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1. Inceprarist Ha 3gO6YTTSI HAYKOBOTO CTYyIIEHIO JOKTOopa ¢inocodii 3a crienianbHicTio 152 — MeTposoris Ta
iHopmaliiiHO-BUMipIOBasibHA TEXHIKA, rajy3b 3HaHb 15 — ABTOMaTuU3allis Ta NpuiIafo0yayBaHHs, HanionanbHUN
yHiBepcuUTeT «JIbBiBCbKa MOJIiTexHiKa», MiHiCTepCcTBO OCBiTH Ta Hayku YKpainu, JIbBiB, 2025. [Jucepraiis
IIPUCBSIYEHA JOCIIiIKEHHIO, PO3POO0Li Ta BIPOBAI’)KEHHIO Cy4aCHUX IIPOrPAMHO-aNapaTHUX KOMILJIEKCIB, IO
BHUKOPHCTOBYIOTHCS y JPOHAX, 3 0COOJIMBUM aKLIEHTOM Ha METPOJIOriYHOMY 3abe3leyeHHi Ta ONTUMisaliii ixHix
XapaKTepPUCTUK. 3HaYyHa YaCTHHA JucepTallii NprucBsidyeHa 3a0e3l1e4YeHHI0 TOYHOCTI Ta HaJiliHOCTi BUMipIOBaHb IIPU
eKCIyaTaliii JpoHiB 3a JONOMOTOIO NTepeNOBUX METO/IB KaIi6pyBaHHS Ta BUIIPOOYBaJbHUX NIAT(OPM, 110
00YMOBJIEHO 3[JaTHICTIO IPOHIB IpalioBaTy aBBTOHOMHO 3 BUCOKUM CTYIIEHEM TOYHOCTI B Pi3HMX yMOBax. Poznin 1
[TpoextyBaHHs poboTa-amdibii 111 HAIBOAHUX i MiABOJHUX onepaliil. Y nepmomy po3aiji npencTaBieHo
IIPOEKTYBaHHSI Ta PO3POOKY 6€3MiJIOTHOI CUCTEMU, 3aTHOI BUKOHYBAaTU aMQibiliHi onepalii, 3a Npuki1afoM BOGHUX
cTpaigepiB. Y po3nisi mocinKyeTbcs iHTerpais arnapatHoro 3abesnedeHHs], Takoro sk Nvidia Jetson pis
yIpaBJliHHS B peasibHOMY 4aci i Robot Operating System (ROS) 1111 MOLyIBHOCTI cCCTEMU Ta iHTerparii



[IPOrpaMHOro 3a6e3neyeHHs. MeTo1o € 3a6e3nedeHHs IJIaBHOTO NePeXoay MixK HaBOJHUMM i IiIBOJHUMU
orepalisiMy, 3 OCOOJIMBUM aKLEHTOM Ha METPOJIOTiYHi ITpo6semMy, IIOB'sI3aHi 3 IPOEKTYBaHHIM CUCTEMU, SIKA
IIpaloe B IBOX Pi3HMX (Pi3NYHUX cepefoBullax. Kpim Toro, y 1boMy po3isi 06roBOpIO0ThCS TEXHIYHI Ta €KOJIOTiuHI
(axTOpY, SIKi BIVIUBAIOTh HA TOYHICTh BUMIpPIOBaHb, i iX 3Ha4€HH B ITpoLieci NpoeKkTyBaHHs. Po3nin 2: CTBOpeHHs
TeCTOBOI M1aTHOPMHU 7151 BUMipIOBaHHS TiIpOJMHAMIYHUX XapaKTePUCTUK. [Ipyruil po3ia NpucBsS4eHui po3pooLii
TeCTOBOI I171aT(POPMU [1J151 BUMIPIOBAHHS ipOANHAMIYHNX XapaKTEePUCTHK APOHA B peajlbHUX BOJHUX YMOBAX.
Kiio4oBi mapameTpu, Taki SK TAra, CIIOKMBaHHS €Heprii Ta IIBUIKICTb peaKLii, aHai3yl0TbCA [J1s1 ONITUMI3allii
pPOBOTH CUIIOBOI YCTAaHOBKU. Y PO37ijii 0GrOBOPIOETHCS METPOJIOTiUHE 3a6e3eyeHHs], HeoOxifHe 1711 3abe3rnedyeHHs
TOYHUX BUMIipIOBaHb, BDAXOBYIOUU TaKi (aKTOPH, K KaliOpyBaHHS CEHCOPIB, BIJINB HaBKOJIMIIHBOTO CEPEOBUIIA i
[TIOBTOPIOBAHICTh BUMipIOBaHb. OLiHIOIOYM TPOAYKTUBHICT APOHA B KOHTPOJIbOBAHMX YMOBAX, LIEW PO3MIiJ fae
VSIBJIEHHS [IPO B3a€MO3B'S130K MiXK CIIO’KVMBaHHSIM €Heprii Ta e(peKTUBHICTIO PyLiMHOI yCTaHOBKY, 3aKJIafal04un
OCHOBY 1715 [TOAAJIBIIOrO BOOCKOHAaeHHs. Po3zin 3: [TinBuiieHHs cTabiIbHOCTI 32 [OIIOMOTOI0 ajlfOPUTMIB
dinbrpauii. ¥ TpeThoMy po3aisi posrisaaiTbcs IpobieMu YIPaBiHHS, 10 BUHUKAIOTh Y MMiJBOAHOMY CEpPeIOBUILj,
3 aKIIEHTOM Ha OITMMIi3allilo CTiIKOCTi i 10JI0>KEHHS APOHA 32 JOIIOMOrOI0 BIOCKOHAJIEHUX aJrOPUTMIB (inbTpatii.
IHTerpaunist KomnieMeHTapHux QinbTpiB i QPinbTpiB KasmaHa gornomMarae NoJinmuTy KOHTPOJIb IOJIOKEHHS APOHA,
IO3BOJISIIOYM IOMY MiITPUMYBATH CTabIIbHICTD i IBUIKO BilHOBJIIOBATUCS MiCJIsl 30ypeHb. Y 1IbOMY pO3Lii
IiAKPECIII0EThCS BaXKIUBICTh 0OPOOKU JAHMX Y PEAJIbHOMY Yaci AJ1s MiJBUIIeHHS IIPOLYKTUBHOCTI APOHA, 0COOJINBO
B IMHaMiYHUX YMOBAX, € TOYHUI KOHTPOJIb € KDUTUYHO BaKJIMBAM. OGrOBOPIOBaHI TYT METOAU (PibTpalLii
3206€31e4yI0Th METPOJIOTiYHE 3a6e3eYeHHs], MiHIMi3yl04M MOX1OKY i MiABUILYI0YM HAMIMHICTb JAHUX 3 CEHCOPIB.
Pospin 4: l'ppopnHaMidyHe MOJI€/IIOBAHHS HA OCHOBI IJaHUX. Y YETBEPTOMY PO31iji NPEACTABIEHO riIpOINHAMIYHY
MOJ€JIb Ha OCHOBI IaHUX, PO3p00JIEHY 3 BUKOPUCTAHHSIM IAHUX Y PeaJIbHOMY 4aci 3 CEHCOPIB CUJIY, BCTAHOBJIEHUX
Ha JIpoHi. Ls Mozesb B03BOJIsIE IPOHY aANTYBATUCS [0 Pi3HUX MiJBOJHUX YMOB, IIPOrHO3YI0YY riIpOAUHAMIYHI
CUJIY i BiITIOBiAHO KOPUTYIOUHX CBOIO NTOBEMIHKY. 3aCTOCYBAaHHS METOLiB MAalIMHHOTO HaBYaHHS, TAaKUX SIK JIiHIMHA
perpecis, Jonomarae onTUMI3yBaTy pyxu ApOHA i MifBulLye foro onepauiiiny epekTuBHicTb. Lleit posain
I€MOHCTPYe€, HACKiJIbKY BaXXJIUBOIO € METPOJIOTiyHe 3a0€e3Me4eHHS AJ1s [1epEeBipKU TOYHOCTI 3i0paHuX JAaHUX i
3a6e3IeyeHHs1 TOro, 106 MOJEeJIb TOYHO BiloOpaxkasa peasibHi yMOBU. Pe3ysibTaTy LbOrO PO3/ily CBi4aTh PO

3HAYHe [10KpallleHHs IPOLYKTUBHOCTI JPOHA, OCOGJIMBO 3 TOUKU 30py TOUHOCTI Ta eHeproeeKTUBHOCTI.

2. Dissertation for the degree of Doctor of Philosophy in speciality 152 - Metrology and Information and
Measurement Technology, Branch of Knowledge 15 - Automation and Instrumentation, Lviv Polytechnic National
University, Ministry of Education and Science of Ukraine, Lviv, 2025. The dissertation is devoted to the research,
development and implementation of modern software and hardware systems used in drones, with a special
emphasis on metrological support and optimization of their characteristics. A significant part of the dissertation is
devoted to ensuring the accuracy and reliability of measurements when operating drones using advanced
calibration methods and test platforms, which is due to the ability of drones to work autonomously with a high
degree of accuracy in various conditions. Section 1 Amphibious robot design for surface and underwater
operations. The first section presents the design and development of an unmanned system capable of performing
amphibious operations, following the example of water striders. The section explores hardware integration such as
Nvidia Jetson for real-time control and Robot Operating System (ROS) for system modularity and software
integration. The aim is to ensure a smooth transition between surface and subsea operations, with particular
emphasis on the metrological challenges associated with designing a system that operates in two different physical
environments. In addition, this section discusses the technical and environmental factors that affect the accuracy
of measurements and their significance in the design process. Section 2: Creation of a test platform for measuring
hydrodynamic characteristics. The second section is devoted to the development of a test platform for measuring
the hydrodynamic characteristics of a drone in real water conditions. Key parameters such as thrust, energy
consumption and reaction rate are analyzed to optimize the operation of the power plant. The section discusses
the metrological support necessary to ensure accurate measurements, taking into account factors such as sensor
calibration, environmental impact and repeatability of measurements. By evaluating drone performance under
controlled conditions, this section provides insight into the relationship between energy consumption and



propulsion plant efficiency, laying the groundwork for further improvement. Section 3: Increasing stability with
filtering algorithms. The third section examines the control problems that arise in an underwater environment,
with an emphasis on optimizing the stability and position of the drone using advanced filtering algorithms. The
integration of complementary and Kalman filters helps improve control of the drone's position, allowing it to
maintain stability and recover quickly from disturbances. This section highlights the importance of real-time data
processing to improve drone performance, especially in dynamic environments where precise control is critical.
The filtering methods discussed here provide metrological support, minimizing errors and increasing the reliability
of data from sensors. Section 4: Data-based hydrodynamic modeling. The fourth section presents a data-based
hydrodynamic model developed using real-time data from force sensors mounted on a drone. This model allows
the drone to adapt to different underwater conditions, predicting hydrodynamic forces and adjusting its behavior
accordingly. The use of machine learning methods, such as linear regression, helps to optimize the movements of
the drone and increases its operational efficiency. This section demonstrates how important metrological support
is to verify the accuracy of the collected data and ensure that the model accurately reflects the real conditions.
The results of this section indicate a significant improvement in drone performance, especially in terms of
accuracy and energy efficiency.
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