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K croco0y M YCTPOHCTBY OINpEAENeHHs] KOHTYPOB CEIbCKOXO3SIHCTBEHHBIX IOJNEH C IPHMEHEHHEM IITyOHHHOTO
oOydeHHsT 0 JOaHHBIM JAWCTaHIMOHHOTO 30HAMpoBaHHMA 3emin (/[I33). TexHUUECKUM pe3yIbTaTOM SIBISAETCS
TIOBBIIIEHHE TOYHOCTH IIPU OMNPEJETIeHHH KOHTYpa CEIbCKOXO3SIMCTBEHHOTO ITONA. YKA3aHHBIM TeXHWYECKUH
pe3yabTaT AOCTHTaeTcs Onarofaps OCYIIECTBICHHIO CIHOC00a PacIo3HABAHUS KOHTYPOB CEIbCKOXO3SHCTBEHHBIX
moneit (¢/X), BBIMONHSAEMOTO IO MEHbIIEH Mepe OAHUM BBEIYHCIUTENBHBIM yCTPOHCTBOM, COAEPIKAIIETO 3Tallbl,
Ha KOTOPBIX TONMYYaloT II0 MEHBIIEH Mepe OAWH HCXOMHBII MYIBTHCHEKTPANBHBIH CHUMOK; ONPEAEINISIOT IS
TIOTyYEHHOTO CHIMKA MAaCKy CeTMEHTAINH IS Kilacca MalllHs, MacKy CeTMEHTAINH IS Kacca IPaHuIla OTAEIEHOTO
CEJIbCKOXO3HCTBEHHOTO TOMS W MAacKy PACCTOSHUH OT LEHTPa CEbCKOXO3SHCTBEHHOTO MOMA 10 Omrkaiiieit
TPAHUIIBI 3TOTO MOJIS, TIPUIEM MacKa CETMEHTAIMH MPEICTaBIseT COO0H MaTpPHILy, JIEMEHTaMU KOTOPOIl SIBIAIOTCS
3HAYEHHs, XapaKTEPU3YIOIINE BEPOSTHOCTD NMPHUHAIEKHOCTH MHKCEST HCXOAHOTO MYIBTHCIEKTPAILHOTO CHHMKA,
COOTBETCTBYIOIIETO 3JIEMEHTY MAaTpPHIBL, K OMpEIEIeHHOMY KJacCy; Ha OCHOBE 3HA4eHHWH YNOMSHYTBIX MacoK
cerMeHTaInuit GopMUPYIOT TOMOIOTHYECKYIO MAcKy, KOTOpasi ONpeesseT HalnuKe MalllHi Ha MyJIbTHCIEKTPaIbHOM
CHHMMKE; Ha OCHOBE 3HaYE€HHH MACKU PAaCCTOSHUN OT LIEHTPa CEIbCKOX03HCTBEHHOTO TIOJIS 10 OMIpKaiield rpaHuLibl
3TOTO TOJsSI ONMpPEAEINAI0T HauallbHble TOYKM; IOMEYAIOT CBS3aHHBIE KJIACTEPhl HAYAIBHBIX TOYEK OTIAEIbHBIMU
I/llleHTl/I(bHKaTOpaMH; pacnpeneiaroT TOYKU MYJIBTUCIEKTPAJIbHOTO CHUMKA IO ONPEACIICHHBIM BBIIIE KJIaCTEpaM B
paMKax omnpeJeNIeHHOH paHee TONOJIOrMYeCKOM MacKH OT ONPEETICHHBIX BBIIIE CBA3HBIX KIaCTEPOB HaYaJIbHBIX TOUEK
C HUCIIONB30BAaHMEM 3HAUCHUH MAacKH PAcCTOSHHMH OT LIEHTpa C/X MONs OO0 OirKaiiield paHuilbl 3TOro JKe IO,
HpUYeM HICHTU(DHUKATOP KOMHPYETCs KaXKIBIH pa3 COCEIHUM ITUKCENSIM OT CBSI3HBIX KJIACTEPOB HAYaJbHBIX TOYEK;
MOJTy4alOT OTACNBHO CBSI3aHHBIE SIMHBIM HICHTH(UKATOPOM KIIACTEPHI TOUYEK, KOTOPbIE SIBIISIOTCS OTACIBHBIMH C/X
HOJISIMHU; OTIPEACIISIIOT KOHTYPBI C/X MOJISH KaK KOOPAMHATHI OITIOPHBIX TOYEK HOJIMTOHOB, (OPMUPYIOIINX TEOMETPHIO
OTZAENBHBIX CEIbCKOXO3AHCTBEHHBIX IOJIEH
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YCTPOWCTBO M CMOCOB PACNO3HABAHUA KOHTYPOB
CENbCKOXO3ANCTBEHHBIX MOMEN C MPUMEHEHMEM MYBUHHOIO
OBYYEHWA MO AAHHBIM ANCTAHLUMNOHHOI O 30HANP OBAHUA 3EMIIN

OBNACTb TEXHUKWA

[0001] MNMpencraBneHHOE TEXHUMYECKOE pelleHne oTHocuTcda, B obwem, k obnactu
BbIYUCITUTENBHON TEXHMKM, @ B YaCTHOCTU K Cnocoby W YyCTPOWCTBY OnpeaeneHus
KOHTYPOB CENTbCKOXO3SIMCTBEHHbBIX MOMEN C NPUMEHEHNEM TNYyOMHHOrO oby4yeHus no
AaHHbIM AUCTaHUMOHHOrO 3oHgmpoBaHna 3emnun ([133), B TOM uumcne, rpynnmpoBKn
Sentinel-2. Sentinel-2 — cemencTBO CNyTHMKOB EBPONENCKOro KOCMUMYECKOro areHTCTBa,
co3gaHHOE B paMkax npoekta rnodaneHOro MOHUTOPUHIa OKpyXKarwen cpenbl u
BesonacHocTn «KonepHuk», npegHasHadeHHoe ANA  MOHUTOPUHra WCMONb30BaHUS
3eMenb, PacTUTENBHOCTU, NTECHBIX U BOAHbBIX PECYPCOB, TakKe MOryT NMPUMEHATLCH Npu

NMKBUAAUMN NOCNEACTBUN CTUXUNHBIX BeacTBUN.
YPOBEHb TEXHUKA

[0002] B HacTosiLee Bpems NOMAyYUnn  LUMPOKOE pacrnpoCTpaHeHWe TexXHOMnorum
MOHWUTOPWUHIra COCTOAHUS CEMNbCKOXO3ANCTBEHHbIX noneun no gaHHeiM [433. Npu 3Tom BCe
pacyeTbl BEAYTCA MO 3afaHHbIM PyYHbIM CnocoboM KOHTYpam rnons. Mog KoHTypom nons
NOHMMaEeTCAa Habop OMOPHbIX TOYEK C UX KoOpAMHATamu, POPMUPYIOLLMX rEeOMETPUIO
nons. Npumep KOHTypa CENbCKOXO3SMCTBEHHOrO Nons npeacrasneH Ha dur.1.

[0003] lNMpeacraBneHHOE TEXHUYECKOE PELUEHME HarnpaBfeHO Ha pelleHne 3agadu
aBTOMAaTMYECKOro OnpeaeneHnst KOHTYPOB NOMen, OCHOBbLIBasACh Ha 0bpaboTke aaHHbIX
A33. Mpn 3TOM MCNONB3YOTCA AaHHbIE TPYNNUPOBKM CMyTHUKOB Sentinel-2 1 meToabl
rnyBuHHOro obyyenns. BHegpeHe npeacTaBneHHOro peLeHns 3HaYUTENbHO CHKaET
TpyAo3aTparhbl N0 OLMAPOBLIBAHNIO KOHTYPOB NOMEN, NOBbLILLAS NPU 3TOM UX TOYHOCTb U
Ka4ecTBo.

[0004] Hanbonee 6nn3kuM peELLUEHMEM K NPEACTaBNEHHOMY TEXHUYECKOMY PELLEHUIO,
ABNAOTCA Cnocob M cucTtema COBMECTHOrO ONpefeneHna 3eMeNnbHOro nokposa U
Knaccudurkaumm 3eMnenonb30BaHNA Ha OCHOBE M30BpaXeHWI, NONy4YEHHbIX C MOMOLLBbHO
ANCTaHUMOHHOIO  30HAMPOBaHUA, packpbitble B 3asaBke EP3614308A1, onybn.

26.02.2020. B gaHHOM [OKyYMEHTe OMuCbIBAaeTCA anropuTM BblLeneHNS HECKOMbKMUX



KnaccoB 3emMenb Mo crnocoby WX WCNonb3oBaHWUS, B TOM 4YUCME KNacc «3emmu
CEMNbCKOXO3ANCTBEHHOrO Ha3Ha4YeHNSa».

[0005] HepocTtaTkOM UM3BECTHOrO peLleHUa  ABMFEeTCH  OTCYTCTBME  BO3MOXHOCTU
onpefeneHna KOHTYPOB OTAErMbHbIX MNOMen B pamkKax eauMHOro Kracca «3emnu
CenbCKOXO3ANCTBEHHOro Ha3HaveHusa». [pakTtnyeckm Bcerga oTaenbHbIe NONa rpaHnyaT
mMexay cobon, 4ToO He MOo3BOnsAeT MX OTAENUTb APYr OT Apyra Kak OoTAeNbHble 4YacTu
Knacca «3emMiM CEeNbCKOXO3SMCTBEHHOrO HasHadeHusay. WMeHHO oTaenbHble nons
NawwHN NPeACTaBNSAT MHTEPEC, TaK Kak Ha HUX PasnnyatoTCsa yCnoBus BO34ENbIBAHUS:
KynbTypbl, BNagenbLpbl, copTa ceMsH, cnocob obpaboTtkm, yaobpeHnsa n npoyee.

[0006] Takke npeacCTaBnNeHHOE TEXHUYECKOE pelleHue obecneymBaeT BO3MOXHOCTb
pasfeneHnsa Nona Ha oTheNbHbIE NONs C y4eTOM psaga AOCTYMNHbIX cHUMKoB 33 1 aByx
MOAENEN CEerMeHTaumMm AnNS MonyYeHUs TOYHbIX KOHTYPOB. CTPYKTYPHbIE WU3MEHEHWUA
MeXAYy OTAEMNbHBIMU MOASMM MOTYT NPOCNEXMBATHCA TONBKO B ONPeAEneHHbI MOMEHT
BPEMEHW, MO3TOMY MNPOBOAUTE KnaccuduKaumio TONMbKO Mo ofgHOMY CHUMKY [33
HEeKOpPPEeKTHO. [na noBbIWEHWMS KadecTBa MpefckasaHui B NPeacTaBlEeHHOM
TEXHUYECKOM peLLeHnn ucnonbadyetca psag cHumkoB [33 ¢ dunbTpaymen obnadHbix
nMKcenen, a B kadectse CHUMKOB [133 Ncnonb3yroTes AaHHble KOHKPETHOW rpynnuMpOBKU
cnyTHUKoB — Sentinel-2 B koppekumn L2A, npy STOM WCMOMb3YKOTCA HE TOSBbKO
OMTUYECKNE CMEKTPLI, HO M HE ONTUYECKME CNEKTPbI C AMana3oHOM BOSHbI 0T 443 00 2190
HaHOMETpPOB.

[0007] Tak xe nsBectHa cuctema obpaboTkm n3obpakeHuin Ans MynbTUCNEKTParIbHOro
N rMNepcneKkTpanbHOro aHanusa, NpUMeHsemMasi B CENbCKOM XO3SWUCTBE, pacKkpbiTas B
s3asske WO2017105177A1, onybn. 22.06.2017. B wn3BEeCTHOM CUCTEME [AaHHbIE
N306pakeHnin, NONyYeHHbIX C BO3AyXa, WUCMOMb3YHTCA ANA OnpeaereHns COCTOSHMUS
pacTeHnn. HepoctaTtkoM W3BECTHOM CUCTEMbI SABMSETCA OTCYTCTBME BO3MOXHOCTU
onpegeneHnsa KoHTypa nonsa. B gaHHOM AOKyMEHTE YNOMUHAETCA TONBKO OnpeaeneHme
COCTOSIHUS paCTUTENBHOCTM MO 3a4aHHOMY KOHTYPY AN BEAEHUA TOYHOro 3emnenenus,
YTO OTNMYAETCS OT 3ajauu, peLlaemMon NPeacTaBneHHbIM TEXHUYECKUM PELLEHNEM.
[0008] MNMpobnema onpeneneHns KOHTYPOB TMOSIEN pPacCMOTPEHaA B paMKax 3asiBKu
US20200226375A1, onydn. 16.07.2020. OgHako MexaHn3m Nony4YeHns KOHTYPOB Nonew,
ONUCaHHbIN B AaHHOW 3asBKE, HE WCMNONb3yeT MeToabl rnybuHHoro obyyeHuss n B
npyHUMNE MawmHHOro obyveHus. B yacTHOCTW, ANA MOMy4YeHWs KOHTYPOB MONewn
MCNONb3yeTCa anropuTM-3BPUCTUKEA, OCHOBAHHbIM Ha CPaBHEHWUW HOPMAanmn3oBaHHOMO

NHOEeKCa Beretauum B pasHble Nepuoabl BPEMEHM ANs COCeAHMX nuKcenen. Takomn



noaxop He obecneumBaeT A0CTaTOYHOrO Ka4vecTsa pasageneHnd, noOToOMy 4YTO yHYUTbIBAET

TONBKO NMHENHbIE PaKTOPBbI.

PACKPbITUE N3OBPETEHUA

[0009] TexHuueckon npobnemon unmn 3agaden, NoCTaBneHHON B aHHOM TEXHUYECKOM
peLLeHnn, ABNSETCHA co3jaHne HOBOro 3PEKTUBHOMO, MPOCTOro U HaAEXHOro MeToaa
onpeaeneHns KOHTYPOB CENbCKOXO3MCTBEHHbIX MOMEN.

[0010] TexHM4YecKknM pesynbTaToM SBMAAETCHA NOBbILEHUE TOYHOCTU MPU onpeaeneHnm
KOHTYpa CeNbCKOXO3AMCTBEHHOMO NONA.

[0011] YKkasaHHbIN TEXHUYECKUA pesynbTaT gocturaeTcs Gnarogapsa OCyLLECTBMNEHUIO
cnocoba pacno3HaBaHUSA KOHTYPOB CEMbCKOXO3ANCTBEHHBIX (C/X) NOMEWN, BbINOMHAEMOrO
MO MEHbLUEN MEpPEe OAHUM BbIYMCIUTENBHBIM YCTPOWCTBOM, COAEpXKaLlero atanbl, Ha
KOTOPbIX:

- MONY4aroT NO MEHbLLEN MepPe OAMH UCXOAHBIW MYNbTUCIEKTPaNbHbIA CHUMOK;

- ONpPeaenstoT ANA NONYyYEHHOrOo CHUMKA MacKy CerMeHTauum Ans Knacca nawuHs,
Macky cerMeHTauumn ANnsa Knacca rpaHuua oTAenbHOro ¢/xX nons U Macky pacCTosHUA OT
LeHTpa c/Xx nona o Gnmwkanwen rpaHnubl 3TOro nons, NpMYeM mMacka cermeHtauum
npeacraBnaer cobon martpuly, OSnEMEHTaMn KOTOPOW  SBMSKOTCA  3HAYEHUS,
XapakrepuayroLpme BEPOSATHOCTb NPUHaANEXHOCTH nmMkcens NCXOA4HOro
MyfbTUCMEKTPANbHOr0  CHUMKA,  COOTBETCTBYHOLLEro  3MeMeHTy  mMarpuubl, K
onpegeneHHomy Knaccy;

- Ha OCHOBE 3HA4YeHWM YMNOMSHYTbIX MAacoOK CerMeHTauum opMUPYHOT
TOMONOrNYECKYHO MacKy, KOTopas onpeaenseT Hanmume NawHn Ha MynbTUCNEKTPanNbsHOM
CHUMKE;

- HA OCHOBE 3Ha4YE€HMA MacKM PacCTOAHWA OT LEHTpa c/x nonsa Ao Gnwxanwen
rpaHvLbl 3TOr0 NOns ONPeAensatoT HavanbHble TOYKK;

- MOMeYalT CBA3aHHble  KnacTepbl HavanbHbIX  TOYEK  OTAEMbHbIMU
naeHTndurkaTopamu;

- pacnpegenstoT TOYKM MyINbTUCNEKTParibHOro CHUMKa No OnpeaeneHHbIM Bbllle
Knactepam B pamkax ornpefeneHHON paHee TOMONOrMYECKOM Mackm OT OnpeaeneHHbIX
Bbille CBS3HbIX KMNacTepoOB HayvalbHbIX TOYEK C MUCMNONb3OBaHWEM 3HAYEHUM MacKu
pPacCToOAHUM OT LEeHTpa C/X nonsa Ao Onwkanwen rpaHuubl 3TOro Xe Mnonsd, npuyem
NAEHTUMPUKATOP KOMMPYETCA KaXAbIA pa3 COCeAHUM MUKCENAM OT CBA3HbIX KNacTepos

Ha4varbHbIX TOYEK;



- MONy4YatoT OTAENbHO CBA3a@HHbIE €AWHbIM WMAEHTUMPUKATOPOM KracTepbl TOYEK,
KOTOpble ABNSATCA OTAEMNbHBIMUY C/X NONAMU;
- ONpeaensT KOHTYPbI C/X MOMEn Kak KOOPAMHAaTbl OMOPHbBIX TOYEK MOSIUIOHOB,
POPMUPYIOLLIMX FEOMETPUIO OTAENBHBIX C/X NONEN.
[0012] B ogHOM M3 4acTHbIX MPUMEPOB OCyLUecTBneHMs cnocoba B KayecTBe
MyrfbTUCMEKTPAnbHbIX CHUMKOB WCMOMNb3YHOT CHUMKW, MOSTyYeHHbIE MNpU  MOMOLLM
rpynnMpOBKM CNYTHUKOB Sentinel-2 B koppekTnposke L2A.
[0013] B gpyrom 4acTtHOM npuMepe OCyLLEeCTBMEHNA cnocoba 3HaYEeHUs 3NEMEHTOB
MaTpuubl HaxoaaTea B nHTepsane [0, 1].
[0014] B ppyrom 4acTHOM MpuUMeEpPEe OCyLlecTBrneHna cnocoba mackm cermeHTaumm
ONPefenatTCa NOCPeaCTBOM MOCNeAoBaTeNlbHOro MPUMEHEHNa ABYyX OOY4YEeHHbIX
CBEPTOYHbIX HEMPOHHBIX CETEN.
[0015] B apyrom 4acTHOM MpuUMeEpe ocyLlecTBneHnsa cnocoba B Ka4ecTBe HayarnbHbIX
TOYEeK BbIOMPAOTCHA PErnoHbl MYMbTUCMEKTPANbHOrO CHUMKA, rAe 3Ha4YeHWe Macku
PacCTOAHUM OT UeHTpa ¢/x nonsa Ao dnwkanwen rpaHnubl 3Toro xe nons bonble, Yem
3Ha4yeHne napameTpa min_peak_distance - nOporoBoro 3Ha4eHa pacCcToaHNA OT LieHTpa
c/x nonsa go Gnvkanwen rpaHnLpbl.
[0016] B pgpyrom 4acTHOM npumepe  ocyllecTBneHus crnocoba  SnemMeHTbl
TOMONOrMYECKOM MacKun onpeaensarTca no gopmyne:
T = (E > extent_threshold) & (B <= boundaries_threshold), rae
E — maTpuuya, anemeHTamum KoTopoun ABNAKTCS BEPOATHOCTM €ij in [0, 1] Toro, yTo
MUKCENb ij B N3Ha4YanbHOM N30BpaxeHnn ABNsSeTCs nallHew,
B — maTtpuua, anemMeHTamm KoTopour ABNATCS BeposaTHOCTM bijin [0, 1] Toro, uTo
MUKCENb ij B U3Ha4YanbHOM 1306paxeHnn SBNSETCA rpaHnLEN NaLLHEWN;
extent_threshold — noporoBoe 3HaueHne BEPOATHOCTW NOCHE KOTOPOro NUKCernb
CUYMTaETCA NaLlHen;
boundaries _threshold — noporoBoe 3HadeHWe BEpPOATHOCTM MOCHe KOTOPOro
MMKCENb CYUTAETCS rPaHULEN OTLENBHOrO CENbCKOXO3AMCTBEHHOTO;
T — Tononormyeckaa macka, Mo KOTOPOW OMNpefenaeTca nawHga, matpuua,
Kaxabiv anemeHT tijin {0, 1} aBNSeTCa MHAUKATOPOM TOro, YTO TaM HaxXOAUTCS NaLLHS.
[0017] B pgpyroMm 4acTHOM nMpuMepe OcCyLlecTBreHna cnocoba [AOMOMHUTENBHO
BbINOSHAOT 3Tanbl, HA KOTOPbIX:
- pasfensarT UCXOAHBIM MYNbTUCIEKTPabHbIM CHUMOK Ha MHOXECTBO CHMMKOB B
3aBUCUMMOCTU OT KONMUYECTBa OnpeaeneHHbIX MPOMEXYTOYHbIX KOHTYPOB C/X MOnew,

NpuYemM Kaxzgoe M300pakeHMe COAEPXUT MUKCENW, OTHOCAWMECS K  MallHe,
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pPacnonoOXeHHOW BHYTPU OTAEMbHOMO MPOMEXYTOYHOrO KOHTYpa C/X nosns, a octanbHas
4YacTb N30DpaKEHNA UMEET YEPHbIW LIBET,

- OnpefenarT ANA KaXAOoro CHWMMKAa, MOMyYEeHHOro Ha npegblaylwem aTane,
KOHTYpPbI C/X NONEen ANa KaX4oro MyrnbTUCMNEKTPanbHOro CHUMKA,

- MOMyYyarT KOHEYHble KOHTypa C/X nonew, nytem BbiOoOpa pasgeneHus Ha
OTAENbHOM MYNbTUCMNEKTPANbHOM CHUMKE C MakCUMarbHbIM YACITIOM KOHTYPOB.
[0018] B gpyrom npegnouTuTensHOM BapmaHTe OCYLLUECTBIEHNS 3asaBNEHHOro peLleHns
npeacTaBneHo YCTPOWUCTBO pacno3HaBaHUs KOHTYPOB CENbCKOXO3SANMCTBEHHBLIX MOMEN,
cogepxallee no MeHbLIEN MEpPEe OA4HO BbIMUCINUTENLHOE YCTPOMUCTBO M MO MEHbLUEN
Mepe O4HO YCTPOMUCTBO NaMsaTu, cogepallee MallMHOUYNTaeMble MHCTPYKLUUN, KOTOpbIEe
NPU KX WCMNOMIHEHMM MO MEHbLUEN Mepe OAHUM BbIYUCIUTENBHBIM YCTPOWUCTBOM

BbIMOJSTHAIOT BblLLEYKa3aHHbIA cnocob.
KPATKOE OMNCAHUE YEPTEXEMW

[0019] MpusHakn 1 npeuMmyLlecTBa HaCTOALLEro TEXHUYECKOro peLUeHWs CTaHyT
OYEBUAHLIMM U3  MNPUBOAUMOrO HWKEe NOoAPOOHOr0 onucaHua K3obpeTeHna U
npunaraemblx YepPTEXEN, Ha KOTOPbIX:

[0020] Ha ®ur. 1 — npeacrasneH npuMep KOHTypa ¢/x nons.

[0021] Ha ®wur. 2 — npeacraeBneHbl MNPUMEPbLI UCXOLHOrO WN300paKeHUs, Macok
CEerMeHTaumMm 1 Mackm paccToaHMIA OT LeHTpa ¢/x nona Ao tnwxanwen rpaHnubl.

[0022] Ha ®wur. 3 — npeacraBneH npuMmep C/X NOMs BHYTPU  ONpeaeneHHoro
MNPOMEXYTOUHOrO KOHTYpa Ha 4YepHOM (boHe, koTopoe ByaeT pasaeneHo Ha OTAenNbHble
KOHTYpbI.

[0023] Ha dur. 4 — npencraBneH nNpuUMep pasgeneHna OAHOro C/x nons BHYTPU
OnNpeLenNeHHOro NPOMEXYTOUHOIO KOHTYpa Ha OTAENbHbIE KOHTYPbI.

[0024] Ha o®wur. 5 - npeacraBneH npumep M30OpaxKeHNa KOHTYpPOB C/X MOMen,
NONy4YeHHbIX B pesynbTate paboTbl YCTPOUCTBa onpeaeneHns KOHTYPOB C/X NONen.
[0025] Ha ®wur. 6 — npeacraBneH npumep n3obpakeHUss HavanbHbIX TOYEK.

[0026] Ha ®wur. 7 - npeacraBneH npumMep n3obpakeHnsa KNnacTepoB HavarnbHbIX TOYEK.
[0027] Ha ®ur. 8 - npeacraeneH npumep n3obpakeHns KOHTYPOB C/X NONEN.

[0028] ®wur. 9 - npeacraeneHa obuwas cxema B3anMOLENCTBUS 3NIEMEHTOB YCTPOUCTBA
onpeaeneHns KOHTYPOB CENbCKOXO3AMCTBEHHbIX MOSEN.

[0029] Ha ®wur. 10 — noacTasneH npumMep gmarpamMmmbl NOTOKOB [ aHHbIX.

[0030] Ha ®ur. 11 - npepcTasneH npumep obLero Buaa BblMNCINTENBHOMO YCTPOUCTBA.



OCYWECTBINEHME N3OBPETEHNA

[0031] Hmxe OyayT onmcaHbl MNOHATUA U TEPMUHbI, HEOOXOAUMbIE ANSA MOHMMaHWUA
AaHHOro TEXHWYECKOro peLLeHnS.

[0032] B paHHOM TEXHUYECKOM peLLEHUM NOL CUCTEMOM NOAPa3yMEBAETCH, B TOM YKUCHE
koMnbloTepHas cuctema, OBM  (anekTpoHHO-BblMMCNUTENbHAS MaiwumHa), UMY
(uncnosoe nporpammHoe ynpaeneHne), [JIK (nporpammupyembin  nOrMyecKni
KOHTPOMNEpP), KOMMbIOTEPU3NPOBAHHbLIE CUCTEMbI YynpaBneHns u nwobble gpyrue
YyCTPOUCTBA, cnocobHble BbINOMHATL 3apaHHyHo, 4YeTKO onpeaeneHHyto
nocnenoBaTenbHOCTL onepaumn (4ENCTBUN, MHCTPYKLIMKA).

[0033] Mop ycTtponcTtBoM 06paboTkM KOMaHa NoapasyMeBaETCA 3MEKTPOHHbIN OOk,
BbIYUCIIUTENBHOE  YCTPOUCTBO, MO0 WUWHTerpanbHas cxema (MUKpOnpoLeccop),
NCNONHAOLLAA MalLVMHHbIE MHCTPYKLMK (NporpamMmel).

[0034] YcTtpouncTo 06paboTkn KOMaHA, CHATBIBAET U BbINONTHAET MaLUNHHBIE MHCTPYKLUN
(nporpammbl) ¢ O4HOroO Mnn Bonee yCTPOUCTB XpPaHEeHUsa faHHbIX. B ponn yctpounctea
XpaHeHNs AaHHbIX MOryT BbICTYyNaTb, HO HE OrpaHu4YMBasCh, Xxectkme auckm (HDD),
drew-namate, [3Y (nocTtosHHOe 3anomMuHarowee YCTPOWCTBO), TBepAOTeNbHbIE
HakonuTenu (SSD), onTuyeckme NnpuBoabl.

[0035] BblumncnmrenbHOe yCTPOUCTBO - CYETHO-peLLaroLLee YCTPOUCTBO, aBTOMaTUYECKN
BbINOSHAIOLLEE oAHy Kakyro-nmbo MaTeMaTuyecKyro onepauyuio nnn
nocrneaoBaTenbHOCTb UX C LEnbi peLlleHVs O4HOW 3ajadv UNuW Krnacca OfHOTUMHBIX
3apgauy (bonbwas cosetckas aHumknoneamsa. — M.: CoseTckas aHUmknoneams. 1969—
1978.).

[0036] Mporpamma - nocnepoBaTenbHOCTb  UHCTPYKUMA, NpPeAHa3HadYeHHbIX Ans
NCNONHEHNA YCTPOUCTBOM YMNPaBfeHUsa BblHUCIUTENBHON MalUWHbl UMW YCTPOUCTBOM
06paboTkm kKOMaHa,.

[0037] MporpammHbIN MOAYINb — NpOorpamMmMa Unmn oTaenNbHasa ee yHKUMoHaneHas 4yacTb,
paccMmatpvBaemMas Kak e4MHOE Lienoe B KOHTEKCTax XPaHeHUs, 3aMeHbl, TPaHCnaumn,
obbeaAnHeHna C ApyruMyM NPOrpaMmMHbIMK MOAYNSMU U €€ 3arpy3ku B OnepaTuBHYH
namate IBM.

[0038] basa gaHHbIx (B[l) - COBOKYMHOCTL AaHHbIX, OPraHN30BaHHbIX B COOTBETCTBUU C
KOHLIENTyanbHOW CTPYKTYPOW, OMUCbIBAIOWEN XapaKTEePUCTUKM 3TUX AaHHbIX W
B3aMMOOTHOLUEHNA MeXAy HUMK, npudem Takoe cobpaHue [aHHblX, KOTopoe
noaaepxmneaet ogHy unu tonee obnacren npumeHeHns (ISO/IEC 2382:2015, 2121423

«databasey).



[0039] CurHan — maTtepuanbHOe BOMSOLWEeHEe COOBLEHNa ANS MCNONb30BaHUA Npw
nepepave, nepepaboTke U XpaHeHUn MHopMaLnK.

[0040] MawHsa — CenbCKOXO3AUCTBEHHbIE Yroabs, exerogHo obpabaTtbiBaemble W
ncnonb3yemble Nof NOCeB CeNbCKOXO3ANCTBEHHbIX KYNbTYpP, MHOrONeTHUE Tpasbl
[0041] OBbnactb pa3meTkm — reorpadpuyeckas obnactb, 3agaHHas Habopom
reokoopamHaT, B  KOTOPOM  HEeOBXOAMMO  NPOBECTU  BblAENIEHWE  KOHTYpOB
CEeNbCKOX03AMCTBEHHbIX NONen no AaHHbIM [133.

[0042] 'eo-crno — COBOKYMHOCTb MPOCTPAHCTBEHHbIX (reorpadouyeckmx) AaHHbIX
eauHoro chopmara ¢ NPUBA3KOM K reorpaduyecknm KoopanHaTam.

[0043] MynbTuCcnekTpanbHbIA CHAMOK — CHMMOK MONYyYEHHbIA NPU OAHOBPEMEHHON
CbEMKE OAHOr0 1 TOro Xe yvacTka 3emrnum B pasHbIX CNeKTparbHbIX KaHanax.

[0044] B cooTBETCTBMM CO CXEMOW, NpUBEAEHHOM Ha Pur. 9, yCTPOMUCTBO onpeaeneHns
KOHTYPOB C/X NOMNen COAEPXKUT:

1. Mogyne 11 nogrotoBkM AaHHbIx. Mogynbe 11 BbINONHEH C BO3MOXHOCTLIO
nonyvenns ganHHbix [133. B kavectBe gaHHbIx [133 ncnonb3yroTca gaHHble rpynnmpOoBKN
cnyTHUKoB Sentinel-2 B koppektupoeke L2A. Onepatop 3agaet obnacte pasMeTku
NnocpeacTBoM ycTpoucte Bopa/BbiBoga, Takmx Kak SKpaH, KnaBmaTtypa, Mbillb,
NHTepdenc komaHgHom cTpokun. Mo 3agaHHOM onepaTopoM obnacTn pasmMeTku, AaHHbIE
33 aBTOomMaTnyeckm ckaumarotca Mogynem 11 ¢ canta muccum EBponenckoro corosa
no MOHUTOPUHIY 3emnu (Copernicus Open Access Hub, CM.
https://scihub.copernicus.eu/) B pesynbTare MWCNONHEHWs nporpammbl. CkayvaHHble
AaHHble xpaHaTcsa B Bl YcTponcTea.

2. Mogynb 12 nonyyeHuss KOHTYpoB c/x nonen. Moaynb 12 BbINOMHEH C
BO3MOXHOCTbIO MOCNeaoBaTeNbHOr0 MCMNOMb30BaHUA ABYX OOYYEHHbIX HEWPOHHbIX
CETEN N NONYYEHUSI KOHTYPOB C/X NONEN.

3. Mogynb 13 obbeanHeHns KoOHTYpoB C/x nonen. Mopynb 13 BbINONHEH C
BO3MOXHOCTbIO 0ObeAMHEHUS Pe3ynbTaToB NpeackasaHui no OTAEMNbHbIM CEKTOpaM B
€JVHbIN reo-Criou.

4. Mogynb 14 cunbTpaumm KOHTYPOB MOMEN Mo 3agaHHon obnactn pasmeTku.
Moaynb 14 BbINOMHEH C BO3MOXHOCTBIO (OUNbTPAUMN KOHTYPOB C/X MOMEN TOMBKO MO
3agaHHOM obnacTu pasMeTKu.

[0045] Kaxabin moaynb MOXeT ObITb peanunsoBaH Ha Gase nporpammMmHo-annapartHbIX
CPEACTB BblYUCIUTENBHOMO YCTPONCTBA M OCHALLEH COOTBETCTBYOLLMMN MHTEPdencamm

Beoga/BriBoga ans obmeHa curHanamm ¢ Lenbto NONyYeHnsa n nepegaydm nHgpopmawmn.



Mo pesyneTatam paboTbl ycTpoUCTBA OPMUPYETCA rE0-CrON, CcoaepXxalimm
MHOPMaLMIO O KOHTYpax C/x Nonen B 3agaHHON obnactu pasmeTKu.

[0046] B obwem Buge (cm. dur. 11) BblumcnutensHoe yctponctaso (200) copepxut
obbeguHeHHble obWwen LWKMHOW MHOPMAaUMOHHOIO obMeHa OfMH WNKM  HECKOSBbKO
npoueccopos (201), cpeactea namatu, Takune kak O3Y (202) n MN3Y (203), nHrepdencsl
BBOoAa/BbiBOAa (204), yctponcTtea BBoga/BbiBoga (205), n yCcTpOMCTBO ANst CETEBOro
B3anmogencTauns (206).

[0047] Mpoueccop (201) (MnNKM HECKONBKO MPOLIECCOPOB, MHOrOSAEPHbLIN NPOLECCOP U
T.N.) MOXeET BbIOMPATLCS M3 aCCOPTUMEHTa YCTPOWCTB, LUMPOKO MPUMEHSIEMbIX B
HacTosILEE BPEMS, HaNpUMeEp, Takmx npomssoantenen, kak: Intel™ AMD™ Apple™,
Samsung Exynos™, MediaTEK™, Qualcomm Snapdragon™ u 1.n. o npoueccopom
UM O4HUM W3 UCMONb3YEMbIX npoueccopoB B cucteme (200) Takke Heobxognmo
yunTbiBaTb rpaduyeckun npoueccop, Hanpumep, GPU NVIDIA ¢ nporpammHoun
mogenoto, coemectumon ¢ CUDA, wnn Graphcore, TN KOTOPbIX TakkKe SBMASETCA
NPUroaHbIM ANs MOMHOMO WM 4acTUYHOrO BbIMOMHEHUSA criocoba, a Takke MOXeT
NpUMEHATLCA ANna obydeHus UM NPUMEHEHUS MOAENEN MalUMHHOrO ObyyeHns B
pasnnyHbIX MHPOPMALIMOHHBIX CUCTEMAX.

[0048] O3Y (202) npeacraBnaeT cobon onepaTuBHYO NamMaTb U NpefHa3Ha4YeHo Ans
XpaHeHns UnCnonHseMblx npoueccopomMm (201) MalMHOYUTAEMbIX WMHCTPYKUMA 4NN
BbINONHEHNA HEOOXOAMMbBIX onepauur no normdeckon obpabotke aaHHbIx. O3Y (202),
KaKk npaBwno, COAEPXKUT WCMNOMNHAEMblE WHCTPYKLUMM OMNepaumMoHHON CUCTEMbI W
COOTBETCTBYIOLUMX MPOrPaMMHBIX KOMMAOHEHT (NPUIOXEHUS, NPOrpamMMHble MOAYNU U
T.n.). Mpn atom, B kadectee O3Y (202) moxeT BbICTynaTb AOCTYMHbIN OObEM NamATH
rpacdunyeckon kapTbl Unu rpadmMyeckoro npoueccopa.

[0049] N3Y (203) npeacrtaBnsetr cobon oAHO wunn Bonee YCTPOUCTB MOCTOSHHOMO
XPaHEHUs AaHHbIX, Hanpumep, XecTkmn auck (HDD), TBepaoTenbHbIA HaKOMUTENb
AanHbiX (SSD), dnsw-namate (EEPROM, NAND wu T.n.), ontudeckue HOCUTENN
nHpopmayum (CD-R/RW, DVD-R/RW, BlueRay Disc, MD) n ap.

[0050] Ons opraHu3aumm paboTbl KOMMOHEHTOB cucTtembl (200) n opraHmsaumm paboTbl
BHELLHMX MNOAKNKOYaEMbIX YCTPOUCTB NPUMEHSKOTCA pasnuyHble Buabl HTepdencos B/B
(204). Bbibop COOTBETCTBYHLLUMX MHTEPMENCOB 3aBUCUT OT KOHKPETHOrO MCMOMHEHUS
BbIMUCIIUTENBHOMO  YCTPOWCTBA, KOTOPbIE MOryT nMpeactaenate cobon, He
orpaHuumBancs: PCI, AGP, PS/2, IrDa, FireWire, LPT, COM, SATA, IDE, Lightning, USB
(2.0, 3.0, 3.1, micro, mini, type C), TRS/Audio jack (2.5, 3.5, 6.35), HDMI, DVI, VGA,
Display Port, RJ45, RS232 n T.n.



[0051] Ons obecnevyenns B3aMMOAEWCTBMS MNOMb30BaTENs C  BblMUCIUTENLHBIM
yctponctBoMm (200) npumeHstoTcsa pasnumuHble cpeactea (205) B/B wHdopmauuu,
Hanpumep, knaewatypa, gucnnen (MOHUTOP), CEHCOPHLIWM ANCNNEN, Tay-nag, AXKOUCTUK,
MaHWNynaTop Mbilb, CBETOBOE NEPO, CTUIYC, CEHCOPHAada NaHene, Tpekbon, AUHaMUKW,
MUWKPOMOH, cpeacTBa AOMOMHEHHOW pearnbHOCTW, OMTUYECKME CEHCOpPbl, MMaHLeT,
CBETOBbIE MHAMKATOPbI, MPOEKTOpP, Kamepa, cpeacTea bBromeTpruyeckon naeHTudukaumm
(CkaHep ceTyaTkM rnasa, ckaHep OTnevaTkoB nasnbLeB, MOA4YIb pacno3HaBaHWs ronoca)
nT.n

[0052] CpeacTtBO ceTeBoro B3ammopencteusa (206) obecneumBaeT nepegadvy AaHHbIX
NOCPEeACTBOM BHYTPEHHEW UM BHELLUHEN BbIMUCIUTENBHOW CETU, Hanpumep, VHTpaHeT,
WHTtepret, JIBC n 1.n. B KkayvectBe opHoro wmnn ©Gonee cpeactB (206) moxet
NCNonb30BaTbCs, HO He orpaHunumeathes: Ethernet kapta, GSM mogem, GPRS mozem,
LTE mogem, 5G mogem, mogynb cnyTHukoBon ceasn, NFC moayns, Bluetooth n/wnn BLE
moaynb, Wi-Fi mogyne v ap.

[0053] JononHUTENBHO MOTYT NPUMEHSTLCH TakKe CPeacTBa CryTHUKOBOW HaBuraumm B
cocrtase ycrpouctea (200), Hanpumep, GPS, NMTOHACC, BeiDou, Galileo.

[0054] KoHkpeTHbIN BbIGOP anemMeHToB ycTpouctea (200) gna peanusaumm pasnuyHbIX
nporpaMMHo-annapatHblX — apXUTEKTYPHbIX PELUEHUWA MOXET BapbuMpoBaTbCA C

coxpaHeHuemM obecneymBaemoro Tpebyemoro goyHKLmMoHana.

[0055] MOAY/b 11

Mogynb 11 ncnonHaeT nocnegoBaTenbHO cneayrowme onepauun.

[0056] OnpepenerHne KapTbl CKa4YMBaHWA CryTHUKOBLIX CHUMKOB rpynnupoBku Sentinel-
2. [pynnupoBka crnyTHMKOB Sentinel-2 npoBOANT MyNbTUCMNEKTPAnbHYHO CbLEMKY MO
yCTaHOBINEHHOM ceTke. Bca nnowaab nnaHeTsl pasbuTta Ha kBagpaTHble cektopa — 100
Ha 100 kmnomeTpoB. Kaxabln CEKTOp MMEET 4YUCNOBYKBEHHBIA MHAEKC, Hanpumep,
47UFX, npy 3TOM MHAEKCbI AN 3a4aHHOr0 CEKTopa He MEHAKOTCS OT NporieTa K NponeTy.
Taknum obpasom, 0auH U TOT XKe YNCNOBYKBEHHbBIN MHAEKC MOKPLIBAET KaXAbIA pa3 OgHy
n Ty xe Tepputopuro. Onepatop 3agaeT obnactb pasmeTKM NOCpPenCTBOM YCTPOUCTB
Beoga/BbiBoga, TakmMx Kak aKpaH, knaesmartypa, Mbllb, MHTEPEHENC KOMaHAHON CTPOKM.
Mo 3apaHHOM obnactn pasmeTkm Mogynem 11 onpepenstoTca BCe 4YMCNOOYKBEHHbLIE
WHAOEKCbI, KOTOPbIE MOKPLIBAKOT 3Ty 06nacTb C NepPeKpbITUEM.

[0057] CkaumBaHue pgaHHbIXx. Mogynem 11 nocnepoBaTenbHO NPOBOAUTCA CKauMBaHME
MyrnbTUCREKTpaneHbiX CHUMKOB [133 ¢ TpebyembiMn YNCNOBYKBEHHBIMU MHAEKCaMU MO
npotokony https ¢ canta muccum EBpPONEMCKOro coro3a Mo MOHUTOPUHTY 3emnn
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https://scihub.copernicus.eu/.  MynbTuUChekTpanbHble  CHAMKM  CKayMBarTCsa  3a

Tpebyembin rog, npu atom Mogynem 11 npomsBogutca unbTpauna CHUMKOB MO
BpeMeHn u obnadHocTn. WHdopmauma o paTte CHUMKa, npoueHTe obnavyHocTu
MyfbTUCMEKTPANbHOrO CHUMKa SBNAETCA 4acTbio MeTanmHgopmaumm STOro CHUMKA.
Takum obpasom, Mogynb 11 ncknovaeT MynbTUCNEKTParNbHbIE CHUMKMK, HE Nonagarowme
B 3afjaHHblA OnNepaTopoM MWHTEpPBan Mo BpemMeHu M obnadyHocTU. ITO MNO3BONSET

NCKIMOYNTb MYyNbTUCNEKTpPanbHbie CHUMKK C BbICOKOM 0B6NayYHOCTLHO.

[0058] MOAYIb 12

Mogyne 12 nonyyaet oT Moayna 11 OgMH WAWM HECKOMBbKO MYyNbTUCHEKTParnbHbIX
CHMMKOB MO 3a4aHHOM onepaTtopom obnactu pasmeTku. [Nocne nonyyeHna Mogynem 12
ynoMsaHyTbIX AaHHbIX, Mogynb 12 ncnonHaeT nocneaoBaTensHO CneayroLme onepaumm.
[0059] Onpepenenne mackm cermeHtaumm. Macka cermeHTaumm — STO Marpuua,
3NEMEHTaMM KOTOPOM SBMAKOTCA 3HadeHuss B uWHTepBane [0, 1], kak npaeuno
XapakrepuayroLme BEPOATHOCTb NPUHaANEXHOCTU nmMkcens NCXO4HOro
MyfbTUCNEKTPANbHOrO  CHMMKA,  COOTBETCTBYIOLLEro  3NeMeHTy  matpuupl, K
onpefeneHHomy knaccy. 3HadeHue 6num3koe Kk 1 ykasbiBaeT Ha TO, YTO MUKCENb
OTHOCWUTCS K Knaccy, Hanpumep, ¢/X none unm rpaHnya OTAENeHOro /X Nons, a 3HadeHme
Brnunskoe k 0 ykasbiBaeT Ha TO, YTO MUKCENb HE OTHOCUTCS K YNOMSAHYTOMY Kraccy.
[0060] Mogynb 12 no MynbTUCAEKTpanbHbIM CHUMKaM, noctynmeMm oT Mogynsa 11,
onpefenseTr Macky CerMeHTauuu Ans Tpex OCHOBHbIX KNaccoB: NallHeA, rpaHuua
OTAENbHOrO C/X NMons U Macka pacCcToAHMA OT LieHTpa C/x nonsa Ao bnwkanwen rpaHnLpl
atoro nons. Kaxabi MynbTUCNEKTPanbHbIM CHUMOK nogaetca Moaynem 12 Ha BXopg,
HEWPOHHOW CEeTK, 3apaHee ODy4YEeHHOW Ha pasMeYeHHbIX AaHHbLIX KOHTYPOB C/X MOMEn.
PasameueHHble gaHHble, NpeaHasHavyeHHble Ans obyvyeHns HEMpPOHHbIX ceTen B Moayne
12, cpopmmpoBaHbl paspaboTtymkamm npun paspabotke Ycrponctea. B pasmeyeHHbIx
AaHHbIX Macka pacCTOSHUN OT LeHTpa C/x nona Ao bnvkanwen rpaHnubl onpegenseTca
cnegyrowmm obpasom:
1. onpepenseTcs UEHTP C/X MOns, Kak CpefHee 3Ha4YeHne KOOPAMHAT OMOPHBbIX TOYEK,
COCTaBnSHOLMX KOHTYP 3TOro nons.
2. Kaxpasa Touka BHYyTPUM KOHTYpa C/X Nons UMEET pacCTosaHME 40 Onvkanlen TOUKM Ha
KOHTYype. 3JTO pacCTosHME OTHOPMMPOBAHO OTHOCUTENBHO  MaKCUMarbHOro
paccTtosHna. Takum obpasom, ANa Kaxaoro c/Xx nons BbibupaeTcs Touka C

HanbonbLWNM paccroaHnemMm A0 KOHTypa 3TOro nond, BCe OCTallbHble 3HaYeHUA
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AENndaTCa Ha 3TO — MakcumarbHoOe — paccTosHue. Bce 3HayeHnsa macku paccTosaHUN

OT LeHTpa ¢/x nonsa Ao dnwxanwen rpaHiupel nexar B nHrepsane [0, 1].
[0061] Mpumepbl NCXOL4HOTrO N30BpaXKeHss U Macok CerMmeHTaunmn npueeaeHsl Ha dur. 2.
[0062] KntoueBown TEXHOMOrMEN Ha faHHOM 3Tane ABNAETCS UCNoNb3oBaHne 0by4YeHHOW
CBEPTOYHOM HEWPOHHOW ceTn apxuTekTypbl U-net ¢ nomowpto KOTopon yaaeTcs
NONy4YUTb ONMCaHHbIE Macku cermeHTaumn. U-net apxutekTypa nocTpoeHa no NpuHLmMny
3HKOAEep - aekoaep. B kauecTBe aHKoAEpa HEMPOHHOM CETU UCMNONb3YETCS HENPOHHAs
cetb efficientnet-b4. lNoaxoq K MNONyYEeHUO MacCOK CerMeHTauum, a Takke QyHKUmA
noTepb HEMPOHHOM CETM OCHOBaHb! Ha paboTe "Deep learning on edge: Extracting field
boundaries from satellite images with a convolutional neural network", F Waldner, FI
Diakogiannis - Remote Sensing of Environment, 2020 - Elsevier.
[0063] HempoHHas ceTb obydeHa Ha Koprnyce [AaHHbIX, Bkovawowem B cebs Bce
pernoHbl Poccunckon depepaunun, raoe BegerTcsa nponawHoe semnegenve.  Kopnyc
AaHHbIX NOArOTOBMNEH NYTEM PYYHOW Pa3METKN C NPMBMEYEHNEM 3KCMepPToB B obnactu
arpoTexHukm n 0bpabotku 3emnu. MNpouecc 0byyeHna HEMPOHHOW CETU BKIKoYan B cebs
NPUMEHEHME ayrMeHTaUMN ANA YCKOPEHMS nNpoLecca n CHmkeHne Tpebyemoro obbema
oBy4aroLmx gaHHbIX.
[0064] Mogynb 12, NCNOMb3yeT HENPOHHYH CETb ANA OnpeaeneHnsa OTAENbHbIX Macok
cerMeHTaumm anga Kaxaoro MynbTUCAEKTPanbHOro CHUMKa, nonydyeHHoro Mogynem 11.
MynbTUCnekTpaneHble CHUMKM OOHOrO W TOrO J>Ke CeKTopa OCYyLLeCTBATCS
rPynNMpPOBKOM CNyTHUKOB Sentinel ¢ NnepnoanyYHOCTLIO, Hanpumep, B 2 — 5 aHen. Takum
oBpasom, ¢ y4eTom hunbTpa no obnayHoctn nonyvaetcs okono 30 CHUMKOB 3a CE30H —
C Masi No ceHTAbpb. KOHeYHble MacKkn cermeHTaumm ansa Kaxkaoro CeKTopa nony4varoTcs
NyTEM YCPEAHEHUS OTAEMbHbIX MAacCOK CerMeHTauum, MONyYeHHbIX ANSA Kaxaoro
MYbTUCNEKTPANBHOrO CHUMKa OTAENBHO. Taknm 0BpasoM, KaxkablA ANEMEHT KOHEYHOW
Macky CerMeHTaumm — 37O CpefHee 3Ha4YeHne 3NEeMEHTOB BCEX AOCTYMHbIX, C Y4ETOM
obnayHOCTN, Macok CerMeHTauum Ans onpepeneHHoro cekropa. [lpu ycpepHeHuu
yunTbiBaeTCs 06NavyHOCTb CHUMKOB — NMUKCENM ¢ 0BnayHbIMN AaHHBIMWU HE YYUTBIBAKOTCA
npn POPMMPOBaHNN YCPEAHEHHBIX MAaCOK cermeHTauun. NMHgpopmayma no obnavyHocTn
OTAENbHBLIX MUKCENEN MOXET ObITb onpegeneHa Hanpamyto Moaynem 12, a MOXeT
COAEPXKaTbCH N3HaYarbHO B CaMOM MYbTUCNEKTPANbHOM CHUMKE.
[0065] Mony4yeHre NPOMEXYTOYHbIX KOHTYPOB nonen. Macka cermeHTauum ansa knacca
nawHa (E) n macka cermeHtTauuu Ang Knacca rpaHuga oTtgenbHoro ¢/x nons (B)
NCNoNb3YyTCA ANA NonyyYyeHus Tononorndeckon mackm (T), KoTopas onpepensaet

Hanuume nawHu. Tononornyeckas Macka nony4aeTcs no cnegyowen popmyne:
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T = (E > extent_threshold) & (B <= boundaries_threshold), rae

E — maTpuua, anemeHTamm KOTOpou ABMASIOTCA BEPOATHOCTHM €ij in [0, 1] Toro, uto

MMKCENb ij B M3Ha4anbHOM n3obpakeHnn SBNSETCS NallHewn;

B — maTtpuua, sanemeHTaMmn KOTopoun ABnsaTCa BeposaTHocTr bij in [0, 1] Toro, yto

MUKCENb ij B U3HA4YanbHOM U300paXKeHUn SBNAETCA rpaHuLEN NallHeN,

extent_threshold — noporoBoe 3HaueHne BEPOATHOCTK NOCHE KOTOPOro nuKcenb

cuYMTaeTCsa nallHew;

boundaries_threshold — noporoBoe 3HayeHWe BEPOATHOCTU MNOCE KOTOPOro

NMMKCeIb CYUTAETCA FpaHVILl,eIZ oTAEeNnbHOro CGJ'IbCKOXO3FII?ICTB€HHOFO;

T — Tononormnyeckasi Macka no KOTOPOW ONpeaensaeTcs NaLlHs, MaTpuua, KaxabIin

anemeHT tjin {0, 1} ABNAeTCa MHAMKATOPOM TOro, YTO TaM HaxOAUTCS MaLLUHS.

[0066] lMycTb aaH anemeHT Matpuusl E - ejj n anemeHT maTpuubl B — bij, paccmoTpum Bce

BO3MOXHbIE Cry4am Ha npumepax:

1.ecnu e;; > extent threshold & b;; < boundaries threshold, To t;; =1
2.ecnu e;; > extent threshold & b;j > boundaries threshold, Tot;; = 0
3.ecnu e;; < extent threshold & b;; < boundaries threshold, To t;; = 0
4.ecnv e;; < extent threshold & b;; > boundaries threshold, To t;; = 0

[0067] Hanuumne Tononornyeckon mackm (T) HE ABNSETCA NOMHbIM PELLEHNEM 3aaun,
Tak kak HeOBXO0ANMO KOPPEKTHO OTAENUTE KOHTYPbI OTAENBHBIX C/X NONEW Apyr OT gpyra.
[Ana pelwenna aTon 3agaym B pamkax Ycrporctesa Mogynem 12 ncnonbsyetcsa anropmutm
Watershed (cm., Hanpumep, ctateto «Watershed (image processing)», pasMeLLeHHYH B
NHTepHeT no apgpecy: https://en.wikipedia.org/wiki/Watershed_(image_processing))
moaundukaymm Manepa (cm. “Meyer's flooding algorithm”). B kauecTBe HavanbHbIX TOYEK
Ansa anropytma Mogynem 12 BbIGunparoTca permoHbl MyfbTUCNEKTPANbHOrO CHAMKA, rae
3Ha4YeHNe MacKm pPaccTosAHMA OT LEHTpa C/x nons Ao Gnvkanwen rpaHuLpbl STOro e
nonsa Oonblwe, 4em 3HayeHMe napameTpa min_peak distance. [lapameTtp
min_peak_distance — 5TO MOpOroBoe 3HaYeHWe pacCTOAHWSA OT LEeHTpa c/x nons Ao
Onvkanwen rpaHuubl, NOCNe KOTOPOro MUKCENb CYMTAETCA HadanbHOW TOYKOM AN
anroputma Watershed. [lapameTpbl extent_threshold, boundaries_threshold u

min_peak_distance nopobpaHbl eAuHOBpPEMEHHO npu paspaboTke YCTpoWCTBa,
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OCHOBbIBasACb Ha AOCTMXKEHUW ONTUManbHOM TOYHOCTUM KOHTYpOB C/X nonewn. [lo
pesynbTaram paboTbl anroputMa nony4aroTCa KOHTYPbI NOMEn Kak nokasaHo Ha dur. 4.
[0068] Mogynem 12 anroputm BbINOSHAETCA cneayowmm obpasomM. HavanbHble TOYKM,
onpeaeneHHele Mogynem 12 Ha npegbiaywem aTtane, obveguHaoTca Mogynem 12 B
KnacTtepbl, NOMEYEeHHbIE YHUKanbHbIMU naeHTudukatopamm. ObvegmHeHne npomcxoauT
NoO MpUHUMNY CBA3HOCTW, TO €CTb, €CNW OTAErMbHble TOYKM PaCrONOXEHbI
HENOCPEeACTBEHHO APYr C APYroM, TO OHW BXOAAT B 0AWH knactep. Takum obpasom, Bce
TOYKM BHYTPU O4HOrO Knacrtepa rpaHmyar nmbo ¢ ToUkamMu U3 TOro e knacrepa, nmbo ¢
permoHaMmm MynbTUCNEKTPANbHOrO CHUMKA, HE MOMEYEHHbIMU B Ka4eCTBE HayarnbHbIX
TouYek. [lanee, C UCMNOMb30BaAHMEM 3HAYEHMU MacCKn pacCTOAHUA OT LeHTpa C/X nons 4o
Onvkanwen rpaHuubl 3TOMO XE NONA B KA4YeCcTBE MNpPUOpUTETA, MPOUCXOAUT
pacnpegeneHne Mogynem 12 Toyek nNo onpefeneHHbIM BblE Kractepam B pamkax
onpefeneHHon Bbiwe TononorMyeckon mackm (T) OT onpefeneHHbIX Bbille CBA3HbIX
KNnacTepoB HauvarnbHbIX TOYek, Hanpumep, nocpeacteom anroputma Watershed.
Anroputm Watershed BbinonHaetca Moagynem 12 wutepaTmBHO C UCMONb30OBaHUEM
ovepenmn C NpUopuUTETOM. B Kaxkaom utepaunmn yHUKanbHbIM MAEHTUdUKATOP Knactepa
KOMMPYETCA COCEeAHUM MUKCENAM OT CBA3HbIX KNacTepoB HavamnbHbIX ToYek. OCHOBHbIE
lwarm Kaxgow wutepauum onucaHbel, Hanpumep, B crtatbe «Watershed (image
processing)», pasMeLLEHHON B NHTepHeT no ajpecy:
https://en.wikipedia.org/wiki/\Watershed_(image_processing)), pasgen “Meyer's flooding
algorithm”. B kauyectBe npuopuTeTa MUCNONb3yeTcss Macka pacCTOSHUA OT LieHTpa C/X
nons Ao Gnwxanwen rpaHnubl 3Toro e nons. Takum obpasom, ANS Kakaoro nukcens
MCNONb3yeTCa COOTBETCTBYIOLLEE 3HAYEHWE W3 yKasaHHOM MacCKM Kak 3HadyeHue
npuopuTeTa npu godasneHnn B odepenb ¢ npuoputetoM. Kaxabiv nukcens nonagaeT B
oyepeab C MNPUOPUTETOM MpPU  YCMOBUW, €CNM  COOTBETCTBYHOLLEE 3HaYeHue B
Tononorndeckon macke (T) paBHO 1, TO €CTb Tam HaxoauTca nawHs. Mo pesynetaram
npumeHeHnsa Mogynem 12 anroputma Watershed, kaxabin NMKCenb C COOTBETCTBYHOLLMM
3Ha4YeHneM paBHbIM 1 B TOMoOnornyeckonm macke (T) MPUNUCBLIBAETCA K OTAENbHOMY
CBA3AHHOMY €AUHbIM UAEHTUUKATOPOM Knactepy Todek. Pesynetatom paboTbl
ABNAOTCA OTAENbHbIE CBS3aHHble €AWHbIM  UAEHTUAUKATOPOM KnacTepbl TOYEK,
KOTOpble N ABNSKOTCH OTAENBbHBIMU C/X MONAMM.
[0069] OcHoBHble aTanbl npuMeHeHna anroputMma Watershed ykasaHbl HUXe:

1. lonck HaYanbHbIX TOYEK C NMOMOLLBIO NapameTpa min_peak_distance nokasaH Ha

dur. 6, Ha4anbHble TOYKM NOKa3aHbI Benbim LUBETOM.
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2. Npumep npumeHeHna anroputma \Watershed nokasaH Ha dur. 7, OTAenNbHblE
CBSA3aHHbIE eAMHbIM UAEHTUMUKATOPOM KrnacTepbl TOMEK MOMEYEHbI PasHbIMU LIBETaMMU.
3. Mpumep pesynbTaTta onpeaenieHHbIX KOHTYPOB C/X Nonen nokasaH Ha dur. 8.
[0070] Mony4yeHre NPOMEXYTOUHBIX KOHTYPOB C/X nonen — 31o nonyyveHrne Moagynewm 12
KOOPAMHAT OMOPHbIX TOYEK MOSIMIOHOB, (OPMUPYIOLLMX FEOMETPUID, HaWAEeHHbIX Ha
npeabiaywem ware OTAenbHbIX ¢/x nonen. Moaynb 12 onpeaenseTr OnopHbIE TOYKU,

KOTOpPble COEAMHSAIOT NIMHUN KOHTYPa OTAENbHbIX C/X NONen.

[0071] MNony4yeHne KOHTYpOB C/X nonen. B pamkax YCTpoucTBa MCNONb3YHTCA ABE
CTaguMm B pamkax KOTOpPbIX ONMPeaensitoTCs KOHTYpbl NOnen. JTo fenaeTcs Ans Toro,
4TOObI NOBLICUTL KAQYECTBO pasfeneHnsa oTaenbHbIX nonen. Npobnema 3aknoyaeTcsa B
TOM, YTO OTAENBbHOE MNONie MOXET ObITh 3acaeHO ABYMS PasHbIMW KynbTypamu, npwu
3TOM pasnuuyune B KynbTypax BULHO TOMbKO B ONpefeNeHHble MOMEHTbI BEretaumm n/mnu
npw onpegeneHHblx nonesbix paboTax. [Jnsa bonee aetanbHOro pasgeneHusa Mogynem
12 mncnonb3yeTcs BTOpasi HEMPOHHasA CeTb, KoTopas obydeHa pas3fenaTb Kaxabiv
BblAEMNEHHbIN paHee MPOMEXYTOUHBIA KOHTYP C/X nong Ha Heobxogumoe KONMMYeCTBO
MOLAKOHTYPOB.

[0072] HenpoHHas ceTb apxutektypbl U-net onepupyeT oTAeNbHbIMU MPOMEXKYTOYHBIMU
KOHTypaMmun C/X nonew, onpegeneHHsiMn paHee Mogynem 12, WUcxopHbin
MyrfbTUCMEKTPanbHbIM CHUMOK pasgensetrca Mogynem 12 Ha MHOXECTBO CHMMKOB B
3aBUCUMMOCTU OT KONMWYECTBa onpefeneHHbIX Ha npeabigylwem atane npoMexyTOYHbIX
KOHTYPOB C/X MOMEN, NpUYEM KaxKa0e N30BpakeHne CoaepXnUT NMUKCENn, OTHOCALLMECS K
nawHe, pacnosioKEHHON BHYTPU OTAENBHONO MPOMEXYTOYHOrO KOHTypa C/X nons, a
ocTanbHasa 4YacTb U30BpaKeHNs MMEET YepHbIN LBET. Taknm obpasom, nHdopmaums,
XapakTepU3yrLWaa pacnofioKEeHNe Ha MyNbTUCMNEKTPaNbHOM CHUMKE OTAENbHOro
MNPOMEXYTOYHOrO KOHTypa C/X Nond, Ha YepHOM POHEe NoJaeTCa BO BTOPYH HEVPOHHYHO
CETb ANS MNOMYYEHUA TPEX MacoK CerMeHTaumm, aHanormyHo TOMy, Kak OnMcaHo B
absauax [0060] — [0064] — mackmn nawiHW, Mackn rpaHnL, OTAENBHOrO C/X NONs U Mackm
pPacCcTosAHUM OT LeHTpa C/Xx nons o onwkanwen rpaHuubl dtoro nons. pu atom
HEMPOHHas CeTb WMEKT CBOKO ONTUMAanbHYyH napameTpusauuio no napameTpam
extent_threshold, boundaries_threshold u min_peak distance  nogoBpaHHyto
eAVHOBPEMEHHO npwn paspaboTke YcTtpowuctsa. onyveHve Mogynem 12 petanbHbiX
KOHTYPOB C/X MOMEN, BHYTPU HaAWAEHHbIX pPaHee MNPOMEXYTOUYHbLIX KOHTYPOB MOMEN,
aHanormyHa npoueaype, onncaHHom B abaauax [0065]-[0070], 3a TEM UCKNFOYEHNEM, YTO
KOHTYpa OnpefensatTca ANS KaKAOro MynbTUCMEKTParbHOro CHUMKA, MOMyYeHHOro

Mogynem 11, oThenbHO, a He 4epe3 ycpeaHeHwe Macok cermMeHtauumn. KoHeuHble
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KOHTypa nonen nony4artca nytem Bblbopa Moaynem 12 pesynbtara ¢ 6onbLumMm

pasgeneHnem. Takmum obpasom, BbIDMpaeTcs pesynbTaT, Koraa npoMeXyTOYHbIWM KOHTYP

C/X Nona pasgenurcsa Ha MakcumMarnbHOE YUCIO KOHTYPOB, YTO COOTBETCTBYET nepuoay,

korga Habnoganock pasnuyve no Beretaumm U / unu NPoBeAEHHLIM arpoTEXHNYECKUM

paboTam.

1. HeunpoHHas ceTb obyyeHa Ha kopryce NpMMEpPOB, Ha KOTOPbIX BUAHbI 3HAYUMbIE
pasnuuns BHyTPWM OAHOrO NMons, Hanpumep, pasnnums B LBETE OTAENbHbIX NOAMNONEN
BHyTpw ogHoro nons. MNMpumep nokasaH Ha Pur. 4. NMpn sTom 0byyeHre NpoBOAUINOCH
cnepyrowmm obpasomM: B KadeCTBE HadanbHOro COCTOSAHMS MCMONb30BanNnCbL Beca
mMogenu wu3 nyHkta 2.1. Takoe poobydyeHMe nO3BOMUIIO COKPaTUTb OOBLEM
obyyaroLLero koprnyca m NoBbICUTbL Ka4eCTBO OMHANbHOroO pesynerara.

2. Mo pesynbtataMm npuMeHeHns Mopynem 12 BTOPOM HEWPOHHOW CETU YyAaeTCs
nonyuMtb Gonee pgetanbHOe pasfeneHne KOHTYPOB Ha OTAEMbHble MOAKOHTYpa.

Mpumep pesynetata paboTkl nokasaH Ha dur. 5.

[0073] MOAYIb 13

B pamkax YcTtpoucTtBa pasmMeyaroTCa OTAESbHblE CEKTopa rPynmnMPOBKA CNYTHUKOB
Sentinel-2. [Ana nony4eHMsa epguHOro cnos reo-gaHHbix peanmsoBaH Mopgynbs 13
coeuHeHns oTaenbHbIX cektopoB. Moaynb 13 Npou3BOAUT COEAMHEHWE MyTeMm
HaNoOXEHNA C NEePEKPbITUEM OTAENbHbIX CeKTopoB. KOHTypbl nonen, umerowme
nepeceveHns, 0O6bEeAMHAIOTCS B €4MHbIN KOHTYP. Takum obpas3om, yaaeTcsa nonyyYnTb

e[IVHbIA reo-Crnowv AaHHbIX.

[0074] MOAYIb 14

Ansa nonyyeHnsa Tpebyemon obnactu n3 o6 beaMHEHHOrO reo-Crnosi B pamMkax YCTponcTea
peanu3oBaH Moaynb dunbTpaumMn.  MynbTucnekTpanbHble CHUMKM MOKPLIBAOT C
nepekpbITnemM Tpebyemyto obnactb pasmeTki. Mogynb 14 oCTaBnseT TONBKO TE KOHTYPbI

noneun, KoTopble nonagaroT B Tpebyemyro obnacte pasmMeTku.

ANATPAMMA MNMOTOKOB AAHHbLIX

[0075] Ouarpamma nOTOKOB AaHHbIX C onucaHuem dopmara n tuna nHgopmaumm Ha
Kaxgom ware npueegeHa Ha dur. 10. [NowaroBo UCNOMb3YyTCA crneayowme dopmaTthbl
N TUMbl @HHbIX:

1. war 100: Onepatopom 3agaeTtca B panne Heobxogmmasa obnactb ANA pasMeTku B

dopmatre kml (cm., Hanpumep, crtatbto «0O630p pokymeHTaumm no KMLy,
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pasMeLLEeHHYHo B NHTepHeT no appecy:
https://developers.google.com/kml/documentation). ®avn onuceiBaeT Tpebyemytro
reoMeTpuo pasmeTKu.

2. war 101: Moaynb NOAroTOBKM AaHHBIX (DOPMUPYET KOpnyc 13 dannos gopmara jp2
(cMm., Hanpumep, ctatblo «JPEG 2000», pasmeweHHyto B UHTepHET no agpecy:
https://ru.wikipedia.org/wiki/JPEG_2000). dannbl ABNATCA pesynbTaToMm
MYJbTUCNEKTPanNbHOM CbEMKWN NNaHETbI CyTHUKaMm rpynnnposku Sentinel-2. Kopnyc
dhopmmpyeTcs No 3aaaHHON 0bnacTy pasmeTKu.

3. war 102: Mogynb nony4YeHUs KOHTYpOB nonen ¢OpMUMPYET Ha OCHOBE Kopryca
CMYTHUKOBBIX CHUMKOB Sentinel-2 kml-chann ¢ pasmeyeHHbIM1 KOHTYpamm nonen. B
dhanne cogepknTcs MHdopMaums 0 BCEX PasMeYEHHbIX NONsAX.

4. war 103: Mogynb 06beaANMHEHUS KOHTYPOB MOMEN MO HECKONbKMM kml-chavnam ¢
Pa3sMETKOM OTAENbHbLIX CEKTOPOB hOPMUPYET €AMHbIM  TEe0-CNON  AaHHbIX.
NHdopmaumm 3anuceiBaeTcsa B pann goopmara kml.

5. war 104: Mogynb ouneTpaunm KOHTYPOB NOMNEN, ONEPUpPys PacCUYUTaHHbIM r€0-CrioeEM
B doopmaTte kml 1 3agaHHoOn obnacTeto pasmeTkn B hopmaTte kml, hbopmumpyeT HOBbIM
kml-dpamn ¢ koHTypamu nonen Tpebyemoro permoHa.

[0076] Mogudumkaumm 1 ynyudlWeHUs BbILWEONUCaHHbIX BapuWaHTOB OCYLLECTBMEHNS

HaCTOSALEro TEXHMYECKOro pelleHna ByayT SACHbI cneymanuctam B gaHHOM obnacTtu

TexHukW. MNpegLlecTBytoLLee onncaHne NpeacTaBneHo TOMNbLKO B KAYeCTBe Npumepa 1 He

HeCeT HUKakux orpaHundeHun. Takum obpasom, 06bem HacToAWEro TEeXHUYECKOro

PeLlEeHNs OrpaHnYeH ToNbKO 06bEMOM npunaraemon hopMybl M30BpeTEHNUS.
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®OPMYNA N3OBPETEHNA

1. Cnocob pacnosHaBaHUs KOHTYPOB CEeNbCKOXO3AMCTBEHHbIX (C/X) nonew,
BbIMOSHAEMbIN NO MEHBLLEN MePe OAHUM BbIYMUCIIUTENBHBIM YCTPOUCTBOM, COAEPKaLLMM
3Tanbl, Ha KOTOPbLIX:

- MONyYaroT NO MEHbLUEN MEPE OAMNH UCXOAHBIW MYNbTUCNIEKTPANbHBIA CHUMOK,;

- ONPeaensatoT 4NA NONyYEHHOr0 CHUMKA MacKy CermMeHTauun Ans kKnacca naiuHs,
MacKy CermMeHTauum Ans knacca rpaHuua OTAENbHOro CEerbCKOXO3ANCTBEHHOMO Nons m
MacKy pacCTOsIHUM OT LEHTPAa CENbCKOXO3ANCTBEHHOIO Nonsa Ao Gnwkanwen rpaHnubl
3TOro Nons, NpMYeM Macka CermMeHTauum nNpeacraBnaeT cobon matpuly, anemMeHTamm
KOTOPOM SABMAOTCHA 3HAYEHUS, XapaKTepu3ylolwme BEPOSTHOCTb MNPUHAANEXHOCTU
MUKCENA WCXOAHOrO MyNbTUCMEKTPANbHOrO CHMMKA, COOTBETCTBYHOLLErO SMEMEHTY
MaTpuLbl, K onpeaeneHHoMy Knaccy;

- Ha OCHOBE 3HA4YeHWN YMOMSAHYTbIX MacoOK CerMeHtaumm ¢opMUpyroT
TOMONMOrMYECKYHO MacKy, KOTopas onpefenseT Hanmyne naHn Ha MynbTUCNEKTPanNsHOM
CHUMKE;

- Ha OCHOBE 3HAa4YEHNN MacKn PacCTOAHNM OT LIEHTPA CENbCKOXO3ANCTBEHHOMO NONSA
A0 Bnvkanen rpaHnLbl 3TOro Mo ONPeAENAoT HavarnbHbIe TOYKY,

- MOMeYalT CBA3aHHble  KnacTepbl HayanbHbIX  TOYEK  OTAEMbHbIMU
naeHTudurkaTopamu,;

- pacnpegenstoT TOYKM MyINbTUCNEKTPanbHOro CHUMKa Mo onpeaeneHHbIM Bblle
Knactepam B pamKax OrnpefeneHHOM paHee TOMOoMorM4eckon Mackm OT OnpeaeneHHbIX
BbilLE CBSI3HbIX KMacTepoOB HauvasnbHbIX TOYEK C MUCMONb3OBaHMEM 3HAYEHUM MacKu
PacCTOAHUM OT LEeHTpa C/X nonsa Ao Onwkamwen rpaHuubl 3TOro Xe Monsd, NpUYemM
NAEHTUDUKATOP KOMMPYETCA KaXAbIA pas COCEAHMM MUKCENAM OT CBA3HbIX KNacTepos
HaYanbHbIX TOYEK;

- MONy4aroT OTAENbHO CBA3AHHbIE €AWHBbIM WAEHTUMPUKATOPOM KnacTepbl TOYEK,
KOTOpble ABNATCA OTAENBbHBIMU C/X NONAMU;

- ONpPeaensoT KOHTYPbI C/X NOMEN Kak KOOPAMHATbl OMOPHBIX TOYEK MOSIUIOHOB,
POPMUPYHOLLIMX FEOMETPUIO OTAENBHBIX CEMNbCKOXO3AUCTBEHHbIX NOSEN.

2. Cnocob no 1, xapakTepusyroLMNCA TEM, YTO B KQ4YECTBE MYIbTUCMEKTPANbHbIX
CHVMMKOB WCMOMb3YKT CHUMKW, MOMyYEHHbIE NPW MOMOLUM TFPYNMNUPOBKA CryTHUKOB
Sentinel-2 B koppekTuposke L2A.

3. Cnocob no 1, xapakTepusyoLwmMUCa TEM, YTO 3HAYEHUA 3NEMEHTOB MaTpuLpl

HaxoaaTca B uHtepsane [0, 1].



4. Cnoco® no n. 1, XxapakTepusyrowmmca Tem, 4YTO Macku CerMeHTauuu
ONpefensarTca NoCPeacTBOM MOCNeaoBaTenibHOr0 MNpUMEHeHUs AByX ODy4eHHbIX
CBEPTOYHbIX HEMPOHHBIX CETEN.

5. Cnocob no n. 1, xapakTepusyLMUCca TEM, YTO B Ka4YeCTBE HavarnbHbIX TOYEK
BbIOMpParoTCs permoHbl MynbTUCIEKTPAaNbHOIO CHUMKA, rAe 3Ha4YeHne MacKkn paccToOaHUN
OT UeHTpa c/x nonsa Ao Gnvkanwen rpaHnubl 3Toro ke nonsa tonblue, Yem 3HadeHue
napameTpa min_peak_distance - noporoBoro aHa4eHMA paccToAHUS OT LeHTpa /X nonsa
A0 Bnvkanwen rpaHnLbI.

6. Cnoco® no n. 1, XxapakTepuayrLMNCa TEM, YTO SMEMEHTbI TOMONOrMYECKON
MacKku onpeaensarTcs no gopmyne:

T = (E > extent_threshold) & (B <= boundaries_threshold), rge

E — maTpuua, anemeHTamm KOTOpoun ABNAKTCS BEpOATHOCTM € in [0, 1] Toro,
YTO MUKCENb ij B U3HAYaNbHOM M30DPaKEHUM SBNAETCA NaLLHEN;

B — matpuua, anemeHTamm KOTOpon ABnATCs BEpPOATHOCTU bijin [0, 1] Toro,
YTO MUKCENb ij B U3HaAYanNbHOM M300pakeHnn SBNSETCA rpaHNLEN NaLLHEN,

extent_threshold — noporoBoe 3HadYeHMe BEpPOATHOCTUM MNOCNe KOTOPOro
MYKCENb CYUTAETCS NaLLHEWN,

boundaries _threshold — noporosoe 3Ha4yeHne BEpOATHOCTU NOCIE KOTOPOro
MUKCENb CYUTAETCS rpaHNLEen oTAENbHOro CenbCKOX03AMCTBEHHOTO;

T — Tononornyeckaa macka, No KOTOPOW OnpefenseTcs nawHda, mMartpuua,
Kaxabli anemeHT tijin {0, 1} aBnNseTca MHAMKATOPOM TOro, YTO Tam Haxo4UTCA
naLuHs.

7. Cnoco® no n. 1, xapakTepusyrLMNCa TeM, YTO AOMNOMHUTENBHO COAEPXKUT
aTanbl, Ha KOTOPbIX:

- pasfensalT UCXOAHBIM MYNbTUCNEKTPaNbHbIM CHUMOK HA MHOXECTBO CHMMKOB B
3aBUCUMMOCTM OT KONMUYECTBa OMNpefeneHHbIX MPOMEXYTOYHbIX KOHTYPOB C/X MOMew,
NpUYeM Kaxaoe wu3obpakeHne COAEPXKUT MNUKCeNKW, OTHOCAWMECa K nalluHe,
PacnonNOXEeHHON BHYTPU OTAEMNBHOMO NPOMEXYTOUHOrO KOHTYpa C/X norns, a octanbHas
4YacTb N30DOpaKeHNa UMEET YEPHbBIW LIBET,

- ONpefensarT ANA KaXAOoro CHWUMKAa, MOMYYEHHOro Ha npefblaylwem aTane,
KOHTYpPbI C/X NONEen ANS K&XA0ro MynbTUCNEKTPanbHOrO CHAMKA;

- MOMyYalrT KOHEYHble KOHTypa Cc/X nonen, nytem Bblbopa pasgeneHus Ha
OTAENbHOM MYNbTUCMAEKTPANbHOM CHUMKE C MaKCUMarbHbIM YACITIOM KOHTYPOB.

8. YCTponcTBO pacnos3HaBaHWA KOHTYPOB C/X MONen, cogepxaliee no MeHbLUeW

MepEe 04HO BbIYNCUTENBHOE YCTPOMUCTBO M NO MEHbLLEN MEPE OAHO YCTPOMUCTBO NaMATK,
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cogaepxallee MalMHOYNTaEMbIE MHCTPYKLUMKU, KOTOPbIE MPU NX UCTIONTHEHMM MO MEHbLLEN
MEpPE OA4HVM BbIYUCIUTENBHBIM YCTPOMCTBOM BbINOSHAKT 3Tarnbl cnocod no nobomy mn3a
nn. 1-7.
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B. JOKYMEHTEHI, CYHUTAIOINUECS PEJIEBAHTHBIMI

CHUCTEMBI") 16.10.2019

Kareropms* CCBUTKH HAa JOKYMEHTEHI C YKA3aHHEM, TJI€ 3TO BO3MOKHO, PEICBAHTHBIX YACTCH OtHocHTCS K myHKTY No

A US 2019/0213412 A1 (CAPE ANALYTICS, INC.) 11.07.2019, pedepar, 1-8
naparpadsr [0069], [0094], [0096], [0100], [0125]-[0128], [0137], [0149],
[0150], [0195]-[0199], [0244], [0245], durypset 3, 15, 19B

A US 2010/0100835 A1 (CURATORS OF THE UNIVERSITY OF MISSOURI) 1-8
22.04.2010

A US 2018/0373932 A1 (INTERNATIONAL BUSINESS MACHINES 1-8
CORPORATION) 27.12.2018

A US 2020/0065968 A1 (ORDNANCE SURVEY LIMITED) 27.02.2020 1-8

A US 2019/0188847 A1 (ACCENTURE GLOBAL SOLUTIONS LIMITED) 1-8
20.06.2019

A RU 2703349 C1 (AKLIMOHEPHOE OBILECTBO "POCCHUMCKAS 1-8

KOPITIOPALIM S PAKETHO-KOCMUUYECKOI'O ITPUBOPOCTPOEHUA 1
MHOOPMALIMOHHBIX CUCTEM" (AO "POCCHUVICKHME KOCMUUYECKHE

I:I MOCJICAYOIMUE JOKYMCHTEI YKA3AHBI B PO JODKCHU U

* OcoOBIe KATCTOPHI CCBUIOMHBIX JOKYMCHTOB:

«A» - DOKYMCHT, OLPCICIHIFOIIUA OOIIHH YPOBCHD TCXHHKH

«D» - DOKYMEHT, IIPUBCACHHBIN B €BPA3HICKON 3a4BKE

«E» - Gomee paHHMIT JOKYMCHT, HO OIMYOJIHMKOBAHHBIA HA JATY IIOJAYH

eBpa3miicKoil 3aABKY M IIOCTE HES

«O» - MOKYMEHT, OTHOCSINUHCSA K YCTHOMY PACKPBITHIO, SKCIIOHHPO-
BAHHIO B T.1.

"P" - IOKYMEHT, OIlyOJIMKOBAHHEIN IO JATHI IIOJAYH ¢BPa3HiiCKON
3a4BKH, HO IIOCJIC AATHI HCIIPALIMBACMOr0 npuopuTeTa”

«T» - Goee MO3MHMUIA JOKYMCHT, OITy OJIMKOBAHHBIH ITOC/IC AATHI IPHOPUTETA H
[IPHBEACHHBIH I MOHAMAHI H300PSTCHI

«X» - HOKYMCHT, UMCIOINUiT HAnOO0JIee OIM3K0C OTHOMICHHUE K MPCAMETY HOUCKA,
MOPOYAINHAI HOBH3HY HIH H300PeTaTe/IbCKIil YPOBCHB, B3ATHIH B OTACIBHO-
CTH

«Y» - HOKYMCHT, HMCIOINUiT HAnOO0JIee OIM3K0C OTHOMICHHUE K MPCAMETY HOUCKA,
MOpOYAaInHii H300PeTaTeNbCKALl YPOBSHD B COUCTAHNH C APYTUME JOKYMCH-
TaMH TOII Jke KaTerOpHK

«&» - MOKYMEHT, SBIITIOMANCA TATCHTOM-aHATIOTOM

«L» - JOKYMEHT, IPUBCACHHBIH B OPYIUX IELIX

Jlata mpoOBEACHHUS MATCHTHOTO TOMCKa: 14 ceHTadpa 2022 (14.09.2022)
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