles
can be more efficient and cost effective than manned
aircraft. This approach reduces the weight and size of
drones, expands their capabilities, and provides greater
autonomy in operation. In other words, unmanned aerial
vehicles have the potential to improve efficiency and
reduce costs compared to manned aircraft due to the
absence of a person on board [1].

Analysis of recent research and publications.
Information about software and technical means of
controlling drones is in most cases presented on the
websites of manufacturers, there are scientific
publications that present a comparison of the
characteristics of various means [2-7]. Yes, Kucherenko
E.l. and I.A. Vakalyuk [8] analyzed the key components
of the UAV, including autopilots, 16 hardware and
software control platforms, sensors, interfaces and

control systems. They compared the functionality of the
platforms and found a lack of documentation on the
energy consumption of the equipment.

Presentation of the main material

Current models of drones can be varied in design -
from simple to foldable, which opens up wide
possibilities for expanding their functionality depending
on their purpose. Regardless of what internal
components the drone (multicopter) uses, the main
elements remain unchanged. The drone consists of such
parts as a frame, a flight controller, an engine, a battery,
a communication controller and sensors. These elements
work efficiently to ensure stable flow, save energy and
transmit data. The frame determines the shape and
structure of the drone, the flight controller handles it
with arms, the motors provide traction, the battery
powers all systems, the communication controller
ensures communication with the operator, and the
sensors provide information about the environment for
the drone. Autonomous Poliotu ta Vikonannya Zavdan.

This study for the quadcopter design includes an
Arduino Nano 3.0 software microcontroller, an
NRF24L01+PA+LNA radio frequency module, a
piezoelectric beep speaker, a 3D analog stick, and the
Race model's motors. Spec 2205 KVV2300 and Gamefan
Flash 7040 propellers for them. A Brushless 40A speed
regulator controller and a self-propelled battery type 3s
on 21700 Samsung 40A batteries have been installed.
The equipment includes a self-propelled remote control.
All these components are mounted on the frame of the
Mark 4 HD model.

More details about the components:

1. Arduino Nano is a fully functional miniature
device based on the Atmega328 (for Arduino Nano 3.0)
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or Atmegal68 (for Arduino Nano 2.x) microcontroller,
specially adapted for development boards. In terms of
its functionality, the device is similar to the Arduino
Duemilanove, but differs in its dimensions, the variety
of power connectors and the use of a different type of
USB cable (Mini-B). Arduino Nano has been developed
and manufactured by Gravitech [3].

2. The NRF24LO01+PA+LNA droneless module
with an antenna operates at a frequency of 2.4 GHz and
supports transmission speeds of up to 2 Mbit/s. The
radio channel on these radio modules can exchange
information with the recipient directly. Radio reduction
can be combined with several devices based on
NRF24L01+ or NRF24LE1. The dartless module can be
used at distances up to 1000 meters [9].

Batteries. As a rule, they are composed of one or
more elements, such as lithium-polymer or lithium-ion
batteries, and cause the shell to be wrapped in plastic or
other insulating material [9].

Quadcopters often use lithium polymer (LiPo)
batteries. The stench is known for its high energy
density, lightness and high tension and is ideal for
unmanned aircraft such as quadcopters, the fragments
provide high tension with a small vase that allows the
devices to sit in the wind for a long time. LiPo batteries
may also be used with other types of batteries, such as
Li-ion, Nickel Metal Hydride (NiMH) and others,
depending on the needs of a particular quadcopter. ta
yogo zastosuvan. In order to power motors with power
requirements greater than 25 amperes, it was decided to
create a battery based on three high-current lithium
batteries Samsung INR21700 40T type 21700, as well
as vikoristati BMS controller for charging.

3. Race Spec 2205 KV2300 motors are one of the
popular motors that are used in many quadcopters,
drones, and racing drones. They are strong, fluid and
maneuverable, and are ideal for racing drones and other
fixed-wing drones that require high fluidity and
maneuverability.

4. Brushless 40A motor speed controller, often
also called ESC (Electronic Speed Controller), is an
electronic device that controls the speed of the brushless
motor in quadcopters, car models, aircraft and other
models. RC controls.

5. Gamefan Flash 7040 is a propeller that is
widely used in quadcopters and other models with RC
controls, especially in racing drones and freestyle
quadcopters. According to him, the Gamefan Flash
7040 propeller is a popular choice among quadcopter
pilots who are looking for high speed and efficiency in
their flights, especially in racing and freestyle. Its
characteristics allow you to achieve optimal results in
different minds.

6. P'ezoelectric sound speaker - sometimes also
called simply "p'ezodynamic” - this is a type of speaker
that uses a piezoelectric effect to create sound.
Piezoelectric materials, such as quartz, resonate when an
electric field is applied and produce sound sounds. In
contrast to traditional speakers, which rely on the
electromagnetic field to control the diaphragm,
piezoelectric speakers operate without magnets or
mechanical parts.

7. 3D analog stick - a camera element that is
ideally used in a remote control for playing quadcopters,
video games, as well as for various other devices that
require precision and analog keruvannya. Zagalom, 3D
analogue sticks are important components for precision
and analogue recording in various devices and
applications. All these components (Fig. 1) were
selected by us through their versatility and brightness.
The Arduino communication controller itself through its
versatility, openness and ease of adjustment.

Fig. 1. Components assembled for a quadcopter

The quadcopter consists of two pairs of rotors and
screws, arranged around a square frame. You can
perform a vertical landing and landing, similar to
normal guintocryls. However, the control system
between gyrocopters and quadcopters is completely
differentiated from one to the other through the
dynamics of the field. Vikorist is given a coordinate
system as a base for the quadcopter, the motors are
arranged in the “X” configuration (Fig. 2).

Fig. 2. Quadcopter warehouse

This means that at the tops of the square frame
there are two motors that wrap around the year arrow,
and two that wrap against the year arrow.

The flow of the space is ensured by the change of
the end force and the moment on the skin axes. To
ensure correct torque and force changes in the system,
motors are installed and configured to operate in pairs,
as shown in Table 1. Motors 1, 2, 3 and 4 are designated
Motor 1, Motor 2, Motor 3 and Motor. 4.

For translational movement of the quadcopter, it is
necessary to tilt the platform in coordination with the
desired axis. The tilt angle of the quadcopter is
determined by the roll, pitch and yaw conditions of
movement in three dimensions (3D), as shown in Fig. 3.
Based on the location of the motors described in table 1,
it is necessary to simply change the speed of movement
of one of the pairs of motors in order to move in space.
This allows the quadcopter to move in three dimensions
and control it using only four inputs.

183



Control, Navigation and Communication Systems. 2026. No. 1

ISSN 2073-7394

Puckannn

Fig. 3. Designation for movement in 3D

Table 1 — Paired operation of engines
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Considering the control efficiency and the need to
ensure sufficient flight time, it is important to choose
the right battery for the quadcopter. A 3S battery has a
voltage of 11.1 V (3 cells of 3.7 V each). The task is to
calculate the flight time of a quadcopter with such a
battery and a known current consumption.

Input data:

- Battery capacity C=4000MAT.

- Battery voltage V=11.1B.

- Maximum current consumption [=25A.

Flight time calculation:

1. Let's convert the battery capacity into ampere-
hours (Ar):

C=4000MAT/1000=4Ar.

2. Let's calculate the flight time using the battery
capacity and maximum current consumption:

Flight time (hours)=C/I=4Ar/25A=0.16 hours.

3. Convert flight time into minutes:

0.16 hours x60 minutes / hours =9,6.

So, at maximum power, the quadcopter will fly for
approximately 9.6 minutes on a 3S battery with a
capacity of 4000 mAh and a maximum current
consumption of 25 A. First, the control system was
assembled. For ease of installation, everything that was
needed was placed on a breadboard, as shown in Fig. 4.

Fig. 4. Example of assembled components
on a prototyping board

Next, the control panel was assembled. (Fig. 5).
The microcontroller firmware was written using the

Arduino integrated development environment. For the
correct operation of the program and code, libraries
such as Servo and nRF24L01 were used.

The appearance of the quadcopter and the remote
control is shown in Fig. 6.

Fig. 5. Example of an assembled remote control on a
prototyping board

Fig.6. Quadcopter and remote control

The final stage involved tests in a controlled
environment. Flight log files were analyzed, PID
parameters were adjusted, stability and response to
control were checked. Changes were made to the code
or hardware.

Conclusions

Drones are an important tool that is rapidly gaining
popularity and opening up new possibilities in various
fields, from entertainment and scientific research to
commercial applications. Developing software and
hardware for a quadcopter requires interdisciplinary
knowledge in electronics, programming and aviation
mechanics. Thanks to modern open platforms and
availability of components, creating a quadcopter is
becoming a reality not only for engineers, but also for
enthusiasts. This approach opens up wide opportunities
for experimentation, research and innovation in the field
of unmanned aerial vehicles.

Konduikr inTepeciB. ABTOpU JeKIapyrOTh, IO HE
MaloTh ~ KOHQUIIKTY  IHTEpeciB  CTOCOBHO  JAHOTO
JIOCIIKEHHS], B TOMY 4uCii (piHaAHCOBOTO, OCOOMCTICHOTO
XapakTepy, aBTOPCTBa UM IHILIOTO Xapakrepy, [0 Mir Ou
BIUIMHYTH Ha JOCH/DKEHHA Ta HOTro pe3yJbTaTH,
TIpeICTaBIICH] B IAHIN CTATTI.

BuxopucranHsa 3aco0iB IITYYHOI0 iHTeJIeKTY.
ABTOpPH TMIATBEPIXKYIOTh, IO HE BHUKOPHUCTOBYBAIHN
TEXHOJIOTI] INTYYHOTO iHTEJIEKTy TIpH CTBOpPEHHI
MpeACTaBIeHOI POOOTH.
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Po3po6ka nporpaMHo-anapaTHoOro 3aée3nedyeHHs] KBaJAPOKoONTepa
B. B. Bactora, M. O. benpuk, B. b. Bacrora

AHoTanisi. AKTyaJbHicTh. 3 INIMHOM Yacy JIIOAM CTajM YCBiJIOMJIIOBATH IMOTEHIia] OE3MIIOTHUX JIITATFHHUX arapaTiB
He Iume y BilichkoBiil cdepi, a i y MUBUIBHMX ramyssx. IX (yHKIiOHANBEHI MOMKIHBOCTI IIOCTifHO PO3NIMPIOIOTHCS, i BOHH
CTalOTh KJIFOYOBHUM iIHCTPYMEHTOM Y pi3HHX chepax cycmiibeTBa. Hapasi KBaJIpOKONTEpH BUKOPUCTOBYIOTHCS ISl MOHITOPHHTY
CTaHy JICiB, BUSBIICHHS JIICOBHX IIOXKEX, KOHTPOJIIO 32 POOOTOI0 TPyOOMpOBOMiB ab0 €IEKTpPOIiHIA, a TaKOXK IS JOCTaBKU
TOBapiB y BaKKOJOCTYITHI pailoHH. BOHHM BiIKpHBaIOTh HOBI TOPH30HTH i CHPHSIOTH PO3BUTKY PI3HHX Taiy3el, Hagalouu
e(eKTHBHI pillIeHHs ISl PI3HOMAHITHUX 3aBJaHb i BUKINKIB. Ha maHuii yac € Benuke pi3HOMAaHITTS KBaIpOKONTEPIB Bi Pi3HUX
BHPOOHUKIB, ane LiHa y OimbmiocTi 3aBucoka. O6’€KT HOCTIIKEeHHS. MporpamMHO-anapaTtHe 3a0e3MeueHHs KBaIpOKOINTepa.
MeTo10 ToCTiTAKeHHsI € CTBOPEHHS JOCTaTHbO JIELIEBOrO PIllieHHs, BHKOPUCTOBYIounM Arduino. Pe3yiabTaTh mociimkeHHs.
CyuacHi Mozeni JApOHIB MOXYTh OyTH pI3HMMH 3a KOHCTPYKI[€I0 — BiJ NPOCTHX A0 CKJIaAHUX, L0 BiJIKpUBA€E MIUPOKI
MO>KJIMBOCTI JJIsI PO3IIMPEHHS IXHBOTO (YHKI[IOHAYy B 3aJI©KHOCTI BiJ] IPU3HAUEHHA. B maHOMY MOCHIIKEHHI Ui CTBOPEHHS
KBaJJPOKONTEPa MPOIOHYETHCS BUKOPUCTATH IPOrpaMHuii MikpokoHTposep Arduino. ABTOpH JETalIbHO OMKCYIOTh KOMIIOHEHTH,
oOpaHi Juist oro MoOYZIOBH, OCHOBHI €TalH MPOEKTYBAaHHS Ta TECTYBaHHA. BHcHOBKH. B yMoBax BinCyTHOCTI mijioTa Ha 60pTYy
OE3MUIOTHI JITabHI amapaTiH MOXKYTh OyTH OLTBII e()eKTHBHUMH Ta BUT1THHMH, HIX MMUIOTOBAHI JIiTABHI anapatd. Takuil miaxina
JIO3BOJII€ 3MCHIIUTH Bary Ta rabapuTv APOHIB, PO3IIMPHUTH 1X MOXKJIMBOCTI Ta 3a0e3Me4nTH OiNbIIy aBTOHOMHICTH y pOOOTi.
Be3mijoTHi JiTanpHi amapaTé MarOTh MOTEHIHaN Ul IMOKpamieHHs e(eKTHBHOCTI Ta 3HIDKCHHS BUTPAT y MOPIBHSHHI 3
HiJIOTOBAHUMHU JTATbHUMK amapaTaMd 3aBIsSKH BiICYTHOCTI JoauHM Ha Oopty. Po3poOka mporpamHo-amapaTtHoro
3abe3neyeHHs KBaJpOKONTepa BUMarae MDKAMCUMILTIHAPHMX 3HAHb B CJIEKTPOHIL, MMporpaMyBaHHI Ta aBialiifHiil MexaHily.
3aBOSKM Cy4acHMM BIAKPUTHM IUIaTGopMaM Ta MOCTYIIHOCTI KOMIIOHEHTIB, CTBOPEHHS BIIACHOTO KBaJpPOKONTEpa CTa€
peanbHICTIO He JIMIIe JUIsl iHXKeHepiB, a ¥ Jurst eHTy3iacTiB. Takuil mixxin BiAKpUBae MIMPOKI MOXIIMBOCTI [UIS €KCIIEPUMEHTIB,
JOCIIJDKEHb Ta IHHOBAIiH y cdepi Oe3MUIOTHHX JTAIBHAX amapariB. be3minoTHI amapaTH € Ba)KIMBHM IHCTPYMEHTOM, SIKUH
MBUAKO HabHpae IOMyJSIPHICTH Ta BIAKPHUBAE€ HOBI MOXIMBOCTI y pi3HHX c(epax, MOYMHAIOUM BiJ| PO3Bar Ta HAYKOBHX
JOCII/DKEHB 1 3aKiHUYI04YH KOMEPLIHUMH 3aCTOCYBAHHSIMH.

KnawuyoBi cnoBa: KBaZIpOKOITEDP, altapaTHE 3a6e3nequH$1, MiKpOKOHTpOJ’Iep, IIporpaMHe 3a0€3MeYCHHS.
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