AHOTALIIA

Pybenv  Anopiti  Cepeitiosuy.  MeToau  CepBICHO-OPIEHTOBaHOI  0OpOOKH
OaraTokaHaJIbHUX 300pa)K€Hb MUCTaHIlIHOTO 30HAYyBaHHSA. — KBamidikariiiHa HaykoBa
npalls Ha TpaBax pyKOIHCY.

Jucepratiist Ha 3700yTTS HAyKOBOTO CTymeHs AOKTopa (igocodii 3 ramysi 3HaHb
17 EnexTpoHika Ta TelneKOMyHIKalii 3a cneuianbHicTIO 172 «TenexomyHikamii Ta
pagioTrexHikay. — HamionansHuit aepokocmiunmii yHiBepcuteT iM. M. €. JKykoBchkoro

«XapKiBCbKUH aBlallfHUI IHCTUTYT», XapkKiB, 2020.

HucepraiiiiiHa po6oTa NpUCBsYEHA YIOCKOHAJICHHIO Ta po3po0Ill HOBUX €(EeKTUBHUX
CEPBICHO-OPIEHTOBAHUX METO/IIB Y 3aCTOCYBaHHI 0 00pOOKH OaraTokaHaJIbHUX 300paKeHb
JTUCTAHIIIHHOTO 30H1yBaHHA. O0’€KTOM JOCIIIKEHHS € TIpoliec 00poOKM OaraTokaHaIbHUX
300paxkenb J[33, cnorBopeHux mymoM. [IpeameTom AOCTIIKEHHS € METOJIU CEepPBICHO-
OpieHTOBaHO1 00pOOKHM OaraTokaHaJbHUX 300paxkeHsb J[33.

VY po0OTi BUKOHAHO aHAIITUYHUHN OTJISAJT OCHOBHUX XapAaKTEPUCTUK CyYaACHUX CUCTEM
J133, cepBiciB 1 MeTOAIB 00pOOKH, IO HAMAKOTHCS TAKUMHM CUCTEMaMHU, a TaKOX THIH 1
XapaKTEPUCTUKHU 300pakeHb pi3HUX cucteM J[33 Ta mMojeni NpucyTHHOrO Ha HUX IIyMY.
BcranoBnieHo, 1m0 OCHOBHMM (PAaKTOpPOM, SIKHM 3HAYHO TMOTIPIIYE SAKICTh OTPUMAHHMX
300paxenb [[33, € HasBHICTH JOBOJII IHTEHCHUBHHUX IIyMiB, Kl OaxaHo Bumaisatu. lle
3YMOBJIIOE€ 3aCTOCYBaHHA METOAIB (iIbTpallii 300pakeHb 3 METOI0 MPUAYIICHHS
MPUCYTHBOTO HA HHUX IIyMy. BusBieHO, IO iCHYIOUI METOAU (iIbTpalli He 3aBXKIu
3a0€3MeuyoTh MIJBUILECHHS SKOCTI 300paKeHHS Tichsa ix 3actocyBaHHA. OCHOBHa
mpo0sema, 3 sIKOT CTUKAIOThCS ICHYI0U1 MeTOH (PinbTpallii, € 00poOKa JOKaTHHO-aKTUBHUX
TIUISTHOK  300pa)K€HHS, TOOTO OKOJIB MEX, MaJOpO3MIpHUX OO €KTIB 1 TEKCTYp.
3actocyBanHs (iIbTpaIli Moke BHOCHTH JOJATKOBI HeOakaHi apTedakTh 1 HaaMipHE
3TJa/DKyBaHHS  JIOKQJbHO-aKTUBHHUX JUISHOK 300pak€Hb, IO MOXKE TMOTIPIIUTU
e(eKTUBHICTh PO3B’SI3aHHS 3aBJlaHb TMOJAJBIIMX €TamiB OO0poOKH 300paXkeHb 1 He
3aJIOBUTHHUATU TOTPEeOU KIHIEBUX KOPHUCTYBadiB NP HAJAaHHI Pi3HUX CEPBICIB 00pOOKHU

nanux J133. TlokazaHo, 110 1HKOJIM MO3UTHUBHUM €(deKT Bia 3acToCyBaHHS (inbTparllii €



HE3HayHUM ab0 MO’Ke B3arajii He iICHyBaTH, TOMY BapTO BIIMOBHUTHCS BiJ il 3aCTOCYBaHHS,
0 JO03BOJUTH 3a0LIAAUTH dYac O0OpoOku 1 oOuucmioBanbHi pecypcu. [lokazano
HEOOX1THICTh YJIOCKOHAJICHHS 1 pO3pOOKH HOBHUX METOJIB MPOrHO3YBaHHS €(PEKTHUBHOCTI
¢iapTpamii Ta MOKa3HHWKIB (Mip) SKOCTI MEPBHHHHMX 300pakeHb JI33 miis BU3HAUCHHS
JOIIILHOCTI 3aCTOCYBaHHS (inbTparii.

3a pe3yiabTaTaMd IMPOBEACHOrO aHalizy y pOOOTI TMOCTaBIEHO Ta BHUPIIIEHO
aKTyajlbHe HAYKOBO-NPUKJIAJHEe 3aBAaHHA pPO3POOJIEHHS CEPBICHO-OPIEHTOBAHMUX
MeTo/1B 00poOku 300paxkeHb JI33, siki BpaxoBYyIOTh crielu]iky 3aBaj, 110 MPUCYTHI B
300paKEeHHSX, NI OLIHIOBAHHS MOTEHLINHOI €(eKTHBHOCTI (UIbTpalli 1 BU3HAYCHHS
JOLIIBHOCTI ii 3acTocyBaHHA. Po3po0iieHO MeTon JOKanbHO-aJanTUBHOI (UIbTpamii 13
3aCTOCYBaHHSM TETPOJIET-TIEPETBOPEHHSI, METOJ] MPOTHO3YBaHHS €(hEeKTUBHOCTI (piIbTparlii
Ta METOJl MPOTHO3YBaHHS MOKA3HUKIB (MIp) SKOCTI JIJid MEPBUHHUX 300pakeHs J133 i3
3aCTOCYBaHHSAM 0araTolIapOBUX HEHPOHHUX MEPEXK.

J1J1st BUpIIIEHHSI HAYKOBHUX 3aBJIaHb BUKOPHUCTOBYBAIKCS METOIU T€OPii HMOBIPHOCTEM
1 MaTeMaTH4YHOi CTATUCTUKH, MAaTeMAaTHYHE Ta YHCEIbHE MOJCIIOBAHHS, METOIU
perpecifHoOro aHamizy, Teopis HeJIiHIHHOT GiIbTpallii, METOIM MAITUHHOTO HAaBYaHHS.

Meta aucepTaiiiHoi poOOTH MOJIATae B po3poOIll CEPBICHO-OPIEHTOBAHUX METOJIB
nonepeaHL01 00poOKkH 300pakeHs J[33 miis nmigBuIeHHS e(PEKTUBHOCTI HACTYITHUX €TaIliB
00poOKH, 30KpemMa pPo3poOIll METOIIB OIIHKH SKOCTI TepBHHHUX 300paxeHb JI33 i
YAOCKOHAJIEHHIO MPOTHO3YBAaHHS MOKA3HMKIB €(EKTHUBHOCTI (DUIbTpalii s MPUUHATTA
PIIIEHHS MO0 OIIBHOCTI i1 3aCTOCYBaHHS.

BignoBigHo [0 mOCTaBieHOI METH B JucepTaliHii poOoTi chopMysIbOBaHO 1
BUPIIIIEHO TaKl OCHOBHI1 3aBIaHHS:

— aHaJji3 urymy, Uio NpucyTHiN Ha 300paxkeHHsax [133;

— MOCHIKEHHS 1 aHaIi3 JOIIJILHOCTI 3aCTOCyBaHHA (PiabTparllii 300paxens [[33;

— JIOCHIPKEHHS 1 YJAOCKOHAJIEHHS JIOKAJIbHO-3aJalTUBHOTO MeTOoAy (uiIbTparii

pajionoKalifHIX 300paKeHb,

— JIOCJIIPKEHHS 1 YIOCKOHAJICHHS METOJIy TPOTHO3YBaHHS €(PEeKTUBHOCTI (piibTpartii

1S 300paskeHs J133;

— po3po0Ka METOly MPOTHO3YBAHHS MOKA3HUKIB SKOCT1 MEPBUHHUX 300paxkeHs J(33.



[IpoanainizoBaHO XapaKTEPUCTHKHU 300pakeHb iICHyt0unXx cucteM J[33, oCHOBHI THIH 1
MOJIeJIi ITyMiB, sIKI IPUCYTHI Ha 300pakeHHsAX J[33, a Takok MeToan 0OpoOKH 300paxeHb
33 1 miaxoau 10 OLIHKHY iX €()eKTUBHOCTI.

Buxonano anamiz JOUIIBHOCTI 3aCTOCYBaHHA (inbTpalii 300pa’keHb, CIIOTBOPEHUX
mymoM. Ilokazano, 1o HakOIbIa epeKTHUBHICTh (UIBTpAIl 3 TOYKH 30py Bi3yaJabHOI
SIKOCT1 CIIOCTEPITa€ThCs MPU MIKOBOMY BIJIHOIIEHHI CHUTHAJ-IITYM TMEPBUHHUX 300pakKeHb
nopsanky 24-29 nb. BusiBieHo Mipu Bi3yalbHOT SIKOCTI 300pa)keHb, SIKI € HaWOUIbII
aJIeKBaTHUMH, 1110 JO03BOJIIE OOIPYHTOBAHO MNPUWMATH PIMIEHHS MI0JI0 JAOLLUIBHOCTI
¢iapTpamii  300paxeHb. HagaHl npakTU4HI peKOMEHJauii 1 po3po0JeHO aIropuTM
MPUMAHSTTS PIICHHS 010 JOIIJILHOCTI 3aCTOCYBaHHs (PinbTpallii 300pakeHb.

YaockoHajieHO  METOJA  JIOKAJIbHO-aJanTHBHOI  (UIbTpamii  paaioioKamiitHuX
300pak€Hb, CIOTBOPEHUX CHEKJI-IIYMOM i3 3aCTOCYBAaHHSM TETPOJIET-TIEPETBOPEHHS, 110
J03BOJISIE TIABUIIUTH €(PEeKTUBHICTh (UIBTpaIli 1 BOAHOYAC 30€perTd MajopO3MipHI
00’€KTH, MEXKI1, TEKCTYPH.

YaockoHajleHO METOJl MPOTHO3YBaHHS MOKAa3HUKIB €(EKTUBHOCTI (pinbTparii
300paxkenb JI33 Ha OCHOBI OaraTomapoBOi HEMPOHHOI MEpPEXi 3aBASKH BUKOPHUCTAHHIO
3alPOIMOHOBAHOTO  HA0Opy TMapaMeTpiB, IO  JIO3BOJIMJIO  MiJIBUIIUTH  TOYHICTh
POTHO3yBaHHS B TOPIBHSHHI 3 poO3poOsieHUMU panime Mmeroaamu. OcoOIuBOCTIMU
3aMpONOHOBAHOTO METOMY € T€, 1110 BiH HE TOTPeOy€ KOTHUX anpiopHUX ab0 3a37ayeriah
OLIIHEHUX XapaKTEpPUCTHK IIyMy Ha BIAMIHY BIJI PO3POOJICHHX paHillle METOAIB
nporuozyBanHs. [lokazaHo, 110 3alpONOHOBAHMN METOJ MPOTHO3YBaHHS MOKA3HUKIB
e(eKTUBHOCTI (UIbTpALlli J03BOJIMB MOKPAIIUTH TOYHICTh MPOTHO3YBAaHHS (3HU3UTU
CepeaHbOKBAAPATUYHY MOXUOKY B 2-3 pa3u y MOPIBHSHHI 3 aHAJIOTaMHu ), 1110 CIIPHUSE OLIbIIT
HaJIHHOMY MPUAHATTIO PIIIEHB MO0 OIUTHFHOCTI 3aCTOCYBaHHS (PiIbTpaIlii.

B nawuceprauiiiHiii po0OTi BHepiie 3ampoONOHOBAHO METOJl IPOTHO3YBAaHHS
MOKa3HUKIB (Mip) SIKOCTI MEpBUHHUX 300paxeHs J[33 3 BUKOpUCTaHHSIM OaraTtomapoBoi
HEWPOHHOI MEpeXi, KU BIAPI3HAECTHCS BiJ] BITOMUX THM, 110 BUKOPHUCTOBYE B SIKOCTI
BXIJHUX MapaMeTpiB CTATUCTUYHI XapaKTEPUCTHUKUA 300pakeHb B MPOCTOPOBIN 1
CHEKTpaJbHIA 00JacTAX, TPH BIACYTHOCTI eTajoHHOTo (0e3 mIymy) 300pakKeHHS Ta,

MOXJIMBO, 0€3 TONepeAHIX OLIIHOK XapaKTEPUCTUK IITyMY.



IIpakTyHe 3HAYEeHHSI OTPUMAHUX PE3YJbTATIB MOJSATa€ B TOMY, IO: PO3POOIEHO
METO/]I MPOTHO3YBaHHs MOKA3HUKIB (Mip) SKOCTI MEPBUHHUX 300paxens 133 1 mpuiHATTS
pIIIEHHS IOAO0 JOIIBHOCTI BUKOHAHHS ()UIbTpallii, TOYHICTh sikoro ctaHoBUTH 0,91-0,99
JUISL PI3HUX TOKA3HMKIB SIKOCT1 BIAMOBIIHO A0 KPUTEPIIO R? (koedirienTa aeTepMiHarii);
3aMpoNOHOBAaHI MIAXOAM JO TMPOTHO3YBaHHS e€(EeKTHUBHOCTI (UIbTpAIli J03BOJIMIH
MOKPAIIUTU TOYHICTh MPOTHO3YBAHHS (3HU3UTHU CEPEIHHLOKBAIPATUUHY MMOXUOKY B 2-3 pa3u
y TOpIBHSIHHI 3 aHajoramH), 10 COpUsA€ OLIbII HAMIWHOMY NPUNHATTIO PIIICHb MIOA0
JOUITBFHOCTI BUKOHAHHS (UIbTparlii; BUSABICHO MIpHU Bi3yaldbHOi SKOCTI 0€3 HasBHOCTI
€TAJIOHY, SKI € HAWOUIbII aJeKBATHUMH (XapaKTEepPU3YIOThCS HAUBUIIMMHU 3HAYCHHSIMU
paHroBoi kopensiii CroipMeHa 13 OCEPEIHEHOI JOYMKOIO JIIOJel), IO J03BOJIsIE
OOTPpYHTOBAHO MPUUMATH PIIICHHS MO0 JOLUUIBHOCTI (GiIbTpallii 300pakeHb; JOBECHO,
10 HalO1IbIIa €PEKTUBHICTE (QUIBTpAIIl 3 TOYKU 30PY Bi3yalbHOI SIKOCTI CIIOCTEPITAETHCS
MIpY NIKOBOMY BIJIHOIIEHH1 CUTHAJI-IIYM NEPBUHHUX 300pakeHb Nopsaaky 24-29 nb; mis
0araTOKOMIIOHEHTHUX  300pakeHb  (30KpeMa,  TINepCHeKTpaIbHUX  300pakeHb)
3aCTOCYBaHHS MPUUHATTA PIMIEHb HIOJ0 IOUIIBHOCTI (PUIBTpaLili 103BOJISIE CKOPOTUTU
BUTpATH Ha QLIbTpaliio B 5-20 pa3iB y 3aJIeKHOCTI BiJl CTYNEHS CKIATHOCTI 300pa>KeHHS;
3aMpONOHOBAHI MIIXO0U IO TPOTHO3YBAHHS MOXKYTh OYTH BUKOPUCTaHI KOPUCTyBa4aMU B
pI3HMX iCHYIOUMX maketax oOpoOku nanux /133, nampuknang ENVI, nns posmmpenHs ix
CEPBICHUX MOKJIMBOCTCH.

VYci TeopeTruHi po3poOKH IUCepTallil IOBEICHO 10 KOHKPETHUX 1HKEHEPHUX METOJIUK
1 AITOPUTMIB Y 3aCTOCYBaHHI1 JO MPOTHO3YBaHHA €(DEKTUBHOCTI (1IbTpaLlil 1 OLIHKHU SKOCTI
nepBUHHUX 300paxens J[33.

Po3pobisieHi mMeTonu NporHO3yBaHHS €()EeKTUBHOCTI (inbTpamii 1 OLIHKH SKOCTI
MEPBUHHUX PAIIOJIOKAIMHNX 300paykeHb OylIM BHKOPHUCTAaHI MPH BUKOHAHHI HAYKOBO-
nocnigHoi pobotn y IHctutyTi pamiodizuku 1 enektponiku iM. O. f. YcukoBa HAH
VYkpainu, a TakoX BIPOBAIKEHI y HaBYAIbHOMY Ipolieci XapkiBcbkoro HarioHaibHOTO
yHiBepcutety [loBiTpssanx Cui imeHi [Bana Koxkenyo0a.

3a matepianamMu gucepraiii omyoOJikoBaHo 22 poOOTH, 3 AKUX 5 — 1€ CTaTTi y
HayKOBHX (paxoBUX BUAAHHIX YKpaiHW, | CTaTTs y HAyKOBOMY MEPIOJUYHOMY BUIAHHI

inmoi aepxxasu (LlBetiniapis), sika iHgekcyetbest B SCOPUS (Q2), 16 — myGmikarii y



Marepianax kKoHdepeHIii, cepen skux 11 y marepianax MDKHAPOIHUX AHTJIOMOBHUU
KOH(epeHIIii, 1o BKII0YEHI 10 MDKHAPOIHOT HaykoMeTpuuHoi 6a3u SCOPUS.

KarwouoBi cioBa: oriHka sKocTi 300pak€Hb, IMPOTHO3YBAHHS SKOCTI 300pakKeHb,
0o0poOka OararokaHabHUX 300paxeHb, (inprpamis, edextuBHicTs ¢iabTparnii, JAKII,

BM3D, PCA, nucraHiiiiHe 30HyBaHHs, OararomapoBa HeHpoOHHA MepexKa.
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ABSTRACT

Rubel Andrii. Methods of service-oriented processing of remote sensing multichannel
images. — Qualifying scientific work, the manuscript.

The thesis for a degree of Doctor of Philosophy (PhD) in the field of knowledge 17
Electronics and Telecommunications in specialty 172 Telecommunications and radio

engineering. — National Aerospace University “Kharkiv Aviation Institute”, Kharkiv, 2020.

The thesis is devoted to the improvement and development of new effective service-
oriented methods in application to multichannel remote sensing image processing. The
object of the study is the processing of multichannel remote sensing images distorted by
noise. The subject of the study is the methods of service-oriented processing of multichannel
remote sensing images.

An analytical review of the main modern remote sensing systems characteristics,
services and processing methods provided by such systems as well as types and
characteristics of different remote sensing images and noise models is performed in the
work. It has been established that noise is one of the main factor that significantly degrades
remote sensing image quality and it is desirable to remove noise by applying filtering. The
main problem of existing image filtering methods is that practically all of them run into
difficulties in edge/detail and texture preserving. Often existing filters can introduce
undesirable smoothing, artifacts, distortions alongside with noise removal. Thus, an image
after applying filtering (denoising) might seem oversmoothed and visually annoying. Then,
positive effect of denoising is negligible or it does not exist at all and it is better to skip

denoising and to save time and computing resources. It has been also shown the need to



predict filtering efficiency in advance, without carrying out filtering itself and to undertake
decision on image filtering (denoising) expedience.

In the work the actual scientific and applied task of developing service-oriented
methods of remote sensing image processing, which take into account noise properties
present in images, to assess potential filtering efficiency and decision-making on image
denoising expedience is set and solved. The method of locally-adaptive filtering using
tetrolet transform, the method of filtering efficiency prediction and the method of predicting
Image quality measures for original (primary) remote sensing images using multilayer
neural networks have been developed.

The aim of the thesis is to develop service-oriented methods of pre-processing of
remote sensing images to improve the efficiency of further processing stages, in particular
the development of quality assessment methods of original (primary) remote sensing images
and improvement of image filtering efficiency prediction for decision-making on image
denoising expedience.

The scientific results are:

1) for the first time, the method for predicting measures (image quality metrics) of
original remote sensing image quality using multilayer neural networks has been proposed,
which, unlike the known ones, uses image statistical parameters in the spatial and spectral
domains in the absence of reference (noise-free) image and possibly without preliminary
estimated noise characteristics;

2) the method of predicting denoising efficiency of multichannel remote sensing
images based on multilayer neural networks has been improved due to the use of the
proposed set of input parameters (features), which allowed to increase the prediction
accuracy in comparison with previously developed methods. The peculiarity of the proposed
method is that it does not require any a priori or pre-estimated noise characteristics in
contrast to the previously developed predicting methods. It is shown that prediction accuracy
of the proposed method has been improved in terms of mean square error by 2-3 times
compared to analogues, which facilitates more reliable decision-making on denoising

expedience;



3) the method of locally-adaptive filtering for radar images distorted by speckle noise
has been improved using wavelet-based tetrolet transform, which allows increasing the
denoising efficiency and at the same time to preserve edges, small-sized objects and
textures.

The results of the work have been used in research study at the O. Ya. Usikov Institute
for Radio Physics and Electronics of the National Academy of Sciences of Ukraine and in
the National aerospace university named after M. E. Zhukovsky “Kharkiv Aviation
Institute”.

According to the thesis material, 22 papers were published, 5 of which were articles
in journals of Ukraine, 1 article in foreign country periodical (Switzerland) included in the
international scientific metric database SCOPUS, 16 — publications in conference
proceedings (11 in international conferences included in the international scientific metric
database SCOPUS).

Key words: image quality assessment (IQA), image quality prediction, multichannel
Image processing, filtering, denoising efficiency, DCT, BM3D, SAR, remote sensing,

multilayer neural network.



