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Kox mporpamu main.py

from modules.controller import Controller
from modules.sensors import Sensortodule
from modules.ai_module import alModule

from modules.fuzzy module import Fuzzwsodule

from modules.reward Iimport Reward-odule

det maingh:
nnn
ronoEHa $wHKUIA Sanveky cHETeMd KepvEaHHA pofoTom- CoBako.
OTpHMyE N3Hl 3 ceHcopie, ofpofnac IxX WTyYHWM IHTENSK Tom,
YTOYHHE KOMaHAY HEYITEON JOrikow, OUIHHE pesynbTaT Ta

Nepefas Kep' .~ . “MMEM KOHTpOAEpy NpMEoais.
nmn __"" A

# Ininionizouisa nidcucmes
sensors = sensorroduled) Cencapr Ul Medvab
al = almodulel) rody ok Hedponsoi Mepexd S AT

fuizy = FuzrzwHodulel) Moy b wewimiol aoeisu

#H B B A

reward = Rewardwodoled) rodyee Quwozopody /S onmusisonii
# HeRmposes vl Konmponen
controller = controllerd

SENsars=sensars,

ai=ai,

fuzzv=tuzzyv,

reward=reward

# Ocyodyuld uown pofomy CLCmamMU
print{"=== CHcTEeMa KepvEaHHA pofOTOM- CO03KON SanyWeHa ===")
controller.rundh
print{"=== ZapepweHHA poSOTH CHCTEMM ===")
if _name_ == '_main__':

maini)
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Collection of Smentific Papers with the Procesdings of the 2nd Infemnational Soentific
and Practical Conference slnnovative Solubons m Science: Balanemz Theory and
Practicey (December 23-25, 2024, 5an Franmsco, USA). Furopean Open Science
Space, 2024, 297 p.

ieims The conference 15 mcluded m the Academic Eessarch Index
—de . RaserchBib Internafional catalog of smenftific conferences.

- The conference i= registered m the database of screntific and technical
events of UkrISTEI to be held on the temitory of Ukraine (Cerfificate
Me512 dated 18.09.2024),

a The materials of the conference are publichy available under the terms
of the OC BY-NC 4.0 Infernational license.

The materials of the collection are presented m the author's edifion and pnnted in the
origmal lanpuage The authors of the published matenals bear full responsibility for
the authenficity of the prven facts, proper names, geopraplical names, quotatons,
economic and stafistical data, industry termunclogy, and other information.

&2 Participants of the conference, 2024
=R bl
QF & Enropean Open Science Space, 2024
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CoEcox BEROPECTAHET CEEPET
l. Braunl T. Embedded Eobotics. Mobile Robot Design and Applications with
Embedded Systerms / T. Braunl — Berhne Sprnger, 2003, — 434 p.
2. Ashraf Aboshosha, Adapiive Navigation and Motion Planming for Autonomeons
Mobile Bobots. — LAP LAMBERT Academic Pubhishimg, 2011, - 268 p.
i mmmmmw]f?mm
Bramema -"-" H].'H:I]IE.EI].'I Peszoa .:l;u-c."r_r.-'rrr
?ﬁ!éﬁﬂ N e
4  Birmzermds FPV-1pos =2 omrosonossl. [Enesrposmms pecype] F DEFENSE
EXFPEESS. - Pegpry OOCTYIIY: Iuttps:/ defence-
ua.commewsukrapnsk rozrobmk pokazali sifclormyamy fpv dvon na optovolokn
i_video-14772 himl (zara szepmesma: 17.12.2024).

UNMANNED MULTIROTOR AERIAL VEHICLES

Abdullazev Al

master stedent

Eharkrr Mational Tniversity of Eadio Electromcs
Eharkrv, Ukrame

Introducton. To date, unmanned aerial vehicles (UAV) are a booming field of
engineenng. UAY perform a wide range of both military and ervilian tasks. In recent
vears, multnrotor UAV (mmlbcopters) have gained populanty due to ther availlability
and ease of operation. Multcopters are used for cargo delivery, photography and
videography, search operations, observation of natural phenomena and much more.

A mquadrocopter (a type of mulheopter) 1= a belicopter-hke flving machine wath
propellers

e of the first quadrocopters (mmitfi-rotor helicopters), which actuzlly got off
the ground and could stav in the air, was created by George Botezat and tested in
1922 The disadvantzge of these machines was the compheated transmussion that
transferred the rotation of one motor to several propellers. The invention of the tal
rotor and skew aufomaton put an end to thess aftempts. Mew developments began in
the 1950s, but did not progress bevond prototypes.

Lﬁ]lhcuptershmremcmtﬁdambnﬂlmﬂm}ﬁﬂ:m alveady as ummanned
zenal velucles. Dhue fo thewr simple design, quadrocopters are offen used for vanous
tasks.

The dezsign of guadcopters. Cuadrocopters (Fig. 1) have fowr constant prtch
propellers (there 15 no automahe tlt confrol, unlike smgle and twin propellers). Each
propeller is drrven by its owm motor. Half of the propellers rotate clockwise, half —
counterclockwnse, so the tal propeller quadrocopter does not need Mamewrver
quadrocopters by chanming the speed of rotation of the propellers [1]. For example:

45
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— accelerate all serews — lifing;

— to speed up the screws on one mde and slow dowm on the other — the

— accelerate the screws mfating clockwise and decelerafe the screws rotatng
counterclockwise — rofation.

The mucroprocessor system translates mdio confrol commands into engine
commands. To ensure stable hovenng, mmbthcopters are necessanly equipped wath
three gyroscopes, which fix the mll of the device. As an awahary fool, scmetimes,
also used accelerometer, ﬂ:l!dahﬁ'umwhmhalhmﬂmpmmmsﬂabaulmdy
hnnz:-:rni:lpuﬂhcﬂ,andbaru-smsar which allows you to fix the apparatus at the
desired height. Also, somar 15 used for aufomate landing and keeping a low altitude,
as well as for obstacle avoidance.

A
“ Y 4

. v 0|
& e;

Fig. 1. Caadrocopter cirouit diagram

Modem pmlticopters use collectorless elecine motors and hithmom-polymer
bafferies as a sowrce of emergy. This imposes cerfain lnmfzhons on their fhight
charactenistics: typical mass of a multheopter 15 from 1 to 4 kg, with faght tme from
10 to 30 mm 30 — 30 mun for wmeque single copres). The payload hiffed by the models
of medimm-sized mmltcopters and payload capactty 15 from 500 g to 2 — 3 kg, whuch
allows to lift 2 small photo or video camera into the air.
about 6-8 (hexa and octocopters), capable of hfhng w to 20 — 30 kg of cargo into the
air. Im order to merease the payload capactty, coamal anangement of the rotors 15
used, which in the case of a hexacopter, for example, mives 12 motors and 12
propellers located m pars on 6 camer beams.

The flight speed of a multicopter can be from 0 (stafionary hovenng at a pomt)
to 100 — 110 lkan'h. Battery power reserve allows some models of nmlticopters to fly
up o 7 — 12 km, but m prachce the range (maomum distance they can fiy with
subsequent refum to the take-off pomt) 1= usually limted by ne of sight (100 — 200
m with manual contrel) or by the renge of radio confrol equipment and video hnk At
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the same fume, the best samples of such egupment wsang radio signal power
amphifiers and a system of dwechonal antennas, are able to provide stable radio
conirol and video hink at distances up to 100 km. Thus, it 15 the fhight time that

Baszic principles of guadcopter flight. A guadrocopter consists of several
fimdamental elements without mest of which stabilized flight 15 mpossible. Forst, it
15 the fhght confroller, which processes all meoming information and comverts 1t mio
signals for the motors. The controller accepts incoming information most often as a
onentation m the ar: throttle, yaw, pitch and roll. Some models of fight controllers
also provide the possibility of wang fhght modes — then addihonal channels appear m
the input smipnal. Also commected o the controller mputs ame sensors that describe the
position of the anplane m the ar. Based on thuis data, the confroller automatically
makes admstments to the cutput s1znal.

The sigmal 15 then processed i such a way as fo output the appropnate voltage
values proportional fo the speed of each of the four screws. From the conboller
output, the signal, also pulse widith modulated, 15 fed to the so-called FID controller,
whuch controls the lngh power signal by feeding 1t directly to the motor itself

The basic prmerples of flight of any technique are desenbed by asrodyoames
and quadrocopters are po exception. Three axes of rotahon absolutely unambipuously
set the onentation of the quadrocopter in space and the drechion of its flight And the
direction of motion does pot depend on the location of the quadrocopter 1self m the
ar [2].

The three ames or angles hsted abowve are comectly called prfch, roll and vaw
(Fiz. 2). Let's lock at them in more detail.

l
"K e ¥
.

Fig 1 Euler angles — rell, pitch and vaw

-

Pitch refers to the rotafion of the vehicle aroumnd the longrtndimal axas, vaw refers
to the vertical s, and roll refers to the longitudmal axs.

If we consider a helicopter, its mam roftor has an mfluence on patch and roll, and
the tail rotor compensates for the torque, and yaw depends on the speed at whuch it
rotates and inwhat posibion it 15 I

In the case of a quadrocopter, this 15 not the case. Here there are as mary as four
screws, two of which mofate clockenss, and the other two m the opposite direction.
Accordingly, if all of the quadrocopter propellers have the same rofation speed, then
all parameters will be compensated. If the rotation speed of one of the quadmeopter
propellers increases, the balance 15 distwbed. In thos case, 1f the speed of the propeller
with the opposite direchion of rotation will be proporhonally reduced, the yaw wall

a7
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not change, but the patch or roll will change [3].

If vou increase the revolubions simmltanecushy on both propellers that rotate In
one direchon and decrease on the others, the yaw angle will be changed.

Control of the quadmocopter engines, and, consequently, the speed of rotafion of
its propellers, 15 camed ouwt from the remote confrol, the signal from which 15 fed to
the onboard computer of the quadrocopter and the mecessary comections from the
gyroscope, accelerometer and 5o on are added to them

Conclusions. When desigming and buwlding a quadrocopter, all necessary
caleulations should be made in crder to find the ophimal balance between the mass of
the device, the power of the engines mstalled on 1f and 2 mumber of other factors.

Eeferences
l. Dand MeGnffy. Make: Dvones: Teach an Ardane to Flv [/ Publisher(s): MMake:
Compmmity, OFeilly Madia, 2016 — 222 p. ISBN: 97E1&680451672
2 DELATE - Professional Dhiopes and Sensors for Industry — Delair
[Emesrposs=ss pecype]. — Pes®oa qocryvmy: wamanURL: hitps-/delar sero’.
3. Zmpline Logistics & Dirone Delivery [Enerrtpossmm pecype). — Pessoa mocTymy:
wamURL: https:/warw flymphne com’.
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