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Pedepar:

1. O6’eKT moCimKeHHS - MPolleCc OTPUMAaHHS iHOOPMATUBHUX O3HAK PAIiONOKAIMHUX 00'€KTIB AJIs iX
pO3Mi3HaBaHHS 3a NOJSPU3ALITHUMU XapaKTepPUCTUKAMU; MeTa IOCiTKeHHS - MMiTBUIIEHHS SIKOCTi po3Mi3HaBaHHS
MaJIOPO3MipPHUX PaioJIOKaLiliHMX 00'€KTiB i3 3aJaHNMU €J1IeKTPOQi3NYHNMY BJIACTUBOCTSIMU Ha (POHI 3aBaf, Bif,
HiACTUIBHOI TIOBEPXHi y peajlbHOMy MacuTabi yacy; MeToy AOCTiIpKeHHs - METOAY Teopii NoIsIpuMeTpUIHNX
CUTHAJIiB CTOCOBHO PajliOJIOKALiMHUX CUCTEM; METOIY TEOPii IMOBIPHOCTI Ta MaTEMATUYHOI CTATUCTUKU [1J151
11o6yJ0BY OMNUCIB KJIACiB 00'€KTiB; METOYU CTAaTUCTUYHOTO MOJIE/IIOBAHHS M1 IPOBEJEHHS iMiTal[iiHMX
€KCIIepUMEHTIB; MeTOoiU Teopii iHdopMaliii 15 BusiBJIeHHS] iHPOPMATUBHUX O3HAK 00'€KTiB PO3Mi3HABAHHS; METOI

CTaTUCTUYHOI TeoPii IPUIHATTS pilleHb AJ1s 106yIoBY KilacudikaTopa pafiosoKaliiHUX 00'eKTiB; pe3yIbTaTy -



BUPILIEHO aKTyaJlbHy HayKOBO-IIPUKJIAIHY IPOo6JieMy PO3Ii3HaBaHHS y PeajbHOMY MacIITabi 4acy Majiopo3MipHUX
paziosiokaLifiHUX 00'eKTiB B yMOBaX alpiopHOI HEBM3HAYEHOCTI iX XapaKTePUCTHK 32 MOJISIpU3aLliiHIMU
napaMeTpami BilOUTHX CUTHAJIiB; HOBU3HA - BIIEPILE 3alIpOIIOHOBAHO MaTeMAaTU4HYy OIlepaTOPHY MOJeJlb
PaziosIoKaLifHOro 00'€KTY, SIKa Hala€ PO3IiIbHUI ONUC IEPETBOPEHD AMIUIITY 1Y, a3y Ta MOJISIpU3allii BifoUTOro
CUTHAJIy HE3aJIEXKHO Bifl NOJISAPU3aLiMHUX [TapAMETPIB CUIHAJY 30HIYBaHHS, 110 HAJal0 MOXKJIMBICTb BUSABJIEHHS
HOBUX iHGOPMATUBHUX MOJISIPU3AL[IHUX O3HAK [IJIs1 PO3IIi3HABAHHS PA/Ii0JIOKALiTHUX 006'€KTIB; BIIepIie
3aIpPOIIOHOBAHO iHBAapiaHTHI N0JIpU3alliliHi 03HaKM pPafliosoKaLiliHOrO 00'eKTY, SIKi 3aj1e’KaTh TiJIbKYU Bif
reOMEeTPUYHUX Ta €JIeKTPOPI3NIHUX XapaKTEPUCTUK 00'€KTY i € MaTEMAaTUYHO B3a€MOHE3aIeXKHUMY, 110 HAZIAJIO
MOSKJIMBICTb IMiJIBUIEHHS iIMOBIPHOCTI PO3ITi3HABAHHS MaJIOPO3MipHUX 00'€KTIB Ha TJIi MiICTUILHOI TOBEPXHI;
BIIepIlle PO3PO6IEHO METO/I OL[iHKY [TapaMeTpiB MaTEMaTUYHOI OTIepaTOPHOI MOAEJI, SKU J03BOJISIE 3HAXOAUTHU
OLIiHKM NOJIIpU3aLiiHMX IepelaTHUX (PYHKLIN 32 pe3yIbTaTaMy BUMIPiB NOJISIPU3ALIMHOI MaTpULLi
paziosokaLifHOTO 06'€KTY, 10 LO3BOJINJIO €KCIIEPUMEHTAJIbHO OLiHUTH 3aKOHU PO3IIOLiTy HOBUX MOJISIPU3ALITHUX
O3HaK peasibHUX MajlopO3MipHUX PafiioNoKaliiHUX 00'€KTIB Ta MiJCTUIBHUX ITOBEPXOHB; BIIEPIIIE POBENEeHO
NOPIBHSIIIbHUI aHasi3 iHPOPMaATUBHOCTI [OJISIPU3aLiiHMX O3HAK MAJIOPO3MIPHUX pPafliosIoKaliliHMX 00'€KTIB Ha
I'PYHTi 6araTOBMMiPHUX CTaTUCTUYHUX MOZEJEN, I0OYIOBAHNX 32 €KCIIEPUMEHTAJIbHUMY JAHUMUY, 1O JO3BOJIMIIO
OTPUMATH IOCTATHHO iHGOPMATUBHI BEKTOPHI MOJISIPU3aLiHI 03HAKY [1IJ1SI PO3Mi3HABAaHHS MAJIOPO3MipHUX 06'€KTIB
3aaHoi popmu abo maTepiany, Ha GOHI TUIIOBUX MiCTUIBHUX IIOBEPXOHD; OTPUMaJIa [10JabIINI PO3BUTOK TEOPis
6araTOBUMipHUX HErayCiBCbKUX BUIAJKOBUX IIPOLIECIB - HA I'PYHTI BilOMUX PO3MOAiJiB IMOBipHOCTEN [[)KOHCOHA
PO3pO6JIEHO METOZ, OL[iHKY IIapaMeTpiB CTATUCTUYHOI MOJeJli HerayCiBCbKOro 6araToBUMipHOTO CTalliOHApPHOTO
IIPOLIECY 3 YPaxyBaHHSIM KOPEJISILIMHUX 3B'S13KiB 1Or0 KOMIIOHEHT Ta IOCJIiJOBHOCTE BillJIiKiB 3a
€KCIIEPMMEHTAIbBHUMU JAaHUMH, 10 [A03BOJIJIO OTPUMATU YMCEJIbHI 3HaUEHHS NTapaMeTpiB 6araTOBUMipHUAX
CTaTUCTUYHUX MOJIeJIEN MOJSpU3aLiiHUX 03HaK PeaJbHUX PafiosIoKaliiHUX 00'€KTIB Ta MiICTUIIBHUX [IOBEPXOHB;
OTpPUMAaJIa MMOJANIBIINN PO3BUTOK TEOPist iHOPMATUBHOCTI TapaMeTpPiB CUTHAJIB - PO3PO6IEHO METO I OL[iHKU
PO3pPi3HIOBAaHOCTI MHOXXMHM KJIaciB 06'eKTiB 32 BEKTOPHOIO O3HAKOIO 3 HErayCiBCbKUM 3aKOHOM PO3IOJiTy
JIMOBIPHOCTEH, IKUI HE 3aJIeKUTh BiJl METOAY NNPUMHATTS pillleHb Ta IPUAATHUH [1JIs1 aHAJIi3y iHPOPMaTUBHOCTI
O3HaK 3 HerayciBCbKMMU 3aKOHaMU PO3IO/iy HaBiTh y BUIaIKaxX MOBHOTO MACKYBaHHS OJJHOTO 3 KJIaciB 06'eKTiB
iHIIMMU, 10 03BOJISIE BUSIBIISITH O3HAKY, SIKi IPYIYIOTh 00'€KTH Y KJIacH 3a iX eseKTpodisnyHuMU Ta
reOMETPUYHMAMMU BJIACTUBOCTSIMY, Ta BUSIBJIITU CYKYITHOCTi O3HAK, 110 320€3I1€4yI0Th N0IpU3aLiiHN KOHTPACT
MasIopO3MipHUX 00'€KTIB Ha TJIi MiICTUIbHOI IOBEPXHI, JOCTATHIN /J1s ixX po3Mni3HaBaHHS; OTpUMaa NOJaJbIINN
PO3BUTOK TEOPis MPUIHSTTS PillleHb 32 YMOB alpiopHOi HEBU3HAYEHOCT] - pO3p006JIEHO METOJ, IIOJIIpU3aLiliHO-
iMoBipHicHOi QinbTpalii, ssKuit He noTpebye anpiopHoi iHPopmaliii A0 3aKOHIB PO3MOAiNY O3HAK MifCTUIBHO]
[IOBEPXHI, 110 3a0e3Ieyye po3Ii3HaBaHHs 00'€KTiB 3 33JaHMU FT€OMETPUYHUMU Ta €J1eKTPOQiZUIHUMU
BJIACTUBOCTSMMU 34 [OJIAPU3ALTHMMY O3HaKaMU Ha TJIi MiCTUIIbHOI IOBEPXHI 32 YMOB allpiopHOI HEBU3HAYEHOCT]
oo ii monspu3aniiHNX XapakTePUCTUK; OTPUMAIa MOJAJIbIINYI PO3BUTOK T€OPis aBTOMATUYHOI Kinacudikarii
00'eKTiB AUCTAHLITHOTO 30HAYBaHHS - pO3p00JIEHO METOM, aBTOMAaTUYHO] Kacudikalii pagiosokauiiHuX 06'eKTiB
3a iX noJIsIpU3alifHIMK O3HAKaMU 3a KpUTEPieEM MiHIMaJIbHO-IO0CTATHBOI KiIbKOCTI iH(pOopMallii 1py anpiopHO
HEBiZOMIl KiIbKOCTI K71aciB 06'eKTiB, SIKMI MOKe BUKOPHUCTOBYBATHCS y peaIbHOMY 4aci Ta 103BOJISIE
ineHTH}iKyBaTH 06'€KTH 32 iX NONIpU3ALHHMMU O3HAKaMU, 1110 HAZJa€ MO>KJIMBICTh aBTOMATUYHO y NIpoLieci
[I0JIbOTY BUSBJIATU 3MiHY THUIIY MiICTUILHOI IOBEPXHI Ta KOPETYBATH CKJIaf, CYKYITHOCTI IOJISPU3aLiiHAX O3HAK, SIKi
BUKOPUCTOBYIOTbCSI [I7151 PO3I1i3HaBaHHS MAJIOPO3MiPHUX 00'€KTiB Ha (OHI MiiCTUIbHOI TOBEPXHI; CTYIiHb
BIIPOBaKeHHS - y IHcTUTyTI panmiodisuku Ta enekTpoHiku iM. O. f. YcukoBa HAH Ykpainuy, y AIT HIOTII "Coro3s", y
IHcTUTYTI TEIEKOMYHIKallil i ro6anbHOro iHpopMatitHoro npocropy HAH Ykpainy; ranysb BUKOPUCTaHHS -
TeJIEKOMYHiKallii Ta pafioTexHika.

2. Object of the research - the process of receiving informative signatures of radar objects for their recognition by
polarization characteristics; Aim of the research - enhancing quality of real-time recognition of small radar objects
with given electro-physical properties against the background interference from an underlying surface; Methods
of research - the methods of polarimetric signals theory applied to radar systems; the methods of probability
theory and mathematical statistics for description of objects classes; the methods of statistical modeling for



simulations; the methods of information theory for revealing informative signatures of recognition objects; the
methods of statistical decision-making theory for radar objects classifier construction; results - the relevant
applied scientific task of real-time recognition of small radar objects in the conditions of a priory uncertainty as to
their characteristics by polarization parameters of backscattered signals is solved; novelty - for the first time a
mathematical operator model of a radar object that gives separate description of transformations of amplitude,
phase and polarization of the backscattered signal independent of sensing signal polarization parameters is
suggested, which provided the possibility of revealing new informative polarization signatures for radar objects
recognition; for the first time invariant polarization signatures of a radar object that depend only on geometric and
electro-physical characteristics of the object and are mathematically independent are suggested, which allowed
increasing probability of recognition of small objects against an underlying surface; for the first time a method for
estimating parameters of the mathematical operator model that allows receiving estimates of polarization transfer
functions from the results of the radar object polarization matrix measuring is developed, which allowed
estimating distributions of new polarization signatures of real small radar objects and underlying surfaces
experimentally; for the first time on the basis of multi-dimensional statistical models received in field experiments
a comparative analysis of informativity of the polarization signatures of small radar objects was carried out, which
allowed receiving quite informative vector polarization signatures for recognizing small objects with given shapes
or of given materials against common underlying surfaces; the theory of multi-dimensional non-Gaussian random
processes is further developed, namely on the basis of the known Johnson distributions a method for estimation
parameters of the statistical model of a non-Gaussian multi-dimensional stationary process with account of
correlation of its components and sample sequences by experimental data is developed, which allowed receiving
numerical values of parameters of multi-dimensional statistical models of polarization signatures of real radar
objects and underlying surfaces; the theory of signal parameter informativity is further developed, namely a
method for estimating distinguishability of a set of object classes by the vector signature with non-Gaussian
distribution that does not depend on the decision-making method and is applicable for analysis of informativity of
signatures with non-Gaussian distributions even when one object class is fully masked by other classes, which
allows revealing signatures that group objects into classes according to their electro-physical and geometrical
properties and revealing combinations of signatures that ensure polarization contrast sufficient for recognition of
small objects against a background of an underlying surface; the theory of decision-making in the conditions of a
priory uncertainty is further developed, namely a method of polarization-probability filtering that does not require
a priory information concerning underlying surface signatures distributions is developed, which ensures
recognition of objects with given geometrical and electro-physical properties by polarization signatures against
the background of the underlying surface in the conditions of a priori uncertainty as to its polarization signatures;
the theory of automatic classification of remote sensing objects is further developed, namely a method for
automatic classification of radar objects by their polarization signatures over the criterion of minimal sufficient
quantity of information at a priory unknown number of object classes is developed; this method can be applied in
real-time and allows indentifying objects by their polarization signatures; extent of adoption - O.Ya. Usikov
Institute for Radiophysics and Electronics of National Academy of Sciences of Ukraine, Institute of
Telecommunications and Global Information Space of National Academy of Sciences of Ukraine and State
Enterprise Research and Design Institute 'Soyuz'; sector of implementation - telecommunications and radio
engineering.
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