MeToa aBTOMATHYECKOI0 MEPEH0Ca TEMATHYECKHUX NMPOAYKTOB THIIA
Scene Classification Land na nannbie npuoopa KMCC-2
(Meteop-M) HA OCHOBE TEKCTYPHBIX IIPU3HAKOB, NePUEHTUIBHOMN
HOPMAJIM3AIUU M METOA0B MAILIMHHOIO 00yUeHu s

Konbyoaes .A., lNnomHukos 4.E.



Sentinel-2: 06wWwKe xapaKTepncTnku
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OcCHOBHbI€E CNeKTpa/ZibHble XapaKTepUCTUKK annapatypbi MSI

Band Description Central Bandwidth Spatial
Wavelength (nm) (nm) Resolution (m)
Band 1 Coastal 443 21 60
aerosol

Band 2 Blue 492 65 10
Band 3 Green 560 35 10
Band 4 Red 665 30 10
Band 5 Red edgel 704 15 20
Band 6 Red edge2 739 15 20
Band 7 Red edge3 783 20 20
Band 8 NIR 833 115 10
Band Red edge4 865 21 20

(8a)
Band 9 Water Vapor 945 20 60
Band Cirrus 1374 31 60

10
Band SWIR1 1614 91 20

11
Band SWIR2 2202 175 20

12

CneKTpanbHble KaHanbl MSI n nx

XapPaKTEPUCTUKM

Comparison of Landsat 7 and 8 bands with Sentinel-2
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Sentinel-2 L2A Scene Classification Land (SCL)

General description Color legend
Scene classification was developed to distinguish between cloudy pixels, clear pixels and water pixels of
Sentinel-2 data and is a result of the Scene classification algorithm run by ESA. Twelve different o HTLM color

P . . . . . Value Scene Classification Color
classifications are provided including classes of clouds, vegetation, soils/desert, water and snow. It does code
not constitute a land cover classification map in a strict sense.

0 Mo Data (Missing data) F000000

Description of representative images 1 Saturated or defective pixel #0000

Scene Classification of Rome.

Topographic casted shadows (called "Dark
2 #2121 2f
features/Shadows" for data before 2022-01-25)

3 Cloud shadows #643200
4 Wegetation #003000
5 MNot-vegetated #ffeb5a
5 Water #0000
7 LIndassified #808080
8 Cloud medium probability #c0clcD
9 Cloud high probability FTHTT

10 Thin drrus #od cBff

I Show or ice #F9aff




3arpyosenne Sentinel-2 L2A Scene Classification Land

Color legend
HTLM color
Value Scene Classification Color
code
0 Mo Data (Missing data) #000000 -
HECT JaHHBbBIX
Saturated or defactive pixel #0000
Topographic casted shadowes (called "Dark
#2126 2f
features/Shadows" for data before 2022-01-25) TEHU
3 Cloud shadows #643200
4 Yegetation #00a000 -
YUCTHBIC JAaHHbIC
5 Mot-vegetated #ffe65a
6 Water #0000ff BOI[a
7 Un¢lassified #B0B080 HEeT HaHHl)IX
8 Cloud medium probability #c0c0ch
9 Cloud high probahility FTHTT OﬁﬂaqHOCT])
10 Thin cirrus #0d cBff
1 Snow or ice #FS6ff

CHEr



Mpumep cueHbl Sentinel-2

yacTh ciensl Msi B UK kanane JacTh 3arpyoJjdeHHoi macku Scl




Mpumep cueHbl Sentinel-2
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Mpumep cueHbl Sentinel-2

yacTh ciensl Msi B UK kanane JacTh 3arpyoJjdeHHoi macku Scl



Gray-Level Co-Occurrence Matrix (GLCM)
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IToxoop mapamerpos patch_size, distance 8 GLCM

relevant elements
I 1

false negatives

true negatives

Distance=1 Distance=3 Distance=5 Distance=7 Distance=10

Patch=5  0.280813  0.213445  0.000000  0.000000 0.000000
Patch=10 | 0.332336 | 0321765  0.320212  0.284687 0.000000
Patch=15  0.327761 0.328312 0329729  0.319577 0.293593
Patch=20  0.327395 0327530  0.328723  0.327731 0.319656
Patch=25  0.320297 0327619  0.324680  0.319776 0.315179
Patch=30  0.322501 0.323773 0318983  0.315839 0.309315 .
Patch=35  0.307943 0313917  0.315437  0.313621 0.313452 RRIREST | S
Patch=40 0.289545 0.296772 0.294594 0.289374 0.292138 Precision = Recall = g~

Cpenuss pa3Huia MeTpuku f-Score Ha oCHOBE CIIEH ¢ “KaueCTBECHHON U

“HexayecTBEHHOM MackaMmu SCl mocite 00ydeHus kiaccudukaTopa CiIydalHbIi JIec

H OLICHKC Ka4CCTBA HAa TCCTOBBIX JaHHBIX

F-score



JlokaabHada oneHka kadecrsa Mmacku SCL Ha ocHoBe GLCM

gacth crieHbl MSI B MK kaHase (ciieBa) ¥ COOTBETCTBYIOIIAS YAaCTh MAacKH SCl. 3€JICHBIN I[BET-UHCTAs TCPPUTOPHS
(f-score 99%), cepnrii-renu (f-score 79%), kpacuslii-oonaunocts (f-score 91%), uepnsiii-unclassified.




JlokaabHada oneHka kadecrsa Mmacku SCL Ha ocHoBe GLCM

gacth crieHbl MSI B MK kaHase (ciieBa) ¥ COOTBETCTBYIOIIAS YAaCTh MAacKH SCl. 3€JICHBIN I[BET-UHCTAs TCPPUTOPHS
(f-score 91%), cepnriii-renu (f-score 92%), kpacuelii-oonaunocts (f-score 99%), uepnsiii-unclassified.




JlokaabHada oneHka kadecrsa Mmacku SCL Ha ocHoBe GLCM

gacth crieHbl MSI B MK kaHase (ciieBa) ¥ COOTBETCTBYIOIIAS YAaCTh MAacKH SCl. 3€JICHBIN I[BET-UHCTAs TCPPUTOPHS
(f-score 85%), cepnrii-renu (f-score 76%), kpacuslii-oonaunocts (f-score 92%), uepnsiii-unclassified.




JlokaabHada oneHka kadecrsa Mmacku SCL Ha ocHoBe GLCM

gacth crieHbl MSI B MK kaHase (ciieBa) ¥ COOTBETCTBYIOIIAS YAaCTh MAacKH SCl. 3€JICHBIN I[BET-UHCTAs TCPPUTOPHS
(f-score 87%), cepnriii-renu (f-score 68%), kpacuslii-oonaunocts (f-score 98%), uepnriii-unclassified.




Attention U-Net
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Yayuinenue 3arpyosienHon macku SCL

9JacTh CIICHBI MSI B MK KaHaJe (clieBa), 3arpyonenHas Macka SCl (rienTp), macka Ha ocHoBe attention u-net (cripasa).
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Yayuinenue 3arpyosienHon macku SCL

9JacTh CIICHBI MSI B MK KaHaJe (clieBa), 3arpyonenHas Macka SCl (rienTp), macka Ha ocHoBe attention u-net (cripasa).




MeTteop-M: obwme xapakTepmucTmkm

Conreynan Garapes
AHTeHHa BOpPTOBOro PanUcNOKaUMOHHOO

kemnnekca “CesepaHuH-M" Moaynb TemneparypHoro

W BNAXHOCTHOIO 30HAMPOSAHMA

atmocdeps! Tun cnyTHUKa —
MeTeopoorMyeckmni

MHOro30HanNsHOE CKarnpyLLes
YyCTPOWCTBO Manoro paspeLueHus

lenuoreodranyeckuin OPGMTa KA -
annaparypHbli KOMNNEKS KpyroBsas, CO/IHeYHo-
CUHXPOHHaA

AHTEHHE DBANONKUHKK
LELUMMETPOBOIO AManNa3cHa

BbicoTa: 814-843 Km
HaKnoHeHue: 98,57°

AHTEHHBI DSAUONUHAK
CaHTUMETDOBCID AWManalosa

KOMMNNEKEC MHOIO30HaNEHOM
Cucrema cGopa CLEMKN CPEAHEID Pa3peLleHa
U nepenaymn AaHHbix

Conreuxas Garapen



OCHOBHbIE TeXHUYECKUE XapaKTepPUCTUKM annapaTypbl
KMCC-2/MCY-100TM

dopmupyeman nonoca o63opa — He meHee 1000 Km
(2 kamepnbl)

Yron yCTaHOBKU OTHOCUTE/IbHO MEeCTHOMU BEPTUKaANU
— *15.2 rpag.

Pasmep npoeKuun anemeHTa paspeLleHuUn Ha
3eMHYI0 NOBEPXHOCTb (B HanpaB/eHUM ONTUYECKOMU
ocu npubopa) — 60 metpos.

CnekTtpanbHble 30Hbl — 520-590 Hm, 640-690 HMm,
785-900 HM.

Pucynox 1.1 - Buewnuit éuo npubopa MCY-100TM




OrHocHTenbHOE NpoNyCKaHKe

®CY KMCC u MSI
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Comparison of Landsat 7 and 8 bands with Sentinel-2
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O6uwee nokpbiTe gaHHbiMmu npnbéopos KMCC n MSI




O6buee noKpbiTHe AgaHHbiMmU npubopos KMCC n MSI




ABTOMaTHU4YECKMIN meTopa nepeHoca macok scl Ha aaHHble KMCC

- Bbibop nap Ha OCHOBaHWM MUHMUMaAJIbHOW Pa3HULLbI BO NPOCTPAHCTBE U BPEMEHMU

- MackunpoBaHue obnayHoctm no aaHHbim Sentinel-2 1 KMCC Ha ocHOBe COOTBETCTBYHOLWMX paHee
pa3paboTaHHbIX HEMPOCETEBbLIX MOAENEN

- Mo Kaxgomy U3 UCTOYHHMKOB AeNnaeTcAa nepueHTn/ibHaa Hopmaanmsaunma, To eCtb 3Ha4eHUA APKOCTU
6e306na4yHOM NnoBepxXHOCTU rnepesoadaTcAad B 3SHa4€HNA COOTBETCTBYHOLLNX I'IepLI,eHTVIerl‘;I. [locne aToro
o06a MCTOYHMKA CTaHOBATCA CpaBHUMbIMU N NPUTOAHBIMW ONA NEePeHOCa MOA4ENUN

- lonpueaAsbiBanocb ndobparkeHne KMCC no gaHHbim B MK KaHane metoaom Ha ocHoBe sift ¢
rog0BbiM KOMMNO3UTHbIM M30b6parkeHnem Sentinel-2 B KayecTBa 3Ta/10HA

- Ha ocHoBe Kponos scl ¢ BbICOKMMM 3HaYEHUAMM MeTPUK f-score no Bcem Knaccam oby4yanach
mozenb Random Forest ans Sentinel-2 KoTopasa nepeHocKaacb Ha COOTBETCTBYIOLLYIO TEPPUTOPUIO
KMCC

- JlJokann3oBaHHaA NPOBEPKA KayecTBa NepeHeceHHOM MACKM Ha OCHOBE TEKCTYPHbIX MPU3HAKOB MO
AaHHbIMm KMCC



Pe3synbrat nepeHoca macku SCL Ha aaHHble KMCC




NMpoBepKa pe3ynbratoB nepeHoca macku SCL
Ha AaHHble KMCC Ha oCcHOBe TeKCTYpPHbIX NPU3HAKOB
GLCM (Gray Level Co-Occurrence Matrix)

3HaueHue f-score Ha BAIMAAIIMOHHBIX IAHHBIX 1O KJIACCY TEHEW Ha OCHOBE
Random Forest no TekctypHbiM npu3zHakam coctasisgeT 0.10



Pe3ynbratbl 06yueHUA HelpoceTen Ha TecToBbIX AaHHbIX KMCC

Unet

N=32 accuracy: 0.8534, f1-score: 0.6888
N=64 accuracy: 0.8857, f1-score: 0.6911
N=96 accuracy: 0.8794, f1-score: 0.6791

Attention Unet

N=32 accuracy: 0.8513, f1-score: 0.6825
N=64 accuracy: 0.9509, f1-score: 0.7462
N=96 accuracy: 0.9508, f1-score: 0.7483

Attention Res. Unet

N=32 accuracy: 0.9339, f1-score: 0.7499
N=64 accuracy: 0.9308, f1-score: 0.7321
N=96 accuracy: 0.9555, f1-score: 0.7564



Pe3ynbrat 06yueHua HemMpoceTn Ha TecToBbIX AaHHbIX KMCC
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Pe3ynbrat 06yueHua HemMpoceTn Ha TecToBbIX AaHHbIX KMCC




BbIBOABI M MEPCHEKTUBLI

- HpOBeI[CH SKCIICPUMCHT I10 CPABHUTCIIBHOMY aHAJIN3Y HH(pOpMaTHBHOCTH CIICKTPAJIbHBIX KaHAJIOB U UX
COOTBCTCTBYIOIINX glcm MCTPHUK IJIsI pCIICHUS 3a1a49U HE3aBUCUMOM OICHKH Ka4C€CTBa MACKU scl

- Pa3paboran meroa HE3aBUCUMOM OLIEHKU Ka4yeCTBAa MACOK OOJIAYHOCTH, TEHEW HA OCHOBE TEKCTYPHBIX MPU3HAKOB
glcm. IlpenmymiecTBOM METOA SBIISICTCS HCIIOIB30BAaHUE JIAHHBIX BCETO-JIMIIB JIBYX CIICKATPaJbHBIX KaHAJIOB

- Co3man Habop ganHBIX Sentinel-2 ¢ mackamu SCl BeIcOKOTO KadecTBa Jij1st 00ydeHui HelpoceTH
C LIEJIBIO YIIYYIIICHUS TEMATHYECKOTO IPOIYKTa

- Pa3zpaboran aBTomMarmdeckoii MmeTos reperoca macok SCl Ha marasie KMCC Ha 0CHOBE ITepLICHTHILHBIX
MIPU3HAKOB

- Cosnan Habop nanHbix KMCC ¢ nepeHeceHHbIMU MacKaMH BBICOKOTO KaueCTBa JJIsl OOy4YeHUs] HEUpOCeTen

HUccnenoBanue BBINOJHEHO NPH MNoAAep:Kke MuHHCTEpCTBA HAYKM MW BbICIIEro ooOpa3zosanusi Poccuiickoit
®enepanun (cormamenue Ne 075-15-2024-663, ynukaabHblii naenTudgukarop 13.2251.21.0264).



