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2. Synthetic-aperture multi-polarization radar data informativity enhancement technique

Pedepar:

1. Y cyyacHOMY CBiTi MiKpO-, MAKPOEKOHOMIKH IOCTa€ HEOOXiIHICTb KOHTPOJIIO, OL[iHKY, IPOTHO3YBaHHS PU3UKIB,
CTaHy, pe3yJIbTaTiB TOwwO. [yist 3abe3neyeHHs TaKUxX [10TPed BKpail HEOOXiTHUM € 3aJIy4YeHHSs BEJIMKUX 00CSTiB
BiITIOBiHNX JaHUX. 3aBMSKU CbOTOICHHOMY CYITyTHUKOBOMY ITIOKPUTTIO Ta METOJAM AUCTAHILITHOTO 30H/AyBaHHS
3emui ([133) cTae MOKJIMBUM OTPMMAaHHS JaHUX PO 3€MHi 00'€KTH, PAKTUYHO, 3 6yIb-5KOi AiJITHKU 3€MHOI
IIOBEPXHI SIK Y BEJIMKMX MacuTabax, Tak i B KOPOTKi TepMiHU. BaskIMBOIO SIKICHOIO XapaKTEPUCTUKOIO JAHUX
IVCTaHLiIMHOrO 30HIYBaHHS 3eMli € iX iHpOpMaTUBHICTb, SIKa BiATIOBiJla€ 3a KijIbKicTh KOpUCHOI iHdopMallii 1is
BUDIllIEHHS KOHKPETHOI TEMATUYHOI 3a7a4i. A TOMYy, 171 Pi3HUX 3a/a4 Lel TapaMeTp € pi3HUM. BpaxoByouu Juiie
3pOCTaloyi oTpedu y 6inblll SKICHUX JaHUX AJ1s1 OTPUMaHHS Gi/IbII TOYHUX Pe3yJIbTaTiB, MMiBUIIEHHS

iH(OPMATUBHOCTI CYITyTHUKOBUX 300pakeHb € aKTyaJbHOIO 33/1aYel0 HUHIIHBOTOo yacy. OTXe, MeTOIo Liiei poboTu €



nifgBUIEeHHS iHPOPMATUBHOCTI KOCMiYHMX 3HIMKIB, OTPMMaHMX 32 IONIOMOTOI0 6araTonoJisIpu3aliiHoro pajapy 3
CHHTEe30BaHOI0 aneptypolo (PCA), misxoM BUKOPUCTAHHS CyYaCHUX HAYKOBUX HAIPALIOBaHb [1JIS1 pO3POOKU
BiINIOBiHOI METONUKU. [y JOCSTHEHHS 3a/1aHOi MeTH Tepe0ayeHO BUKOHAHHS KiJIbKOX HAYKOBUX 3aB/IaHb,
[epHIMM 3 SIKUX IIOCTaB aHaJi3 iCHYIOUMX METOXIB MifBUIIEeHHS iH(POPMATUBHOCTI CyIIyTHUKOBUX 300Pa’K€Hb, Ta
BCTaHOBJIEHHS B3a€MO3B'S3Ky iH()OPMATHUBHOCTI 3 IPOCTOPOBOIO PO3Pi3HEHHICTIO. B IKOCTi pajiiosoKaliiiHUX JaHuX
3 CUHTE30BaHOI0 anepTypoio 6yj10 06paHo 3HIMKY OTpHUMaHi 3 Cy3ip’s CyIlyTHUKIB paflioioKaliiiHOi cucTeMu
Sentinel-1. Tak sk gaHui CyNyTHYUK HaJla€ JaHi B 0A4pas3y ABOX I0JSIpU3allisiX, O4Ha 3 SIKMX 30iraeTbcs y
BUINIPOMiHIOBAHOMY Ta IPUNMAJIbHOMY PEKMMaX IOJISIpU3aLiil €JIEKTPOMAarHiTHOIO iMITyJIbCY, a iHIIa MICTUTD
MIXXIOJISIPU3aLifiHy CKJIaJIOBY, TO [JIsl ITO0JIAHHS [IPO6JIeM Hey3roIyKeHOCTi Ta Pi3HOPiTHOCTI TaHUX 6yJ10
PO3p06JIEHO MOJIEJi CYITyTHUKOBOTO 3BOPOTHOTO PO3CilI0OBaHHS PalapHOro CUTHAJY 3 MOAAJIBIIMM X
BMKOPHCTAHHSIM B QJIFTOPUTMI 3B€JI€HHSI Pi3HOMOJISIPU3ALIIMHNAX JAHUX B CIiIbHY (i3UYHY BEJIMYUHY — Oi€J€KTPUYHY
IIPOHUKHICTh 3¢ MHOi IIOBEPXHi. 3 METOIO MiABUILEHHS IIPOCTOPOBOi PO3Pi3HEHHOCTI 6YJI0 pO3p06IEHO
MaTeMaTUYHy MOJZIeJIb CUHTE3Y CYIlyTHUKOBUX 300pa’K€Hb 3 HU3bKOIO IPOCTOPOBOIO PO3PI3HEHHICTIO Y €j1HE
IBOKPATHO 30i/IbllIEHE 300paKE€HHS! MiJIBULILEHO] IPOCTOPOBOI PO3Pi3HEHHOCTI Ta BiANOBIGHUI aITOPUTM, 1O ii
peadnisye. O1iHKa JOCATHYTOrO pe3yibTaTy — MiABUIIEHHS iHGOPMATUBHOCTI PaJapHUX JaHUX — OyJia IpoBeieHa
KiJIbKiCHO TTOPiBHSIHHSM (PAaKTUYHUX IIPOCTOPOBUX PO3Pi3HEHHOCTEN BXiIHUX Ta BUXiTTHOTO 300paXkeHb. B CBOIO
yepry pakTUuHi IPOCTOPOBi PO3Pi3HEHHOCTI OLiHIOBAJIMCS METOLAMU IIPOCTOPOBO-YaCTOTHOTO aHali3y yepes
anpokcuMoBaHi pyHKUii nepenadi mopynauii (PIIM) nudposux 306pakens. HaykoBa HoBU3HA Briepie po3pobiaeHo
METOJIMKY IifBuIleHHS iHPOPMaTUBHOCTI KOCMIUYHMX 3HIMKIB, OTPUMAaHUX 32 JOIIOMOTOI0 6araTornosipu3aniitHoro
pajapy 3 CUHTe30BaHOIO anepTypolo. MeToauka 3abesneyye MifiBUIIeHHS IPOCTOPOBOi PO3Pi3HEHHOCTI BUXiIHOTO
paziosioKaliffHOro 306pakeHHs 3a PaxyHOK CIIiJIbHOI Cy6IIiKces1bHOI 0OpOOKU KiJIbKOX BXiZTHUX 300pa’keHb,
OTPUMAaHUX B KOXKHIl NOJIIPU3aLlii OKpeMO Ta NEPEBEEHUX 10 €OUHOI (Pi3NYHOI BEJIMYMHY, TPUTAMAHHOI 3€MHOI
MIOBEPXHi — JieJIeKTPUYHOI IPOHUKHOCTI, IIOPCTKOCTI, BOJIOTOBMICTY Ta Take iHie. B pe3yabTaTi TakOro
[IEPETBOPEHHS CTA€ MOKJIMBUM KOPEKTHO 3aCTOCYBATU QJITOPUTM HAJPO3Pi3HEHHOCTI 10 CYKYITHOCTI
pi3HONOAPU3ALIMHUX PaLlioNOKALIMHUX 300paXkeHb. YIO0CKOHAJIEHO MOIeJb IIEPETBOPEHHS Pi3HOIOSIPU3aLiHUX
PalapHUX JAHUX B Jli€JIEKTPUYHY IIPOHMKHICTb 36 MHOI IIOBEPXHI LIJIIXOM HaKJIaJaHHS (Pi3UYHO 06YMOBJIEHUX
00Me>KeHb Li7IbOBOI BEJIMUUHM Ta 3aCTOCYBaHHS iTepaLiliHOro NpsiMoro-o6epHEeHOr0 MOJIEJIIOBaHHS BilOUTOTrO
PaziosoKaLifHOrO CUTHaly. YIOCKOHAJIEHO aJTOPUTM BiJHOBJIEHHS CIIiJIbHOTO 306pa>X€HHSI CyOIiKCeIIbHO]
PO3Pi3HEHHOCTI i3 Ha6Opy CYNYTHUKOBUX 3HIMKIB 32 paXyHOK MOro ajanTaiiii 1o pafiosoKaliiHuX JaHuX, IKa
II0JISITa€ B 3aCTOCYBaHHI J0AAaTKOBOI crieks-(dinbTpalii 6e3rnocepenHbo B YaCTOTHINM 06J1aCTi, e BUKOHYETHCS i BCS
iHma o6po6ka. [IpakTuyHa 3HaUYMMICTb 3a pe3ysibTaTaMU €KCIIEPUMEHTAILHOTO TECTYBaHHS Ha 6araThbOx peajlbHUX
I BOIOJISIPU3ALIIMHUAX PaJapHUX 300paKEHHSIX po3po0byieHa METOIMKA 3a0€3I1e4Ynsia, B CEPEIHbOMY, MiJ|BUIIEHHS
inpopmaTuBHOCTI Ha 85.4 %. OKpiM BjIacHe NifBUILIEHHS iIHPOPMATUBHOCTI MaTepiasiB 6araTonosspu3aLiiHoro
pPaJapHOTro 3HiMaHHS 3alpOIIOHOBaHA METOAMKA 3abe3Ieyye BilTBOPEHHS IIPOCTOPOBOTO PO3IOLiNY LilbOBOI
(}isn4HOI XapaKTepUCTUKU 3€MHOI IIOBEPXHi NiJBUIIEHOI PO3Pi3HEHHOCTI, 1110 BiANOBifae cy4yacHii konuenuii ARD
(analysis-ready data), sika nepen6adyae OTpPUMaHHS 3 CUPUX CYIyTHUKOBUX JAHUX KapT QiznyHNX /6i0(Pi3snIHUX
IapaMeTpiB 3eMHOI IIOBEPXHi, 3p03yMinnx QaxiBLSIM 3 TEMATUYHUX HA3€MHUX JOCIIiIKeHb. PO3po6ieHy MEeTOAMKY
MO>KHA 3aCTOCOBYBATH JJI51 TAKAX TEMAaTUYHUX 3371a4 CIIOCTEPEKEHHS 3€MJIi IK €KOJIOTIYHUNA MOHITOPYHT,
reoizryHe KapTyBaHHS, IOLUIYK KOPUCHUX KOIAJIMH, IPOTHO3YBAaHHS AeTpafalii 3emeib, JOCiIKEeHHS
KJIIMaTUYHUX 3MiH Towo. KJt04oBi c10Ba: AuCTaHIiliHe 30HAYBaHHS 3emai ([33), cynyTHUKOBI faHi, pagap i3
CHHTEe30BaHo10 anepTypoto (PCA), koedillieHT 3BOPOTHOTO pO3Cit0BaHHS, JieJeKTpUYHa IPOHUKHICTb,

HaJpo3pi3HEHHICTb (Superresolution), cybmnikcesabHa 06podka

2. In modern world of micro-, macroeconomy the ability for risks, status, results control, assessment or forecast is
necessary. To supply growing demands big amounts of relevant data must be provided. Owing to recent satellite
coverage and remote sensing methods, it is possible to retrieve huge extent of land objects data, practically, from
any point of the land surface in a remarkably short time. An important qualitative characteristic of Earth remote
sensing data is their informativeness, which is responsible for the amount of useful information for solving a
specific thematic problem. Therefore, this parameter is different for different tasks. Taking into account growing



needs for high quality data in order to obtain more accurate results, satellite imagery informativity enhancement is
a relevant task of nowadays. Thus, the aim of this work is to increase the informativity of space images obtained
with a multi-polarization synthetic-aperture radar (SAR), by using modern exploratory works to develop the
appropriate technique. To achieve the given goal, it is envisaged to perform several scientific tasks, the first of
which was the analysis of existing methods for satellite imagery informativity enhancement, and the relationship
between informativity and spatial resolution establishment. The satellite images obtained from the constellation of
satellites of the Sentinel-1radar system were chosen as the source SAR data. Since this satellite provides data in
two polarizations at once, one of which coincides in the emitted and received polarization modes of the
electromagnetic pulse, and the other contains an interpolarization component, the models of satellite radar
backscattering signal were developed to transform different polarization data into a common physical quantity -
dielectric permittivity of the land surface. In order to enhance the spatial resolution, a corresponding
mathematical model and algorithm for the low spatial resolution satellite images fusion into a single two-fold
enlarged image of enhanced spatial resolution, were developed. The assessment of the achieved result - radar data
informativity enhancement - was carried out quantitatively by comparing the actual spatial resolution of the input
and output images. In turn, the actual spatial resolutions were estimated by the methods of spatial-frequency
analysis through the approximate modulation transfer functions (MTF) of digital images. Scientific novelty For the
first time a technique for multi-polarization synthetic-aperture radar data informativity enhancement technique
was developed. The technique provides an enhancement in the spatial resolution of the output radar image due to
the joint subpixel processing of several input images obtained in each polarization separately and converted into a
single physical value inherent in the land surface - dielectric permittivity, roughness, moisture content, and so on.
As a result of such transformation, it becomes possible to correctly apply the superresolution algorithm to a set of
different polarization radar images. The model for converting multi-polarization radar data into dielectric
permittivity of the land surface has been improved by imposing physically determined limitations of the target
value and applying iterative forward-inverse modeling of the reflected radar signal. The algorithm for restoring a
joint image of subpixel resolution from a set of satellite images has been improved by its adaptation to the radar
data, which consists in applying additional speckle filtering directly in the frequency domain, where all other
processing is performed. Practical implications According to the results of experimental testing on many actual
dual-polarization radar images, the developed technique provided, on average, an enhancement in spatial
resolution by 85.4 %. In addition to actually enhance the informativity of multi-polarization radar imaging
materials, the proposed technique provides restoration of the spatial distribution of the target physical
characteristics of the land surface with enhanced resolution, which corresponds to the modern concept of ARD
(analysis-ready data), which means obtaining from raw satellite data maps of physical /biophysical parameters of
the land surface that are understandable to experts in applied ground-based studies. The developed technique can
be used for such Earth observation applications as: environmental monitoring, geophysical mapping, mineral
exploration, land degradation forecasting, climate change research, etc. Keywords: Earth remote sensing, satellite
data, synthetic-aperture radar (SAR), radar backscattering coefficient, dielectric permittivity, superresolution,
subpixel processing
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KBasmigikanis: x.1.1., gouenr, 05.07.12
InenTudikarop ORCID ID: 0000-0001-6206-3988
JoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0C00H: HanioHanbHuit aepoKocMiuHmil yHiBepcuTeT iM. M. €.

JKyxkoBcbKOro "XapkiBCbKUH aBiallilHUI iHCTUTYT"

Kopg 3a €IPIIOY: 02066769

Micue3HaxoaKeHHS: ByJI. UkasnoBa, 6yx. 17, XapkiB, XapkiBcbkuil p-H., 61070, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Koxan Cgitnana CraHicjaBiBHa

2. Svitlana S. Kokhan

KBasigikamis: 1.1, npodecop, 05.07.12
ImenTudikarop ORCID ID: 0000-0002-6009-7591
JoparkoBa iHdpopmamuist:

TloBHe HaliMEeHYBaHHS IOPHUAHUYHOI 0COOM: [lepkaBHa ycTaHOBa "HayKOBUI LIEHTP a€POKOCMIYHUX

mociigkeHb 3emii IHCTATYTY reosioriyHMx HayK HarjionanpHOI akagemii Hayk YkpaiHn”
Kopg 3a €IPIIOY: 04778363

Micue3HaxoaKeHHS: Bynuug Onecs ['oHvapa, 6yp. 55-6, Kuis, 01054, YkpaiHna
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: HanjjonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. XuxHsk AHHa BacuitiBHa

2. Anna V. Khyzhniak

KBasigikanis: k.r.u, c.z., 05.07.12
Inentudikatop ORCID ID: 0000-0002-8637-3822
JoparkoBa iHdpopmamist:

TloBHe HaliMeHYBaHHS IOPHUAHUYHOI 0COOM: [lepskaBHa ycTaHOBa "HayKOBHIL LIEHTP a€POKOCMIYHUX

nociigkeHb 3emii IHCTATYTY reosioriyHMx HayK HarjionanpHoi akagemii Hayk YkpaiHn”

Kopg 3a €IPIIOY: 04778363



Micue3HaxoaKeHHS: sysuus Onecs Fonyapa, 6y, 55-6, Kuis, 01054, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI

TOJIOBH paju
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

AprTiomeHnko Muxaiio BitaniioBny

ApTiomenko Muxaiiino BitaniioBud

l'ony6os Cranicsias IBaHOBUY

VKpIHTEI

FOpuenko TetsiHa AHaTOJiiBHA



