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Pedepar/aHoTanis:

1. luceprariito npucBsi9eHO PO3POO6JIEHHIO HENpOMepeXXeBUX METO/IiB BUSIBIIEHHSI, Kiacudikalii Ta jokamizanii
aHoMaJlifl y nosisix (PpisMyHUX BEJIMYUH Ha OCHOBI y3roZpKEHOro IIPOCTOPOBO-4aCOBOr0 NIOIaHHS Pi3HOPITHUX
ceHcopHux panux BITJIA-ninargopmu. HaykoBuil 3MiCT pob0TH M0JISITa€ y CTBOPEHHI HEMPOMEPEKEBOT0 MiIX0y,
3a KOO Pi3HOPIiJHI BUMIpIOBAaJIbHI IIOTOKY IIEPETBOPIOIOTLCA HA CTPYKTYPOBAaHi BXilHI aHi HEMPOHHUX MEPEK,
IIpUAATHI 17151 JOCTOBIPHOTrO BUSIBIEHHS, Kiacudikaliii Ta mpocTopoBoi JioKasizanii aHomaniil. AKTyaIbHICTb
3YMOBJIEHA HEJJOCTATHHOIO PO3POOJIEHICTIO HEMPOMEPEKEBUX METO/IIiB BUSIBJIEHHSI aHOMAJIiH 3a pi3HOPiZHUMUA
CEHCOPHMMHU JAaHUMU: aHOMAJIisl 4aCTO MPOSBIISIETbCS YEPE3 CIa0KO BUPAKEHI, HEJIiHilHI Ta 3allyMJI€Hi BiIXUIEHHS
posmnoginy ¢pizndHoro noss iz GoHOBOrO cTaHy. EQeKTHBHICTh HEMPOMEPESKeBOroO MOIIYKY 3aJIEXKUTh He JIMIIe Bif
apXxiTeKTypu Mepexi, a i BiJl IKOCTi BXiIHUX JaHUX, OCKiJIbKM CEHCOPHi IOTOKU (POPMYIOTHCS 3 Pi3HUMU YaCTOTaMU
IVCKpeTu3allii, y pisHUX popMaTax i cucteMax KOOpAUHAT. Y NepuioMy po3[iji MpoaHali3oBaHo (Pi3n4Hi NPUHLNANU
po6OTH iMITyJIbCHUX MeTasomyKayiB, TMR-MaruiroMmeTpis, MyJIbTUCIIEKTPAJIbHUX KaMep i reopagapis.

BcraHoBJIEHO, 1110 OKpeMi CeHCOPHi KaHaIu MaloTh Pi3Hy iHPOPMaTHBHICTb, & TOJIOBHUM CTPUMYBaJIbHUM



YMHHUKOM € BiJICYTHICTb Y3rOJI)KEHOIO II0JIaHHS Pi3HOPiAHMX BUMIPIOBaHb. Y IPYTrOMYy PO3[iJi PO3B'SI3aHO 33424y
MiJrOTOBKU Pi3HOPIIHMX CEHCOPHHUX JaHUX. YIOCKOHAJIIEHO METO, YaCOBOTO y3rOJI)KEHHS ITOTOKIB Ha OCHOBI
araparHoi IpYB'sI3KU KaHaJliB JO CIIiJIbHOTO OIIOPHOTro cUrHany (noxubka 2-4 cm). Bniepiie po3po6seHo
4OTUPUBUMIPHY MOJeJib I0J1 aHoMatiit S(c,X,Y,t). YI0CKOHasIeHO MeTOo, IPOCTOPOBOI NIPUB'SI3KM BUMipIOBaHb,
SIKUI1 TO€IHYE€ aBTOHOMHY KiHEMATHUKY pPeajIbHOTO 4acy 3 OOIPYHTYBAHHSIM TOUYHOCTI T€ONPUB'SI3KU (1oxuoKa 1-8
cm). ChopmoBaHo 14-KaHasbHe TeH30pHe nojaHHg T(x,y,K) misixom iHTeprossLii oTokiB Ha citky 10x10 cm. V
TPETbOMY PO37iJi po3p0o06JIeHO HENPOMEPEXKXEBUI METOZ, BUSIBJIEHHS Ta Kjacu@ikaliii aHoMasliil 32 TEH30pPHUM
nogaHHsaM T(x,y,k) sk Bxogom 1151 aHcam6s110 1D-3ropTKOBUX HEMPOHHUX MEPEX i CTEKIHTOBOTO
meTtaknacudikatopa. Orpumano Pd = 0,965, F1 = 0,952 3a yacy 06po6ku meH1 HiX 4 Mc/BekTop. Habys
[IO/IQJIBIIOrO PO3BUTKY MiAXin 40 nobynoBu ¢isnuHO-iHPOPMOBAHUX HEMPOHHUX MEPEX Yepe3 peryJsipuaalliiizi
CKJIaJIOBi YHKLii BTpaT, 3aaHi JUMOJIbHOI0 MOAEJIII0 aHOMaJIil Ta MOJEJUIIO 3aTyXaHHs1 BUXPOBUX CTPYMIB. ¥
4eTBEPTOMY PO3[isli pO3IJISHYTO (OPMYBAHHS HAaBYAJIbHMX BUOIPOK i IIJIaHyBaHHS MicCiil. 3alIpONIOHOBAHO CTPATETiI0
[Io€eHAHHS J1a00PaTOPHOro HaBYaHHS Ta MOJIbOBOTO JOHABYAHHS 1 ayrMeHTAllil0 i3 [UPPOBUM [IBIIHUKOM: 4acTKa
CHHTETUYHUX JaHuX ~25% nae npupict F1 Ha 0,020. [IBopiBHEBa cxeMa IJIaHyBaHHS Micii CKOpodye 1101y
IeTalbHOTO 06CTeXeHHS Ha 56,3% 6e3 BTpaTy iHPOpMATHUBHOCTI. Y I'ITOMY PO3/ijli OMCaHO IPOrPaMHY
peasisalilo Ta eKCIIEpUMEHTAJIbHY NIepeBipKy MeTOAIB. [IokazaHo, 10 iHTerpallis KaHajliB y €IUHOMY
HellpoMepeskeBOMY KOHBEEPI MifiBUIIy€e NOCTOBIPHICTb BUSBJIEHHSI aHOMAaJIiH. [T071b0Bi BUIIpOOYBaHHS MiTBEpIUIN
JIOKaslizalilo aHOMaii i3 CAaHTUMETPOBOIO TOYHICTIO. Binkputuii Habip gaHux ony6siKOBaHO B PEMO3UTOPIi
github.com/op-uav-lab /soil-monitor-mlp. HaykoBa HOBM3HA NOJIsira€ B OTPMMaHHi TaKuX pe3yJbTaTiB: -
yIOCKOHAJIEHO HellpoMepeskeBUi MeTo I, BUSIBJIeHHS i kiacudikallii aHomasii 3a MyJIbTUCEHCOPHUMU JaHUMU
BITJIA-nnatpopmu 3 BUKOPUCTaHHSIM TEH30pHOro nojaanHs T(x,y,K) sIK crisibHOTo BXoy AJ1s1 aHcamb6Jito 1D-
3rOPTKOBUX HEMPOHHUX MEPEX i CTEKIHrOBOro MeTakaacu@ikaTopa; - Breplie po3po6seHO YOTUPUBUMIPHY MOZEb
nosist anomatit S(c,X,Y,t) 17151 JaHuX iMITyJIbCHOI IHAYKIT; - YIOCKOHAJIEHO METO/I, YaCOBOTO Y3TO/I>KEHHS
pi3HOpiAHMX BUMIPIOBAJIbHUX IIOTOKIB HA OCHOBI allapaTHOI IPUB'SI3KM KaHaJIiB (MoxXubKa CMHXpOHizalii 2-4 cm); -
YIOCKOHAJIEHO METOJ, IPOCTOPOBOI IIPUB'SI3KM BUMIPIOBaHb 3 OO PYHTYBAaHHSIM TOYHOCTI reonpuB'si3Ku (moxubka 1-8
CM); - HabyB PO3BUTKY MiAxin 10 n06yn0BU (Pi3snyHO-iHPOPMOBAHMX HENPOHHUX MEPEX Yepe3 peryJisapusalliiiHi
ckianoBi pyHKuUii BTpat. [TpakTH4He 3HaYeHHs [I0JISITae Y MOXKJIMBOCTI 3aCTOCYBAaHHS pPO3PO0JIEHUX METOLIB Y
3a3/layax r'yMaHiTapHOro po3MiHyBaHHS, AUCTAHLiTHOTO MOHITOPUHTY I'PYHTIB, reoQi3nyHOr0 OOCTEXKEHHS Ta
€KOJIOTIYHOTO KOHTPOJIIO TEPUTOPIl. Pe3ysipTaTii BUKOpUCTaHO y TpoekTax HOIY N2 2023.04 /0161, CII /5-2024 Ta
HIP 723-43. Ony671iKoBaHO JecsaTh HayKOBUX IPallb: KOJIEKTUBHA MOHOrpadis, CTaTTs y BUIAHHI SCOpUS, CTATTS y

BUJQHHI iHIIOI Aep>kaBy, [Bi CTaTTi y paxoBUX BUNAHHIX KaTeropii «b» Ta MaTepianu KoHepeHIii

2. The thesis is devoted to the development of neural network methods for the detection, classification, and
localization of anomalies in fields of physical quantities based on an aligned spatio-temporal representation of
heterogeneous sensor data from a UAV platform. The scientific contribution lies in a neural network approach in
which heterogeneous measurement streams are transformed into structured input data suitable for reliable
anomaly detection, classification, and spatial localization. The relevance stems from insufficient development of
neural network methods for anomaly detection using heterogeneous sensor data: an anomaly often manifests
through weak, nonlinear, and noisy deviations of a physical field from its background state. Effectiveness depends
not only on architecture but on input data quality, since sensor streams of different physical nature have different
sampling rates, formats, and coordinate systems. The first chapter analyses pulse induction metal detectors, TMR
magnetometers, multispectral cameras, and ground-penetrating radar. Individual channels have complementary
sensitivities but different informativeness; the key limiting factor is the absence of an aligned representation of
heterogeneous measurements. The second chapter addresses preparation of heterogeneous sensor data. A
method for temporal alignment based on hardware synchronization to a common reference signal has been
improved (synchronization error 2-4 cm). For the first time, a four-dimensional anomaly field model S(c,X,Y,t) for
pulse induction data has been developed. A method for spatial georeferencing combining autonomous real-time
kinematics with accuracy justification has been improved (spatial error 1-8 cm). A 14-channel tensor
representation T(x,y,k) was formed by interpolating streams onto a 10x10 cm grid. The third chapter develops a



neural network method for anomaly detection and classification using T(x,y,k) as input for a ID-CNN ensemble and
stacking meta-classifier. Test samples showed Pd = 0.965, F1 = 0.952 at under 4 ms per data vector. The PINN
approach has been further developed by introducing loss-function regularization terms based on the dipole
magnetic anomaly model and multi-exponential eddy-current decay. The fourth chapter considers training
dataset formation and mission planning. A laboratory-plus-field fine-tuning strategy and physically correct
augmentation using a digital twin are proposed: a synthetic-data share of ~25% provides an F1 increase of 0.020. A
two-level mission planning scheme reduces the detailed survey area by 56.3% without losing target
informativeness. The fifth chapter describes software implementation and experimental verification. Integration of
PI, magnetometric, and GPR channels within a unified neural network pipeline increases detection reliability. Field
tests confirmed anomaly localization with centimetre-level accuracy. An open dataset was published in the
repository github.com/op-uav-lab /soil-monitor-mlp. The scientific novelty includes the following results: - the
neural network method for anomaly detection and classification using multisensor UAV data has been improved,
using the aligned tensor T(x,y,k) as a common input for a ID-CNN ensemble and stacking meta-classifier; - for the
first time, a four-dimensional anomaly field model S(c,X,Y,t) has been developed; - the method for temporal
alignment of heterogeneous streams has been improved, providing a synchronization error of 2-4 cm; - the
method for spatial georeferencing has been improved, achieving a spatial error of 1-8 cm; - the PINN approach has
been further developed through loss-function regularization terms reflecting the dipole magnetic anomaly model
and eddy-current decay. The practical significance lies in applying the developed methods to humanitarian
demining, remote soil monitoring, geophysical survey, and environmental control of affected territories. The
results were used in NRFU project No. 2023.04 /0161, SS /5-2024, and R&D project 723-43. Ten scientific works
were published: a collective monograph, one article in a Scopus-indexed journal, one article in a foreign periodical,
two articles in Ukrainian category "B" journals, and conference proceedings.
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KBasigikamis: n. 1. u., npodecop, 05.13.06

InenTudgikarop ORCID ID: 0000-0002-8816-065

HoparkoBa iHpopmamist: ;https://www.scopus.com/authid /detail.uri?authorld=57103429400
IToBHe HafIMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanionanbHuii yHisepcuteT "Ofiechbka MoJiTexHika"
Kopg, 3a €IPITIOY: 43861328

Micue3HaxoaKeHHS: np. llleByenka, Oxeca, 65044, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biacue IpizBume Im's I10-6aTbKOBI Apcipiit Oniera Onexkcan/piBHa

TOJIOBH pagu

Biacue Ipizsume Im's I10-6aTbKOBI Apcipiit Onena OnekcanypiBHa

rOJIOBYIOYOTO Ha 3aciJaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

[ynin Onexcangp FOpiioBuy

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



