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Pedepar:

1. B pucepTaniiHOMy IOCJIiI>)KEHHI PO3B’si3aHa Ba)KJIMBA HAyKOBO-MIPUKJIAJHA 337ja4a pO3p0o0OKU iHpopmMaLiiHoi
TEXHOJIOTii pO3Mi3HaBaHHS TPAHCIIOPTHUX 3aCO0IB IOBIILHOTO PO3TALIyBaHHS HA a€POKOCMIYHUX 300PaXKEHHSIX 3
BHUKOPUCTaHHSIM METO/iB IMIMOMHHOTO HaBYaHHS. JlucepTalist CKIafaeThCs 3i BCTYIY, YOTUPbOX PO3LiJiB,
BHCHOBKIB, CIIMCKY BUKOPUCTAHUX JKepeJl Ta fofaTkis. [ToBHUi obcsr nucepTanii - 168 cTopiHOK; ciucok
BMKOPHMCTAHUX JKeper 3i 142 HalimeHyBaHHS, 3 oJaTKu. Po6oTa npointocTpoBaHa 46 pucyHKaMu Ta MiCTUTD 10
TabynLb. Y BCTYIIi OGIPYHTOBAHO aKTyasIbHICTb TeMU, COOPMYJIbOBAHI METa i 3aBIaHHS OCIiI>)KeHHS], BU3HAYEHi
METOM POOOTH, HaBEJI€HA 3arajibHa XapakTePUCTUKA JOCIIPKEHHS Ta 10ro CTPYKTYpH, BUSHAY€Hi HayKOBa
HOBU3HA, IPaKTUYHE 3HAYEHHSI OTPUMaHUX PE3YJIbTATIB i 0COOMCTUI BHECOK aBTOPA, OL[iHEHA JOCTOBIPHICTb
pe3yJIbTaTiB, a TAKOXK HaBeJleHi BiJOMOCTI 1po my6Jiikalii Ta anpo6allilo pe3ysbTaTiB JOCiIKeHHS. Y epuoMy

PO3[ii IpoaHai30BaHO Cy4YaCHUM CTaH PO3BUTKY METO[IiB a6POKOCMIYHOI'O CIIOCTEPEKEHHS Ta 06POOKHU



300pakeHb BUCOKOI IPOCTOPOBOI PO3AibHOI 30aTHOCTI. PO3IJIIHYTO TEXHIYHI aClIEKTH (POPMYyBaHHS
aepOKOCMIiYHUX 3HIMKIB, IX XapaKTE€PUCTUKU Ta CIIEKTPaJibHi 0COBJINBOCTI, a TAKOXX METOAY MOTIepeTHbOI 06POOKHU
IaHux. [IpoananizoBaHo icHyloui migxoau 0o knacudikallii Ta posmisHaBaHHS 00'€KTiB HA aePOKOCMIYHUX
300PaKEHHSIX, 30KPEMA TPAHCIIOPTHUX 3aCO0iB, @ TAKOXK Cy4aCHi METOAM MALIMHHOTO HaBYaHHS i IJIMOMHHOTO
HaBYaHH$, BKJIIOYHO 3i 3rOpTKOBUMU HEPOHHMMU MepexXaMU. BudHaueHO Npo6s1eMu i BUKJIMKY aBTOMATU30BAaHOTO
PO3I1i3HaBaHHS 00'€KTIB TPAHCIIOPTY HA A€POKOCMIUHUX 3HIMKaX i chOpPMYJIbOBaHO 3aBHAHHS PO3POOKU
iHopmaiitHoi TeXHOIOTii IX IPOCTOPOBO-OPiEHTOBAHOIO PO3Ii3HAaBaHHS. Y IPYroMy po3[iji 3aIIpPOIIOHOBAHO
METOIM Ta iH(pOpMaliliHi TEXHOJIOTi CEeMaHTUYHOI CerMeHTAllil Ta IPOCTOPOBO-OPi€EHTOBAHOrO PO3Ii3HABAHHS
TPAHCIIOPTHUX 3aC00iB HA aePOKOCMIYHUX 3HIMKaX BUCOKOI MPOCTOPOBOi po3miibHOI 3maTHOCTI. PO3po6ieHo
HellpoMepeskeBul Mifxin Ha OCHOBI apxiTekTypu Deeplab i3 rinbuHHOIO 3a7MIIKOBOIO Mepexketo ResNet, 1m0
3abesnevye 6araTomMacmTabHe BUTYYEHHS O3HAK i 3aCTOCyBaHHA (YHKIIii BTpaT Ha OCHOBI KoediuieHTa Dice,
I03BOJIIIOYM TOYHO BUI/IATH TPAHCIIOPTHI 3aCO6M HABITh y CKJIQAHUX 6AraTOKJIACOBUX CLIEHAX Ta 3a YACTKOBOTO
MepeKpUTTSs. 3arporoHOBAHO METOAY MiABUIEHHS] TOYHOCTI PO3ITi3HABaHHS TPAHCIIOPTHUX 3aCO6IB Ha
aepOKOCMIYHUX 3HIMKaX: 1151 BUSIBJIEHHS IIOBITPSIHOTO TPAHCIIOPTY 3aCTOCOBAHO iHTETpallilo KOHTYPHUX O3HaK i3
OPUTiHAJIbHUMU 300pa’keHHSIMHU, a 1151 BUSBJIEHHS] aBTOMOO1JiB — Moau@dikoBany apxitektypy YOLOvVI1I 3
OpiEHTOBaHUMU OOMEXYBaJIbHUMU paMKaMu. Po3pobsieHnii MeTo, IPOCTOPOBO- OPi€HTOBAHOTO PO3IIi3HAaBaHHS
TPaHCIIOPTHUX 3aC00iB JOBIJILHOTO PO3TalllyBaHHS 3abe3Ieuye y3rojiKeHe 6araTomaciiTabHe 03HaKoBe NIOJIaHHs Ta
KOHTEKCTYaJIbHe Y3TO[K€HHS O3HaK i3 CEMaHTUYHMM [IOJAHHSIM CLE€HH, 1O CIIPUsiE MiIBULIEHHIO TOYHOCTI

JIoKasi3alii B yMOBax CKJIaHOTO (POHY Ta IIiJIbHOTO PO3TallyBaHHS OO €KTIB.

2. In the dissertation research, an important scientific and applied problem is solved, namely the development of
an information technology for spatially oriented recognition of vehicles in aerospace imagery based on deep
learning methods. The dissertation consists of an introduction, four chapters, conclusions, a list of references, and
appendices. The total volume of the dissertation is 168 pages; the list of references includes 142 sources, and there
are 3 appendices. The work is illustrated with 46 figures and contains 10 tables. The introduction substantiates the
relevance of the research topic, formulates the aim and objectives of the study, defines the research methods, and
presents a general description of the research and its structure. The scientific novelty, practical significance of the
obtained results, and the author’s personal contribution are identified. The reliability of the results is assessed, and
information on publications and approbation of the research results is provided. The first chapter analyzes the
current state of development of aerospace observation methods and high spatial resolution image processing.
Technical aspects of aerospace image formation, their characteristics and spectral features, as well as data
preprocessing methods, are considered. Existing approaches to object classification and recognition in aerospace
imagery, in particular vehicles, are analyzed, along with modern machine learning and deep learning methods,
including convolutional neural networks. The problems and challenges of automated vehicle object recognition in
aerospace imagery are identified, and the 5 tasks of developing an information technology for their spatially
oriented recognition are formulated. In the second chapter, methods and information technologies for semantic
segmentation and spatially oriented recognition of vehicles in high spatial resolution aerospace imagery are
proposed. A neural network-based approach built upon the DeepLab architecture with a deep residual ResNet
backbone is developed, enabling multi-scale feature extraction and the use of a Dice coefficient-based loss
function. This approach allows accurate delineation of vehicles even in complex multi-class scenes and under
partial occlusion. Methods for improving the accuracy of vehicle recognition in aerospace imagery are proposed:
for aerial transport detection, the integration of contour-based features with the original images is applied, while
for road vehicle detection, a modified YOLOv11 architecture with oriented bounding boxes is employed. The
developed method for spatially oriented recognition of vehicles with arbitrary orientations provides consistent
multi-scale feature representation and contextual alignment of features with the semantic scene representation,
thereby improving localization accuracy under complex background conditions and dense object distributions. In
the third chapter, an information technology for neural network-based recognition of arbitrarily oriented vehicles
in high spatial resolution aerospace imagery is developed. The technology is based on a multicomponent
architecture that combines deep feature extraction via a backbone network, spatial stabilization using a Spatial



Transformer Network, and vehicle recognition employing oriented bounding boxes and a multi-task loss function.
The development of a software application implementing the proposed methods is presented, including a
description of the system architecture, functional modules, data processing algorithms, and integration of neural
network recognition results with the user interface. The functional capabilities of the application are
demonstrated, including automatic and manual modes for configuring recognition parameters, generation of
analytical reports, and verification of results. Experimental studies confirmed the effectiveness of the developed
software product for automated analysis of aerospace imagery.
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