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1. MeTonu 06pO6KM MyJIbTUCIEKTPATIbHUX 300paKeHb B KOMITIOTEPU30BaHiil CUCTEMI HA OCHOBI HEIIPOHHUX MEPEX
r1MOOKOro HaBYaHHS

2. Multispectral images processing methods in a computerized system based on deep learning neural networks

Pedepar:

1. Incepranifina po60Ta IpUCBIY€HA BUPIIIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIUHOI 3aa4i 0OpoOKU
MYJIbTUCIIEKTPAJIbHUX CYITyTHUKOBUX 3006pakeHb HA OCHOBI HEIPOHHUX MEPEsK IIIMO0KOro HaBYaHHS y
KOMITIOTEpU30BaHill cucTeMi 3 METOIO MifBUIIEHHS e(EeKTUBHOCTI Ta SIKOCTi pOOOTH pillieHb, 1110 MaTUMYTh
MOXJIMBICTb OTPUMaHHS OIl€PaTHMBHOI iHpopmallii Tpo 06'eKTH 3eMHOI TOBEPXHI I1il 4ac NpOBEEeHHS

IUCTaHLiMHOTO 30HAYBaHHS 3€MHOI TOBEPXHi. MeTolo gucepTaliiHOi pOOOTH € MiABUILEHHS SKOCTI Kiacudikariii



ornepatuBHOi iHpopmallii Ipo 06'eKTH 3€MHOI IOBEPXHi IPU IPOBEI€HHI IUCTAHLiIIHOrO 30H1yBaHHS 32 PaXyHOK
PO3pOOKU HOBHUX Ta YAOCKOHAJIEHHS iCHYIOUMX METOiB KilacuQikaril MyJbTUCIEKTPAIbHUX CYITyTHUKOBUX
300pakeHb Ha OCHOBI METOiB riuboKoro HaB4aHHs. OG'€KT JOCTiIKEeHHs — Ipoliec kiaacudikariii
MYJIbTUCIIEKTPATIbHUX CYITyTHUKOBUX 300paXX€Hb NUCTAHILIHOTO 30HIyBaHHS 3€MHOI IIOBEPXHi B
KOMITIOTepU30BaHil cucteMi. [IpenMeT nocimkeHHs: — MeToau Ta 3acobu 6araTokacoBoi kiacudikauii Ha OCHOBI
METOJiB IIM60KOro HaBYaHHS. 3a pe3ysbTaTaMu AUCEPTAL[iliHOro JOCiIKEeHHSI OTPUMAHO TaKi HayKoBi
pesysbraTi: 1. Briepie 3arporoHoBaHO METOJ, 6araToK/1acoBoi Kiacudikallii MyJIbTHCIIEKTPAIbHUX CYITyTHUKOBUX
300paskeHb 3eMHOT'O TIOKPUBY, SIKUH BiZIPi3HIETHCS Bifl BiOMUX IIPOLieypOIO OLUIYKY ONTUMAIbHOTO HAbopy
CIIEKTPaJIbHUX iHAEKCIB Ha OCHOBI BIIEpPIIE 3alIPONIOHOBAHOI apXiTEKTYypU 3rOPTKOBOI HEMPOHHOI MEPEXKi B
KOMITIOTE€pU30BaHiil CUCTeMi, 110 JO3BOJINIIO MiABUIIUTY TOYHICTb Kacudikalii 06’eKTiB 3eMHOi TOBEPXHi. 2.
OTpuMaB NojaibLUIMNA PO3BUTOK METOJ, OIITUMI3allil 3TOPTKOBUX HEMPOHHUX MEPEX /1JIs 3a7jayi 6araTokaacoBoi
ksacu@ikalii CynmyTHUKOBUX 306pa’k€Hb 3€MHOT'0 IIOKPUBY 32 PaXyHOK 3aIIPOIIOHOBAHOI MTPOLIelypy IPOBEIEHHS
onTUMi3zallii eTanamu CTPyKTYPHOTO Ta IapaMeTPUYHOTro HaJIAlITyBaHHS IPU 33/1aHUX OI0J)KETHUX OOMEXEHHSIX,
110 3 OJJHOTO 60KY 03BOJIMJIO MiIBULIUTU PE3YJIbTYI04i METPUKU OLiHKH SIKOCTi Kilacu@ikallii CylyTHUKOBUX
300paskeHb 3rOPTKOBOIO HEMPOHHOIO MepesKelo, a 3 iHIOTo — BpaxyBaTy HasBHI peCypCcHi 06MeskeHHSI. 3.
YI0CKOHa/IEHO METOJ, 6araTOK1acoBoi Kiacudikalii MyJIbTUCIIEKTPATIbHUX CYIyTHUKOBUX 306Pa’k€Hb 3€MHOTO
IIOKPUBY BHMCOKOI pO3Pi3HIOBAJIbHOI 3laTHOCTI, SIKU BifIPi3HSETHCS Bifl BitoMUX TpaHCPEPHUM HaBYAHHSIM
3TOPTKOBUX HEIPOHHUX MEPEX Ha OCHOBI 3alIPOIIOHOBAHOTrO HAbopy AaHux EuroPlanet BUCOKOi po3aisbHO]
3IATHOCTI Ta MMOIIYKOM ONITUMAaJIbHOI KOH(iryparii criekTpanbHUX iHIEKCIB, 0 JO3BOJINIIO MiABUILATHA TOYHICTh
xiacudikauii JaHUX IUCTAHLIMHOTO 30HyBaHHS 3€MHOi IOBEPXHi Ta ePeKTUBHICTb pOOOTU MOJieJli HEHPOHHO]
Mepexi i Ha TepuTtopii Ykpainu. Po3po6iieHi Ta yl0CKOHaleHi METOIY € HAYKOBO-METOIMYHOIO OCHOBOIO PO3POOKU
aJITOPUTMIB Ta IPOTrPaMHOTO 3a6€3ME€YEHHS], TPAKTUYHE 3HAUEHHS SIKUX I10JIIra€ B TAKUX aCMEKTax: - pO3pO0IEHO
METOJI, Ta [IporpaMHe 3abe3reyeHHs 1106yI0BY 3rOpTKOBOI HEPOHHOI MepesKi 117151 3a1a4i 6araTokacoBoi
xiacudikauii MyJbTUCIEKTPAJIBHUX CYIIyTHUKOBUX 300pakeHb i3 ONITUMalbHUM HAabOPOM CIIEKTPaJIbHUX iHJIEKCIB,
110 ,03BOJIsI€ MiABUIIUTY TOYHICTh Knacudikauii 1o 84,19% ta metpuky F1 1o 84,05%; - oTpuMaB noaabImni
PO3BUTOK METOJ, Ta pO3p06JIeHO IporpaMHe 3abe3edeHH s 11 ONTUMI3allii 3ropTKOBUX HEMPOHHUX MepeX 3aayi
xiacudikauii CynyTHUKOBUX 306pa’keHb 3€MHOI [I0BEPXHi, 1110 [TOKPaIIUJIO TOYHICTb Kiacudikalii Ta MeTpuky
OLIiHKM SIKOCTi HelipoHHUX Mogeel F1 no 97.04% ta no 97.05% BianosinHo, a n4 knacis Herbaceous Vegetation,
Permanent Crop, Ta Highway meTtpuka F1 Ha TecTtoBoMmy Habopi ganux 3pocia 1o 20%. JJo TOro >, BAKOPUCTaHHS
cy4yacHoro ¢ppeiimBopky Ray Tune 103Bosnio e(peKTUBHO BUKOPUCTATH HASIBHI peCypcH 3 OIJIsiy BUBHAYEHUX
0101 KETHUX 0OME>KEHb; - po3p006JIeHO NpoLenypy PpinbTpalii sKiCHUX CYTyTHUKOBUX 306pa>XeHb BUCOKO]
PO3ibHOI 3IATHOCTI, 1[0 NPUMBUALINIIO I aBTOMaTU3yBayio GpopMyBaHHs Habopy paHux EuroPlanet y
KOMITIOT€pU30BaHIl CUCTEMI; - YIOCKOHAJIEHO METO]], Ta po3pobJieHe porpaMHe 3abe3nedeHHs 6araTokIacoBoi
kiacudikauii 306pakeHb 3eMHOTO [TOKPUBY Habopy AaHux EuroPlanet BuCOKOi po3aisibHOI 31aTHOCTI Ta 3
ONTUMAaJIbHOI KOHPIrypaljier crekTpaabHUX ingekcis. TouHicTb knacugikauii Ha TeCTOBUX JaHUX ckiana 93,83%,
a metpuka F1 3pocna 1o 93,56%. ITokazaHO MOXKJIMBICTb TPAKTUYHOTO 3aCTOCYBAaHHS yIOCKOHAJIEHOTO MeToza. 3a
pe3yJbTaTaMu JOCIiI)KeHHS iATBePIKEHO TEOPETUYHY Ta IIPAKTUYHY LiHHICTh PO3POOJIEHNX METOIB Ta
npoLenyp, HaZaHo PaKTUYHi peKoMeHallii 1070 iX 3aCTOoCyBaHHS B yMOBaX [I0BHOMACIITAOHOTO POCiiCbKOTO

BTOPTHEHHA B YKpalHy Ta PO3IVIAHYTO MIEPCIIEKTUBU ITOAAJIBIIOTO PO3BUTKY 3aIIPOIIOHOBAHUX MeTO,HiB.

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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MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesﬂaxo,rm(eﬂnﬂ: ByJ1. Kupninyoga, 6yz. 2, XapkiB, XapKiBcbkuil p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:



CeKTop HayKH: YHIBEpCUTETCHKUI

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. KpacHo6aeB Biktop AHaTO/ii0BUY

2. Victor A. Krasnobayev

KBasigikanis: n.1.1., mpodecop, 20.02.14

InenTudikarop ORCHID ID: 0000-0001-5192-9918

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

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOHM: XapKiBChbKuil HALOHAJILHMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €APIIOY: 02071205

Micue3HaxoaKeHHS: maiinad CBo6omu, Oyn. 4, XapkiB, XapkiBcbKuil p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ®ecenxo 'epmaH BikTopoBuy

2. Herman Fesenko
KBasigikamis: g. 1. u., npodecop, 05.13.06
Imentudikarop ORCHID ID: 0000-0002-4084-2101

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

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil aepokocMmiuHumii yHiBepeuter im. M. €.

JKykoBcbKoro "XapkiBCbKuUl aBiallilHUI iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3Haxoa>KeHHS: Bys1. Ukanosa, 6y, 17, Xapkis, Xapkiscbkuii p-H., 61070, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

Peuensentu



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:

1. [ToBOpO3HIOK AHaTOIi! IBAHOBUY

2. Anatolii I. Povoroznyuk

KBasigikanis: n.1.1., npodecop, 05.13.06
Imentudikarop ORCHID ID: 0000-0003-2499-2350

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

IloBHe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: HanioHanbHMI TEXHIYHMIA YHIBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnnyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

CeKTOop HayKH: YHiBEPCUTETCHKUIL

BaacHe IlpizBume Im's I[1o-6aTbKOBI:

1. 'aBpusnenko Csitsana IOpiiBHa

2. Svitlana Y. Gavrylenko

KBasigikamnis: 1. 1. n., npodecop, 05.13.05
InenTudikarop ORCHID ID: 0000-0002-6919-0055

JoaparkoBa 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 "XapKiBChKUit

MOJITEXHIYHNN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesnaxomxeunﬂ: ByJ1. Kupnnuoga, 6yz. 2, Xapkis, XapKiBcbkuil p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETChKUI

VIII. 3aKkJII04Hi BiZoMOCTi
Biacue IpizBume Im's I10-6aTbKOBI 3akosoporhuit Onexkcauzp fOpiiosny

TOJIOBH pagu



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi

OisSIIBHOCTI

3axkoBopotHuii Onekcanap KOpiioBrny

3arines IOpin IBaHOBUY

VKpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



