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B HayuHBIX yupexneHusix MuHuUcTepcTBa cesibckoro xo3siiictBa P® 1 PAH B TeueHue nociaenHux JgeT mpo-
BOJSITCS MCCJIENOBAaHUS MO BHEAPEHUIO B MPAKTUKY HOBBIX TEXHOJOTUIA MCIIOJIb30BAHUS adpPOKOCMUYE-
ckoii nHdopmanuu B AITK. B crarbe, Ha npuMmepe CTaBpOIIOJbCKOTO Kpasi, pacCMaTPpUBAETCSI BO3MOX-
HOCTb IPUMEHEHMS 00JIaYHBIX CEPBUCOB TaK1X Kak google earth engine (GEE) u cucteMbI 110 MallIMHHOMY
obyueHuto Kaggle mist kKapTupoBaHMSI CETbCKOX03IMCTBEHHBIX (C/X) MoJieil MeTogaMu TIIyOOKOro ooyde-
HUST HA OCHOBE JaHHBIX IMCTAaHIIMOHHOTO 30HAUpoBaHusa 3emuu ([33). B kauecTBe maHHBIX IJIs1 IT0A0Opa
oOyuarlleil 1 BaTuIallMOHHON BBIOOPKU MCIONIB30BAIMCh MeAaHalbHble N300paXkeHUsT KOCMUYECKOI
cucteMHbl Sentinel 2 3a BereraluimoHHBIN ce30H 2022 1. O01IMii 00beM ITOATOTOBICHHON YYeOHOM 1 TPEHHU -
POBOYHOIT BEIGOPOK cocTaBmI 3998 n3obpakeHuii. OqHOM 13 TpoOJIeM I UCCeaoBaTeIeii I TpON3BOIN -
TeJieil B 00JacTU C/X SIBASIETCSI OTCYTCTBUE LEHTPATU30BaHHBIX M BEpUDUILIMPOBAHHBIX MCTOYHUKOB
reoIpoCTPaHCTBEHHBIX TaHHBIX. MeTObI TITyOOKOT0o 00yUYeHHUSI CITOCOOHBI PEIIUTD 3TY IMPOOJIeMy, aBTOMA -
TU3UPYsI 3a0ady ouM(pPOBKHY reOMETpUiA C/X TToJieii Ha ocHOBaHMM AaHHBIX JI33. OmHuM 13 orpaHU4YeHUI
B LIMPOKOM HMCMOJIb30BAaHUU TJTyOOKOTO OOYYEHUS SIBJISIETCSI €TI0 BbICOKAsi MOTPEOHOCTh K BBIYMCIUTENb-
HBIM pecypcaMm, KOTOpbIE IToKa He BCerna JOCTYITHbI UCCIeN0BaTeI0 WU TIPOU3BOJUTEINIO B 00JIACTHU C/X.
B pabote onucaH npoiecc MoAroTOBKM HEOOXOMUMBIX JAHHBIX JJIsI pa0OThI C HEWPOCETHIO, BKITIOYAIOIITAI
KOPPEKLIMIO U MOJydeHHe KOCMUYECKNX CHMMKOB IIpu ImoMmoiu miardopmel Google earth engine, nx
NAJIbHEMIIYI0 cTaHIapTU3alnio sl oOydeHUs HeiipoHHOI ceTu B cepBuce Kaggle, u ee nanbHeiiiee uc-
MoJIb30BaHUe JIOKAIbHO. B paMKax uccienoBaHusl mnpuMeHsijiach HelipoceTb apxuTekTypsl U-net. MToro-
BO€ KauecTBO Kiaccudukaimm coctaBmwiio 97%. [Topor pasneneHus Ha KITacChl IO pe3yiIbTaTaM Kilaccudu-
Kalluy YCTaHOBJIEH aMnupuiyecku U coctaBmi 0.62. ITpennokeHHBbIN MOAX0 MO3BOJWI B 3HAYUTEIHHOM
CTeTIeHW CHU3UTbH TpeOOBaHUs K JIOKAJTbHOMY MCIIOJIb30BaHUIO BhIUMCIUTENbHOM MomiHocTu [TK. Bcee
HamboJIee pecypcoeMKue IPOIeCChl, CBI3aHHbBIE C 00pa0dO0TKOM KOCMUYECKIX CHUMKOB, OBbLIM BHIIIOTHEHEI
B cucteMe GEE, a npouiecc o0yueHust mepeHeceH Ha pecypchl cucteMbl Kaggle. [TpenoxkeHHOe coBMeliie-
HHe 00JIaYHBIX CEPBUCOB 1 METOIOB INIIYOOKOro 00y4eH1e MOXET CIIOCOOCTBOBATh 00JIee IIMPOKOMY pac-
MPOCTPaHEHWIO TPUMEHEHNSI COBPEMEHHBIX TEXHOJIOTUIA B C/X TIPOU3BOACTBE U HAYUYHBIX UCCIICIOBAHUSIX.

Karoueswie cro6a: MACTAaHIIMOHHOE 30HIUPOBaHUE, MallIMHHOE 0OydyeHue, HeiipOoHHbIE ceTU, google earth
engine, KOCMMYECKHE€ CHUMKHM, U poBasi KapTorpadus
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BBEAEHUE

CoBpeMeHHBIe TEOMHMOPMAIIMOHHBIE CHUCTEMBI
(' C) B HacTOsI1IEE BpeMSI SIBJISIIOTCS IM(pPOBOIL OC-
HOBOI /)11 OM3HEeca M HAyYHBIX MCCICIOBAHW, B TOM
yuciie B oonactu ¢/x (Illokun, [Moramos, 2015; JInH-
KoB u 1p., 2018; Begemmn, IllanmoBanos, 2022). ba-
3011 wist noctpoeHust TMC 1106010 ypOBHS SIBISIIOTCS
TeONpOCTPAHCTBEHHBIC JaHHBIE, KOTOPhIE C TEXHU-
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YeCKOM TOUYKHU 3PpEHUS NPEACTABIISIIOT COO0I BEKTOP-
HbIE U PACTPOBBIE N300paKEHUS, BKIIIOYAIOIINE B CeOsT
nHGOPMAIINIO O TeorpadpuIecKoil MpUBI3Ke U CBOM-
CTBaxX 00bEKTa, KOTOPhIC OHU XapaKTepu3yloT. Hemo-
CTaTOK aKTyaJIbHBIX T€OIPOCTAHCTBEHHBIX JaHHBIX B
00JIaCcTH C/X SIBJISIETCSI OTPaHUYCHUEM TSI MCCIIeI0-
BaTeJieii, IIpOU3BOAMUTEIICI I 1 OPraHOB roCyIapCTBEH-
HOTO yrpaslieHus:. [IpocTpaHCTBEeHHBIE JaHHBIE HE-
00XOIMMBI [J1s1 peLlIeHUs NIPAKTUYECKUX U HaydHbBIX
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3ama4, TaKMX KaK MTHBEHTapM3allns 3eMelb, KaaacTp,
YYET pa3HbIX TEXHOJOTU 00pabOTKU MOYBBI, ONTU-
MU3alUsI CEBOOOOPOTOB, MOHUTOPUHI COCTOSHUS
II0YB 1 PaCTUTEIbHOCTH aHAJIM3 Y IPOTHO3UPOBAHNE
ypoxaiiHocTu. PacnipocTpaHeHHBIM OAXOAOM K I10-
JIYYEHHUIO TaKoi WMH(OpMalUU, SIBIISICTCS pydHas
BEKTOpU3alUsI OOBEKTOB HEIOCPEICTBEHHO IIyTEM
aHaJIM3a KOCMUUYECKUX WU adpodOTOCHUMKOB. Ta-
KOIl MeToJI He TpeOyeT OT omnepaTopa OOJIBIIMX 3HA-
aNiA, cBg3aHHBIX ¢ I UC 1 reomHdopMaTHKOIi, OmHa-
KO TIpY HEOOXOIMMOCTH OLIM(MPPOBKU 3HAYUTEITHHBIX
TEPPUTOPUIL OH SIBIISIETCS MaJIOIIPOAYKTUBHBIM.

OnTuMaJbHBIM METOIOM IOJIyYEeHUSI BEKTOPHBIX
reoINnpPOCTPaHCTBEHHbIX JAHHBIX SIBJISIETCSI UCTIOIb30-
BaHME METOIOB MAIIMHHOTO OOYyYeHUST 1 00pabOTKHN
(Upreti, 2022), KOTOpbIe MO3BOJISIOT aBTOMaTU3UPO-
BaTh PYTMHHYIO 3a1a4y olimpoBkU. Ha naHHbIi MO-
MEHT pa3padoTaHbl TOAXOAbI Y TEXHOJOTUUECKUE Pe-
IISHUS IJIsI TIOJIy9eHUsI TeONPOCTPAHCTBEHHBIX JaH-
HBbIX C TIOMOIIbIO HUMEKIIEeHCS a’pPOKOCMUYECKOM
nHpopmMmamu. B ocHOBe 3TUX METOHOB JIEXKUT HC-
MOJIb30BaHME OTPAXKATEIbHBIX CBOMCTB TOBEPXHOCTU
00beKTa B pa3HbIX AUalla30HaX 3JIEKTPOMArHUTHOTO
crekTpa (OMC), ogHaKO KJIaCCMYECKOE MAIIMHHOE
obyueHre U 00paboTKa HE MO3BOJISIIOT YYMTHIBATh
reOMeTPUI0 OOBEKTOB TPU TPOBENEHUN MOAOOHBIX
pabot. [ns pelieHus 3TON 3agauyv MOTYT IIpUMe-
HSITBCSI CBEPTOYHBbIE HEMpPOHHBIE ceTH (convolution
neural networks - CNN). HMcronb3oBaHue HEMpoOH-
HBIX CeTeil UM METOJOB IITyOOKOro OOYyYEeHUS SIBJISI-
eTCsl TPEHJOM B HayKe U TIPOU3BOJICTBE, O YEM CBUILC-
TEJIbCTBYET OOJIbIIIOe KOJWYECTBO NMyOJMKauuii Ha
9Ty TeMYy W IIMPOKUM CHEKTP UX MCIOJIb30BaHUS B
pa3IMYHBIX 061aCcTsIX, B ToM uucie u B ¢/x (Tokapes
u np., 2021; Cksopuos u ap., 2019; Kyccynab u ap.,
2008). UccrnenoBaHuii, CBI3aHHBIX C IIPUMEHEHUEM
IIyOOKOIro oOydeHUs A 3a74a4d BhIASJICHUSI O0BbeK-
TOB (CerMeHTallMi) Ha M300pa’keHUsIX TOCTATOYHO
MHOTO, OJHAKO PYCCKOSI3bIYHBIX METOAMK MOKa He
MHoro. [TyGnukanuu, MocBsIIeHHbIE JTaHHON TeMa-
TUKe, KakK TpaBUJo, OTpaxaloT Ipolecc Tnoadopa
HauboJiee ONTUMATbHBIX apXUTEKTYp HeHpoceTei u
TOHKYIO HACTPOMKY UX TUIIepIIapaMeTPOB, a Mpolie-
Iypbl, CBSI3aHHbIE C MPEABAPUTEIbHOM MOATOTOBKOI
maHHBIX /133 miIs ucrmonb30BaHUs B HEMPOHHBIX Ce-
TsX He Beeraa packpbIThl (ITaBioB u ap., 2019; Zhang
et al., 2021; Bagaev, Medvedeva, 2021).

OIHUM M3 HENOCTAaTKOB HeilpoceTeil sBsIeTCS
HeoOXOOUMOCTh MCITOJIb30BaHUSI OOJIBIIMX BBIUMC-
JIMTEJILHBIX pecypcoB. B HacTosiee BpeMsi UCIIOIb-
3y10TCsl MOLIIHbIEe rpadudyeckue mpoueccoprl (GPU)
i TeH3opHbie npoieccopsl (TPU), koTophle sABIIsSI-
IOTCSI MOKa MaJjio JOCTYIHBIMU IS TI0JIb30BaTeICii B
CHJIy BBICOKOM ctomMocTu (Sengupta et. al., 2020).
Pa6ora ¢ 60ap1mM 066eMoM JaHHBIX /133 Tak 3Ke SIB-
JISIETCS PECYPCOEMKOI 3agaydeii, Tak Kak MOJATroTOBKa
HWCXOIHBIX JAHHBIX SIBJISIETCSI MHOTOYPOBHEBOI PO~
LeAypoii, BKIIIOYAIOIIEH OOJBIIOE KOIUYECTBO ITO-
cJienoBaTeIbHBIX M apaJlIeAbHBIX BEIYUCICHUN. DTy

NCCIEOJOBAHUME 3EMJIN N3 KOCMOCA Ne 6

mpo0JieMy MO3BOJISIIOT pellaTh O0JadyHbIE CEPBUCHI,
MPENOCTABJISIIONIME JOCTYIl K CBOUM BBIYUCIUTEIb-
HBIM MOIITHOCTSIM. Ha maHHBII MOMEHT OeCIIaTHBIA
noctyrnt K GPU n TPU mnipenocTaBasioT Takne cepBU-
col kKak Kaggle, Google colaboratory, Amazon Web
Services. Kopnopauusi Google Takxke paspaboTalia
CIIeMaJIN3UPOBAaHHBII 00JIaYHBII CEpBUC IJIST O0pa-
00TKM KocMHrueckux cHUMKOB Google earth engine
(GEE). HUcnonb3oBaHue MPenCcTaBIeHHBIX CEPBUCOB
MMO3BOJISIET ONTUMM3UPOBATh pPadOTy C OOJIBIINM
ooremMoM maHHBIX /133, m oOydyeHHMEeM HEHMPOHHBIX
CeTeii MNpM NOMOIIM OOJBIINX BBIYMCIMUTEILHBIX
MOIITHOCTEH.

OBBEKTbBI U METObI

B mnpoBeneHHOM wuccienOBaHUU OCYLIECTBIEHA
OlLIEHKa BO3MOXHOCTU WCIIOJb30BaHUSI CBEPTOYHOM
HelpoHHoit cetu apxutekTypbl U-NET s Beigesne-
HUS C/X TIoJieil ¢ MOMOIIbIO 00JIaYHBIX CEPBUCOB Ha
OCHOBE CHYTHUKOBBIX JaHHBIX CTaBpOIOJbCKOTO
Kpasi. BBIOOp JaHHOTO perMoHa CBsI3aH C T€M , UTO
oKkoJ10 87% OT BCeli eTo TepPUTOPHUH 3aHATHI C/X 00B-
extamu (KynpuyenkoB u ap., 2002). Hus CraBpo-
MOJILCKOTO Kpasi UMEIOTCsl OoLiM(pOBaHHbBIE TeOMET-
pUU TIOJIeit, TToJlydeHHbIEe BPYUHYIO B XO€ MPOBEAEH-
HBIX paHee ucciaenoBanuii (EpmonaeB u ap., 2021).
IMponecc ucciienoBaHust Mo MeTOAMKE PabOThl MOXK-
HO pa3feiuTh TPU 3Tana — IOATOTOBKAa MCXOIHBIX
IaHHBIX, ocymiecTBiaseMas npu momouu GEE, o0y-
yeHue ceTu B cepBrce Kaggle, 1 JoKajbHOE UCITOb30-
BaHue (puc. 1). Bce orepaiiim, cBsI3aHHEBIE C IIpeABapy-
TeJIbHOM 00pabOTKOI JAaHHBIX, OCYILIECTBISITIUCH OISl
KaXKJI0ro paiioHa pernoHa nocjaeaoBaTeIbHO.

B kauectBe maHHBIX /133 UCIOIB30BAINUCH MYJIb-
TUCIIEKTpaIbHEIC TaHHBIE Sentinel-2, moixydyaeMble U
obpabareiBacMBIe TIpu TToMomnu cepBuca Google
Earth Engine (GEE). B GEE nonbupanack Koaiek-
1S CHUMKOB CHUCTeMBbI Sentinel-2 ypoBHSI KOppeK-
nuu 2A 3a cpok ¢ 1 masg o 1 oxkrsa6pst. Cpoku otdbopa
JaHHBIX OOYCJIOBJIEHbI BETeTallMOHHBIM CE30HOM B
CraspomnonbckoM Kpae (Kynunies, 2013). B padote
ncrnionb3oBannck KaHaiael RED, GREEN, BLUE,
NIR, o6Giamamoliye NpoCTPaHCTBEHHBIM pa3pellie-
HueM 10 m/mukc. Takke o6pabOTKe MOABEPIIUCH
HUCXOMHbIE BEKTOPHBIE FreoMeTpuM ¢/X Tojieit CraB-
pOnoJbCcKOro Kpasi. st 3Toro oHu pacTepu30BbIBa-
JINCh C MPOCTPAHCTBEHHBIM pa3pelIcHUEM, COOTBET-
CTBYIOIIIMM PAa3pEeIICHUIO MOJIYYEHHBIX CIIyTHHMKOBBIX
JaHHbIX. HelipoHHBIE ceTU padoTaloT C eIMHOO00pa3-
HBIMU TaHHBEIMH, B HaIlIeM cJIydae ¢ M300pakeHUSIMU
OIHOTIO pa3Mepa U paspelieHus. [1Jis1 3Toro moaydeH-
Hble KOCMMYECKUe TaHHbIE U pacTepU30BaHHbBIE IO~
METPUU HEOOXOIMMO OBbLIO pa3fe/iMTh HAa KBaApaThl
onHoro pa3mMepa. KpomMe 3Toro, B U”TOTOBYIO BEIOOPKY
JOJIKHBI OBLIM TTOMACTh TOJIBKO pa3MeYeHHbIe JaH-
HEIE B Ipelnenax ogHOro Ksaapara. Bce mcxomHoe
n300pakeHre OBIO TOYHO pas3feiieHO Ha NMHUKCEIH,
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100 EPMOJIAEB u np.

Google Earth Engine JIoKaIbHBI KOMITBIOTED

Cepsuc Kaggle

T'eomerpust peruora | PacTpoBbie AaHHbIE

YyebHast BBIOOpKa
COTCTOSIIIIAsT OOyueHue HepoceTH
/ M3 pa3pe3aHHbIX
Teometpust ¢/x PacTpoOBBIX
rosieit ¥ BEKTOPHBIX JTaHHBIX
{ .
'
JSON
Daiin MeTanaHHbIX WTOroBbIil BEKTOP
-‘-\‘»
— .
TTope3aHHbie
TeoMeTpusi perroHa —PacTpoBble JaHHbIE Ha KyCOYKU
pacTpoBbie OO0yueHHast PacrpoBast Macka
JaHHbIE HelipoceTh ¢/X nojuei

Puc. 1. O61as cxema IIPOBOAMMOIO UCCIIEA0BaHMA.

Puc. 2. [TonyyeHre reoMeTpuii it CO3MaHKS 0OyJaloleil BLIGOPKH.

KOTOPBIEC OTHOCSTCS K C/X ITOJISIM, M T€, KOTOPbIE UMU
HE SIBJISTIOTCSI.

B uzHauanbHBIX BEKTOPHBIX JAHHBIX BCTPEYAINCH
He onndpoBaHHBIE YIACTKHU, KOTOPbIE HEOOXOIMMO
OBLIO MCKJIIOYUTD U3 UTOTOBOM BEIOOPKH, TaK KAaK 3TO
MOTJIO ITPUBECTHU K olIoKaM. JJ1st Kaxkmoit ncxogHoM
BEKTOPHOI TreoMeTpUM C/X ToJieil cTpouicst Oydep
paszmepom 200 m. I1pu nepeceyenuu 0ydepoB cocen-
HUX OOBEKTOB OHM OOBENVHSINCH B €IUHBIN TTOTH-
TOH, B Mpeaeiax KOTOPOro HaxXOAWJIMCh TOMbKO pa3-
MedeHHBIe TaHHbIe. B mpenemax kaxkmoro paifoHa co-
3MaBaJlach BEKTOPHAsI CeTKa M3 KBapaToB. KBanparsl, He

JIeXale B TIpeesiaX IMOJMITOHOB, TIOJMydeHHBIX B pe-
3ynbrate Oydepursaiy reoMeTpuit ¢/x mosieut, ynansi-
Juck (puc. 2).

B nrTore 06paboTKM CIIyTHUKOBBIX M300paKeHUIt
¥ BEKTOPHBIX TaHHBIX Obl1a chopMupoBaHa oOydaro-
1ass BbIOOpKa, COCTOSIIIAsd M3 MCXOAHBIX JAaHHBIX
Sentinel 2 B 4-Xx numama3oHax M 1IeJIEBBIX NTAaHHBIX,
MpPEeACTaBISIONIMX MAaCKHU C/X TI0JIet, TOJIyYeHHbIX U3
BEKTOPHBIX ITpeacTaBlIieHU. Pa3Mep omHOTO N300pa-
KeHUsI cocTaBiisl 256 Ha 256 mukceneit (2560 Ha
2560 M). O61IMiT 06BEM BRIOOPKU cOCTABUIT 3968 M306-
paXeHuil ¢ pacTpOBbIMU MackaMu. {711 MOBBIIIIEHUS

NCCIEOOBAHUME 3EMJINM N3 KOCMOCA Ne 6 2023
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YyacTok CHUMKa B BUTMMOM CIICKTpPEC

Macka ¢/x moneit
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Puc. 3. I/I306pa)KeHI/Ie B BUAUMOM CIICKTpPE€ U MaCKH CEJIbCKOXO3SMICTBEHHBIX TOJIEHA.

TOYHOCTHU KjiaccupuKauuy ydeOHass BbIOOpKa ObLIa
pa3buTa Ha HEMOCPEACTBEHHO TPEHUPOBOYHYIO, Ha
KOTOpOI1 Npeanoaraioch odydyaTb CeTh, U TECTOBYIO
Ha KOTOPOM MPOBEpSIOCh KadecTBO Kiaccuduka-
uuu. PasngeneHne Ha TPEHUPOBOYHYIO U TECTOBYIO
BBIOOPKU OCYILIECTBJISIIOCH TI0 COOTHOIIEHUIO 2 K 1
(2645 n3o6paxkeHnii B TPEHUPOBOYHOIM BBIOOPKE U
1323 B TecToBoOit) (puc. 3).

B xauectBe apXuTEeKTypbl HEMPOHHOIT ceTu ObLIa
BeiopaHa U-NET (Ronnenberg, Fisher, Brox, 2021).
B kauecTBe MeTpUKHU OLICHKU KauyecTBa MOACIU MC-
noab3oBanack IoU (intersection over union) — maH-
Hag METPUKAa OLICHUBAET CTEIEHb IIepeceYeHIsSI MHO-
KECTB, B HallleM CJTydae CTeIIeHb COBITaIeHUS UCXO -
HOI MacKHM C/X MoJist, U U300pakeHUsl, MOJTYYeHHOTO
B pe3yJibTaTe KiIacCU(DUKAIIAN.

ANB
AUB’

Ime A N B — nomanps nepecedeHus AByX 00beK-
TOB, a A N B cymMapHas 1ioiaab 00beKTOB.

IoU =

B xadectBe (DyHKIMM MOTEPHh MCITOIB30BAJIACh
¢dyukuus BCElogloss. ITomyyeHHast BEIOOpKa 3arpy-
Xkajnach Ha cepBuc Kaggle. OOydyeHHE OCYILIECTBIISI-
JIoch Ha poTskeHM 40 a1mmox. OnITuManbHOE KOJTJe-
CTBO 3I0X OIPENEsUIOCh SMIIMPUYECKU B MPOLIECCE
noaroToBku mModean. OO0ydyeHHasl CeTh CKauyMBajlach
Ha JJOKaJbHbIi KOMOBIOTED.

Bce monyuyennbsie GEE He pa3zMedeHHBIE CITYTHH-
KOBbIe U300paxkeHus1 Sentinel-2 O0bLIM 0O6pabOTaHBI
CXOXHM 00pa3oM C TeM, KaK COCTaBJIsUIach y4cOHas
BBIOOpKa. CITyTHUKOBBIE M300pakeHUSI B OTIWMYNH
OT TIPOCThIX (poTorpacuii UMeIOT reorpadpuuecKyro
MIpPUBS3KY, KOTOpas 1 JAaeT BO3MOXHOCTb MX HAJIb-
Helimrero ncnoinr3oBadusg B [MC. TTockonbKy MeTO-
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JIbl MAIIMHHOTO O0y4YeHMST paboTaIOT NCKITIOUUTEIIBHO
¢ UM(pPOBLIMU 3HAYSHUSIMU, TIepelaBacMbIMU B HUX,
MIpU MPOXOJe JAHHBIX Yepe3 CeTh MeTaJaHHbIE TePsI-
orca. Kaxmoe m3o0paxeHue, IIOJIYyYeHHOE IIOCIIE
pasnenieHus Ha KBaapaThl, UMeJIO CBOU MeTaJaHHbIe,
KOTOpbIe HEOOXOAUMO ObLIO MepenaTh BHIXOAHBIM U3
HelipoceTn n3o0paxxeHussM. MeTagaHHBIE, COIepKa-
e ID — HoMmep n3obpaxkeHusl, ero JaHHbIe Teorpa-
¢dudeckoil MPUBS3KU U CUCTEMbI KOOPJAWHAT coXpa-
HSUINCh B OTHENbHBIN (aitnm pacmmpenus JSON.
Cetb, 0OyueHHast Ha cepBuce Kaggle, 3anmyckanach
JIoKaibHO. PaboTra HelipoceTu ocCyllecTBIsJIach Ha
rpacpuaeckom mpoueccope Geforce 1050 oobemMoM
namsaTu 4 ruradaiita. Bce pacTpoBbie M300paKeHUs
MPOIMYCKAJIUCh Yepe3 OOYYEHHYI0 HEMPOHHYIO CETb.
[Mocne mpoxoxaeHMs Yepe3 CeTh M300PaKCHUSIM 3a-
MUCHIBAJIMCh ~ COOTBETCTBYIOIIME  METadaHHBIE.
B xoH11e Bce o6paboTaHHbIE JaHHBIE OOBEAUHSIINCH
B eIUHOE pacTpOBOE M300pakeHUe, OXBaThIBAIOIIEe
Bech CraBpoIonabcKuit Kpaii. MToroBoe nzodpaxe-
HUE BEKTOPU3MPOBAJIOCH U MOJYYaJUCh TeOMETpUU
C/X TOJIeiA.

B mpouecce ucciaenoBaHus UCIONb30BAICH S3bIK
nporpaMMupoBaHus python B cpene pa3paboTku visual
studio code. /1151 pabOTHI ¢ T€OIIPOCTPAHCTBEHHBIMU
JIAaHHBIMU UCTIONb30Banuch 6udnuoreku Geopandas
u Rasterio, 1151 paGoThI ¢ HEMPOHHOW CETHIO UCTIONb-
30Basach Oubnmoreka pylorch.

PE3YJIBTATbBI U OBCYXIAEHHUE

OO6nayHbBIe CEpBUCHI, AAIOIINE TOCTYII K CepBep-
HBbIM BBIYMCJIWTEIbHBIM MOIIHOCTSIM, MMEIOT P
orpannyeHuii. Mcnonb3yeMblii B JaHHOM HUCCJIEI0-
Banuu cepBuc Kaggle mpemocraBisger 1oCTym K 16 ru-
rabaiiTaMm BUIEO 1 OTIepaTUBHOM MTaMSITU U IUMUTOM
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YyacTok CHUMKa B BUIMMOM CIIEKTpPE

Macka ¢/x noseit

iy
[ ///Z . /\

//

Hror pa6otsl cetu U-NET

/7/~"L
/111F

)

i}

| -

L

Puc. 4. I300paxeHne B BUIUMOM CIIEKTPE, MacKa CeJIbCKOX03SCTBEHHBIX ITOJIEH U pe3y/IbTaT paboThl HEMPOHHOM CETH.

ncnoab3oBaHus 30 4 B Heneto. B 3Toii cBsI3M BOZHUKA-
IOT HEKOTOpPEIE 00sI3aTelIbHBIC TPeOOBaHMS K JaHHBIM.
Heo6xonmmo OBLIIO oTIpeieTnTh pa3Mep KBajapaTa Ha
KOTOpbIC JEIWIMCh CHYTHUKOBBIE M300pakKeHUs.
C omHOII CTOPOHHBI, KaXObIii KBaapaT 00s3aTeIbHO
JIOJDKEH OBbLT BKIJIIOYATh TPAHMIIBI IOJICH, TO €CTh He-
obxonrMo ObUIO M30eraTh CUTyallMy, KoTaa KBaapar
nomnanaj 66l pOBHO Ha CepeaHY MOJIsl, C APYTOii CTO-
POHBI HEOOXOMMMO OBLIO ITOIOOpaTh TaKOil pa3Mep
KBaJpaTa, YTOObI JOCTYITHBIX OObEMOB BBIYUCIUTE]b-
HBIX MOIIIHOCTEM XBaTaJIo IJIs1 0Oy4eHUs HEeMPOHHOI
ceTu. bpuTn MpenBapuUTETEHO COCTABIICHBI TPU BHIOOP-
k1 o 200 kBagpartoB pazmepoM 400 X 400 mukceneit,
512 X 512 nukceiei u 256 X 256 nukceyeil. DT BbI-
OopKu ObIIM 3arpy:keHbl Ha Kaggle 11 miporyiieHBI Jye-
pe3 He HacCTpoeHHYIo HelipoceTb. PasMep pacTpoBoro
n3o0pakeHust 256 X 256 mmkceneit (2560 X 2560 m)
oKaszajicsl ONTUMaJbHBIM. Pasmep OaTya cocTtaBmMI
16 n300paxkeHUIA.

B xome oOyuyeHMsI OBUIO ITOCTUTHYTO KadyeCTBO
97% TipaBUIBLHBIX ONpeAcICHUII TeOMETPUM Celb-
CKOXO3SIMCTBEHHBIX IOJIEi Ha TECTOBOI BHIOOpDKE.
BaxxHbIM 3TarmomM paboThl ObLIa OMHAapU3alys JaH-
HBIX — TIpuBeaeHre K dopmary 0 mim 1, rme 1 310
CEILCKOXO3SIMCTBEHHOE MoJie, a ) ocTaJIbHbIE OOBEKTHI.
Ha BbIxom HelipoHHasI ceTh BhIAAeT 3HAYCHUS B THa-
nazoHe ot 0 mo 1. Ilpu paboTe ¢ GMHAPHOI Ki1accu-
dukanmeit HeoOxooMMO MomoOpaTh 3HAYeHHUE, I10
KOTOpPOMY IIPOM30iiaeT pa3aeieHre Ha Kinacchl. [1pu-
HATO, 4TO Bee 3HadeHus <0.5 orHOCcaTC K Kitaccy 0,
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a ocTaJIbHBIE K KJ1accy 1. B taHHOM ciiydae mpu rnmopo-
re 0.5 Ka4ecTBO WUTOTOBBLIX JAHHBIX OBLIO HEBBICO-
kuM. Bput BeiGpan nopor 0.62. Ha puc. 4 npuBeneH
MpUMepP WCXOOHBIX M300pakeHUM, CeIbCKOXO03sIi-
CTBEHHBIX MAacCOK, MOJYYeHHbIX U3 BEKTOPHBIX MaH-
HBIX B TIpO1IecCe MOJATOTOBKM, 1 B pe3yJibTaTe paboThl
obyyeHHoil U-net.

Bri6op ocHOBaH Ha BU3yaJlbHOI OlLIEHKE Pe3yJib-
TaToB. Kak BUOHO M3 pUCYHKa, UTOTOBbIE MaCKU
CeJIbCKOXO3SIMCTBEHHBIX OOBEKTOB B psie CiydyaeB
0oJiee TOYHBI, YEM UCXOIHbIE MACKU, UCTIONb3yEMbIE
st ooydyeHusi. OmHUM U3 (HPaKTOPOB KOTOPHIM MOr
MOBJIUSITh HA PE3YBTAThI 3TO N3HAYATBHOE KAaUYEeCTBO
BEKTOPHBIX JAHHbIX.

ITmomane CTaBpOMOIBCKOIO Kpasi COCTaBISCT
66500 km?2. Peruon rnepecekaer 4 arpokjiMmaruye-
CKUX 30HBI CO CBOMMU OCOOEHHOCTSIMU peibeda,
KJIMMaTa U TIOYBEHHBIM ITOKPOBOM, 1 KaK CJICIICTBUE
CBOMMHU OCOOCHHOCTSIMM PaCIOJIOXKEHUS U KOH(PU-
rypanuu mosueii. B yaeOHy0 BEIOOPKY BXOIWIN TaH-
HBIC, PACIIOJIOKEHHBIE BO BCEX 30HAX, OMHAKO B pa3-
HOM COOTHOIIeHUH. McXons U3 pe3ybTaToOB KJIAaCCU-
¢uKalmMM 3TO HE IIOBJIUSUIO HAa pabOTy CETU, IIpU
nox0ope KadeCTBEHHOM 00ydJarolieil BHIOOPKHU BO3-
MOXHO MCIOJIb30BAHUE ONHOW HEMPOHHOM CETH IS
CerMeHTall1 O0OBEKTOB Ha OOJIbIIEM M HEOIHOPOI -
HOM TIpocTpaHcTBe. HecMoTpst Ha BBICOKOE Ka4eCTBO
CerMeHTallM, B pe3ybTaTe BU3yabHOI OLIEHKU He-
KOTOPBIX TEOMETPUIA, TTOJIydSHHEIX B pe3yJIbTaTe pa-
OOTHI, OBIJIN BBISIBJICHBI HETOCTATKU Mmoaxona. B He-
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KOTOPBIX CiIydasiX B KayeCTBE CEIbCKOXO34MCTBEH-
HBIX O61)CKTOB OIpe€acjJCHbl JICCHBIE MaCCUBbI U
LCJIMHHBIE TeppUTOpUU. JJaHHYIO TPOOJIEMY MOXKHO
pelIaTh UCIIOJIb30BaAHUEM MHOTO KJIACCOBOI KJIaCCU-
duKanuu ¢ BeIIeJIeHNEM KitaccoB (- JIecHbIe MacCH-
BHI, 1-cebX03 yromubs 2-Apyrue 0ObeKTHI.

HMrtorom nccienoBaHus SIBJISICTCS aITOPUTM, B pe-
3yJIbTaTe pabOThl KOTOPOTO Ha J1100y10 o6nacth CTaB-
POTMOJIBCKOrO Kpasg BO3MOXHO MOJYYUTh TE€OIMpO-
CTPaHCTBEHHYIO MH(POPMALIVIO O TTOJIOKEHUU U KOH-
durypamnum c/X moJei.

AJTOPHUTM paboTaeT CIAeAYIOIINM 06pa3oM:

» Ha cepBep GEE mmoctymaer 3anmpoc maHHBIX Sen-
tinel-2 111 nHTEpecyeMoii obiacTu;

* pacTpoBbIe maHHBIe Sentinel 2 ckauynBalOTCs Ha
JIOKAJIbHBIM KOMITBIOTED;

* JIOKAJIbHO PacTpOBBIC JaHHBIC pa3pe3aroTcs Ha
KBaIpaThl CO CTOPOHOM 256 TmKceneit, 1 hopMupy-
€TCsS MacCUB MAHHBIX IUIST UCTIOJIB30BaHUsI ¢ HEHpo-
CeThIO;

* MAacCHUB ITOATOTOBJICHHBIX TaHHBIX MOCTYITACT B
HelpoCeTh, MPOUCXOAUT MPOLIECC CETMEHTAIINY;

* Ha OCHOBaHUU Pe3yJIbTaTOB CETMEHTALIUU CTPO-
SATCSI BEKTOPHBIE TaHHBIE TEOMETPUIT CEIThCKOXO3STi-
CTBE€HHBIX MTOJIEM.

Bce mpuBegeHHbBIE 3TAllbl aITOPUTMA aBTOMATH-
3UPOBaHBbI.

B uccienoBaHusIX CBSI3aHHBIX C CerMEHTalveit
CIYTHUKOBBIX HM300paKeHUI OOBIYHO MCIIOIb3YIOT
emHOBpeMeHHbIe n3oopaxenus (Taravat et al., 2021).
ITo HamieMy MHEHUIO, MCITOJb3ysI OMHOMOMEHTHbBIE
CHUMKM MOXHO CTOJIKHYTBhCS C CHTyalldeli, KOraa
MOJIOBMHA T10JIs1 yOpaHa, a MOJ0BMHA €Ille HET, U OJl-
HO TIoJie OydeT orpenesieHO Kak aBa pa3Hbix. Mc-
IIOIb30BaHME YCPEOAHEHHOIO WIA MEOWaHAaJIbHOTO
M300pakeHUsI 3a CE30H SIBJISIETCS ONTUMAJILHBIM, TaK
KakK MWHUMW3UPYET HEOMHOPOTHOCTh B TIpejaeiax
OIHOTIO OTHEIBHOTO ITOJIsSI, KOTOpas OyIeT BIAUATH Ha
pe3ynbpTaT Kiaaccudmkaummm. B mcciaemoBaHMSIX
C.M. baraeBa mnpelncTaBjeH ONbIT HCHOJb30BaHUS
MHOTO KJIaCCOBOM CETMEHTAlIMM IpPU IIOMOIIM CEeTU
U-Net Ha ocHoBaHuu faHHBIX WorldView-3 (Bagaev,
Medvedeva, 2021). KomMmepueckue naHHbIE CUCTEMBI
WorldView o6namaior OoJbIIMM HAaOOPOM CIIEK-
TpaJbHbBIX TMATIO30HOB 1 00JIe€ BEICOKMM IIPOCTpaH-
CTBEHHBIM pa3pelleHueM, HO B OTJIMYMU OT JaHHBIX
Sentinel-2 He UMEIOT TAKOTO IIMPOKOTO BPEMEHHOTO
U IPOCTPAHCTBEHHOIO oxBaTa. B pamkax uccienoBa-
HUS UCITOJIb30BAIMCh KOCMUYECKUE N300pakeHUsI 3a
2022 1. OgHaKo IIPUHIUII paOOTHI aJITOPUTMA ITO3BO-
JIIET MCIIOJB30BaTh JaHHBIE 3a JII0O0OI JTOCTYIHBIN
BpPEMEHHOM MPOMEXYTOK BpeMeHU. CpaBHEHUE TaH-
HBIX 32 HECKOJIBKO JIET ITO3BOJIUT OLIEHUTh JUHAMUKY
M3MEHEHU reOMETpUIi CENbCKOXO3SICTBEHHBIX MO-
Jneit. TakuMm oOpa3zoM MpUMEHEHUE MPEeaIOKEHHOTO
aJIrOpUTMa, OCHOBAaHHOTO Ha HeipoHHoi cetn U-net,
MMO3BOJIUT pelIaTh MPOU3BOACTBEHHBIE 1M HAYYHBIC
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33/1a4¥ Ha PETUOHAJIBHOM, PAMOHHOM M JIOKAJIbHOM
YPOBHSIX.

HrtoroBoe kKauecTBO OMHApPHOI KilaccupuKaluu
CITYTHUKOBBIX CHMMKOB IIPU MCIIOJIb30BaHUM HEM-
ponHoit cetn U-Net 1151 BelIeJIeHUs ¢/X MOJei co-
craBwio 97%. OGaauHbIe CEPBUCHI TAKKE KaK google
earth engine u Kaggle saBISIIOTCSI MOIITHBIM MHCTPY-
MEHTOM [IJIsl pelieHUsT MpoOJieMbl HEXBATKM BBIUMC-
JIUTEABHOM MOIIHOCTHU IIPU UCITOJIb30BaHUU JIOKAJIb-
HOro KomnbloTepa. Iloporosoe 3HaueHUeE OJ1 pa3ne-
JICHUSI pe3yJIbTaTUBHBIX M300pakeHU Ha IBa Kjlacca
cocraBuio 0.62. IlpueMbl U aJlrOPpUTMBI, OCHOBaH-
HbI€ Ha MCII0Jb30BaHMM HEMPOHHBIX CETEMi, ITO3BO-
JISIIOT aBTOMaTU3UPOBATh IIPOLIECC OLIU(MDPOBKU CETb-
CKOXO3SIMCTBEHHBIX MOJIEl C BBICOKOW CTENEHBIO
TOYHOCTHU.

BBIBO/IbI

PaspaboraHHbIil B paMKax MCCISOOBAHUS ajiro-
PUTM ITIO3BOJISIET OMEPATUBHO U 0€3 MCITOJIb30BaAHUS
OOJIBIIIOr0 00BbeMa BBIYMCIMTEIBHBIX PECYPCOB I10-
JIy4aTh TEOMETPHIO C/X TTOJIeii, KOTOPbIe MOTYT OBITh
KCITOJIb30BaHbI IS

* ONTUMU3AIUK WUCITOIb30BAHUS 3eMJIU: HaM-
ype aKTyaJbHBbIX JaHHBIX MO3BOJISIET 0OJiee TOYHO
OILIEHWBATh TUIONMIANbh KaXIOTO TIOJISI M OIpPEneisITh
OINITUMAJIBHBIE MeCTa JUIS IToceBa PasIMIHBIX KyJIb-
TYp, YTO MOXET YBEJIUYUTDb YPOXKAKHOCTh U DKOHO-
MUYECKYI0 3(PDEKTUBHOCTD.

* MOHUTOPUHTA COCTOSIHUSI TTIOCEBOB: TTOJTyUYeH-
Hble JaHHBIE MO3BOJISIOT HAOJIIOAATh 32 COCTOSIHEM
PaACTUTEILHOCTU B KaXXIOM CETMEHTE, BBISIBISITh 3a-
6oJIeBaHUS, a TaKKe KOHTPOJIMPOBATh MCIIOIb30Ba-
HUE yIOOpEeHU U TTeCTUIIUIOB.

» [lnaHupoBaHUS CEIBCKOXO3SIMCTBEHHbBIX pa-
0OT: HaJIMuYMe MHMOPMAIINU O TEOMETPUH TTOJIEH TT0-
MOTaeT ONITUMU3UPOBATh INITAHUPOBAHUE CETbCKOXO-
3SCTBEHHBIX padOT, TAKMX KaK 00paboTKa U yoopka
ypoxasi, YTO MOXKET MOBBICUTb MPOU3BOJUTETLHOCTD
1 CHU3UTH 3aTpaThl HA TPYI U PECYPCHI.

* Pa3paboTku mporpamMm MOAAEPXKKUA U MPUHS-
TS pelieHu# 1 psina HMdPOBbIX TPOAYKTOB B Mac-
1Tabe Kak OTAEIbHBIX (hepMEPCKUX XO3SIUCTB U ar-
POXOJIIMHTOB, TaK U Ha MYHUIIMINAJbHOM U PETrvo-
HaJIbHOM YPOBHE roCy1apCTBEHHOTO YIIpaBJIeHUS.
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Use of Deep Learning and Cloud Services for Mapping Agricultural Fields
on the Example on the Base of Remote Sensing Data of the Earth
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V'V Dokuchaev Soil Science Institute, Moscow, Russia
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In recent years, research has been conducted in scientific institutions of the Ministry of Agriculture of the
Russian Federation and the Russian Academy of Sciences on the introduction into practice of new technol-
ogies for the use of acrospace information in agriculture. The article, using the example of the Stavropol Ter-
ritory, considers the possibility of using cloud services such as google earth engine (GEE) and Kaggle ma-
chine learning systems for mapping agricultural (agricultural) fields using deep learning methods based on re-
mote sensing data. Median images of the Sentinel 2 space system for the 2022 growing season were used as
data for the selection of training and validation samples. The total volume of the prepared training and train-
ing samples was 3998 images. One of the problems for researchers and manufacturers in the field of agricul-
tural is the lack of centralized and verified sources of geospatial data. Deep learning methods are able to solve
this problem by automating the task of digitizing the geometries of agricultural fields based on remote sensing
data. One of the limitations in the widespread use of deep learning is its high demand for computing resourc-
es, which are not yet always available to a researcher or manufacturer in the field of agricultural. The paper
describes the process of preparing the necessary data for working with a neural network, including correction
and obtaining satellite images using the Google earth engine platform, their further standardization for train-
ing a neural network in the Kaggle service, and its further use locally. As part of the study, a neural network
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of the U-net architecture was used. The final classification quality was 97%. The threshold of division into
classes according to the classification results was established empirically and amounted to 0.62. The proposed
approach made it possible to significantly reduce the requirements for the local use of PC computing power.
All the most resource-intensive processes related to the processing of satellite images were performed in the
GEE system, and the learning process was transferred to the resources of the Kaggle system. The proposed
combination of cloud services and deep learning methods can contribute to a wider spread of the use of mod-
ern technologies in agricultural production and scientific research.

Keywords: remote sensing, machine learning, neural networks, google earth engine, space images, digital

mapping
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