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2. Ground metrological accuracy assurance of space-born Earth Observation units

Pedepar:

1. Incepraris npucBsYeHa PO3BUTKY METOJiB 30BHIIIHBOTO ITiC/IICTAPTOBOTO KaIiOpyBaHHS PafiosIOKaTOpiB i3
CHHTE30BaHOI0 aneptypoto anTeHu (PCA). Po3risHyTi cyyacHi MeToau KaliOpyBaHHS, BUSBJIEHO iX HEJOIKHY,
3aMPONIOHOBAHO HOBI MiAxoAu Ta anroputMu. O6'€KT JOCTiIKEHHS — pafiodisnyHi MeToay AUCTaHIiIIIHOTO
30HJyBaHHS, 06p06JII0BaHi HM(POBi curHany y BUrisii cneuuikoBaHUX paiiosoKaliiHuX Ta iHppauepBOHUX
300pa’keHb [10BEepxXHi 3emili 3i crienianbHUM Kani6pyBajJbHUM IPUIAAASIM 260 3 aHTPOIIOTEHHUMU CIIOpYyIaMU,
€JIEKTPOMArHiTHI NI0Jis i XBUJI y BiAKPUTIN cucTeMi TpaHCIIOHepa, ix gudpakuis i intepdepeHis. MeTta
IOOCJiIKEHHS — PO3BUTOK METO/IiB 30BHIIIHBOTO MiCJISICTAPTOBOrO KaJlibpyBaHHS pajioI0KaTOPiB KOCMIYHOTO
0a3yBaHHS i3 CMHTE30BaHOIO allEPTYPOIO AHTEHN SIK HABAKJIMBILIOI CKJIa[I0BOi 3a6€3M1€4€HHS SIKOCTi MPOIYyKLii
KOCMIYHOI'0 pafiioJIOKALIITHOTO 3eMJIEOJIsAy. MeTOIU NOCiIKEHHS: METOAM IIPUKIIAIHOL €JIEKTPOANHAMIKY,
30KpPEMa METOJ, FeOMETPUYHOI Teopii Audpaxiii, MeToau Teopii iMOBIpPHOCTEN i cTaTUCTUYHOI pagiodisuky, MeToau
06YNCIIIOBAIbHOI MAaTEMATUKU Ta METOIA €KCIIEPUMEHTANIbHUX JOCTiIKeHb. EKciepuMeHTalIbHEe AOCiIKEHHS

PO3pO6JIEHUX aHTEH IIPOBELIEHO B 6e3JIyHHil Kamepi 3 BinnoBigHuM yctaTkyBaHHsIM (HBY renepaTop, nanopamHUi



BuMiproBad KCXH Tomo). TeopeTnyHe MOAEIIOBAHHS LIMX AHTEH, & TAKOXK CTATUCTUYHMI aHAJI3 JAaHUX Ta
aJIrOpUTMU OO6POOKY CHUIHAJIIB BUKOHAHI Y BUTJIST KOMITIOTEPHUX ITporpam. TeopeTuyHi i IpakTU4Hi pe3ysbTaTu Ta
iX HOBM3HA. Yiepllle BCTAaHOBJIEHA 3aJI€5KHICTh IIMPUHU BiIlYKY Ha TOYKOBUI 00’eKT (KiJIbKiCTb IiKCEJIiB) Bif,
IIMPYHY allepTypy BUKOPHUCTOBYBAHOrO 411 KaniopyBaHHs1 PCA BinorBaya Ta 3alIPOINIOHOBAHMY HOBUN METO],
BU3HA4YE€HHS PO3[inbHOI 31aTHOCTI PCA, 110 103BOJIsIE BUKOPUCTAHHS TPUTPAHHUX KYTHUKOBUX BiloMBayiB pi3HOTO
PO3Mipy. YIOCKOHAJIEHO MaTeMaTUYHY MO/IEJIb 3aJIeXKHOCTI sICKpaBOCTi 300pakeHHsI BifjdrBaya Ha
paziosiokaliiHOMy 300pa’keHHi Bifi e(peKTUBHOI 17101 PO3CilOBaHHS €TAJIOHHUX BifjOMBayiB, 110 pO3TallOBaHi Ha
iICTUIIbHIN OBEPXHI, Ta pO3pO6JIEHO METO], BU3HAUEeHHsI nepenaTHoi ¢yHKuii PCA Ha ocHOBI aHani3y 6inbie 100
pajziosoKaliifHuX 300pakeHb BinouBadyiB. JlicTaB mofanbIInii PO3BUTOK PO3B'SI30K 33a4i BUSIBJICHHS
AHTPONIOTr€HHUX 00'€KTIB HA MOHOXPOMHUX 3HiMKax 3emili. Po3pobieHnii anroputm He NOTpedye 4iTKOi
crienmdikauii popmu abo TpeHyBaJIbHOTO HAOOPY AaHUX. YIleplle [1jisl PO3B's13aHHS 33[1a4i CTBOPEHHS
BHCOKOe(EKTUBHOTO "TOYKOBOro" BiiovBaya /151 HA3eMHUX €TaJOHHUX IIOJIiTOHIB 3aIIPOTIOHOBAHO aKTUBHUM
paziosiokalifiHMIl BifIOBiNaY-peTPAHCSTOP (TPAHCIIOHAEP) 3i C/1abKOCIIPSIMOBAaHUMU IPUMMAJIbHOIO i
IepeiaBajbHOK aHTEHAMHU Ta MiKPOXBUJIbOBUMM MiJICUIII0BAaYaMU 3 BUCOKUM KoeQillieHTOM MiJiCUIeHHSI.
[IpanesgaTHiCTh TPaHCIIOHAEPA MIATBEPIKEHO B IPIMOMY Ha3€eMHO-KOCMIYHOMY ekcriepuMeHTi 3 PCA KocMiYHOTO
arapara «TerraSar-X». OTpuMaHi pe3yJbTaTy Ta po3po0JieHi MeTOAM BUIIPOOYBaHi Ta BIIPOBAIKEHi B IIPAKTUKY IIPU
30BHiIIHbOMY KasibpyBaHHi PCA xocMiuHux anaparis «Konpop-9» ta «Terrasar-X» B nepiof; eKCliepuMeHTaIbHUX

BUIIPOOYBaHb I1i/ICYITyTHUKOBOTO Kaji6pyBasbHOTo noslirony «Ckpunamui» HKAY B 2012-2016 pp.

2. The thesis is devoted to the improving of methods of a synthetic aperture radar (SAR) vicarious calibration.
Modern methods of the calibration are considered, their disadvantages are revealed, new approaches and
algorithms are proposed as well. Research objects: radiophysical methods of a remote sensing, specified radar and
infrared images of the Earth with shown special calibration devices or buildings which should be processed as
digital signals, electromagnetic fields and waves in an external transponder system as well as their diffraction and
interference. The purpose of the research is the development of vicarious calibration methods for space-based
synthetic aperture radars as the most important component of quality assurance of Earth observation from space
radars. Research Methods: applied electrodynamics methods, including geometric diffraction theory, probability
theory and statistical radiophysics methods, computational mathematics, and experimental research methods as
well. The experimental study of developed antennas has been carried out in an anechoic chamber with the
appropriate equipment (microwave generator, VSWR meter, etc.). The theoretical modeling of these antennas, as
well as statistical data analysis and signal processing algorithms have been performed as computer programs.
Theoretical and practical results and their novelty. It is established for the first time the correlation between the
point-target response width (number of pixels) with the reflector aperture dimensions, which is used to
calibration. The advanced method for determining a SAR resolution which allows to use triangle corner reflectors
of various sizes has been proposed as well. The mathematical model of the SAR output signal dependence versus
the Radar Cross-section of reference reflectors, which are located on the scanned surface, is improved. The
appropriate method for detailed evaluation of the transfer function and sensitivity of the SAR, which is based on
more than hundred radar images of corner reflectors is developed as well. It is got Further development of
building extraction task from grayscale images of an Earth surface. The algorithm doesn’t need to specify the
typical object shape precisely and does not require a training dataset at all. It is proposed for the first time, the
transponder with low-directional receiving and transmitting antennas and high gain microwave amplifiers as the
high-performance point-target (reflector) for the ground test-site. The performance of the given transponder has
been confirmed through the vicarious calibration campaign with the «TerraSar-X» spacecraft SAR. The obtained
results and developed methods have been tested and put into practice during the vicarious calibration campaign of
the "Condor-E" and "TerraSAR-X" space-born SARs. It has been done during the experimental testing and adoption
stage of the calibration test site "Skripali" which has been supervised by the National Space Agency of Ukraine
(NSAU) in 2012-2016.
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