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AHHOTALIMA

Pazpaborana ['MC, mno3Bomsromas o0pabarteiBaTh M XPAHUTh JAaHHBIE
JUCTAaHIIMOHHOTO 30HAUPOBaHMSI 3EMJIH, TIOITYUYEHHBIE C TOMOIIBIO CIyTHUKA Sentenel-2.
Cuctema cocTouT U3 0a3bl JAHHBIX, KOTOpast ucnoib3yet PostgreSQL, 610ka 00paboTku
JAHHBIX, OJIOKa BU3yaIU3alluy JAaHHBIX 1 OJ0Ka KJIaCCU(PUKAIMU CENbCKOX03IMCTBEHHBIX
KynbTyp. Cructema MoXeT ObITh WCHOJb30BaHA CHELMATUCTAMHU B OOJIACTH CEJIbCKOrO
XO34MCTBA JUIsi MOHUTOPUHTA M aHAIM3a COCTOSIHUS CEJIbCKOXO3SUCTBEHHBIX MOJIEH B
benoropckom paitone AMypckoit o6actu.

OOBeKkTOM HCCIeIOBaHUs SIBIISIIOTCSL CENbCKOX03siicTBeHHBIE Mot benoropckoro
paitona Amypckoii odiactu PO.

Ilenv pabomwr. pazpaborka [MC nns oOpabOTKM W XpaHEHHS JIaHHBIX
JTUCTAHIIMOHHOTO 30HUPOBAHHUS u pE3yJIbTaTOB KJaccupuKanuu
CEIBCKOXO03IMCTBEHHBIX KYIbTYp benoropckoro paliona AMypckoi 001acTu.

Bo Bpemst pa3paGoTku ObUIM HCIIOJNIB30BaHbl METONBI OOpabOTKA M aHaIM3a
r€ONpPOCTPAHCTBEHHBIX  JAHHBIX, MAIIMHHOIO OO0y4YeHHs (MOJEIM  HAWBHOTO
OaiiecoBCKOro KiaccupukaTopa M MCHOIb30BAHUE TPATUEHTHOTO OYCTHHTA), a TaKKe
METO/IbI IOCTPOCHUS TEOMH(DOPMALIMOHHBIX KapT U BU3yaIH3allly JAHHbIX.

OcHOBHBIE Pe3yJIbTATHI:

1. Pa3paborana apxuTekTypa MH()OPMAIIMOHHOM CHUCTEMBI, BKJIFOYas 0a3y JaHHBIX
JUISL XpaHEHHSI T€OIIPOCTPAHCTBEHHBIX TAHHBIX O CEIbCKOXO3IUCTBEHHBIX YTOIbSX.

2. Peann3oBaHbl HHCTPYMEHTHI 1J1si COOpa U CUCTEMATHU3AIIMU JAHHBIX, a TAKXKEe IS
BU3yaTTU3aIli HHGOPMAITUH O CEITHCKOXO03SIMCTBEHHBIX MOJISX.

3. Tloctpoena Mofenb MAaIIMHHOTO OOy4YeHHS I KiacCU(UKAIMU KYJIbTyp C
UCIIOJIb30BAHUEM T'PAJIUEHTHOTO OYCTHHTA.

4. TlpoBeaeHa OlleHKa MPOU3BOAUTEIBHOCTH MOJIEIIH.
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Beenenue

Ceroaust unTerparusi MU@POBLIX TEXHOJOTUN BBICTYMAET B KAU€CTBE KIIOUYEBOU
CWIbl, HW3MEHSAIOUIEH TPAAUIMOHHBIE METOABl BEIEHHUS CEIbCKOIO0 XO3SMCTBA.
[HudpoBuzanus B CEIbCKOM XO3SHICTBE OXBATHIBAET LIETBIM Psii TEXHOJOTUH, CPEAU
KOTOPBIX arperupoBaHuEe U aHAJIU3 JaHHBIX, TOMOTAIONINE MPUHUMATh PELICHUS IO
ONTUMU3AIMU  ypPOXKAMHOCTH, a TaKXe  MCHOJIb30BAHHE  JUCTAHLIIMOHHOTO
30HJIUPOBAHUS U CITYTHUKOBBIM MOHUTOPHUHT, KOTOPBIM MO3BOJISIET COOMpPATh JTaHHBIC
O COCTOSIHUM YpoO3Kasi, UHAEKCAaX PACTUTEIBHOCTH, COCTABE MOYBBI U JAp. TeXHOI0rNu
JUCTAHIIMOHHOTO 30HJUPOBAHMUS T[OMOTalT B CO3JAaHUU MOJPOOHBIX KapT,
ONpENEICHNH TPaHUIl MOJEl, MOHUTOPUHIE W3MEHEHHWW B 3€MIIETIONB30BAaHUU U
BBISIBJICHUU 0OOJlacTed, TpeOYIOMMX KOHKPETHBIX BMEIIATEIbCTB. D(PeKkTuBHOE
yIpaBjieHUE JaHHBIMH CIIYyTHUKOBOIO MOHHUTOPHMHTA MMEET Ba)KHOE 3HAYEHUE ISl
ONTHMH3AIMA METOJIOB BEJCHUS COBPEMEHHOTO CEJIbCKOro Xxo3siiictBa  [1].
CymectByer notpeObHOCTh B Haa&xkHOW cucreme 0a3 manHbix (BJl), cnemumanbHO
pa3paboOTaHHOM  JUIsi  XpaHeHHs MW yIOpaBleHHe  OOJBIIMMH  0OBbEeMaMH
reoNnpOCTPAHCTBEHHON MHGOpPMAIIMK, OTHOCSIIEHCS K CEIbCKOXO035HCTBEHHBIM
HOJISIM.

Lens paboter: pazpaborka [MC nmns oOpaboTkM W XpaHEHHs] JaHHBIX
JUCTaHLIMOHHOTO 30HIUPOBAHUS u pe3yJabTaTOB KJaccupuKanuu
CEIBCKOXO03IMCTBEHHBIX KYIbTYp benoropckoro paiiona AMypckoi 001acTu.

3amaun paboThI:

1. Pa3paGoTka apXuUTEKTYpbl HHOOPMAITMOHHOW CUCTEMBI, TIOJJ00pP HEOOXOIUMOTO
IPOrpPaMMHOI0 OOECHEedYeHMs, U CO3/IaHHE JIOTUYECKOHM U CTPYKTYPHOH CXEM
0a3bl TaHHBIX.

2. Coop, cucteMaTu3alys 1 BHECEHHE JAHHBIX O CEIbCKOXO3IMCTBEHHBIX YTOIbSIX
benmoropckoro paiiona B 0a3y HaHHBIX; COOpP CHEKTPATBHBIX XapaKTEPUCTHK
cinytHuka Sentinel-2; pacyer n anmpokcUManus BereTallMOHHBIX HHICKCOB IS
KaXXJI0r0 MUKCENS UCCIIEYEMBIX MOJIEH.

3. Pa3paboTka HHCTpYMEHTOB JJIsl (GPUIBTPAIIMY W BU3YTH3AITUHN TAHHBIX.

4.



4. TlocTpoeHne MOJENM MAIIMHHOTO OOYYeHHsI C MEeNbl0  Kiaccu(pHUKaIu
CENbCKOXO3IMCTBEHHBIX KYJIBTYp, a Tak)Ke OIICHKA TOYHOCTH TOJYYCHHOU
MOJIETIH.

5. 3aHeceHue pe3yiabTaToOB KiaccudUKauu B 0aze MaHHBIX U pa3MmelieHue e€ B
cetm  MHTepHeT s oOecmedeHWs — OCTyHa  CTEHKXojjaepaMm U
3aMHTEPECOBAHHBIM JIUIIAM.
3apanee IPOU3BEICHO CTPYKTypHOE paszzenenue CO3/1aBacMoi

reonHGOpPMaIMOHHON CHUCTEMBI Ha YeThIipe MOyJist. CXxema MpeCcTaBlieH Ha PUCYHKE
1.

feonHdpopMaLmoHHasa cuctema (TNC)

Mogaynb knaccugukauum c/x
KYfnbTYyp C NOMOLLbIO
MaLLMHHOIo 06y4YeHus

Mopynb ¢unbTpauumn
reofaHHbIX U BU3yanusaumm Mopaynb Bu3yanusauum

CneKTpanbHbIX reogaHHbIX
XapaKTepucTuk

Puc. 1. Crpykrypa T'YC



1 OCHOBHASA YACTDH
1.1 Ba3a naHHBIX

1.1.1 Pa3paboTka CTpyKTYypbl U IPOLIECC pean3auuu 0a3bl JaHHBIX
OcHoBomnonararomnieil pa3padoTkoil st 11000 reonHGOPMALIMOHHON CHCTEMBbI
('NC) smnserca 6a3a nanubix (BJ]). B pabore paccmoTpen mpoiiecc pa3paboTKu U
Hactoiiku b/l nna o6ecneuenus appexkrusHoctr padotel I'NC.
Ucnonb3oBanue b/l Ay xpaHeHus reoJaHHBIX UMEET PsiJl TPEUMYIIECTB:

e bBJI no3Bossier 3pdexkTuBHO XpaHUTh U 00pabaThiBaTh OOJBIINE OOBEMBI
re0JJaHHbIX, YTO BaXKHO MpHU padoTe ¢ O0IbIIMMHU HAOOpaMu TaHHbIX,

e y100HBIE MHCTPYMEHTHI JUIsl YNPaBICHUS JAHHBIMH, BKIIOYas BO3MOXHOCTb
BBIMOJHATH 3anpockl SQL n1iist u3BiedyeHust 1 00pabOTKU JTAHHBIX, a TAKXKE IS
UMIIOPTa U IKCIIOPTA JIAHHBIX,

® [IpOoCTas UHTErpalys T€0aHHBIX C IPYTUMU UHCTPYMEHTAMH U CUCTEMaMH,

e cHa0XeHHe JocTyna K JaHHBIM Ha pa3HbIX YCTPOMCTBaX W ISl Pa3HbIX
M0JIb30BaTelNell Yepes CeTh.

Hnst co3nanust b/l Obl10 MPUHATO pEIIEHHE HCIONB30BAaTh MOIIHYIO CHUCTEMY
ynpasieHus 6azamu qanHbix PostgreSQL 15. PostgreSQL mo3Bossier moaiepKuBaTh
0O0JBIIIOE KOJTUYECTBO TUIIOB JaHHBIX, UMEET BO3MOKHOCTh MOJKII0UATh K padote bJ]
SI3BIK MTPOrpaMMHUpoOBanus Python u nMeeT MHOXECTBO BCTPOCHHBIX ()YHKIIHMIA, TAKUX
KaK TpEeJCTaBICHUS, TPUITEPHl W XpaHWMbIe Tporenypbl. JlaHHas cucrtema ObLia
BbIOpaHa U3-3a THOKOCTH, TMPOU3BOJUTENIBHOCTH M TMOJACPKKH Pa3IMUHbIX
pacmupenuid, Takux kak PostGIS. PostGIS — sto pacmupenue PostgreSQL, xoTopoe
n00aBIsgeT TMOAACPKKY TeorpaduuecKux OOBEKTOB. ITO TIO3BOJSET XPaHUTh
reouH(popMallMoHHbIe JaHHbIe B BJl U BBINOJHATH CIOKHBIE MPOCTPAHCTBEHHBIC
3anpockl. Mcmonp3oBanne POStGIS mpu peammzamuum [TMC  1gano BO3MOXHOCTH
MCIIOJIb30BAaHUSI METOJIOB Teorpapuueckoro KOAUPOBAaHUS U JIEKOAUPOBAHHS, 4YTO
obnerunino co3manue BJ[. [Ins mpeaBaputensHON 00paOOTKM W CO3JaHUS JTaHHBIX

OBUIO MCIIOJB30BAHO Takoe IMporpammHoe obOecnedyenue, kak QGIS u DBeaver



Ultimate, nns pabotsl ¢ 3anpocamu kK bJl Obuia wcmons3oBana mporpamma Visual
Studio Code u s3b1k porpamMmmupoBanus Python.

CrpykrypHo Bes BJl aenutcst Ha HECKOJIBKO MPOCTpaHCTB: SupplementaryData u
cxembl Busa “YEAR”. Monyns SupplementaryData conepuT Takue HEU3MEHSIEMbIC
JaHHbIE, KaK MHPOPMALIUS O 3€MJISIX CEITBCKOXO035MCTBEHHOTO Ha3HAUEHHUs, BKIIIOYAs
CIIMCKM BIJIAJIENIBLIEB MOJI€H, BHJIBI CEJIBCKOXO3SMCTBEHHBIX KYJIBTYp U COpTa
Pa3IMUHBIX KYJIbTYp, Ipou3pacTaromnx B benoropckom paitone. IMEHHO 3TH 1aHHbIE
aBisitoTCA enuHbiMu s Bcel BJ[. Monyne Bupa “YEAR” npeacrtaBien B BJI
HECKOJIbKO pa3, MOCKOJBbKY KaKIbIH TaKOH MOJYJb CIYXHUT OJOKOM aKTyaJlbHBIX
JAHHBIX JJII KOHKPETHOrO Toja. DTOT MOJAXOJ MO3BOJsSET 3P(HEKTUBHO YNPABIATH
JTAHHBIMH, HE 3aTParuBas Jpyrue CXembl, U 00ECIEUNBAET YETKOE pa3/IeJICHUE TaHHbBIX
no rogam. [Ipoctpanctso Buaa “YEAR” conepXUT OCHOBHYIO MH(OPMAIIUIO O MOJIAX
JAHHBIE O O’KUJIAEMOU M ICUCTBUTENILHON MPOU3pacTaloie KyiIbType, 00 Blajenblie
1oJIs1, @ TAaK)Ke TaKue IeoJIaHHbIe, Kak (popMa MoJist B BUAE MyJbTunonurona. [lomumo
ATOT0, B 3TOM MPOCTPAHCTBE XPAHUTCI MH(MOPMAIUS O BETreTAIlMOHHBIX HHAEKCAaX. DTa
uHGOpPMAIIHs pacCUUTHIBACTCS JJIA KaKI0M Touku nosiel bemoropckoro paitona s
HEKOTOPOro NPOMEXYTKa HeAenb B roay. Bce TOYKM MMEIOT CBOM T€OJIaHHBIE U
MHOKECTBO IOKa3aTeJIed BEreTallMOHHBIX MHAEKCOB, a TAKXKE CBA3AHBI C JIAHHBIMU
MoJisi, Ha KOTOpOM pacnonaraercs touka. Ha nmanueii moMeHT B b/l Xpanutcs
uHopManus Toabko 00 WHAekcax Beretarmuu NDVI, HO Omarojgapsi CKpUITOBOM
peanu3auu CyIieCTBYET BO3MOXKHOCTh OBICTPO MHTETPUPOBATH U APYTHE WHIEKCHI
BETETALUU.

NDVI, mmu Normalized Difference Vegetation Index, — oamH u3 cambix
M3BECTHBIX BErETAIMOHHBIX WHAEKCOB. OH ompeaensercs 4depe3 KOodP(UIIUCHTHI

CIEKTPAIBbHONW SAPKOCTU JUIsi KpacHOW W WH(ppakpacHOM oO0JacTeil cmekTpa 1o

cieaymwieit popmyie:
NIR-RED

NDVI = :
NIR+RED



rae RED — normomenue u orpaxkeHue KpacHbIX jyded, NIR — mornomenue u
oTpakeHHe MH(ppakpacHbIX Jyuyeld. BolOOp MMEHHO 3THUX Y4YacTKOB OMNpeNesieTcs, B
NEPBYIO OYepe/ib, ONTUYECKUMHU CBOMCTBaMHU xyiopoduiiia. B nuanazone njauH BOJIH
600—700 HM, TO €CTh B 30HE€ BUJAMMOI'O0 KPACHOTO, OH UMEET BhIPAKEHHBIA MAKCUMYM
norjoieHud. [lo 3Toil *e mpuyrMHe Bce coaepk alive XJIOpOo(HUII YacTU pacTeHHI
MMEIOT 3eJieHbli 1BeT. B o6nactu 6mmknero MK-u3nydenust pacTUTENIbHOCTh OOBIYHO
o0nazaeT BBICOKUM KOA(DPUIIMEHTOM OTpakeHHs. B coBokymHocTu 3T JBa (pakTa
03HAYAIOT, YTO MOXKHO CY/IUTh O KOHILIEHTpALUMU XJIopoduiia B KakoM-1100 00beKTe,
CpPaBHHBAsl €ro OTPAKATEIbHBIC XapPAKTEPUCTHUKHA B JIBYX YKa3aHHBIX Juala3oHax.
dopmyiia B BUJI€ HOPMAJIU30BAaHHOM PA3HOCTH yJI0OHA JIJIsl pacueTa KOMIIbIOTEPHBIMU
CpelICTBaMH, IMOCKOJIbKY MHOKECTBO 3HAUYCHUN (DYHKIIMM UMEET KOHEUHbIC 3HAYCHUSI.

Janubie mis pacdueta NDVI MOXHO MOJNy4YUTh W3 HECKOJBKUX HMCTOYHUKOB:
CIIyTHUKOBOM ChEMKH, HA3€MHBIX JAaTYMKOB, a Takxke Qororpaduponanus ¢ bJIA. B
Halield padoTe 3HaYCHHE HMHICKCA MOJYYCHO CO CHUMKOB CIyTHHKa Sentenel - 2.

[Toapo6uas cxema bJI mpeacTaBieHa Ha pUCyHKe 2.

2022_NDVI_20 fields2022

id R 9

2021_NDVI_20 fields2021 polygon

-
YEAR_NDVI_SS FieldsVEAR —
id serial id serial
n

ficld1d int geom nultypolygon

reestrium archar

¥y floa internNum

archar

geom paint cropVarTd int

> cropPlaniD int ownerID int
\) cropResultld int area float
NOV 1oa in

cropPlanid

crop_varieties
= Sid serial

cropVariame varchar
NDV2 floa crapFactID
camment archar
Nov3 float comment archar

NDV& float hash_unique field_owners

NOVS - ™

NOVE ownerName archar

oy comment varchar

NDVE
NOV9 crop_types
NOVIE float ™= id serial

f craphame carchar
L =

Wov42 TToa crapColar archar

NDV43 float
NOV4S float SupplementaryData
NDVAG floa

NDVAT floa

NDV43 float

NDV4g float

NOVSB float

NDV51 floa vvvv

NDV52 floa

Puc. 2. Cxema reonH(popManinoOHHON 0a3bl JAHHBIX

8.



1.1.2 ®ynkunu b/, punbrpanus u Bu3yanusauus reoJaHHbIX

Jnist obneryeHust 3aHeceHUss AaHHBIX B TaOmuuel BJl Obuin peanmu3oBaHbl
(yHKIMHU, peanu3oBaHHble Ha OCHOBe pacumupeHus PostGIS u BeI3pIBaemble 110
KoMaHnje Tpurrepa. Ilpu 3anecenun nanubix B Tadbnuny Buaa “fieldsYEAR”, kotopas
OpUEHTUPOBAHA Ha COXPAHEHHUE [aHHBIX O MOJISIX, BBI3BIBAETCS (PYHKIUS pacuera
TUIOLIAM TOJIS IO IAHHBIM O ero reoMeTpuu. [Ipu 3aHeceHuu 1aHHbIX B TAOIUIy BUJA
“YEAR_NDVI _SS” rtaxxe Bbi3biBatoTcs nBe (yHkuuu: createPointFromXY() u
transferPlanCrop(). IlepBas ¢ynkuus co3gaer oObekT reomerpuu Point, rpymnmna
KOTOPBIX B TOMJCIONIEM MOXKET HCIO0JIb30BaThCS JUIsI OTPUCOBKMU JIaHHBIX B
KapTorpauyeckoM MpPOrpaMMHOM OOECIEYEeHUH, M 3aHOCUT 3TO 3HAY€HUE B
OTIPEJICIICHHYIO sIYeiKy. BTopas (pyHKIIMS peaqu3yeT NOUCK U BCTaBKY IJIAHUPYEMOM
KyJbTYphl TIpoM3pacTammux pacteHuid u3 tabauuel Bujaa “fieldsYEAR” B nannyio
Ta0IUILy.

[Tomumo TpurrepHbIX GyHKIMH, OblIa peann3zoBana Gynkmus calculatePlotAvg()
s tadmunel Buga “YEAR NDVI SS”. ®yHkius, OCHOBBIBasSICh Ha BBEJICHHBIX
JNAHHBIX, BbIUUCIsAET cpeaHee 3HaueHue nokaszatenss NDVI nma Bcero mpomexyrtka
BpemeHu. Ha ocHOBe 3THX HOaHHBIX CTpPOUTCS TpaduK, KOTOPHIA MOKa3bIBAET
n3MeHenue cpennero 3HadeHus NDVI Bo BpeMeHM 1si BHIOpaHHBIX IMOJIEH W/WIIH
KyJIbTyp pacTteHuid. JlaHHas QyHKIUS TEHEPUPYETCS MPU CO3JaHUM HOBOW TaOJIHIIBI
Bujga “YEAR NDVI SS”. ®yukuus npuHumaeT 3 aprymeHTa: Ha3BaHUE KYJIbTYpHI,
id mons m momosHUTENBHOE ycioBUe oTOopa. [lanee GyHKIMS BBIYHCISET CpPEIHHE
3HaueHust NDVI s Bcex Touek, KOTOpble COOTBETCTBYIOT 33/IaHHBIM ITapamMeTpam, u
CTpOUT TpauK 3aBUCHMOCTH CPEIHEro IMokaszaTesisi OT BPEMEHU. ITO MOXKET OBITh
IIOJIE3HO JUIS AaHajiu3a H3MEHEHUH B COCTOSHHUM Pa3IMYHBIX KYJIbTYp, IIOMCKA
BBIOPOCOB WJIM JJII CPAaBHEHHUS COCTOSHUS PAaCTCHUM Ha Pa3lMYHBIX MOJSAX WIH C
pasTUYHBIMUA  KyJnbTypamMu pacteHuid. [lpumepbl ucmonb3oBaHus — (QYHKIHUHA

MPE/ICTaBICHbI HA PUCYHKE 3.



3anpoc:
1 select * from calculatePlotAvg_22_20('cos',");
PesyneTar:

3anpoc:
select * from calculatePlotAvg_22_20(", '89');
Pezynetar:

Puc. 3. Tlpumep npumenenus GyHKIUU 1) ¢ 0TO0pOM 110 KyJIbType, 2) ¢ 0TOOPOM I10
id mosist

I'eonannbie, npeactaBieHHsle B B/], MOryT ObITh BU3yaau3upoBaHbl B CBOOOIHO
pactipoctpansieMoir cucreme QGIS, yto mo3BonseT MPOBOAUTH Oojee TIIyOOKHI
anamu3 nanHbiX. C momompio QGIS MOXHO co3gaBaTh KapThl, KOTOPBIE MOTYT
oTpakaThb pa3lIMYHBIE acleKkThl Teorpaduu beroropckoro paiioHa, Takue Kak
TPaHUIIBI, PACTIONOKEHUE HACEICHHBIX MTYHKTOB, TUIIBI TIOYBBI, a TAK)KE MCIIOIH30BAThH
nanubie coznannoit ['MC, Bo3moxkHa QuuibTparius u kiaccudukanus mojed u ToYeK
M0 MOKa3aTelsiM KylbTyp pacteHud u T. O. Ilpumep ucnonb3zoBanus QGIS s

BHU3yaJIM3allMM IPEICTABICH HA PUCYHKE 4.

10.
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Puc. 4. Buzyanuzauus npu nomoiu QGIS vactu noneit benoropckoro paitona 3a
2021 1 2022 ron
Coznanme 0a3bl JaHHBIX TMO3BOJUTH XPAaHUTh WHPOPMAIMIO O JIaHHBIX
JTVCTAHIIMOHHOTO 30HIMPOBAHHMSI 3€MEJIb PETHOHA B Oy/IeT ClIOCOOCTBOBATH PEIICHUIO

3azay 1udpoBoro 3emienenus st beixoropckoro paitona AMypckoit o01acTH.

1.2 Knaccupuxanus ceJibCKOX031HCTBEHHBIX KYJbTYP

CoBpeMeHHBbIE TEXHOJIOTMM B 00JIACTH 3€MIICNIENUSl UTPAIOT KIIOYEBYIO POJIb B
ONTUMU3AIMU YIIPABICHUS CEIbCKUMHU XO35MCTBAaMU U MOBBIIICHUU YPOKaliHOCTH. B
ATOM KOHTEKCTE, pa3paboTKa M BHEAPEHHUE COBPEMEHHBIX METOJIOB aHaJIN3a JaHHBIX
CTAaHOBUTCSA HEOTHEMJIEMOM YaCThIO CEIIbCKOXO3SIMCTBEHHOW NpakTUKU. B maHHOU
YacTH  MPOEKTa  MpeajiaraeTcsi  pacCMOTpeTh  mpodiieMy  KiaccuuKanuu
CEJIbCKOXO3SAMCTBEHHBIX KYJIBTYp Ha OCHOBE BpPEMEHHBIX psJOB HHAEKCA
HOPMAJIN30BAaHHOM PAa3HOCTH BEreTallMM, ITOJIYYEHHBIX C IMOMOIIBI0 CIYTHUKOBBIX
HaOmoaenuii. [Ipouecc kmaccupukau cenbCKOX03IUCTBEHHBIX KYJIbTYp SIBISETCS
BA)XHBIM MHCTPYMEHTOM JUISl AHAJIU3a COCTOSIHHMSI IIOCEBOB, OIPENEIICHUS POCTa U
pa3BUTUSA pPACTEHUH, a TaKXkKe JUIsl MPUHATUS pPElIeHuH B 00JacTh yHpaBiEHUS
3€MEJIbHBIMU PECYPCAMMU.

B paMKax WCCIIEIOBAHUS, MTOCBSIIIEHHOTO KJaccuuKauu
CEIbCKOXO3AMCTBEHHBIX KYJIBTYpP, OBbUIM H3Yy4YE€HBI JIBa QJIrOpUTMa MAIIUHHOIO

00y4eHus, MPe/ICTaBICHHbIE HA PUCYHKE 5.
11.



PasmepHOCTb Pa3amepHocTb
BPEMEHHbIX PSA0B BPEMEHHbIX PALOB
NDVI = 27 x 1 NDVI=2x1

Knaccnéukauumsa c
[MpumeHeHne 3aHeceHHble B B[]
BpemeHHble pagbl AIRoRCHMAnHA MeToaa HCTONDI0SSHHCH npefcKasaHHble
— BPMEHHbIX — — HauBHOro — R

NDVI CHUXEHNA . METKM KNaccoB ansa
papos NDVI 6aecoBcKoro

pasmMepHOCTH KaXpaoro nukcens
meTopa lNaycca

PasmepHocTb PasmepHoOCTb
BpeMeHHbIX PSaoB BpeMeHHbIX pAaoB
NDVI = 27 x 1 NDVI=2x 1

MpumeHeHne Knaccnéukauumsa c 3aHeceHHble B B[]
Annpokcumaums

BpemeHHble psabl MeTofa MCMONb30BaHNeM npeacKasaHHble

P 7 — BPMEHHbIX —) — D
NDVI o108 NDVI CHWXKEHMSA pas... rpagueHTHoro METKM KJ1accoe Ans
6ycTuHra KaXAoro nvkcens

Puc. 5. bnok-cxembl npeajiaraeMbIX METOJI0B KilacCu(DUKAUU
MeTtonb! knaccupuKaium:
® TIPaJIMEHTHBIN OYCTUHT C KaTeropHalbHON 00paOOTKOM,

e HauBHBIN OaliecoBckuii meTon ["aycca.

1.2.1 lIpenBapurenpHas 00paboTKa JaHHBIX

JIyist aHanmM3a COCTOSTHUSI PACTUTENLHOCTH Ha CEJIbCKOXO3IMCTBEHHBIX y4acTKaX
OBLIM MCIOJIb30BaHbI JJAHHBIE, MOJYYEHHBIE C MOMOIIBIO CIyTHHKA Sentinel-2. 3ToT
CIYTHUK OOECIEYMBAET MIMPOKUNA OXBAT TEPPUTOPUHU U BBICOKOE MPOCTPAHCTBEHHOE
paspenieHre, 4Tto IO3BOJISIET MOJy4yaTh JIeTadbHYI0 HH(OpPMAIUI0O O COCTOSHUU
noceBoB. CHauana ObUIM COOpaHBbI TPYIIBI CHUMKOB CO cryTHHKa Sentinel-2 ms
nepuo/ia ¢ KoHIa anpess mo koxer oktsaops 2021 u 2022 rogo, 4ToObl OXBaTUTh BECH
IIUKJI )KMU3HU PACTeHUI, HAaUMHAs OT MOMEHTA TIOCEeBa U 3aKaHUMBasi yOOPKOM yporKas.
Jlanee, mocie nMpoBeIeHMs] MACKUPOBAHUS O0JAYHOCTH, TEHEH OT HUX U CHETa, a TAaKkKe
MCKITIOUCHUS WIH KOPPEKIIMHU JTAHHBIX C 00JIAYHOCTHIO ISl 0OECTICYeHHs] TOYHOCTH U
HAJISKHOCTH BBIYUCIICHUH, OBLITM U3BJICUYCHBI CIIEKTPaTbHBIE 1MOJI0CHl KpacHoro (RED)
u uadppakpacHoro (NIR) nuana3oHoB, KOTOpBIE comepxKaT HHOOPMAIUIO O PA3THUHBIX
JUTMHAX BOJH cBeTa. J[JIs Ka)JI0T0 MUKCENs N3ydaeMbIX MOJei ObITH ChOPMUPOBAHBI
BpEMEHHBIC PsJIbl BereTaimoHHoro uuaekca NDVI.

Hns crnaxuBanHusi BpeMeHHBIX psgoB NDVI Obuim npumeHeHbl MeToAbI
anIMpOKCUMAIIMHU JTAHHBIX, YTO MO3BOJIUIIO MOJTYUYUTh 00Jiee CTAOWIbHBIE U HA/IC)KHbBIC

pe3yabTathl aHanu3a. [lomyueHHble TaHHbIe B TaKOM (popMaTe ObUIM BHECEHBI B 0a3y
12.



JAHHBIX JUIsl  JajdbHEHMIIEero WCIOJIb30BaHUS B aHaiIW3e M Kiaccuukanuu
CEIbCKOXO3SIMCTBEHHBIX KYIBTYD [2].

st peanu3zanuu KiiacCU(PUKALUU CEIbCKOXO3SMCTBEHHBIX KYJIbTYpP Ha OCHOBE
BpeMeHHbIX psgoB NDVI Obuio mpuHATO HMCHOIB30BaTh METOABl MAIIMHHOIO
oOydyeHus. DTU METOJbl IMO3BOJIAT OMPEACIUTh, K KaKOW CEIbCKOXO3IMCTBEHHOU
KyJIbType OTHOCUTCS OIpE/eNIeHHas TOYKa JIaHHBIX HAa OCHOBE €€ BPEMEHHOIro psijia
NDVI. Ins pa3paboTku u oO0yueHus Mozenei kiaccuukaumy OblT BhIOpaH S3bIK
nporpammupoBanusi  Python, koTopblii  mpeaocTaBisieT  IIUPOKUH  CHEKTP
MHCTPYMEHTOB U OUOJIMOTEK JIsi padOThl C JTaHHBIMH M MAaIIMHHBIM OOY4YEHUEM.
Hekoropsle U3 Kit0ueBbIX OMOIMOTEK, UCTIOJIB30BAHHBIX B 3TOM MPOEKTE, BKIIOYAIOT
B ce0s: NumPy ansa paGoTsl ¢ MaccuBamu JaHHbIX, Pandas st yno6Hol pabGoThl ¢
TaONMYHBIMU  JaHHBIMM, Scikit-learn s peanuzanuu pa3iUyHBIX aAJITOPUTMOB
maruHHoro ooyuenus, UMAP nnsa cHmwxenus pazmepHocTH aaHHbiX, CatBoost mms
IpaJUeHTHOr0 OycTMHra M Jp. OTH MHCTPYMEHTHl MO3BOJIAIOT 3P (EKTUBHO
oOpalaTeIBaTh JaHHBIE, CO37aBaThb M 00y4yaTb MOJENIN KIAacCU(UKALUU, a TaKxkKe

OOCHUBATH UX NPOU3BOAUTCIILHOCTD.

Mopgynu Python

. I::l pandas Pickle
learn
AUMAP 4 2P Numpy

TensorFlow

4 CatBoost

Matprotlib

Puc. 6. Ucnione3yembie Mogynu Python mist peanu3zanum kiaccudukanum
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1.2.2 O6paboTka 1aHHBIX AJisI OOYYEHUS U TOCTPOCHHUE MOJIeIIeH

JIist MOArOTOBKU JAHHBIX K 00YYEHUIO MOJENel KilacCu(pUKalUUd MPUMEHSIETCS
npeaBapuresabHas 00paboTKa HMHAEKCA HOPMAaJM30BaHHOM pa3HOCTU BEreTaluu.
OkctpeManbhble 3HaueHus: NDVI guinbTpyroTcs u 3aMeHsI0TCs Ha yCThle 3HaYEHUS.
Oto Heobxoaumo, Tak kak uHjaekc NDVI usmepsercs B nuamasone ot -1 g0 1, u
AKCTpEMaIbHbIE 3HAUEHUSI MOT'YT UCKa3UTh PE3YNbTAThl 00YUEHHS MOJIETIEH.

Jns 3anonnenuss nmyctbix 3HaueHuid NDVI B paracere Obutl BeiOpaH MeToA
ommkainimmx cocenert (K-Nearest Neighbor). OToT MeToa MO3BOJISIET KCIOJIBb30BAThH
uHbopMaLMIO 0 OJM3KUX HAOIIOJAEHUSAX JJIsl 3aMOJHEHUS! OTCYTCTBYIOIIUX JAHHBIX,
YTO CIMOCOOCTBYET COXpPaHEHHUIO OOIIMX TPEHJAOB M CTPYKTYphl JaHHbIX. B Hamiem
cllydae JaHHBIA aJrOpUTM OBLI pealin30BaH C Momolibio Oubnmoreku Scikit-learn
si3bIKa mporpammupoBanus Python ¢ mapamerpom k=5. [Tapametp k=5 o3Hauaer, 4to
MBI paccMaTpuUBaeM IMATh OJMKAWUIIUX CcOCeAe JUIsl KakIOTo MPOMYyIIEHHOTO
3HAaUEHUs. 3HAYEHUS ITUX COCEIeH B3BEIINBAIOTCS 110 PACCTOSIHUIO 10 MPOMYIEHHOTO
3HAueHUs, Te OJKailliue coceld HUMEIOT OOoNIbIIMKA Bec. 3aTeM HCIOJIb3YyeTCs
CpellHee 3HaueHHE B3BEIICHHBIX COCEIEH NSl 3alOJHEHHs MPOMYIIEHHOTO 3HAYEHUS
NDVI.

Jns  cHmWkeHus pa3smMepHocTd BpeMmeHHbIX psanoB NDVI u  ynyumenus
BBIYUCIIATEIbHON 3G (deKTHBHOCTH aHanu3a BbIOpaH amroput™m UMAP (Uniform
Manifold  Approximation and Projection). UMAP wucmons3yer  MeTOn
CTOXaCTHYECKOTO TPaJUEHTHOIO CIyCKa [JIsi TMOCTPOECHHS HU3KOPa3MEPHOIO
NPEJCTaBICHUS JaHHBIX, COXpaHss MPU ATOM TJ00ATIbHYIO CTPYKTYPY M CXOXKECTh
TOYEK B HCXOJHOM TMPOCTPaHCTBE. AJTOPUTM ObUI pealn30BaH IPH IOMOIIU
oubmoTexkn Umap-learn Ha si3pike Python, mapamerps! airopuT™Ma BEIOpAHBI C YIETOM
ONTUMANBHOrO OajaHca MEXAY TOYHOCTHIO M BBIYMCIUTEIBHOM CIOXHOCTBIO:
n_neighbors=250, min_dist=0.15, n_components=2, metric="euclidean’. B pe3ynbrate
npuMmenernnsi UMAP pazMepHOCTh BpEMEHHBIX PsiAOB Oblia CHUXkKEHA ¢ 27 A0 2, 4To

3HAYUTEBHO YIPOIAeT MOoCIeayolee 00yueHre Mojieield MallTiHHOTO 00yYeHHS.
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Janubie s 00y4yeHHst MojieNiel peaACcTaBIA0T co00il BpemeHHbIe psabl NDVI,
aHAJIOTUYHBIE T€M, KOTOpble ObUTM coOpanbl st bermoropckoro paiiona AMypcKoit
ob0nactu. OgHAKO, B 3TOM Ciydyae JaHHbIE COOpaHbl JJI COCETHETO pailoHa, Tae yxKe
M3BECTHA JIOCTOBEPHAsI HHPOPMALIUS O TOM, KaKU€ CEITbCKOX03SIICTBEHHBIE KYJIbTYPbI
BBIPAILMBAIOTCS HA KaXXJIOM KOHKpeTHOM mose. [l oOyueHus mopenei Obul
MPUMEHEH METO]] KPOCC-BaIUIALIMU, KOTOPBIM MpeycMaTpuBaeT pa3aeieHue TaHHbIX
Ha oOydJaromuii U TeCTOBBIM HaOopwl. B manHoM ciyuae, 80% ot obmiero umcia
nukceneit (44684 3amuceit) ObLIN BBIICJICHBI B 00yUYalOIIyI0 BEIOOPKY, B TO BpeMs Kak
octaBiuecs 20% (11170 3amuceit) UCTONB30BANUCH IS TECTUPOBAHUS MOJEICH.
OTOT MOAXOA MO3BOJIAET OIEHUBATH MPOU3BOAUTEIBHOCTh MOJEICH Ha pa3IMYHBIX
MOJIMHOKECTBAX JIaHHBIX, YTO YJIy4llaeT 0000IIeHne U YyCTOMYMBOCTh PE3yJIbTaTOB.
Kpocc-Banunanus npeaorBpaimiaer nepeo0y4eHrue MoJIeu Ha KOHKPETHBIX JIaHHBIX,
nenast olleHKy e€ 3¢ (pexkTUBHOCTH OoJiee HAIC)KHOM U PENPEe3eHTATUBHOM JIJIsl 00IIei

COBOKYIIHOCTH OJdHHBIX.
NOVI _Novis Novis NOVo OV NDVZL NOV) NOVAM_NOVZS NOVS NOV? NOV2S NOVA NOVI) NDVSL NOVG2 NOV NOVM NDVIS NOVi6 NDVI1 WDVS NOVID NOVAD NOVIL Nout2 _ciop it |
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Puc. 7. O630p maHHBIX 111 OOYYCHUS MOJIEICH KilacCupUKaIIIN

CEJIbCKOXO3MCTBEHHBIX KYJIBTYP
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Puc. 8. I'padux ucxogusix BpemeHHbIX psiioB NDVI nist ¢/x kynbTyp Ha

MPOTAKCHUUN HCACIIb OT HaYadJld roaa

1.2.3 O6yuenne HauBHoOrO GaiiecoBckoro kiaaccudukaropa

HauBHbiili OaliecoBCKUU KIacCU(PUKATOP — 93TO BEPOSTHOCTHBIA METOJ
KiaccuduKaluyi, OCHOBAaHHBIM Ha TNPUMEHEHHWHW TeopeMbl baiieca ¢ HauWBHBIM
NPEITONI0KEHUEM O HE3aBUCUMOCTH MEKIy npu3Hakamu. B oubimoreke Scikit-learn
peaNn30BaHO HECKOJIbKO BapHAaHTOB HAMBHBIX Oall€COBCKUX KIaCCU(PUKATOPOB,
Bkiatouas Gaussian Naive Bayes (GaussianNB), xoTopeiii mogxoguT s
HETMPEPBHIBHBIX MPU3HAKOB, PEANOJIAralollnX HOPMaIbHOE paclpeiesiCHHE.

Jlist ompenencHus W ONTHMH3AIMK THIepnapaMmerpoB monenn GaussianNB,
TaKUX Kak var smoothing (mapamerp CriaXwBaHHs), OBLIO TPHHATO PpEIICHHE
ucnoibp3oBaTh OuOaMoTeky Optuna B Python. Optuna — 3t0 OumOnMoTeKa IS
ONTUMU3AIMU TUIEPHApaMETPOB U aBTOMATHU3ALMHU Mpoliecca HACTPOMKH MOJIEIH.
OHa 1O3BOJISIET MPOBOAUTH MOUCK ONTHUMAJIBHBIX 3HAUYEHUN TUIEPIIapaMeTPOB B
3aIaHHOM MPOCTPAHCTBE noucka. Optuna UTepaTUBHO MPOOYET pa3TUUHbIC 3HAYCHUS
runepnapamerpoB GaussianNB, olieHHBaeT UX MPOU3BOAUTEIBLHOCTH C MOMOUIBIO

KpoCC-BallnJganny, W HaXOAUT OITHMAJbHBIC 3HAYCHMA. HpI/I IIOMOIIH 3TOH
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Oubnuorexku  ObUIO  ONpeneNeHO  JIyylllee  3HayeHue  TuIeprnapameTpa
var_smoothing=1.030250175573304e-12.

Ox3emmuisip knaccudukaropa GaussianNB uHULIMATHU3UPYETCS C ONTUMATBHBIM
3HauUEHUEM runeprnapamerpa var_smoothing, koTopoe ObLIO HaliIEHO paHee.

Janee, knaccudukaTop oOydaeTcss Ha oOydaromeM Habope maHHbIXx (X _train,
y_train), rae X _train mpeacTaBiseT U3 ce0s MaTpully NPU3HAKOB (BPEMEHHBIEC Psi/IbI
NDVI), a y_train - BEeKTOp IIEJIEBBIX METOK KJIACCOB CEIbCKOXO3HCTBCHHBIX KYJIBTYP.
[locne oOydenusi kiaccuuKaTtopa MojiydaeM MpeJCcKa3aHusi Ha TECTOBOM Habope
naHHbIX (X _test) mpu momomu Metoja predict. JIjist OlleHKH KauecTBa KiacCuUKaIum
UCTIONB3yeTCS METpHKa TOYHOCTH (accuracy). MeTpuka cpaBHUBaeT (paKTHUYECKHE
3HAYCHMsI IEJCBBIX METOK C IMPEICKAa3aHHBIMU 3HAYCHUSMH W BBIYUCISCT JOJIO
NpPaBUIBHO KJIACCU(UIIMPOBAHHBIX 00pasmoB. Kpome TOro, BBIBOTUTCS OTYET O
KjIaccuuKaly, KOTOPbIM mMpeaocTaBisieT Oosiee MOAPOOHYI0 HHGOPMALHMIO O
IPOU3BOIUTEIBLHOCTH KiIaccu(uKaTopa, BKIItOUasi 3HAUE€HUs1 METPUK precision, recall
u fl-score uIst KaXA0ro Kjlacca, a TaKXKe CPEAHEB3BEIICHHbBIE 3HAYEHUSI 3TUX METPUK
no BceM kiaccaM. [locme oOydeHHs M OLEHKHM MOJEIb HAauBHOTO 0aiiecoBCKOro
KiIaccudukaTopa coxpaHseTcs B Buae (Qaiiia npu momoinu Moayis pickle B Python.
DTO MO3BOJIAETCS 3arpy3UTh MOJIENb MO3KE U3 3TOTO (ailyia U UCIOJIb30BaTh €€ IS

npeacka3aHuii 6e3 HeoOX0AMMOCTH TOBTOPHOTO 00YUICHUS.
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# OnpefeneHne runepnapameTpoB ANA ONTUMU3aLMUM
def objective(trial):
var_smoothing = trial.suggest_ loguniform('var_smoocthing’, le-12, 1le-5)
# WHMumManu3auma u obydeHue HamBHOro OallecoBCKOro KnaccupukaTopa C onpegeneHHLMM TUneprapavMeTpaMi
naive bayes classifier = GaussiannB(var smoothing=var smoothing)
# OUeHKa TOYHOCTHM C MCMOAL3OBaHMEM KpOCC-Baluaaluu
accuracy = cross_val_score(naive_bayes_classifier, X_train, y train, cv=5, scoring="accuracy’).mean()
return accuracy
# 3amyck ONTHMHM3almuu
study = optuna.create study(direction="maximize')
study.optimize(objective, n_trials=1ee)
# MMonydeHue Ay4WMX FUNeprapameTpoB
best params = study.best params
# MHuuManuzauma u obydyeHune HamBHoro BallecoBckoro knaccudukaTopa C NyYWMMA TMMepnapameTpamu
best_naive_bayes_classifier = GaussiannB(var_smoothing=best_params[ "var_smoothing’])
best_naive_bayes_classifier.fit(X_train, y_train)

# MMonydyeHue npenckasaHwii Ha TecToeom Habope
nb_predictions = best_naive_bayes_classifier.predict(X_ test)

# OLeHKa TOYHOCTM

accuracy = accuracy_score(y_test, nb_predictions)
print(f'Best hyperparameters: {best params}')
print(f'Accuracy: {accuracy}’)
print(classification report(y test, nb predictions))

Puc. 9. Peanuzanust HauBHOTO 6aifecOBCKOro Kiaccupukaropa

1.2.4 O6yuyenue moaenu [ panueHTHOr0 OyCTUHTA
['paguieHTHBI OyCTHHT — 3TO METOJ MAIIMHHOTO OOy4YeHHs, KOTOPHIH
UCTIONB3yeT aHCaMOJb JEPEBHEB PEIICHUUW IS PENICHHS 3a1ad KIACCUPUKAIUU U
perpeccun. JlaHHBI MeTon paboTaeT MyTeM TOCIEIOBATEIBHOTO T0OaBICHUS
JepeBbEB K MOJIENH, TJe KaKI0€ HOBOE JCPEBO MCIPABIISAECT OMIMOKH IMPEIbIIyIei
Moziel. B KOHEYHOM pe3ynbTare MoJydaeTcs CHIIbHAs MOJEINb, CIIOCOOHAs J1enaTh
J0CTATOYHO TOYHBIC TTPOTHO3HI.
bubnuorexa CatBoost B Python npencrasnsier co60it 3¢ HeKTUBHBIN HHCTPYMEHT
JUTS peau3aliiy TPaJueHTHOr0 OyCTHHTA, CIISITUATBHO pa3paboTaHHbIHN 1Jisi paOOTHI C
KaTeropuaabHBIMU TpU3HaKamMu. /{71 uccnenoBanus JaHHOTO METO/1a KiacCUpUKAIHH
onu1a BeIOpana mozens CatBoostClassifier co ciaeayromumy mapaMeTpaMu:
e jterations=100: KomnyecTBO IepeBbEB, KOTOPBIC OYIYT MOCTPOCHBI B MOJICIIH.
e depth=6: MakcumanbHas riyouHa nepeBa. Kaxmoe gepeBo nMeeT He Oosee 6
YPOBHEU.
e learning_rate=0.1: CkopocTs 00ydeHus, KOTOpasl ONpeaeseT BSIIMINHY II1ara,

C KOTOPBIM OOHOBJISIFOTCSI Beéca MOJIEIN Ha KaxK10M urepaunn. Huzkas cCKopocTh
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0oOy4eHHsI XOTb U TpeOyeT OOJNbIIEr0 KOIMYECTBA UTEPALUM ISl CXOAUMOCTH,
HO MOKET IOMOYb U30eXaTh NepeoO0yUeHUst MOJEIH.

e loss_function="MultiClass": =~ ®yHkuuss  moTepp,  UCHOIB3yeMas  JUIS
ONTUMU3AIMU MOJIeu. B naHHOM citydae Oblia BeIOpaHa GyHKIMS TOTEPh IS

MHOTOKJIACCOBOM KJIaCCU(UKALINH.

e random_seed=42: 3epHO CIIy4aliHOCTH ISl BOCITPOU3BOIUMOCTH PE3YJIbTATOB.
Hanee, monens CatBoostClassifier o0ydaercs Ha o0y4aroieM Habope maHHbIx X_train
C COOTBETCTBYIOIIMMHU IIEJIEBBIMA METKAMH y_train. 3aTeM MOTy4YaroTCs MpeacKa3aHus
y_pred Ha TecToBoM Habope AaHHBIX X_test, ¥ BBIBOJAUTCS OTUYET O KJIACCU(UKALINH C
nomoiisio ¢pyHkiuu classification_report u3z moaysns Scikit-learn. OGyuyennas moensb
coxpansieTcs B ¢aiiie catboostclassifier.pkl ¢ momomsto monynsa pickle. Coxpanenue
MOJICTH DKOHOMHUT BpEeMSI M PECYpChl, MOJENb JIETKO MOATPY3UTh B JPYTHX

IMPUIIOKCHUAX U UCITIOJIb30BATh HA HOBBIX JdHHBIX.

1.2.5 CpaBHuTeNbHAS OIICHKA METOJIOB
O6e Moenu, Ki1accupuKaTop TpaJlUeHTHOrO OYCTUHTa U HAaUBHBIN OalieCOBCKUM
KiaccupukaTop, OBUIM TIOJABEPTHYTHl TECTUPOBAHWIO HA OTIEIBHOH TECTOBOM
BBIOOpKE, KOTOpasi He MCIOJIb30BAJIach B Ipoliecce oOydeHus: mojaenei. s oreHKu

IPOU3BOAUTEILHOCTH KaKI0M MOJICTTH OBLIM UCTIOIB30BaHbI CJICIYIOIINE METPUKH

TP
TP+FP’
TP
TP+FN'’
TP

1= —rw
f TP+FP;-FN1

precision =

recall =

rae TP (True Positives) nmpeacraBiseT co00i KOTUIECTBO OOBEKTOB, KOTOPHIE MOCIb
NpaBWIBHO KiaccudummpoBana kak mojoxutenbhbie; FP (False Positives) — sto
KOJIMYECTBO OOBEKTOB, KOTOpPHIE MOJEIh HENPAaBWIBHO KiIacCH(UIMPOBalia Kak
MIOJIOKUTENIBHBIE, KOT1a Ha camoM jelie onu otpuriarensabie; FN (False Negatives) —
3TO KOJMYECTBO OOBEKTOB, KOTOPHIC MOJIEIh HEMPABUIBHO KiIacCH(HIIMpOBAIa KaK

OTPHULATCIIBHBIC, KOI'ld HAa CaMOM JCJIC OHU ITOJIOKHUTCIILHBIC.

19.



[locnie 0OyueHUs M TECTUPOBAHUS MojeNed ObUI COCTAaBIEH OTYET O TOYHOCTH
KJaccupuUKaIluy, KOTOPHIM BKJIIOYAET 3HAYEHUS JTHUX METPUK [JIs KaXJI0To
M3y4aeMoro CeJbCKOXO3SMCTBEHHOI'O KJacca, a TaKkKe OOIIYI0 TOYHOCTb ISl BCETO

Ha0opa JaHHBIX, KOTOPBIM n300paxeH Ha pucynke 10.

HauBHbI 6aiecoBCcKuin pagneHTHbIN 6YCTUHT
knaccudukatop (GaussianNB) (CatBoostClassifier)

Precision Recall f1-score Precision Recall f1-score
Kykypysa 0.65 0.76 0.70 Kykypysa 0.92 0.80 0.86
MweHuya 0.90 0.99 0.94 MweHnya 0.96 0.97 0.97
Con 0.97 0.95 0.96 Cosn 0.98 0.99 0.98

AumeHb 0.93 0.47 0.62 AumeHb 0.88 0.81 0.85

O6wasn Ob6Lwasn
TOYHOCTb TOYHOCTb

Puc. 10. CpaBHUTENBbHBINA OTYET C METPUKAMU TSI IBYX MOJEJICH MAIlTHHHOTO

00yJeHUs

Pe3ynpTaThl TECTMpOBaHMS MOJENH, OCHOBAaHHOW Ha alTOPUTME I'PaJMEHTHOTO
OycTuHra, JEMOHCTPUPYIOT BHICOKYIO TOYHOCThH Kilaccuukanuu Ha ypoBHE 96%, a
Takke cOaJaHCUpPOBAaHHBIE 3HaUCHUSI METPUK precision, recall u F1-score mys kaxaoro
Kjlacca. DTU PE3yNbTAaThl CBUIETEIBCTBYIOT O BBICOKOM 3(()EKTUBHOCTH MOJEIU B
pEIICHUH 337241 KJIacCU(PUKAIIUN CETbCKOX03SIICTBEHHBIX KYJIBTYD.

Mogaens  GaussianNB  moka3zama  Oojiee  HHM3KYH0  OOIIYH0  TOYHOCTH
Kiaccudukanuu Ha ypoBHE 92% U BBISIBIIJIA PA3INdus B METPUKAX MEXIY pa3HBIMU
kiaccamu. OcoOeHHO 3aMETHBI HM3Kas TOYHOCTh | recall mis kinacca "Kykypy3sa', 4to
YKa3bIBa€T Ha TO, YTO MOJEINb 3aTPYJHSETCA B MPABHIBHOW KiIacCHU(PHUKAIMU ITOU
KOHKPETHOU KYJIbTYPHI.

Ha ocHOBe pe3ynbTaToB TECTHUPOBAHUS, YYHUTHIBas BBICOKYIO TOYHOCTh U
cOaTaHCHUPOBAaHHOCTHh METPHK, PEKOMEHYETCS IPEATNIOYTCHUE OT/IaTh TPAJAUCHTHOMY
OyCTUHTY B KOHTEKCTE KIACCH(UKAIMKH CEIbCKOXO3SHUCTBEHHBIX KYIBTYpP TIO
CPaBHEHUIO C HAMBHBIM 0alieCOBCKHM aJITOPUTMOM. BmecTe, CHIKEHHE pa3MEepPHOCTH

Umap u npuMeHeHue MeTo1a rpaIMeHTHOr0 OyCTUHTA AJi KilacCU(UKAIUU KYJIbTYpP
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pacTeHuii, OyayT HoJBepraThCsl JalbHEHIIEMY HMCCIEJOBAaHUIO U MOJECPHU3AIMHU B
paMKax TMpoeKTa C LENbI0 YIYYIICHUS [POU3BOAUTENIBHOCTH, PACUIMPEHUS
(GYHKIMOHAIBHOCTHU U aJanTalli K BO3MOXHBIM U3MEHEHUSIM B JTAHHBIX.

1.3 JleckTonmHoe NpuUJIOXKeHHe Al MHTEPAKTHBHOIO AHAJIM3a BpPeMEHHBIX

psinoB NDVI u TecTupoBanus mojeseid MAIIMHHOTO 00y4eHUs

Hecmotrpss Ha Hanmuume pasznuuHbIX nporpamm, Takux kak QGIS, DBeaver u
ApYyruX, MpeJHa3HAauYeHHbIX Mg paboTel ¢ reorpaduyeckoil HHPpOpPMALMOHHON
CUCTEMOM, ObUIO TPHUHATO pelieHue pa3paboTaTh COOCTBEHHOE MPWIOKEHUE Ha
ocHOBe (peiimBopka Qt. DT0 perieHrue 00yCIOBIEHO MOTPEOHOCTHIO B MUHCTPYMEHTE,
CHEIUATM3UPOBAHHOM Ha OBICTPOM M yIOOHOM MOAKIIOYEHHH K CYLIECTBYIOIIUM
nma"HueIM B ' UC u ux ananmse.

[Tonb3oBaTenb MMEET BO3MOXKHOCTh YCTAHOBUTH COEAMHEHHE C YJAJICHHBIM
CEpBEpOM, Ha KOTOPOM XpaHATCS JdaHHbIe reorpaduueckod HHPOPMAIMOHHON
cuctemsl (I'MC), 1 ucnonap30BaTh MHCTPYMEHTHI JUISl aHAIM3a ATUX JaHHBIX.

[IpunoxeHre COCTOUT U3 YETHIPEX OCHOBHBIX 3JIEMEHTOB!

1. 'maBHOE OKHO: B 3TOM OKHE IOJIb30BAaTEIb MOKET MOJYYUTh OCHOBHYIO
unpopmaruio o 'MC, Takyro kak 00111ast CTAaTUCTUKA TaHHBIX.

2. OxHO Knaccuukamuu KyJabTyp ¢ nmoMomisio ML: 31eck mois30BaTesib MOXKET
UCIIOJIb30BaTh paHEe CO3/JaHHbIE MOJIEIM MAIIMHHOTO OOy4YeHus s
KJIacCU(UKAIIMN  CEIbCKOXO3SIMCTBEHHBIX KYyJIbTYp HAa OCHOBE JIaHHBIX
KOHKPETHOI'O MOJIS.

3. Oxno Busyanmu3anuu BpeMeHHbIX psanoB NDVI: B sTom okHe momb3oBatenb
MOXKET BHU3yaJIM3UpPOBaTh BpeMeHHble psabl nokazarened NDVI  mns
PaA3JIMYHBIX YYaCTKOB WJIHU KyJIbTyp. OH MOXKET aHaJIU3UPOBATh U3MEHEHUS BO
BPEMEHHU U BBISBISTH TEHJICHIMU C TOMOIIbIO Tpaduka, 100 K€ COXpaHUTh

ero B (hopmate png uiu jpg.
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Puc. 11. okHO HacTpOeK, OKHO BU3yalIU3alluH JAHHBIX, OKHO KJIacCU(pUKAIIUU

B pamkax ganHoro npuiioxeHus npeaoctasisercs dpyukmnus calculatePlotAvg(),
KOTOpas MO3BOJISIET MOJIb30BATEII0 BHIYUCIUTh CpeaHre 3HaueHus noka3atens NDVI
JUTSE 3aJ@HHOTO TIOJSl WJIM KYJbTYpPhl PACTEHUN HA MPOTSIKEHUU BCETO BPEMEHHOTO
psana. Ilonp3oBaTenb MOXKET BBHIOPATh COOTBETCTBYIOIIME IMapaMETphl, TaKue Kak
HOMED TOJIs B 0a3e JAaHHBIX WM KOHKPETHYIO KYJIbTYPY, s GUIBTPAIMH TaHHBIX,
KOTOpBIE B MOCJIEAYIONIEM OyIYyT HCIOIB30BATHCS ISl BU3yalbHOTO TIPE/ICTABICHUS.
PesynpraToM BbIMONMHEHUS (GYHKIIMU SIBISIETCS MOCTpOEHUE Tpaduka 3aBUCHUMOCTU
cpeaHero 3HaueHus nokazatenss NDVI ot Bpemenu s Bcex  TOUEK,
COOTBETCTBYIOIIMX BBIOPAHHBIM TMapaMeTpaM. OJTO TO3BOJSET 3HAYUTEIHHO
VIOPOCTUTH aHAIN3 OOJIBIIOTO O0BEMa MAHHBIX, MOCKOJBKY KOJIMYECTBO 3HAYCHUU
NDVI wmoxer npocrurare g0 30000 Todek, Kakmas U3 KOTOPBIX HMeeT 26
BbIuMCiIeHHbIX Tokazareneid NDVI. Jlanubiii QyHKUMOHAn moje3eH s aHaau3a

U3MEHEHUN COCTOSIHUS Pa3INYIHBIX CEIbCKOXO3SMCTBEHHBIX KYJIbTYP, BbIABICHHUA
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BBEIOPOCOB WJIM CPABHEHUS COCTOSTHUS pACTEHUN HA PA3HBIX MOJISX WIH TIPH Pa3THIHBIX
KyJbTypax.

B oxHe Bu3yanm3anuy MOJB30BaTENb MOJYYaeT BO3MOXKHOCTH BHIOpPATh HOMED
KOHKPETHOTO ITOJIsI U3 CIIUCKA JIOCTYIMHBIX ToJiel. [lociae BeIOOpa 1mosis mosib30BaTesb
3aIycKaeT KJIacCH(PUKAIMI0O TOYEK JAHHOTO IOJISI C WCIOJIb30BAHMEM JIBYX paHee
CO3JaHHBIX MOJeeii MammHHOTO 00ydeHus. [lociie 3aBepmieHus KiaccupuKaruu
MI0JIb30BATEITI0 BEIBOAUTCS PE3Y/IbTaT B BUJIE MPOIICHTHOTO COOTHOIICHUS JIJISl KaXT0U
CEIbCKOXO3IMCTBEHHOW KYJbTYphl. JTO COOTHOIICHHUE TIOKA3bIBAET, K KaKUM
KyJIbTypaM pacTEHUH MOJICTH OTHOCST PaCTCHHUS, BRIpAIIMBACMbIC HA TAHHOM YJYacTKe
3eMJIH, a TaKXKe C KaKOW BEPOSITHOCTHIO.

OCOOCHHOCTBI0O OKHa BH3yallU3allMM SIBJISICTCS BO3MOXXKHOCTb CPaBHCHUS
PE3YJIbTaTOB, TOJYYCHHBIX OT JBYX pPa3JUYHBIX Mojenei. Ilomb3oBaTellb MOXET
BUJCTh PA3IMUMS B OTBETaX Ka)XJAOW M3 TMOCTPOCHHBIX MOJENICH, YTO ITO3BOJISET
OLICHUTH UX d(DPEKTUBHOCTh U CPABHUTH UX TOUHOCThH KIACCU(DUKAIIMK JIJISl TAaHHOT O
ydacTKa 3eMiiu. Takoe CpaBHEHHE IOMOTAeT IMOJIb30BATESIM MPUHUMATh OoJiee
MH(GOPMHUPOBAHHBIE PEIICHUS HAa OCHOBE PE3YJIHTATOB, MOJYYEHHBIX OT Pa3IMYHBIX
MojieNiell MallTMHHOTO 00y4YeHUsI.

Hnst cozmanus manHoro Qt mpunoxkenus Ha Python Obu ucmosb30BaHBI
cienyroire OnOINOTEKH:

e PyQt5 - Owubimoreka Ui coO3JMaHMs TPaQUUIECKOTO IMOJIB30BATEIBCKOTO
uHTepdeiica.

e sqlite3 - BcTtpoeHHBIN MoTyNb Python mutst paboTsl ¢ 6a3oit manHBIX SQLite.

e psycopg?2 - 6ubmuoTeka Ay padoThl ¢ 6a3amu gaHHBIX PostgreSQL.

e Pyqgtgraph - 6uGnmoTeka a1 BU3yalnM3alliu JaHHBIX B PEaIbHOM BPEMEHHU B
PyQt npunoxeHusx.

e Numpy - 6ubnmoreka s paboThl ¢ MHOTOMEPHBIMH MaCCHUBAMU JaHHBIX.

e Pandas - oubanoreka ajis 00paOOTKH M aHAIM3a JaHHBIX, MPEAOCTABIISIONIIAS

CTPYKTYPbI JdHHBIX W OIICPpAllMU JJIS MAHUITYJIAIWNW JaHHBIMH.
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e Umap - Oubnmorteka, peanusyromas aiaroput™ UMAP nns cHukeHUs
Pa3MEpPHOCTH JTaHHBIX.
e Joblib - Oubmmoreka s coxpaHeHHMs W 3arpy3KH MOJEJICH MAIIMHHOTO

oOyuenus B Python.

I::l pandas Pickle

UNIFORM MANIFOLD

A APPROXIVATION & PROJECTION

% NumPy
?SQLite

Puc. 10. Monynu Python, ucronb30BaHHBIC [JIs1 CO3IAHKSI TPOrPaAMMBbI

N\ A
\

\/
VN

Joblib

B pesyapraTe OpUTO pazpaboTaHo jgomosHUTENbHOE Qt MpuUIIOXKEHueE,
npelHa3HaYeHHOe Mg paboThl ¢ 0Oa3aMH JIaHHBIX, BH3YyaJlW3allMd [AHHBIX U
MalIMHHOTO O0y4YeHus. OTO TMPUIOKEHHE TMO3BOJSET TMOJIB30BATENSIM JIETKO
MOAKIIIOUaThCsl K  yOAJIEHHOMY cepBepy, aHainu3upoBath naanHeie [UC wu
KJIacCU(DUIIMPOBATH CEIBCKOXO3UCTBEHHBIE KYJIbTYPhl C UCIOJIB30BAHUEM MOJIENICH

MAIIMHHOTO O0YYCHUS.
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3akiirouenue

B xone BwimonHeHust mpoekTa Obuta paspaborana ['MIC mnst oOpaboTku u
XpaHEHHUS JAHHBIX JAUCTAHIIMOHHOIO 30HIMPOBAHUS U PE3yJbTaTOB KiacCU(PUKAUU
CENbCKOXO3MCTBEHHBIX KyIbTYp benoropckoro paitona Amypckoit o0i1acTH.

Coznana ontuMH3UpoBaHHAs s 3(PQPEKTUBHOIO XpaHEHUS W YIpaBICHUS
00JBIIMM 00BEMOM TE€OMPOCTPAHCTBEHHON MH(MOpPMAIMU CTPYKTypa, OCHOBOM s
KoTopoil co3nana BJl, Bkmoudaromas B ceOs peanu3oBaHHbIE HWHCTPYMEHTHI IS
¢unbTpalud  JAHHBIX, KOTOPHIE TO3BOJISIIOT — MOJIB3OBATEISIM  BBIACHATH U
aHAJIM3UPOBATh MHTEPECYIOUIME YYAaCTKU M KyJIbTypbl. Buzyanuzamnus BpeMEHHBIX
PSAZI0B PA3IMUHBIX BEr€TallMOHHBIX MOKa3aTeNnel ynpouiaeT BOCIpUsITHe HHPOPMALIUH,
nenasi anayiu3 0osee TOCTYIHBIM 3a 0oJiee KOPOTKOE BpeMS.

B urore, nposenena paborta 1o co3AaHUIO U ONTUMH3AIUU MOJIeNIel MAallTUHHOTO
oOydeHust il Kiaccu(UKaIu CeIbCKOX03UCTBEHHBIX KyIbTyp. B pamkax mpoekra
UCITOJIB30BAJIMCH JIBA MOAXOMA: CKATUE PA3MEPHOCTH JAHHBIX C MOMOIIBIO METOJa
UMAP u npumeHeHue KiacCcu(UKATOPOB, TaKUX KaK TPaAUCHTHBIA OyCTHHT W
HauBHBINA OaiecoBckuit Metoy ["aycca. ['panreHTHBIN OYCTUHT MPOAEMOHCTPUPOBAI
0osee BBICOKYIO TOYHOCTh M Fl-score mo CpaBHEHHIO C HaWMBHBIM 0OaileCOBCKUM
MeroaoM. Takum oOpa3oM, IJisg JajibHEWIIer paboThl B MpoekTe ObLI BBIOpaH
IpaJueHTHBI OYyCTMHT B KayeCTBE OCHOBHOM MOJENM s KIacCU(PUKaAIMH
CEIbCKOXO03MCTBEHHBIX KYIBTYP.

[Tomumo »3TOro, ObUIO co3mgaHO Qt-mpuUJIOKEHHE, KOTOpoe obecreynBaeT
MOJIb30BATENICH JIOMOJHUTENBHBIMU HWHCTpYMEHTaMHu 1Jis1 pabotsl ¢ »tot T'UC.
Ilpunoxxenue MO3BOJSET JIETKO IIOAKIIOYATBCS K  YAAJICHHOMY CEpBepy U
aHaJIM3UPOBATh JaHHbIE. B mpuiiokeHnn peann3oBaHa BO3MOXKHOCTD KJIaCCU(pUKALIUN
CEJIbCKOXO3AMCTBEHHBIX KYJIBTYP C UCIIOJIB30BAHUEM MOJEJIEH MALIMHHOTO 00YYEHHUS.

PeanuzoBannas ['MIC no3BossieT cUCTEMAaTU3UPOBATh U aBTOMATU3UPOBATH Psijl
IIPOLIECCOB, CBSI3AHHBIX C MOHUTOPUHIOM M YIIPABICHHEM CEJIbCKOXO3SMCTBEHHBIMU
yroawssimu. Hanmpumep, arporomsl MoryT ucnonbs3oBats [ UC aiist ananusa 3eMenbHOTO

donga omnpeneneHHoro paiiona P®, ompeneneHus HaWIydlIMX YYacTKOB JIJIst
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KOHKPETHBIX IMOCEBOB M Mu1anupoBanus potauuii; ['IC MoxeT ciy uTh miaatdopmoit
st oOMeHa 3HaHUAMHM W HH(OpManued MEXIy YYEHbIMH; BIAJEIbLbl NOJEH H
arpOHOMBI MOTYT HCIIOJIb30BaTh MOJENb KJIACCU(PUKALUUA KYyJIbTYp PAaCTEHUU ISt
CBEPKU IUITAHUPYEMBIX U PAKTUUYECKUX KYJIbTYP, UTO MO3BOJISIET ONEPATUBHO BBISIBIATH
pacxoXxACHUs MEXIy IUIaHAaMU, a BU3yanu3auus BpeMeHHbIX psigoB NDVI moxer
MIOMOYb B PAaHHEM BBISIBJICHUHM PU3HAKOB 3200JIEBAHUI UM BPEAUTENEH C TOMOIIbIO
aHaJIn3a.

PesynbTathl paboThl TOKJIAAbIBAIM HA Hay4HOU KoH(epeHuuu Far East Math —
2023 [3].

K ocHoBHBIM HampaBienusM ganbHeimero passutus [MC  oTHocurcs
pa3paboTka mpocToro uHTep(eiica: cozgaHue MPOCTOro U UHTYUTUBHO MOHSITHOTO
noJib3oBaresbckoro uHrepdeiica mig padborel ¢ 'MC. Pazpaborka mporpamMmmMHOro
oOecrieyeHusi, KOTOPOE TIO3BOJIUT TIOJIb30BATENsIM 0€3 TEXHUYECKUX HAaBBIKOB
3¢ (}HEeKTUBHO B3aUMOIEHCTBOBAThH C F€ONPOCTPAHCTBEHHBIMH JIaHHBIMU.

Matepuansl IpoeKkTa U JTOKyMEHTalUs JOCTYIHbI Ha CIeAYIOIMX Iu1aThopMax:

e GitHub: https://github.com/sprittzer/GIS
o Sunexc Juck: https://disk.yandex.ru/d/9gvFA9b56jd 2A
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