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PE®EPAT

JlutimiomHasi paboTa COIepX UT 52 cTpaHuilpl, 15 pucyHkoB, 3 Tabnuibl, 44

HCTOYHHKA.

CBEPTOYHAS HEWPOHHASI CETb, MAIIMHHOE OBYYEHME,
VIAJIEHUE OBJIAUHBIX OKKJIFO3UM, OBPABOTKA M30BPAXXEHUN,
CO3IAHUE TATACETA

Ilens pabothl: 00paboTKa H300paKEHUH, IMOITYYEHHBIX CO CIyTHUKOB M
CTAI[MOHAPHBIX TOPOJCKUX Kamep, TPHU MOMOIIM METOJ0B MAIIMHHOTO OOYYECHHS C

1EIbI0 OOHAPYKEHUS 3arpSA3HECHUM.

B pesynbTare BBIMONHEHWS MOUIUIOMHOM pPabOTBl OBUTM  HCCIIEIOBaHBI
OCHOBHBIE THUIIbI U XapaKTEPUCTUKU HEUPOHHBIX CETEH, KOTOPHIE UCIIONB3YIOTCS IS
0o0paboOTKH W aHajau3a M300pakKeHUM, aJrOpUTMbl 0OPaOOTKH CHHUMKOB METOAaMUu
MAIIMHHOTO OOYyYeHMs, H3yYeHbl pa3JIMYHbIE METOAbl YAAJNEHUS OOJaKOB C
dboTorpaduii.

brina co3nana u 00yueHa HEHpOHHas CETh Uil MOMCKA 3arpsA3HEHUN BOJHBIX
o0bekToB. Ilocne cpaBHEHHsS pa3IMYHBIX THUIOB ObUIa BBIOpaHA CBEPTOYHAS
HelpoHHast ceTh. [locnme e€ oOyueHus Oblga JIOCTUTHYTa TOYHOCTb OIpEIeTCHUs
3arpsizHeHus 96.08%.

boutn cpaBHEHBI pa3aUYHBIC METO/BI yAajeHus: 00JakoB co cHUMKOB. [locie
cpaBHeHust ObuT BhIOpaH mMeTon STGAN pabGoratomuii ¢ 4 xananamu (RGB+IR).
Jns 00yueHus ObUT co3/1aH AaTaceT cocrosmuid u3 97640 nap uzobpaxenunil. [locne
oOydeHusi OblIa JOCTUTHYTAa 3(PGEKTUBHOCTh CTEHEPHUPOBAHHBIX 0€300JIaUHBIX
M300paXEHU 10 CPaBHEHHUIO C MCTUHHBIMU 0€300JIauHbIMH U OOJIAUHBIMU

M300pKEHUAMM 715 33]1a4M KiaccU(pUKaIMy BOAHOM Toamu 93,96%.



POD®EPAT

JpimomMHast mpana 3msimygae 52 craposki, 15 mamonkay, 3 tabminsr, 44

KPBIHILIBI.

3BEPTAUHASI HEWMPOHHAS CETKA, MAIIBIHAS HABYYAHHE,
BbIJIAJIEHHE BOBJIAUHBIX AKJIIO3IM, AIIPALIOYKA BbISYJIEHHSY,
CTBAPDHHE JJATACETA

Mbta mpampl:  anpanoyka BbISY, aTphIMAaHbIX ca CHOagapoxHiKay 1
CTalIbITHAPHBIX TapaJICKiX Kamep, Mphl JarnaMo3e MeTajay Malllbl[HHAra HaBy4aHHS 3

MATal BbISYJIEHHS 3a0pyI>KBAHHSY.

VY BbIHIKY BbIKAaHAHHS JBIIJIOMHAM mpainbl ObUI JaciieJaBaHbl aCHOYHBIS
THIMBI 1 XapaKTapbICTbIKI HEHPOHABBIX CETaK, fAKisS BBIKAPBICTOYBAIOIIA JUIS
ampaioyKi 1 aHami3y MallOHKaYy, alrapbITMbl ampanoyki 3[bIMKay MeTajgami
MalllblHHAra HaBY4YaHHsS, BBIBYYaHbl PO3HBIS METaJbl BbIJAJICHHS abiokay 3
daTarpadiii.

brina cTBOpaHa 1 HaByuaHa HEWpOHaBas CETKa JUJIS MONIYKY 3a0pyHKBaHHSY
BOAHBIX al0'exray. [lacis mapayHaHHS pPO3HBIX ThiMay Obula aOpaHa 3roprayHas
HelipoHaBast ceTka. [lacns sie HaByuaHHsI Oblla acATHYTa JIaKjiaJHACIh BhI3HAYIHHS
3a0pyxBanHs 96,08%.

boutl mapayHaHbIs po3HBIS METaJbl BhIIAJICHHS a0dnokay ca 3aeiMKay. Ilacs
napayHanns Owery abpanbl metan STGAN siki npaitye 3 4 kananami (RGB+IR). [lns
HaBy4aHHs ObIY CTBOpPAHBI JIaTaceT, K1 ckiagaenia 3 97640 nap mamtonkay. [lacns
HaByYaHHs ObL1a JacArHyTa 3(EeKThIYHACLb 3T€HEPAaBAHBIX OACXMapHBIX MaJIIOHKAy
y TapayHaHHI 3 campayaHbIMi OsICXMAapHBIMI 1 XMapHBIMI BbISBaMi JUIsl 3a]1adbl

KJacidikaipli BogHai Toyurasl 93,96%.



ABSTRACT

The thesis contains 52 pages, 15 figures, 3 tables, 44 sources.

CONVOLUTIONAL NEURAL NETWORK, MACHINE LEARNING,
CLOUD OCCLUSION REMOVAL, IMAGE PROCESSING, DATASET
CREATION

Objective: processing images received from satellites and stationary city

cameras using machine learning methods to detect water pollution.

As a result of the thesis, the main types and characteristics of neural networks
that are used for image processing and analysis, algorithms for processing images
using machine learning methods, and various methods for removing clouds from
photographs were studied.

A neural network was created and trained to search for pollution of water
bodies. After comparing different types, a convolutional neural network was chosen.
After her training, an accuracy of 96.08% in determining pollution was achieved.

Various methods for removing clouds from images were compared. After
comparison, the STGAN method was chosen, working with 4 channels (RGB + IR).
For training, a dataset was created consisting of 97640 pairs of images. After
training, the efficiency of the generated cloudless images compared to the true
cloudless and cloudy images was achieved for the water column classification

problem of 93.96%.
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