O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0821U102863
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 20-12-2021

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. CizeHiok Muxaiino OjieroBud

2. Svideniuk Mykhailo O.

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crieniaIbHOCTI: 172

HasBa HayKOBo'l' cneniaﬂbHOCTi: EnexrpoHika Ta TesnekomyHikauii. TesekoMyHikalii Ta pagioTexHika

T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JaTa 3axHcCTy: 15-12-2021

CnenianbHICTB 32 OCBIiTOXO: Ex0J10Tisl Ta 0OXOPOHA HABKOJIMIIHLOTO CEPEIOBUIIA

Micue po6oTH 3400yBaya: JlepasHa ycTaHoBa "HayKOBUil LIEHTP a€POKOCMIYHMX [JOCIIDKEHb 3eMJIi

IHcTuTYyTY reosiorivHux Hayk HanionaspHOI akagemii Hayk Ykpainm"

Kopg 3a €IPIIOY: 04778363

Micue3Haxoa KeHHs: symnga Onecs [onvapa, 6y, 55-6, M. Kuis, 01054, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
IIudp cnenianizoBaHoi BY€HOI pagHy (pa30Boi creniaai3oBaHOi BYEHOI pagu). 1O 26.162.001

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [lepkaBHa ycTaHoBa "HayKOBUI LIEHTP a€POKOCMIYHMX

mociigkeHb 3emii IHCTUTYTY reosioriyHyx Hayk HanjionanbpHOI akazemii Hayk YkpaiHnn"
Kopg 3a €IPIIOY: 04778363

Micue3HaxoaKeHHS: Bynuus Onecs ['onvapa, 6yz. 55-6, M. Kuis, 01054, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: [lepxkaBHa ycTaHoBa "HayKOBUIl LIEHTP a€POKOCMIYHMX
nociigkeHb 3emii IHCTUTYTY reosioriyHux Hayk HanionanpHOI akagemii Hayk YKpainn"

Kopg 3a € IPIIOY: 04778363

Micue3HaxoaKeHHS: ByauLs Onecst Fonuapa, 6yz. 55-6, M. Kuis, 01054, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TemaTHYHHUX PyOpPHK: 89.57.35

Tema guceprauii:
1. MeTonyKa KOMIJIEKCYBaHHS JAaHUX PaflioIOKAL[iTHOrO Ta ONITUYHOTO 3HIMAHHS 1151 BUBHAYEHHS Qi3nyHNX

rapaMeTpiB 3eMHOI IOBEPXHi
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Pedepar:

1. Incepranifine JOCTiIpKEHHs ITPUCBSIYEHO PO3POOIi METOIVKY KOMILJIEKCYBaHHI JaHUX PaflioJIOKaLiliHOTO Ta
OTITUYHOTO 3HIMaHHS 1171 064rCaeHHs Qi3UYHUX MapaMeTpiB 3eMHOi ToBepxHi. O6'eKT mociiskeHHs — Gi3uyHi
IapaMeTpy 3€MHOI [TOBEPXHI Ta iX BioOpaskeHHs Ha marepianax [133. [IpegMeT nocifKeHHs — IpoLeaypu
KOMIIJIEKCYBaHHS JaHUX, OTPMMAaHUX 32 pe3yJabTaTaMU 3MIOMKU Pi3HUMU TUIIaMu cucTeM [J33. MeTo1o IoCiIKeHHs
€ TiIBUILIEHHS TOYHOCTI BU3HAaYeHHS Pi3nyHUX ITapaMeTpiB 3€MHOi IIOBEPXHi, IIepII 32 BCE — BOJIOTOCTi I'PYHTY
IIJIIXOM CTBOPEHHS HOBOI METOJIMKY KOMILJIEKCYBaHHS 6araTOCEHCOPHUX PafioyIoKallifHUX Ta ONTUYHUX
CYIIyTHUKOBMX JAHUX. B pamKax gucepTrauiiiHOro JOCiIKeHHs, 1151 00urCcIeHHs (Qi3MYHMX IapaMeTPiB 36 MHO]
NIOBEPXxHi, OyJI BUKOPUCTaHi CyIyTHUKOBI [JaHi, OTPMMaHi B Pi3HUX CIIEKTPaJIbHUX Jiaa3oHax. 30KpeMa,

paziosiokauiiiHi cynyTHUKOBI faHi C-SAR Sentinel-1 GRDH 6ynu BUKopucTaHi 17151 064K CIeHHS AieeKTPUIHOI



IIPOHMKHOCTI Ta IOPCTKOCTi 3¢MHUX MTOKPUBIB Ha OCHOBI Integral Equation Model (IEM). O64ncneHHs
TeMIIepaTypH 3€MHOI IIOBePXHi 6yJ10 31ilicCHEHO Ha OCHOBi 06epHeHoi popmynu [1naHka [jis1 «ciporo Tina», 3
BUKOPHUCTaHHSIM 0araToCleKkTpaJbHUX ONTUYHUX CYITyTHUKOBUX IAHUX B BUTUMOMY /GIVDKHbOMY iH(PpauepBOHOMY
(PlanetSope PS2.SD) ta tenyoBomy iHppadepBoHomMy (Landsat-7 ETM+, Landsat-8 OLI Ta EOS MODIS)
CIEKTpasIbHUX Jiana3oHax. [eoMeTpryHi NapaMeTpy 3€MHOI TOBEPXHi 6yJI0 OTPUMAHO Ha OCHOBI LU(PPOBOI MoAei
micueBocti ALOS AW3D. OtpumaHi ¢i3nyHi Ta reoMeTpUYHI NapameTpu 6y BUKOPUCTAHi SIK CKJIa0Bi
PO3p06JI€HOI MOJIeJli KOMIIJIEKCYBaHHS CyIIyTHUKOBUX JAHUX HA OCHOBi 6araTOBUMIPHOTO pPErpeciiHOro aHasisy.
TounicTe MO6yIOBaHOI MOfeIi 6ys1a nepeBipeHa Ipyu 06YMCIIeHHI BOJIOTOCTi I'PYHTY. [I71s1 IbOTO, HA TECTOBUX
IinsiHKax 6yJio 37ilicHeHOo Binbip Mpob I'PyHTY, a BOJIOTiCTh 06GYKCIIEHO TEPMOCTAaTHO-BaroBUM METOIOM.
BaraToBMMipHUI perpeciiHui aHali3 3aJ1€;KHOCTI BUMIPSIHOI Ta MOJI€JIbHOI BOJIOTOCTI I'PYHTY J03BOJIVB
BCTAHOBUTH, 110 PO3PO6JIEHA MOZIEJIb 3ab€3Iedye BUCOKY TOUHICTb OOYMCIIEHD, IPO 10 CBiTYUTb KoedilieHT
nerepminauii 0,84 Ta cepeHbOKBaspaTiHe BinxuneHHs 4,37 % (N = 96). B pesysbrarti, po3p0o671€HO HOBY METOAUKY
KOMILJIEKCYBaHHSI 6araToCneKkTpajbHUX ONTUYHUX Ta ABOINOJSIPU3ALHNX PaSapHUX CYIIYTHUKOBUX NAHUX IS
ob64ucaeHHs (Pi3NYHUX IapaMeTpiB 3€MHOI IIOBEPXHi, IIEPII 32 BCE — BOJIOTOCTI I'PyHTiB. Ha BiiMiHYy Bif iCHylOUuX,
po3pobiieHa MEeTOIMKa BUKOPUCTOBYE CKIIA/IHY JliHeapru30BaHy 6araToBUMIipHY perpeciiiny Mojiesnb 3 MiHimizarieio
abCOJIIOTHUX BiXUJI€Hb, OPUTiHAJIIbHU MiAXiA 70 BU3HAYEHHS TeMIIepaTypy IPYHTY B pasi HECUHXPOHHOTO
ONITMYHOTO 1 pafliosIOKaliHOrO 3HIMaHHS, Ta JOLATKOBO BPAaxOBy€e r€OMETPUYHI HEOJHOPIGHOCTI 36 MHOI IIOBEPXHI i
JIOKaJIbHI eBialii pafiosoKalifHOro BifOMUTTs. 3allpONIOHOBAHO HOBY JliHEAPU30BaHy 6araTOBUMIpHY perpeciiiny
MogeJb 3 MiHiMi3allielo abCOMIOTHUX BiflXUJIEHb, SIKA HA BiIMiHY BiJl iCHYyI0OYMX, BPAaXOBY€e HU3KY (Pi3MUHUX
rapameTpiB, TakuX sIK KoedilieHTr 3BOPOTHOTO PO3CilOBaHHS, ieJIeKTPUYHA MPOHUKHICTb, IIOPCTKICTh,
TeMIIepaTypa 3€MHOI [I0BEPXHi, IapaMeTpiB POCIMHHOIO IIOKPUBY, Ta 10LATKOBUX T€OMETPUYHUX NTapaMeTpiB,
TaKUX SIK BUCOTA, HAXWUJI, €KCIIO3M1lig Ta OPTOTOHAJIbHA YBITHYTICTh pesibedy, JIOKaIbHI JeBiallill paiosoKaliiiHOTro
CHTHAJIy Ta B3a€EMHA Opi€HTallisl eJIieMeHTY pesibedy IO BiTHOMEHHIO IO CEHCOPa. YIOCKOHANIEHO BilOMUI METO
004N CIJIeHHS BiTHOCHOI JjiesIeKTPUYHOI MPOHUKHOCTI 3eMHOI TTOBEPXHi 3a JaHUMMU [IBOTMOJISIPU3ALiliHOTO
paziosoKalifHOro 3HiMaHHS Ha OCHOBI KasiopyBaHHs Mogesi IEM. MeTo[ yI0oCKOHAIE€HO LJISIXOM BBEI,EHHS
aJrOpUTMY aBTOMATM30BAHOT'O OOUMCIIEHHS MOPCTKOCTI IPYHTY. TakoXX 3arporoHOBaHO KpUTepii (pinbTpauii
IBOIIOJISIPU3ALIIMHUX paJjlapHUX 300pa’keHb Ha OCHOBI ialla30Hy AOMyCTUMUX 3HaY€Hb JieJeKTPUYHOI IPOHUKHOCTI
Ta IOPCTKOCTI I'PYHTY, SIKUI LO3BOJISIE BUSIBJIATY BUIAJIKU 3PUBY MOJI€Jli BUBHAUEHHSI [1ieJIeKTPUYHOI IPOHMKHOCTI
1€ 10 TPOBENIEHHS pPO3paxyHKiB. [loanbIIoro po3BUTKY 3a3HaB METOJ, BUSHAUEHHS TEMIIEPATYPU 3EMHOI TOBEPXHi
3 BUKOPUCTAHHSIM 0araToCIeKTpaabHUX ONITUYHUX CYITyTHUKOBUX JAHUX 3HIMAHHS y BUTVMOMY, OJIVMDKHBOMY Ta
TEIJIOBOMY iHppayepBOHUX JiariazoHax. 30KpemMa, 3aCTOCOBAHO [1IePEPaxXyHOK TEMIIEPATypH, OJl€pKaHO]

IVCTAHLUIMHO, IO TEMIIEPATyPU B MOMEHT PalioIOKaLiMHOrO 3HIMaHHS.

2. The thesis research was devoted to the development of the radar and optical data fusion technique for land
surface physical parameters restoration. The research object was the land surface physical parameters and their
display on Earth observation data. The research subject was multi-sensor Earth observation data fusion
algorithms. The aim of the study was to improve the accuracy of the land surface physical parameters estimation,
especially soil moisture, by developing the new technique for the multi-sensor radar and optical satellite data
fusion. In the framework of the thesis research, Earth observation (EO) data retrieved in several spectral ranges
were used to estimate the land surface parameters. In particular, the C-SAR Sentinel-1 A/B GRDH products were
used to calculate land surface permittivity and roughness based on Integral Equation Model (IEM). The land
surface temperature was estimated based on the inverse Planck’s equation for «grey» bodies, by using the
multispectral EO data in Visible /Near Infrared (PlanetSope PS2.SD) and Thermal Infrared (Landsat-7 ETM+,
Landsat-8 OLI tTa EOS MODIS) spectral ranges. Geometric parameters were calculated based on the ALOS AW3D
digital terrain elevation model. The physical and geometric parameters obtained were used as a components of the
model developed for the multi-sensor EO data fusion based on the multidimensional regression analysis. The
accuracy of the model was verified by an example of the soil moisture estimation. For this purpose, a soil samples
were selected within test sites and the reference soil moisture were calculated by the thermostat-weight method.
The multi-dimensional regression analysis of the reference and model soil moisture dependence allowed to



conclude that the developed model provides the high accuracy of computation, as indicated by the determination
coefficient of 0.84 and an root mean square error of 4.37 % (N = 96). As a result, the new technique was developed
for multispectral optical and double polarization radar satellite data fusion for the land surface physical
parameters, soil moisture especially, estimation. Unlike existing approaches, the developed technique uses the
complex linearized multidimensional regression model with absolute deviations minimization, the original
approach for the land surface temperature estimating for non-synchronous radar and optical observations, and
additionally relies on the radar signal local fluctuations and relief heterogeneity. The linearized multidimensional
regression model with absolute deviations minimization was proposed. Unlike existing models, the developed
model relies on the number of physical parameters, e.g. backscattering coefficients, permittivity, roughness, land
cover temperature, vegetation cover parameters, and additional geometric parameters, e.g. the relief elevation,
slope, aspect and orthogonal concave, radar signal local fluctuations and mutual orientation of the relief element
to a sensor. A well-known method for the land surface permittivity estimation was improved by using the dual
polarization radar sensing based on the IEM calibration. Additionally, the model was improved by the computer
assisted soil roughness estimation algorithm implementation. In addition, the theoretical criteria for the function
rupture detection were proposed based on the soil permittivity and roughness tolerance ranges. The theoretical
criteria for the double polarization radar images filtering were also proposed based on the permittivity and
roughness tolerance ranges, which can identify the model disruption cases before estimations. The well-known
method for the land surface temperature estimation, by using visible, near and thermal infrared multispectral
optical data, based on Planck’s law was improved. In particular, the temperature obtained remotely was
recalculated to a temperature at the time of radar sensing.
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