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1. Indopmauiitna TexHosOris onepesHbOI 06poOKU Ta Kiaacudikalii pis3HO4acoBUX CYyIyTHUKOBUX 300pasKeHb
BHCOKOI IIPOCTOPOBOi PO3Pi3HEHOCTI

2. Information technology for pre-processing and classification of multi-time satellite images of high spatial

resolution

Pedepar:

1. B pucepTaniiiHOMy [OCJIiI>)KeHHI pO3B’s13aHa BakJIMBa HAyKOBO-TIPUKJIAJHA 3a7ja4a MifiBUIIeHHS] TOYHOCTI, piBHS
aBToMarusalii Ta mBUAKOAIl po3Ni3HaBaHH Ta Kjaacuikalii 306paskeHb BUCOKOI IIPOCTOPOBOi PO3Pi3HEHOCTI
IJISXOM PO3PpOOKU iHPOpMaLiTHUX TEXHOJIOTIi i METOTiB 0OPOOKM 3 BUKOPUCTAHHSIM MAIIMHHOTO HAaBYaHHS.
Jucepranis CKIagaeTbCs 3i BCTYILY, YOTUPbOX PO31isiB, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JKEPEJI Ta NOJATKIB.
[ToBHUI1 o6csr pucepTalii - 165 CTOPiHOK; CIMCOK BUKOPUCTAHUX AKeped 3i 136 HalimeHyBaHb, 2 nogaTkiB. Pobora
npoimocTtpoBaHa 40 pUCyHKaMu Ta MiCTUTL 12 TabauLb. Y BCTYIi OGIPYHTOBAaHO aKTyajlbHICTh TEMU,
copmybOBaHi MeTa i 3aBIaHHS 4OCiTKeHb, BU3HAYEHI METOIN AOCiIKEeHb, JaHa 3arajibHa XapaKTepUCTHKa

pOOOTH i CTPYKTypa AUCEPTaLii, BU3HaY€Hi HayKOBa HOBU3HA, IPaKTUYHE 3HAUYEHHSI [IPOBEIEHUX HAYKOBUX



IOCJiIXeHb Ta 0COOUCTUI BHECOK aBTOPA, OLIiHEHA JOCTOBIPHICTh OTPMMAHMX PE3YyJIbTAaTiB, HABE[IE€Hi BilOMOCTI
po y6Jtikauii Ta pe3ysbpTaTy arnpoobaltlii Ta BIIPOBaAKeHHS! pOOOTH. Y IIEePIIOMY PO3ii pO3TJIsSHYTO Cy4acHUMN CTaH
PO3BUTKY METO/IiB i TEXHOJIOTIH NonepenHboi 06pobKy Ta Ki1acu@ikallii pis3HOUaCOBUX CYIIyTHUKOBUX JaHUX BUCOKOI
IIPOCTOPOBOI PO3PI3HEHOCTI i Bifj[IOBiIHOTrO iCHYI0YOr0 MaTEMATUYHOIO Ta IPOrPaMHOTr0 3a0€3MEeYEHHS, SIKE
BUKOPUCTOBYETBCS /111 PO3POOKU MOIIOHMX TeXHOJIOTIH. [TpoaHasnizoBani MeTOIH, MO 6a3YIOThCS HA INTYYHOMY
iHTeJIeKTi, CyyacHi Iifxoay rambOKOro HaB4aHHs Ta OCTaHHI TeHAEHLi y PO3BUTKY IITYYHUX HEMPOHHUX MEPEX.
[IpoBenenuil anasi3 Cy4acHOro CTaHy IpobjieMu nonepesHboi 06podKky Ta Kiacugikariii 306pakeHb
IVCTaHLiMHOTO 30HAYBaHHSA 3€MJli BUCOKOIO IIPOCTOPOBOIO PO3PI3HEHHS Ta aHAJII3 JTEPAaTyPHUX JKEPETT BUSIBUIIN
HeeEeKTUBHICTb 3aCTOCYBaHHS iCHYIOUMX METO[IIB, 110 BeZie 10 YNCIeHHUX TOXUOOK Kilacudikallii, Ta BU3HAYUIN
HU3KY HEPO3B's13aHMX NIMTaHb, 30KPEMA BiICYyTHICTh aBTOMATHU30BaHUX iHPOPMaLiiHUX TEXHOJIOTIH, 5IKi JO3BOJISIIOTH
IPOBOJUTH KiacupiKallilo 6araToCMeKTPaJbHUAX Pi3HOYACOBUX CYITyTHUKOBUX 300paXXeHb BUCOKOI TPOCTOPOBOI
PO3PI3HEHOCTI y peaJibHOMY peXXUMI Yacy. ICHyI04i pilleHHs, K [paBuilo, € JOPOrOBAPTICHUMU, TPYILOMICTKMMU Ta
3 BUKOPUCTaHHSIM py4Horo gemndpyBaHHs. CHOpMysIbOBaHI BUCHOBOK Ta IIOCTAaHOBKA 3aBJaHHS [P0 HEOOXiAHICTD
PO3pOOKU KOMILJIEKCHOI iH(popMalliiiHOi TeXHOoJI0Trii nonepegHboi 06po6KY, aHai3y Ta Kiacugikalii CylyTHUKOBUX
300paskeHb. Y IpyroMy po3fii 3[iliCHEeHO aHajli3 Mpo6eMu Ta Cy9acHUX MiIX0iB 0OpOOKYU BEIUKUX JAaHUX
IUCTaHLIMHOTO 30HAYyBaHHS 3emii. HamaHi OCHOBHI IOHATTSA 1 BU3HAYEHHS, 1[I0 BUKOPUCTOBYIOTHCS 1114 ii
po3B’s3aHHA. ONKCcaHo BJIACTUBOCTI OpraHisalii aHux, 10 403BOJISIIOTH [1epei6auuTy pe3yabTaT BUKOHAHHS
II€BHUX Ollepaliil B CTPYKTYpi 3a ii es1eMeHTaMy, BUKOPHUCTOBYIOYM iX pO3TallyBaHHs 6€3 BUKOHAHHS

004K CIIOBATIBHOTO aJIrOPUTMY. OTPUMAHO BUCHOBKY IIPO BILJIMB BJIACTUBOCTEN Ta MAaTEMaTUYHUX METOMIB POOOTU
31 CTPYKTYpOI0. 3alIpOIIOHOBAHO Ta OBEJIEHO e(PEeKTUBHICTb METOY ONTHUMi3allii OCHOBHUX XapaKTePUCTUK
00pOOKHM BEJIMKUX JaHUX HA OCHOBI 3aCTOCYBaHHSI KOPTEKHOI CTPYKTYpU OpraHizallii JaHuX, SIKUH [103BOJIsIE
3MEHIIUTU 06CAr 06p0o6III0BaHOI iHPOpMaLlii, MigBUIIMTY MBUIKOCT] MOLUIYKY Ta OOPOOKU AAHUX IIPU 36€peKeHH] ix
BiZIMOBiIHMX 3HAYEHb TA HANIIMHOCTI. 3aITPOTIOHOBAHO Ta 0BeZieHO edeKTUBHICTh laaS-pimeHHs 151 06po6KU
IIOTOKY JJAaHUX MCTaHLiMHOrO 30HyBaHHS Ha OCHOBI [JIMO0KOr0 HaBYaHHS Ta XMAapHUX TexHoJorill Kubernetes Ta
Apache Airflow, po3mimenux Ha natdopmi Google Cloud Platform. 3anpornoHoBaHuii airopyuTM NpeCcTaBIeHui y
BUIJISIZIi HAIIPSIMHOTO al[MKJIiYHOro rpada y 3aCToCyHKy laaS.

2. The dissertation research solved an important scientific and applied problem of increasing the accuracy, level of
automation and speed of recognition and classification of images of high spatial fragmentation by developing
information technologies and processing using machine learning. The dissertation consists of an introduction, four
chapters, a conclusion, a list of sources used and appendices. The full volume of the dissertation is 165 pages; list of
used sources of 136 titles, 2 appendices. The work is illustrated with 40 drawings and contains 12 tables. In the
introduction, the relevance of the topic is substantiated, the research objectives and tasks are formulated, the
research methods are defined, and a general description of the work and the structure of the dissertation are
given. The scientific novelty, practical significance of the conducted research, and the author's personal
contribution are determined, the reliability of the obtained results is assessed, and information about publications
and the results of the approbation and implementation of the work is provided. The first chapter examines the
current state of the development of methods and technologies for the preliminary processing and classification of
high spatial resolution satellite data, as well as the existing mathematical and software tools used for developing
such technologies. Methods based on artificial intelligence, modern deep learning approaches, and the latest
trends in the development of artificial neural networks are analyzed. An analysis of the current state of the
problem of preliminary processing and classification of high spatial resolution Earth remote sensing images and a
review of the literature revealed the inefficiency of existing methods, leading to numerous classification errors,
and identified several unresolved issues, particularly the lack of automated information technologies that allow
real-time classification of multispectral, multitemporal high spatial resolution satellite images. Existing solutions
are generally costly, labor-intensive, and involve manual decryption. Conclusions and the formulation of the task
regarding the need to develop a comprehensive information technology for the preliminary processing, analysis,
and classification of satellite images are presented. In the second chapter, an analysis of the problem and modern
approaches to processing extensive Earth remote sensing data is carried out. Basic concepts and definitions used



for its solution are provided. The properties of the data organization are described, allowing to predict the result

of performing certain operations in the structure on its elements, using their arrangement without performing a

computational algorithm. Conclusions about the influence of properties and methods of working with the

structure were obtained. The effectiveness of the method of optimizing the main characteristics of big data

processing based on the application of a tuple structure of data organization, which allows to reduce the amount

of processed information, to increase the speed of data search and processing while preserving their respective

values and reliability, is proposed and proven. The effectiveness of an laaS solution for remote sensing data flow

processing based on deep learning and Kubernetes and Apache Airflow cloud technologies, hosted on the Google

Cloud Platform, is proposed and proven. The proposed algorithm is presented in the form of a directed acyclic

graph in an [aaS application. The mentioned cloud technologies are used for a better representation of the working

process, which implements a complex system of parallel execution of computationally difficult tasks of high spatial

resolution image processing.
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