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1. MeTou 06pOoOKU MyJIbTUCIIEKTPATIbHUX 300paKeHb B KOMITIOTEPU30BaHill CUCTEMi Ha OCHOBI HEIPOHHUX MEPEX

rJIMOOKOr0 HaBYAHHSI
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Pedepar:

1. Inceprauiiina po60Ta IpUCBIYeHAa BUPIIEHHIO aKTyaJIbHOI HAyKOBO-TEXHIUHOI 3a1a4i 0OpoOKU
MYJIbTACHIEKTPATIbHUX CYITyTHUKOBUX 300pakeHb HAa OCHOBI HEIPOHHUX MEPEX IJIMO0KOro HaBYaHHS y
KOMITIOT€PU30BaHIll CUCTEMI 3 METOIO MiIBUIIEHHS €(PEKTUBHOCTI Ta SIKOCTi pOOOTH pillleHb, 10 MATUMYTh
MOJKJIMBICTb OTPUMAaHHS OIlepaTHBHOI iHPopmaliii po 06'eKTH 3eMHOI TOBEPXHi IIiJ 4ac IpOBeeHHS
IVICTaHLiMHOTO 30HIYBaHHS 3€MHOI II0BEPXHi. MeTo10 JucepTaliiiHOi poOOTH € MifBUILEHHS SIKOCTI Kaacuikarii
oIepaTUBHOI iH(popMallii Ipo 06'eKTH 3eMHOi IOBEPXHI IPU MPOBEJEHHI AUCTAHLiITHOTO 30HIYBAaHHS 32 PaXyHOK
PO3POOKM HOBUX Ta YAOCKOHAJIEHHS ICHYIOUMX METOZIB Kilacu@iKallii MyJIbTUCIIEKTPAJIbHUX CYIyTHUKOBUX

300pakeHb Ha OCHOBI METOiB rinboKoro HaB4aHHsA. O6'€KT JOCTiIKEHHS — TTpoliec Kinacudikarii



MYJIbTUCIIEKTPAIbHUX CYITyTHUKOBUX 306pakeHb NUCTAHIIITHOTO 30HIyBaHHS 3¢ MHOI TIOBEPXHi B
KOMITIOTEpPU30BaHiii cuctemi. [Ipegmer gociimKeHHs] — METOIM Ta 3aco6U 6araTokiaacoBoi kinacudikarii Ha OCHOBI
METO[IiB IIIMO0KOro HaBYaHHsI. 3a pe3yJibTaTaMU AUCEPTaLifHOTO OCIiI)KEHHS! OTPMMAaHO TaKi HayKOBi
pesysbraTy: 1. Biepie 3arpornoHoBaHO METOJ, 6araToK1acoBoi Kiacudikalii MyJbTUCIIEKTPAIbHUX CYITyTHUKOBUX
300pakeHb 3€MHOTO TIOKPUBY, SIKUH BiZJPi3HSETHCS BiJ] BiOMUX MTPOLIEIyPOIO MOLIYKY ONTUMAIbHOTO HabOpy
CIIEKTPAJIbHUX iHAEKCIB Ha OCHOBI BIIEpIIE 3allPOIIOHOBAHOI apXiTEKTYypU 3rOPTKOBOI HEUPOHHOI MEPEXKi B
KOMITIOTE€pU30BaHiil CUCTeMi, 1110 JO3BOJIMIIO MiABUIIUTYU TOYHICTb Kyacudikalii 06’eKTiB 3eMHOI TOBEPXHi. 2.
OTpumaB NOJAJIBIINK PO3BUTOK METO, ONITUMIi3allii 3rOpTKOBMX HEMPOHHUX MEPEX IJIs1 3a7a4i 6araToKIacoBOi
kiiacudikauii CynyTHUKOBUX 3060paskeHb 3€MHOI'O TIOKPUBY 32 PaXyHOK 3allpOIIOHOBAHOI IIPOLIeAyPU [IPOBEIEHHS
oNTUMi3allii eTariamu CTPYKTYPHOTO Ta IapaMeTPUYHOTro HaJIAlITyBaHHs IIPY 33/1aHUX OI0P)KETHUX OOMEXEHHSIX,
110 3 OJJHOTO 60KY O3BOJIWJIO HiIBULIUTU PE3YyJIbTYI04i METPUKHU OLiHKM SIKOCTI Kilacu@ikallii CylyTHUKOBUX
300pa’keHb 3rOPTKOBOIO0 HEMPOHHOIO MEpesKelo, a 3 iHIOTo — BpaxyBaTy HasBHI peCypCcHi 06MekeHHSI. 3.
YI0CKOHaseHO MeToJ, 6araTokaacoBoi kinacudikallii MyJbTUCIIEKTPAJIbHUX CYITyTHUKOBUX 300paXkeHb 36 MHOTO
IIOKPUBY BHMCOKOI pO3Pi3HIOBAJIbHOI 3laTHOCTI, SIKU BifIPi3HSETHCS BiJl BilOMUX TpaHC(PEPHUM HaBUYAHHSIM
3rOPTKOBUX HEMPOHHUX MEPEX Ha OCHOBI 3aIIPOIIOHOBAHOr0 Habopy AaHux EuroPlanet Bucokoi po3ainbHOi
3IATHOCTI Ta MOIIYKOM ONTUMAaJIbHOI KOHirypaii criekTpanbHUX iHIEKCIB, 1[0 JO3BOJIUIIO MiABUILATHA TOYHICTh
xiacudikauii JaHUX IUCTAHILIMHOrO 30HyBaHHS 3€MHOI IOBEPXHi Ta ePEeKTUBHICTb POOOTU MOJIeJli HEPOHHO]
Mepexi i Ha TepuTtopii Ykpainu. Po3po6iieHi Ta yI0CKOHalIeHi METOIY € HAYKOBO-METOMYHOIO OCHOBOIO PO3POOKU
aJITOPUTMIB Ta MPOTPaMHOr0 3a6e3eyeHHs], TPAaKTUYHE 3HAYEHHS SIKUX TI0JISTa€ B TAKUX ACIEKTax: -~ PO3p00IeHO
METOJ, Ta ITporpamMHe 3abe3rnedyeHHs o0y 0BY 3rOPTKOBOI HEMPOHHOI Mepexki 17151 3a5adi 6araToky1acoBoi
xiacudikauii MyJbTUCIEKTPAJIBHUX CYIyTHUKOBUX 300pakKeHb i3 ONTUMaTIbHUM HAabOPOM CIIEKTPaJIbHUX iHJIEKCIB,
110 [103BOJISE MigBUIIATY TOYHICTh Kiacudikanii o 84,19% ta metpuky F1 no 84,05%; - oTprMaB nomasbpmui
PO3BUTOK METO[I, Ta PO3PO6JIEHO IPOrpaMHe 3ab6e3neyeHHs JJ1s1 ONTUMI3allii 3ropTKOBUX HEMPOHHUX MEPEX 3a1adi
xiacudikauii CynyTHUKOBUX 306pa>KeHb 3€MHOI [I0BEPXHi, 1110 [TOKPAIIUJIO TOYHICTb Kiacudikallii Ta MeTpuky
OLIiHKH SIKOCTi HelpoHHUX Mogeseit F1 no 97.04% ta no 97.05% BinnosinHo, a Ans kaaciB Herbaceous Vegetation,
Permanent Crop, Ta Highway merpuka F1 Ha TectoBomy Hab6opi ganux 3pocia 1o 20%. JJo TOro >k, BAKOPUCTaHHS
cyyacHoro ¢peiiMBopky Ray Tune 1103Bosni0 e(peKTMBHO BUKOPUCTATU HASIBHI pecypcH 3 OrJIsily BUBHAYEHUX
OI0IPKETHUX OOMEKEHD; - PO3PO6JIEHO ITPOoLENyPY (inbTpallii IKICHMX CyIlyTHUKOBUX 3006pa’ke€Hb BUCOKOI
PO3iNbHOI 3IaTHOCTI, 10 NPUMBUALINIIO 11 aBTOMAaTU3yBaylo GopMyBaHHs Habopy JaHux EuroPlanet y
KOMITIOTEpU30BaHil CUCTEMI; - yIOCKOHAJIEHO METO]], Ta po3pobJieHe IporpaMHe 3abe3nedeHHs 6araTokacoBoi
kiacudikauii 306pakeHb 3eMHOTO ITOKPUBY Habopy AaHux EuroPlanet BUCOKOi po3aisibHOI 31aTHOCTI Ta 3
ONTUMAJIbHOIO KOHPIrypalji€e CrieKTpajabHUX iHAeKciB. TouHicTb knacugikauii Ha TeCTOBUX JaHUX ckiana 93,83%,
a metpuka F1 3pocna 1o 93,56%. ITokazaHO MOXJIMBICTb ITPAKTUYHOTO 3aCTOCYBAaHHS yIOCKOHAJIEHOrO MeToza. 3a
pe3yJbTaTaMu JOCIiIP)KeHHS MiTBepIKEHO TEOPETUYHY Ta IIPAKTUYHY L[iHHICTb pO3pO0JIEHUX METOIIB Ta
IpoLenyp, HaZaHo PaKTUYHI peKoOMeHallii o0 iX 3aCTOCyBaHHSI B yMOBaX [I0BHOMACIITAOHOTO POCiCbKOTO

BTOPTHEHHSA B YKpalHy Ta pO3rJIAHYTO IIEPCIIEKTUBU ITOOAJIBIIOTO PO3BUTKY 3aIlIPOIIOHOBAHUX MeTO,I[iB.

2. The dissertation work is devoted to the solution of an actual scientific and technical problem of multispectral
satellite images processing based on deep learning neural networks in a computerized system to increase the
performance and solutions quality that will have the possibility of obtaining actual information about Earth's
surface objects during Earth remote sensing. The purpose of the dissertation is to increase the classification
quality of actual information about Earth's surface objects during remote sensing by developing new and
improving existing multispectral satellite images classification methods based on deep learning methods. The
object of research is the process of Earth remote sensing multispectral satellite images multiclass classification in a
computer system. The subject of research is methods and means of multiclass classification in a computer system
based on deep learning methods. The introduction substantiates the relevance of a scientific and technical
problem of Earth's surface multispectral images processing in a computerized system, presents the connection of
the work with scientific programs, plans, and topics, provides scientific novelty, presents the practical significance
of the obtained results and provides the applicant personal contribution information with publications on the topic



of the dissertation. The scientific novelty of the results. As a result of the dissertation work, the following scientific
results were obtained within this area: 1. For the first time, a method of Earth's surface multispectral satellite
multiclass classification images is proposed, which differs from the known procedure of finding the optimal set of
spectral indexes based on the proposed architecture of a convolutional neural network in a computerized system,
which increased the Earth's surface objects classification accuracy. 2. The method of multispectral multiclass
images classification based on a convolutional neural network with spectral indexes has been improved by
optimizing the proposed procedure of rough-tuning and fine-tuning stages under given budget restrictions, which
on the one hand increased the satellite images classification quality result metrics of a convolutional neural
network, and on the other hand, considered existing resource limitations. 3. The method of Earth's cover high-
resolution multispectral satellite multiclass classification images was improved, which differs from the known by
transfer learning of convolutional neural networks based on the proposed high-resolution EuroPlanet dataset and
the optimal spectral indexes configuration and made increased the Earth remote sensing data classification
accuracy and the neural network model performance on the Ukrainian territory. The developed and improved
methods are the scientific and methodological basis for the designing algorithms and software. The practical
results include the following: - the method and software for designing a convolutional neural network were
developed for the task of multispectral multiclass satellite images classification with an optimal set of spectral
indexes, which increased the classification accuracy up to 84.19% and the F1 metric up to 84.05%,; - the improved
convolutional neural networks optimization method and software have been developed for the task of the Earth’s
surface satellite images, which increased the classification accuracy and F1 metric to 97.04% and 97.05%
respectively, and for the classes Herbaceous Vegetation, Permanent Crop, and Highway the F1 metric on the test
dataset increased up to 20%. In addition, the use of the modern Ray Tune framework made it possible to
effectively use the available resources under the defined budget restrictions; - the high-quality high-resolution
satellite images filtering procedure has been developed, which accelerated and automated the creation of the
EuroPlanet dataset in a computerized system; - the multiclass land cover EuroPlanet high-resolution images with
the optimal configuration of spectral indexes classification method has been improved and software has been
developed. The classification accuracy on the test data increased to 93.83%, and the F1 metric increased to 93.56%.
The practical possibility of using the improved method is shown. The research results confirmed the practical and
theoretical significance of the developed methods and procedures, provided practical recommendations for the
application of the developed methods in the conditions of a full-scale Russian invasion of Ukraine, and considered
the prospects for their further development.
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dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiilfiHHX ONOHEHTIB Ta PELeH3€HTIB



OdiuiiiHi OTIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. KpacHo6aeB Bikrop AHATOMIOBUY

2. Victor A. Krasnobayev

KBasidikamis: n.1.1., mpodecop, 20.02.14

InenTudgikarop ORCID ID: 0000-0001-5192-9918

JoparkoBa iHpopMmauist: https://www.scopus.com /authid /detail.uri?authorld=51461515000

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: XapKiBCbKMil HALOHAJIBHUIT YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHHS: maiinad CBo6oau, Oyn. 4, XapkiB, XapkiBcbkuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. ®ecenko 'epmaHn BikTopoBuy

2. Herman Fesenko
KBasigikamis: n. 1. u., npodecop, 05.13.06
Inentudikarop ORCID ID: 0000-0002-4084-2101

JoparkoBa iHpopMamist: https://scholar.google.com/citations?user=9zZ8AzYAAAAI&hl=en;
https:/ /www.scopus.com/authid /detail.uri?authorld=57190123735

IloBHe HaliMEeHYBaHHSI IOPUAHUYHOI 0COOM: HaujoHanbHuUil aepOKOCMIYHMI yHiBepeuTeT im. M. €.

JKykoBcbKoro "XapkiBCbKuii aBialliiHui iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3Haxoa>KeHHS: By/1. Ukanosa, 6y, 17, Xapkis, XapkiscbKuii p-H., 61070, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. [ToBOpO3HIOK AHaTOIill IBaHOBUY

2. Anatolii I. Povoroznyuk

KBasigikanis: n.t.1., mpodecop, 05.13.06
InenTudikarop ORCID ID: 0000-0003-2499-2350



HoparkoBa iHpopmauist: https://www.scopus.com/authid /detail.uri?authorld=55225664000);
https://scholar.google.com /citations?user=g6S23QsAAAAJ&hl=uk&oi=sra

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJITEXHIYHUN IHCTUTYT"

Koz, 3a €IPITIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. F'aBpunenko Caitnana IOpiiBHa

2. Svitlana Y. Gavrylenko

KBasigikamis: 1. 1. n., npodecop, 05.13.05
InenTudikarop ORCID ID: 0000-0002-6919-0055

JoparkoBa iHdopmanist: https://www.scopus.com/authid /detail.uri?authorld=57189042150;
https:/ /scholar.google.com.ua/citations?user=4VnldBKAAAAJ&hl=ua;
https:/ /www.webofscience.com/wos /author /record /2299382

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHUi TEXHIYHMI YHiBEpCUTET "XapKiBChKUii

MOJITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

MicueSHaxo,q)KeHHﬂ: ByJ1. Kupnnuoga, 6yz. 2, Xapkis, XapKiBcbkuil p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi

BaacHe IlpizBuie Im's [10-6aTbKOBI 3axosopotHuit Onexkcauzp FOpiiiosny
rOJIOBH paau

Baacue IlpizBuie Im's [10-6aTbKOBI 3akosopoTHuii Onekcannap tOpifiosuy
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBimaibHHUH 32 MiZTOTOBKY 3aiines tOpiit [BaHOBHY

00JIiIKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




