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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

MyJspTHCEHCOPHI 6€3M1iJI0THI MEeTOAY BUSIBJIEHHS MiH Pi3HUX TUIIB

Ha3sBa po6oTH aHIJIilICbKOIO:

Multisensor drone technique for different types of mine detection

PedepaT ykpaiHCbKOIO:

Y po60Ti IpefCTaBIeHO Pe3yJIbTaTh BLOCKOHATIEHHS €KCIIEPUMEHTAIBHOIO CTEHy Ta I0r0 CKJIAOBUX [JIS
TOCJIiIPKEHHS i PO3BUTKY METOIiB € TEKTYBAHHS 00'€KTiB, PO3TALIOBAaHMX Ha [TOBEPXHi ab0 Iifl MOBEPXHEIO [PYHTY, 3
BHUKOPHCTaHHSIM MYJIbTUCEHCOPHUX 06e3MiIoTHUX I1aTdopm. Ocob6aMBY yBary rpuiseHo po3poolli Ta MoJepHizaiii
MaKeTiB MOO1/IbHOI Ha3eMHOI CTaHIii KepyBaHHS i 6e3MiI0THOrO JiTanbHoro anaparta (BI1JIA), o iHTerpyoTh
Cy4acHi anapaTHi Ta IporpamHi 3acobu 11 3abe3rnedyeHHs BUCOKOI TOYHOCTI no3utionyBanHs (GNSS RTK),
aBTOHOMHOTO K€PYBaHHSI [10JIbOTHUMU MicisiMu Ta 300py JaHUX Y JIabOPAaTOPHUX i TOJIbOBUX yMOBax. CTBOPEHO
M@ poBi MoAeJi MiH, HAG/IV>KEH] 32 TeOMETPi€l0 Ta MaTepianamMu 10 peajbHUX 3paskiB, i3 3acTocyBaHHsIM 3D-
MOJeJIIOBaHHS, (poTorpaMMeTpii Ta s1azepHoro 3D-ckaHyBaHH. [IpoBeleHO Cepilo eKCIIEPMMEHTIB i3
BUKOPUCTAHHSIM PaflioIOKaLiTHUX CEHCOPIB, PE3yJIbTaTU SIKUX MiATBEPIPKYIOTh €(PEKTUBHICTb 3aIIPOIIOHOBAHUX
MigXOMiB 1O BUSIBJIEHHS MiH, 30KpeMa Ha MIPUKJIaZi pasiio300pakeHb MO eli MPOTUIixoTHOi MiHu [IMH-2,
BUT'OTOBJIEHOI METO/IOM 3D-/IpYyKy Ta 3aKOIAHOI B CyXOMY ITiCKy Ha pi3HMX rinubuHax. OTpyMMaHi pesynbTaTi
3aCBiAYYIOTh MIEPCIEKTUBHICTD MOJAJIBIIOTO PO3BUTKY MYJIbTUCEHCOPHUX METO/IB AMCTAHLIMHOIO 30HyBaHHS 1JIs
33/1a4 T'yMaHiTapHOTO pO3MiHyBaHHS. 3alpOIIOHOBAaHI TEXHIYHI pilleHHs Ta CTBOpeHa 6a3a JaHUuX pajiio300pakeHb
MiH MOXYTb OyTH BUKOPMCTaHi 717151 pO3POOKM Ta HaBYaHHS aJIFOPUTMIB IITYYHOTO iHTEJIEKTY, aBTOMAaTH3allii

IIpoLieCy AETEeKTyBaHHS Ta iHTerpaii y cydacHi po60TU30BaHi IJIaTGOPMHU.

Pedepar aHIJIiHCBKOIO:

This work presents the results of improving the experimental testbed and its components for the investigation and
development of methods for detecting objects located on or beneath the soil surface using multisensor unmanned
platforms. Special attention is paid to the design and modernization of prototypes of a mobile ground control
station and an unmanned aerial vehicle (UAV), which integrate advanced hardware and software solutions to
ensure high-precision positioning (GNSS RTK), autonomous mission control, and data collection in laboratory and
field conditions. Digital models of mines, closely approximating real samples in geometry and materials, were
created using 3D modeling, photogrammetry, and laser 3D scanning. A series of experiments employing radar
sensors was conducted, and the results confirm the effectiveness of the proposed approaches for mine detection,
particularly demonstrated by radar images of a PMN-2 antipersonnel mine model produced by 3D printing and
buried in dry sand at various depths. The obtained results demonstrate the prospects for further development of
multisensor remote sensing methods for humanitarian demining tasks. The proposed technical solutions and the
developed database of mine radar images can be used for the development and training of artificial intelligence
algorithms, automation of the detection process, and integration into modern robotic platforms.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Hazsa HTII ykpaiHCBKOIO: OcTaTOuHMII HAyKOBUIA 3BiT PO BUKOHAHHS HJIP «MyJIbTHCEHCOPHi 6€3MiIOTH i

METOAM BUSBJIEHHS MiH PI3HUX TUIIIB».

Hassa HTII aHr1ificbKOI0: The final scientific report of the NDR "Multi-sensor drones and methods of

detecting mines of various types

HTII, sixy nepen6a4asiocss CTBOPHTH: CTBOPEHO

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi P€3yJabTaTH: Metoau, Teopii, rinore3u, MeToanYHi JOKyMEHTH

l'asy3p 3aCTOCYBaHHS: JlabopaTopHi BIMIpIOBaHHsI, MiKDOXBIJIbOBA TOMOrpadisi, PO3BUTOK Ta NOCiIKEHHSI

METOJIiB BUSIBJIEHHSI MiH
PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: Ocrarounuii HaykoBwuit 3Bit, obopmienuii 3rizHo nakazy MOH Biz 11.09.2024 N21304: 19¢., 8 puc.
MeTo10 po6OTH € OIaHyBaHHS Ta PO3BUTOK METOJIiB BUSIBJIEHHS MiH 32 JOTIOMOTOI0 Pi3HOMaHITHHX
€JIEKTPOMarHiTHUX CeHCOPiB Ta (isMYHUX IPUHLUIIB SIKi Y IOaIbIIOMy OyIyTh BUKOPHUCTOBYBAaTHUCh Ha
6e3mninoTHUX JyiTanbHuX anaparax (BI1JIA). OpHielo 3 akTyalbHUX 337a4 Ta I€PCIEKTUBHUX HAIIPSIMIB PO3BUTKY
BMMipIOBaJIbHOI TEXHIKM € PO3POOKA HOBMX METOZIB IETEKTYBaHHS MiH Ta HEpO3ipBaHuX 6oenpunacis. Ocobucro ne
Mae€ 3HAY€HH4 7151 PO3BiIKM 3aMiHOBaHUX TEPUTOPil, BUKOPHUCTOBYIOYU METOLM AMCTAHIIIMHOI Ta MifTOBEPXHEBO]
papniosnokatii 3acobamu po6oTrsoBaHux miaat@opm Ta BILJIA. Y po6oTi po3risigaeTbes mpolec po3poodKy Ta
YIOCKOHAJIEHHS €KCIIEPMMEHTAJIBHOTO CTEHTY [J1s IPOBEJIEHHS OCII>)KEHb Ta [0JAJIbIIOT0 PO3BUTKY METO/IB
BUSIBJIEHHS 00’€KTiB (MOJeJiell MiH) SIKi 3HaXO[A4TbCS Ha YU Mif| TIOBEPXHEIO (I'PYHT) B yMOBax JlabopaTopii un Ha
IOCJIiIHALILKOMY TOJIITOHI B HATYPHUX YMOBax. HaBeeHO pe3ysibTaTh TECTYBAHHS CTEH[Y, HOrO KOMIIOHEHTIB Ta
CKJIaJIOBMX B YMOBax J1abopaTtopii Ta JOCiAHUIBKOTO NOJIITOHY B HATYPHUX yMOBax. [IpoBefileHO aHai3 MigxofiB Ta

INEPCIIEKTNBHUX HaHpHMKiB PO3BUTKY MeTO,I[iB ,I[OCJIi]_I)KeHb OJIs1 BUKOHAHHS ITOOaJIbIINX eTamniB pO6OTI/I.
ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Toninmenns crany HaBKOJMIIHBOTO CEPEIOBUIIA
Bniue HTII Ha JOBKiJJISL: TToninmeHHs cTaHy HaBKOJIMITHLOTO CEPEIOBUIIA
BnposapaskeHHst HTII: Inme (Ha etamni po3po6ku Ta BOCTiIKeHHS)
IIpakTuyHa peasnisanis HTII

IToyaTok eramy: 03.2025

3akiHyeHHs eTamy: 12.2025
Crno>kuBavi NPOAYyKILii:
IlepcneKTHBHI PHHKHU:
XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM

IToTpiOHMI 06CAT iHBECTHILiH, THC. TPH.:

IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH:
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JopaTtkoBa iHdpopmamist:
Hassa HTTI ykpaiHCBKOIO: [Ty6ikauii
Haszsa HTII anrificbKo10: Publications
HTII, aKy nepen6a4yasiocst CTBOPUTH: CTBOPEHO
IIpuunnu, yepe3s ki HTII He Gysi0 cTBOpeHO:
OTpHMaHi P€3yJbTaTH: Meroau, Teopii, rinore3u, MeToanYHi JOKyMEHTH
l'asry3p 3aCTOCYBaHHS: rymaHiTapHe PO3MiHyBaHHSI
PeecTpanifiHuil HOMep KapTKH T€XHOJIOT1ii:

Omnuc HTII: 1) S. Mizrakhy, 1. Nesterov, A. Lukash and I. Kolenov, “Precise Movement Estimation for UAV Model
Using GPS RTK and ArduPilot Ecosystem,” The 5th International Conference on Electrical, Computer and Energy
Technologies (ICECET’25), 03-06 July 2025, Paris, France, https://www.icecet.com/prg_o.pdf, p32. (npuitusito 10
ny6sikauii y 2025p Ta 3rogom 6yne npoinpekcosaHo). 2) S. Mizrakhy, I. Nesterov, A. Lukash and I. Kolenov,
“Laboratory-Based Remote Sensing of Landmine Models Using Helical Antennas,” The 5th International
Conference on Electrical, Computer and Energy Technologies (ICECET'25), 03-06 July 2025, Paris, France,
https://www.icecet.com/prg_o.pdf, p6l. (npuiinsro no ny6maikauii y 2025p Ta 3rogom 6yze NpoiHIeKCoBaHo). 3)
HaykoBo-nomnynsgpaa nekuis: S. Mizrakhy, “How to Teach a Machine to Navigate in Space. About sensors, drones,
physics, and technology,” (Online Lecture, in Ukrainian), 13 May 2025, https:/ /drive.google.com /file /d /1ThxV
Ep5tuclDkMtUYNamhgsZP7tQzNuJ /view?usp=sharing
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TexHiKO-eKOHOMiIYHE OOrpyHTYBaHHSI:
IToTeH1iaIbHUI O0OCST IIPOJASKY, THC. TPH..
OuikyBaHHI T€PMiH OKYIHOCTI (POKiB):

JoapaTtkoBa iHdpopmamist:

IX. Bi6siorpadiuyHuii onuc



1) S. Mizrakhy, 1. Nesterov, A. Lukash and I. Kolenov, “Precise Movement Estimation for UAV Model Using GPS RTK
and ArduPilot Ecosystem,” The 5th International Conference on Electrical, Computer and Energy Technologies
(ICECET"25), 03-06 July 2025, Paris, France, https://www.icecet.com /prg_o.pdf, p32. (npuiiHsto 1o nyb6sikauii y
2025p Ta 3rogom Gyjie IPOiHAEKCOBAHO).

2) S. Mizrakhy, I. Nesterov, A. Lukash and I. Kolenov, “Laboratory-Based Remote Sensing of Landmine Models
Using Helical Antennas,” The 5th International Conference on Electrical, Computer and Energy Technologies
(ICECET’25), 03-06 July 2025, Paris, France, https://www.icecet.com/prg_o.pdf, p61. (mpuitHsTo no nmyo6sikauii y
2025p Ta 3rofiom Oyjie TPOiHIEKCOBAHO).

3) HaykoBo-nonyssphna sekuist: S. Mizrakhy, “How to Teach a Machine to Navigate in Space. About sensors, drones,
physics, and technology,” (Online Lecture, in Ukrainian), 13 May 2025, https:/ /drive.google.com /file /d /1ThxV-
Ep5tuclDkMtUYNamhgsZP7tQzNuJ /view?usp=sharing

X. 3aKJII0YHI BiZOMOCTi

KepiBHHK I0pHIHYHOI 0COOH Jlorsinos IOpii Penoposuy
I. .-m. H., 01.04.03

IlepeJtik 0Cci0O-BHKOHABILiB

BinnikoB Jlenuc BiktopoBuy

(k. T. H., CT. HAyK .CHiBp.)

Jlykam Onekciit CepriiioBuy

BinnosimasabHHu 3a Hi,uI‘OTOBKy Kpusenko Onena BianucnasiBHa
00JIIKOBHX JJOKYMEHTIB

Tenedpon +380508044481

PeecTparop Opuenko Tetsana AHaTosiiBHA

KepiBHuK Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HAayKOBOIi IOpyenko TeTsHa AHaToiBHA

OisIIBHOCTI




