PEDEPAT

AKTyaJbHiCTh TeMH. CTPIMKUI pO3BUTOK OE3MUIOTHUX JITATBHUX
arapaTiB Ta X IMIMPOKE 3aCTOCYBAaHHS y BINCHKOBHX 1 IIUBUIHHUX 3a/1a4aX chopMyBaIn
noTpedy y CTBOPEHHI COCO0IB KEPYBAHHS, 110 OJHOYACHO Oyiau O MaHEBPECHUMH Ta
eHeproe)eKTUBHUMH 1 MOTJIM IIBUAKO aaNTyBaTHUCA B CEPEIOBHIII 3 TUHAMIYHUMH
nepenikoaMu. ICHYIOTh MEeBHI TPYIHOIN B peai3allii alrOpuTMIB pealbHOTO Yacy,
3JaTHUX BPaxoBYBaTH PANTOBY MOSIBY JUHAMIUYHUX MEPEIIKO/.

Merta po6oTn. Biockonanenss crnoco0y kepyBaHHs 0€3MIIOTHUKOM Ha
OCHOBI T€HETUYHOT'0 AJITOPUTMY TUIaHYBaHHS TPAEKTOPII ISl MOJEIIOBAHHS MOJIBOTY
y CEpPEeAOBUIII 3 MEPEIIKOIAMH.

O006’exT nocaimkenns. [Iporec mianyBaHHs TPAEKTOPIM Ta KEpyBaHHS
PyXoM Oe3MiJIOTHOTO JIITAIbHOIO anapara y CepeloBHIL 3 MEePEIIKOJaMHU.

IIpeamer mociimkeHHss. MeToau eBOTIOIINHOT ONITUMI3ALlT TPAEKTOPIN
BITJIA ta moOynoBa 6araToKpuTepiasibHOI (DYHKIIT MPUCTOCOBAHOCTI.

HaykoBa HoBu3Ha. Po3poOka Ta gociikeHHs: Moauikaliif
T€HETUYHOI'0 aJIrOpUTMY JUIsl 3a7ad TPUBUMIPHOTO MiaHyBaHHs Tpaektopii BITJIA,
BUKOPUCTAHHA MEXaHI3MIB PENOMyJsiii Ta I[IbOBOI 1H €KIT TpPaeKTOpil TpH
BUSIBJICHHI €KCTpEMyMIB Ha UHUIIXy. Y  poOOTI 3alpONOHOBAHO THYYKY
OaratokpuTepialibHy (DYHKIIIIO MPUCTOCOBAHOCTI, 110 BPAXOBYE JOBXKUHY IUIAXY,
Oe3MeKy, MJIaBHICTh Ta €HEPrOBUTPATH 3 MOKJIMBICTIO AUHAMIYHOIO HAJIAILITYBaHHS
BaroBUX Koe(illeHTIB y TpadiuHoOMy iHTepdeiici.

IIpakTuyHe 3HaYeHHS OJlep:KaHUX pe3yabTaTiB. CTBOPEHHS TOTOBOTO
710 BUKOPUCTaHHS MPOrPAMHOr0 KOMIUIEKCY 3 IpadiuHUM 1HTep@eiicoM Ha OCHOBI
PyQt6, sxuit marpumMye iHTepaKTUBHE HajamTyBaHHs mapamerpiB ['A, 3D-mapmpyty
Ta #oro 2D-mpoekmiii, BimoOpaxeHHs TrpadikiB 30DKHOCTI Ta CTAaTUCTUYHHUX
MOKa3HUKIB MapIIPyTy. 3aCTOCYHOK MOXe OyTH BUKOPUCTAHUM K HABYAJIBHUN CTCH]T
JUTSl IEMOHCTpAIlil pOOOTH T€HETUYHOTO AJITOPUTMY B TIPOIIEC] TTOJIBOTY .

Anpobaunisa podoTu. OCHOBHI HAYKOBI MOJIOKEHHSI Ta pe3yabTaTH OyJH

anpoOoBaH1 Ta MpPe/ICTABIIEHI Ha
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Ctpykrypa Ta o6csir podoTu. Marictepchbka JucepTaris CKIaIaeThCs 31
BCTYITY, YOTHPHOX PO3/LIiB Ta BUCHOBKIB. POOOTAa MICTUTh MOCTAHOBKY 3aja4i, OTJIST
ICHYIOYUX TIIXOJIB J0 TulaHyBaHHs Tpaektopid BIIJIA, omuc 3ampomnoHOBaHOTO
MeToay Ha ocHOBI GaCPo, apxiTeKTypy po3p00JIEHOTO MPOrpPaMHOTro 3a0e3MeUeHHS Ta
pe3yIbTaTH €KCIEPUMEHTAIBHUX JIOCHTIIKEHb. 3arajdbHUl 00CsIT poOOTH CTAaHOBUTH
78 CTOpIHOK, BKJIIOYAKOYM 22 PHUCYHKH, 25 HallMEHYBaHb y CIHUCKY BHUKOPHCTAHHMX
JUKEpeL.

KurouoBi ciioBa. be3ninoTHi diTaibHI anapaTv, TCHETUYHI aJTOPUTMH,

11aHyBaHHS TpaekTopiit y 3D-nipoctopi, GaCPo, yHUKHEHHS EPEIIKO/I.
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ABSTRACT

Relevance of the topic. The rapid development of unmanned aerial vehicles and
their widespread use in military and civilian applications has created a demand for
control methods that are simultaneously highly maneuverable and energy-efficient, and
that can quickly adapt to environments with dynamic obstacles. At the same time,
significant challenges remain in implementing real-time algorithms capable of
accounting for the sudden emergence of dynamic hazards.

Purpose of the work. To improve a UAV control approach based on a genetic-
algorithm trajectory planner for flight simulation in an obstacle-rich environment.

Object of research. The process of trajectory planning and motion control of a
UAYV in an environment with obstacles.

Subject of research. Evolutionary methods for UAV trajectory optimization
and the design of a multi-criteria fitness function.

Scientific novelty. The work develops and investigates modifications of the
GaCPo genetic algorithm (Genetic Algorithm with Convergence Population) for three-
dimensional UAV trajectory planning, employing a combination of population
regeneration mechanisms and targeted trajectory injection when local extrema are
detected. A flexible multi-criteria fitness function is proposed that accounts for path
length, safety, smoothness, and energy consumption, with dynamic adjustment of
weighting coefficients via a graphical user interface.

Practical significance. The practical value of the results lies in the development
of a ready-to-use software suite, UAV Genetic Algorithm Path Planner, featuring a
PyQt6-based graphical interface. The system supports interactive configuration of GA
parameters, simulation of static and dynamic obstacles, visualization of a 3D route and
its 2D projections, as well as convergence plots and statistical route metrics. The
application can be used as an educational platform for demonstrating the operation of
genetic algorithms, as an engineering tool for analyzing the energy efficiency and

safety of trajectories, and as a prototype decision-support.



Approbation of the work. The main scientific results of this Master’s thesis
were presented and discussed at scientific conferences, including the XV1 Scientific
and Practical Conference of Master’s and PhD Students of the Faculty of Applied
Mathematics (PMK-2025, Kyiv, November 28-30, 2025) and the International
Scientific and Practical Conference ‘“Science, Education, Economy and Society:
Adaptation to the Challenges of the 21st Century” (December 6, 2025).

Structure and scope of the work. The Master’s thesis consists of an
introduction, four chapters, and conclusions. It includes the problem statement, a
review of existing approaches to UAV trajectory planning, a description of the
proposed GaCPo-based method, the architecture of the developed software, and the
results of experimental studies. The total volume of the work is 78pages including 22
figures, 25 references.
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