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AHHoTauma. [pefcTaBneHbl pe3ynbTaTbl WCCNEAOBaHW MO OLEHKe TOYHOCTWM Knaccuiurkalum
MHOr030Ha/IbHbIX ~ KOCMWYECKUX CHUMKOB MPXU  UCMO/Mb30BaHWUM  MUKCENILHOTO W 06BLEKTHO-
OpPVEHTUPOBAHHOIO MOAXOA0B. MccnefoBaHUA BbINOMIHEHbI HA TEPPUTOPUAX 3emsenosib3oBaHus OC
«InuTHas» n UM FK(P) X Kosanes C. M. B HoBocnbupckoli obnactu. [na peanunsaumm pasnuyHbIxX
MOAXOAO0B K Knaccuukawmm TUNOB 3eMHOW NOBEPXHOCTY UCNO/b30Ba/IM MHOFO30HA/bHbIE KOCMUYECKME
CHUMKU cnyTHUKa Sentinel-2B ¢ npocTpaHCTBeHHbIM pa3pelleHveM 10 M B nukcene. TMuUKcenbHbIl
Nnoaxof peann3oBaH Ha OCHOBE KOHTPOAMPYEMOM KnacCcuumkalumm C  WUCNONb30BaHWEM MeTOLOB
MaKCMMansHOro npaegonofobus, napansienenvunefoB M pacctosHue MaxanaHo6uca B NporpaMMHOM
nakete ERDAS Imagine 2014. O6beKTHO-0PUEHTUPOBAHHLIN MOAX0S BbINOMHANM B fiBa 3Tana. BHavane
NMPOBOAMAN  CErMeHTaUu  M300pakeHWid ¢ ucnonb3oBaHvem  anroputma OBIS, a 3aTem
KnaccmuumupoBanm CerMeHTUpoBaHHble M306paxeHUs. CermeHTauus BbIMOSIHEHA C WCMO/b30BaHWEM
SAGA GIS Bepcun 8.5.1. Knaccugmkauma pesynbTaToB CErMeHTaLMMK BbIMOMHEHA C UCMONb30BAHMEM
MeTOI0B MalUMHHOIO 00y4eHMs: cnyyaiHbli nec (RF), MeTod OMOPHbIX BeKTopoB (SVM) u
MHOroCnoiHbln  nepuentpoH (MLP). WccnegoBaHMAMW YCTAaHOBMEHO, YTO KnacCU(MKaTopbl Npw
MCMOMb30BaHUN MUKCE/IbHOTO MnoAxofja MokasaiM B LUeNoM HecTabuibHble pe3ynbTaTbl, KOTOpble
BapbMpOBa/IN OT YAOBMETBOPUTENbHONM 06OLLEA TOYHOCTM KnacCuhmKaumum Ao HU3KOW U OYEHb HW3KOWA,
O0COGEHHO MO OTAeNbHbIM  K/accaM MPOCTPAHCTBEHHbIX 00bEKTOB. JlyylwlMM 0Kasancd MeToj
MakKCMManbHOro npaBfonojo6us, KOTOPbIi MoKasan YAOBETBOPUTE/IbHYIO  O6LLYKD  TOYHOCTb
Knaccugukaymm (82-88 %) u BbiCOKME 3HaveHMA KoahduumeHTa Kanna KosHa. HenapameTtpuyeckue
KnaccugukaTopsl Npu MCNONb30BaHUWU O0OBEKTHO-OPUEHTUPOBAHHOIrO MoAxoda MNPOAEMOHCTPUPOBAIM
6onee ycToiunBble pe3ynbTathl 4158 06enx aHanu3upyembiX TEPPUTOPUIA 3eMnenonb3oBaHmns. flydiieil us
HUX 6blna mogens MLP c obueid TOYHOCTbIO Knaccugmkaumm 96 % pans 3emnenons3oBaHus OC
«AnutHas» 1 91 % pns 3emnenonb3oBaHus MM FK(®) X Kosanes C. M., a TakXe C BbICOKMMU
3HaveHMsaAMK KoapdmumeHTa Kanna KosHa. MpoBeAéHHOE MccnefoBaHWe MOKasblBaeT, YTO 0ObEKTHO-
OPMEHTUPOBAHHLIA MOAX0A C NpeABapuUTeNbHON CermMeHTaumein n306paxeHus ABAseTCA Hambonee
3 eKTUBHOW CTpaTerneli KnaccurKaLmm MHOFO30HabHbIX KOCMUYECKUX CHUMKOB.
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Assessing Multispectral Satellite Image Classification Accuracy
Using Pixel-Based and Object-Oriented Approaches

Lyudmila V. Garafutdinova, Vladimir K. Kalichkin, Dmitry S. Fedorov
Siberian Federal Scientific Centre of Agro-BioTechnologies ofthe Russian Academy of Sciences,
7 Tsentralnaya St., 630501, Krasnoobsk urban-type settlement,

Krasnoobsk, Novosibirsky mikrorayon, Novosibirsk region, Russia
Iv.garafutdinova@mail.ru

Abstract. The paper presents the results of research focused on assessing the accuracy of multispectral
satellite image classification using pixel-based and object-oriented approaches. The studies were
conducted on the territories of Elitnaya Experimental Station and Individual Entrepreneur - Head of
Peasant (Farm) Enterprise Kovalev S.M. land use areas in Novosibirsk region. Multispectral satellite
images from Sentinel-2A with 10 m spatial resolution per pixel were used to implement various
approaches for land cover type classification. The pixel-based approach was implemented based on
supervised classification using parametric methods of maximum likelihood, parallelepiped, and
Mahalanobis distance in ERDAS Imagine 2014 software package. We applied the object-oriented
approach in two stages. First, image segmentation was conducted using the OBIS algorithm, and then the
segmented images were classified. Segmentation was performed using SAGA GIS version 8.5.1. Machine
learning models were used for classification of the obtained segmented image: Random Forest (RF),
Support Vector Machine (SVM), and Multi-Layer Perceptron (MLP). In the course of the study,
parametric classifiers using the pixel-based approach showed generally unstable results, which varied
from satisfactory overall classification accuracy to low and very low, especially for individual classes of
spatial objects. The maximum likelihood method proved to be the best, showing satisfactory overall
classification accuracy (82.0-88.0%) and high Cohen's Kappa coefficient values. Non-parametric
classifiers using the object-oriented approach demonstrated more stable results for both land use
territories under analysis. The best among them was the MLP model with overall classification accuracy
of 96.0% for Elitnaya Experimental Station land use and 91.0% for Individual Entrepreneur - Head of
Peasant (Farm) Enterprise Kovalev S.M. land use, as well as high Cohen's Kappa coefficient values. The
research findings show that the object-oriented approach with preliminary image segmentation is the most
effective strategy for multispectral satellite image classification.

Keywords: remote sensing, pixel-based classification, object-oriented classification, machine learning,
mapping, accuracy assessment
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BBegneHue

Mogxoabl K Knaccugumkaymm CHUMKOB AUCTAHLMOHHOIO 30HAMPOBAHWA MOXHO pa3fenuTb
Ha flBe OCHOBHble KaTeropuu: Knaccuukaumsa Ha OCHOBE MUKCenei n knaccuukaums Ha OCHOBe
o6bekToB [Blaschke et al., 2014; Kucharczyk et al., 2020]. MogxoAbl K Knaccugumkaumm Ha oCHOBe
NMKCenen NCnonb3yT NUKCeNb B Ka4eCcTBe 6a30BOM eAMHULbI aHanNn3a, B TO BPeMS KakK MoAaxofbl K
00BbEKTHOI KnaccutuKauum MCNOoNb3yrT 00beKT (T.e. TPYMNMy CMEXHbIX MUKCenein) B KayecTse
6a30BOM egMHMLbl aHann3a. MMoAXo4 Ha OCHOBe MUKCeNed COAEPXWT B CBOK OYepefb TakxKe ABa
TUNa: >KECTKYD W MArKYH, MOCNeAHIO HasblBalOT CrneKTpanbHbiM pasgeneHvem (spectral
unmixing) [Wang et al, 2021]. TMpu >XECTKON KnaccuuKauum Ha OCHOBe MUKCenei
npegnofaraeTcd, 4YTO  KaXAbli MNUKCEeNb  SBAAETCA  YMCTbIM, W  OTAe/bHble  MUKCenu
KnaccuumumupyroTcs no B3aMMOWCKOYAOLWMM Kiaccam 3eMHO NOBEPXHOCTW B 3aBUCUMOCTU OT
MX CNEeKTpasbHbIX CBOWCTB. B 0T/nMuMe OT 3TOro, Npu CNeKTpasbHOM pasfefeHnn onpepenstoT
BEPOATHOCTb MOSIBIEHWS PA3/INUYHbIX K1acCOB 3eMHOI MOBEPXHOCTU B KaXAOM MUKCeNe, B CBA3N C
TEM, YTO Ha Pa3NMUHbIX CHUMKaX AUCTaHLNOHHOIO 30HANPOBAHMNS YACTO BCTPEYAKDTCA CMeELIaHHble
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nuKcenn, cogepxawune 6o0nee 0JHOr0 Knacca. Pe3ynbTaTbl CAEKTPafibHOrO pas3fefieHns MOXHO
npeobpa3oBaTb B pe3ynbTaTbl XECTKON Knaccugukauuu, NPUCBOUB MUKCEND METKY Knacca C
MakcumanbHoi gonein [Manohar Kumar et al., 2022].

Knaccugpukaums Ha ocHOBe nukcened ponroe BpeMs Oblla OCHOBHbIM METOLOM
JewnpprupoBaHna n306paXKeHnit AUCTAHLWUOHHOIO 30HAMPOBAHWUA, OCOBEHHO C HU3KUM U
CpefHUM NPOCTPAHCTBEHHbLIM paspelleHnem. B nocnegHue rofbl, ¢ NOABAEHUEM U306paXKeHWA
AWCTaHUMOHHOTO 30HAMPOBAHUA C BLICOKMM W O4YeHb BbICOKUM MPOCTPAHCTBEHHbLIM
paspelleHnem, Gblna pa3paboTaHa ycOBepLUEHCTBOBaHHAA Knaccu@ukaLma Ha OCHOBE 00bEKTOB.
OObeKTHbIV NOAXOS MUMEET ABa OTANYUSA OT NUKCENLHOTO0. [epBOe OTINUME 3aK/IIOYaeTCs B TOM,
4YTO pacno3HaBaHWe K/acCOB Ha OCHOBe O0OBLEKTOB BbIMOJHAETCA A9 efAUHUL, 00bEKTOB,
MONYYEHHbIX B pe3ynbTaTe CermMeHTauum unsobpaxeHus [Hossain, Chen, 2022; Ez-zahouani et
al., 2023], B To BpemMsa Kak npouecc Knaccupukaymm Ha OCHOBe MUKCENeid HanpsMylo CBs3aH C
NMUKCENAMU N300paXeHUs N UX CAEeKTpanbHbIMU CBOWCTBaMW. BTopoe oTnnyune 3aknyaeTcs B
TOM, 4YTO NpuM OOBLEKTHOM MNOXO04e WCMONb3YKTCA He TONbKO WX CMeKTpasibHble, HO U
NPOCTPaHCTBEHHbIE, TEKCTYPHbIE N reomeTpuyeckne caoiictea [Blaschke et al., 2014; Mehmood
et al., 2022; Ozturk, Colkesen, 2024].

Ons OCYyLLeCTB/IEHUA cerMeHTauunm  npumeHseTcs anropuTm 06BEKTHO-
OPVEHTUPOBAHHOTO aHanusa n3obpaxeHuii  (OBIA-OBIS), WHTErpupoBaHHbIA c
reouHpopmaymnoHHbiMmn cuctemamn (FNC) - reorpauueckuii 06bEKTHO-OPUEHTUPOBAHHbIN
aHann3 nsobpaxeHuii (Geographic object-based image analysis - GEOBIA). OH reHepupyert
OLHOPOAHbIE CErMeHTbl UM300paKeHWs BO BJIOKEHHOW wuepapxuy MaclwTabmpoBaHHbIX
npeactaBneHnin. CnekTpanbHas MHGOpMaLUsa arperupyertcs afganTMBHbLIM K MaclwiTaby obpasom,
npu 3TOM noTeps feTanuMsauum CBOAUTCA K MUHMUMYMY. Takum o6pa3om, CO34aeTcs HOBas
reorpaguyeckas wuHdopmauyus B ¢dopmaTe, MPUrogHOM Anga wucnons3osaHus B T[UC.
Mocnegywowaa Knaccuukauma TUMNOB 3eMHOM NOBepXHOCTUM B Mapagurme GEOBIA
OCYLWecTBNAETCA MeToAaMu MallunHHOro ob6yyeHus. Mpeummyuwectea GEOBIA 3akntovakTcs B
BbICOKOI CTEMEeHW WCMOMb30BaHUA WHGpOpPMaLUK, HaAeXHON 3alWuTe OT MOMeX, BbICOKOI
CTeMeHW WHTerpayun AaHHbIX, BbLICOKOW TOYHOCTWM Knaccupukaumm u MeHblleM 06bemMe
pyuHoro pegaktuposaHua [Chen et al., 2018; Lang et al., 2019; Liu et al., 2020; Talukdar et al.,
2020; MapagyTtanHoBa u ap., 2024].

Knaccugumkaymsa CHAMKOB AUCTaHUMOHHOIO 30HAMPOBAHMUA C UCMO/Ib30BAHMEM MAaLUMHHOTO
0byyeHns B nocnefHee Bpems CTana OCHOBHbIM HanpaBfieHWem B 3TOWN NpeAMeTHOW o06nacTu.
ANropuTMbl MalMHHOIO 06YYeHUSs, KaK NMpaBmao, CNOCO6HbI MOAENNPOBaTb CUTHATYPbI CAOXHbIX
KnaccoB, MOTYT MNpUHMMaTb pas3inyHble BXOAHbIEe MNPEeAUKTOPHbIE [aHHble W He fJenawT
NpesnonoXeHwii 0  pacnpefeneHnyM  AaHHbIX  (T.e.  ABASAKOTCA  HenapamMeTpUyecKumm).
WccnegoBaHnamuy nokasaHo, 4TO 3TW MeTOAbl, KakK MpaBuno, obecrneumBatoT 60/iee BbICOKYHO
TOYHOCTb MO CPaBHEHMWIO C TPaJULMOHHBIMK KnaccmukaTopamu, 0CO6EHHO A8 CNOXKHbLIX AaHHbIX
C MHOTFOMEPHbLIM MPOCTPAHCTBOM MPU3HAKOB, TO €CTb CO MHOMMMW NPEeAUKTOPHLIMU MePeMEeHHbIMU
[Talukdar et al., 2020; Zafar et al., 2024; Behera, 2025; Jancevicius, Kalibatiene, 2025].

HecmoTps Ha pacTywee npusHaHWe KNacCU(MKATOPOB MALIMHHOIO 00y4eHUs,
TpaguUNOHHbIE MEeTOAbl MO-MPEXHEMY LWWPOKO MWCNOMb3YTCA B MNPUKNAAHLIX CTaTbAX U
OCTalTCA OAHUMW W3 OCHOBHbIX METOAOB [ANA CPaBHUTENbHbIX 3KCMNEPUMEHTOB MO
Knaccutukauun. Hanpumep, no gaHHbiM [Maxwell et al., 2018] npu meTaaHanuse 6onee 1600
cTateil, NOCBALLEHHbIX npo6nemam Knaccuukauum AUCTaHLWMOHHOTO 30HAMPOBAHUSA,
00HapyXeHo, 4YTO Haubosee 4acTo MNPUMEHSEMbIM 6bll  KnaccUUKATOp MakKCUManbHOro
npasgononobusa (32 % craTel), x0T 06bIMHO O6HApy>XMBanOCb, 4TO MPU WUCMNONb30BAHUNU
MalWMWHHOro 0by4YeHWs fJocTuWranacb 3HauyuTesbHO 60fee BbICOKAs TOYHOCTb. JOMWHMpPOBaHMeE
3TOro Metofa O6BLACHAETCH €ro WUPOKOW AOCTYMHOCTbIO B 06bIYHLIX MPOrpaMMHbLIX MakeTax
Ans 06paboTKM M306paXKeHNn ANCTAaHUMOHHOIO 30HAMPOBAHUSA, a MalWlMHHOe 00yYeHMe TpebyeT
LOMONHUTENbHON pa3paboTKu NporpaMMHOro obecrneyeHns n 06ydeHus.
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Llenb uccnepoBaHud 3akniyanacb B CpaBHUTENbHOM aHanuse 06|JJ,€I7I TOYHOCTWU KnaccCu-
CbI/IKaLl'VII/I MHOrFo30Ha/lbHbIX KOCMWYECKNX CHWUMKOB MPWU NCNOJZIb30BaHUWN TMWNKCENTbBHOIO U 06b-
€KTHO-OPUEeHTNPOBaHHOIO NOAX040B.

OO6beKTbI M METOAbI MUCCeA0BaHUS

WccnegoBaHns  BbIMOJSIHEHbI HA TeppuUTOpUAX 3emMaenonb3oBaHns OC  «3AMTHas»
Hosocubupckoro paiioHa u WM TFK(®) X Koeanee C. M. WCKUTUMCKOro paioHa
HoBocnbmupckoin obnactu, pacnofNoXeHHbIX B LeHTpanbHoi necoctenn (puc. 1). Penbed OC
«QNUTHaaA» npefacTaBneH cnaboBOMHUCTON pPaBHWHOW C abCcoONOTHbIMW BbicOTamMu oT 103 Ao
170 m. TOYBEHHbLI MOKPOB TeppuUTOPUM MNPEUMYLLECTBEHHO MNpPeACTaBfieH BbILleNOYEHHbIMY
4YepHO3EMaMU N TeMHO-CepbIMU NecHbIMU noyBamu. Tepputopua UM FK(P)X Kosanes C. M.
XapakTepusyetcqd 3HauYMTeNlbHO pacyfeHEHHbIM penbedom, NpeaCcTaBAEHHbIM PABHUHOW,
rny6oKo n3pe3aHHOW cucteMoin 6anok n oBparoB. AGCOMKOTHbIE OTMETKM BbICOT BapbUpPYOT OT
206 fo 278 M. OCHOBHbIMY TUMAaMW NMOYB AB/AKTCA CEPble NIECHbIE, BbILW,E/0YEHHbIE YePHO3EMBI
N NYroBble NOYBbI.

Puc. 1 MNpocTtpaHcTBeHHOe pasmelteHne OC «3nutHaa» n UM FK(®) X Kosanes C. M.
Fig. 1. Spatial distribution of Elitnaya Experimental Station and Individual
Entrepreneur - Head of Peasant (Farm) Enterprise Kovalev S.M.

B wuccnegoBaHMAX MCNOAb30BanW MHOrO30HalbHble KOCMWUYECKUE CHUMKU MUCCUU
Sentinel-2B, nony4yeHHble Yyepe3 nnat@opmy Sentinel Hub (https://www.sentinel-hub.com ). Ona
aHanmsa 6binM BblGpaHbl TPWU KaHana BMAMMOro gmanasoHa — cuHuin (B02), 3enéHbiii (BO3),
KpacHblii (B04) - n 6AnxHnii nHdpakpacHblii kaHan (B08) ¢ npocTpaHCTBEHHbLIM pa3pelleHneM
10 M Ha nuKcenb. Bce 3neKTPOHHbIE CNOW MPUBEAEHbI K €4NHOI cucTeme KoopamHaT Pulkovo
1942 |/ Gauss-Kruger CM 87E (EPSG:2505) ¢ wucnonb3oBaHMeM  cBO6GOAHOIA
KpoccnnathopMeHHON reonHdopmaumnoHHoin cuctembl QGIS (https://qgis.org/ru/site/).

B noneBbix uccnefoBaHnAX OCYLLECTBAANN UAEHTUPUKALMNIO U KOOPAUHATHYIO NPUBA3KY Ha
MECTHOCTM Pa3NMYHbIX MPOCTPAHCTBEHHbLIX 06bLEKTOB. [nd onpefeneHns MeCcTOMON0XKEHUS
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NPOCTPaHCTBEHHbLIX 06BLEKTOB Mcnonb3oBanu GPS-Hasuratop (Garmin 64) ¢ TouHocTblo fo 0,5 m.
Ha ocHOBe AaHHbIX M0NeBOro o6cnefoBaHUA KaXKAOro 3eMAenonbL30BaHus OblanM CHOPMUpPOBaHbI
obyuvalolme BbIGOPKM B BUAE KNACCOB MPOCTPAHCTBEHHbLIX 00beKTOB. [Lns  Tepputopuu
3emnenonb3oBaHna OC «9anUTHasA» OblNW BblAeneHbl NATb KNaccoB: pabouune yyacTku nosnew, nec u
Neconosiochbl, AOpOru, 3acTpoiika U BOAHble 06beKTbl. [N TeppuTopum 3emnenonb3osaHus W
FK(®) X Koanes C. M. - wwecTb KnaccoB: paboyme y4acTKu nonen, nec n necononochl, A4oporu,
3aCTPOiKa, pacTMTENbHOCTL (3a/1eXb, NacTbuuLa 1 CEHOKOCHI) N BOAHbIE 0OBLEKTLI.

MukcenbHbIW NoAxXo4 K KnaccuukauuMm OCHOBAH Ha aHanu3e CNeKTpasbHbIX
XapaKTepUCTUK OTAENbHbIX MUKCENENn N NPUMEHEHUN 0OLLENPUHATBIX CTaTUCTUYECKUX METOLOB,
npegnonarakwlmMx HopManbHOe pacnpefeneHne JaHHbIX B KaXX40M Knacce.

MeTton  makcumanbHoro npasgonogobuss  (Maximum  Likelihood) onpegenset
NpUHaANEXHOCTb NUKCEeNS K Knaccy mi Ha 0CHOBe BepoAaTHOcTM [Richards, 2013]:

1
(27)d/2|E |1/2

rge: X - BEKTOP CMEeKTpaNibHbIX 3Ha4YeHW nukcens; d - pasMepHOCTb MPOCTpPaHCTBA MPU3HAKOB
(KONnYecTBO CcNeKTpanbHbIX KaHanoB); 00 - BEKTOpP CpeAHMX 3HavyeHWn ana knacca m Z -
KoBapualuMoHHas matpuua ansa knacca T; \LL, - onpesenutens KoBapuauuOHHOW maTpuubl; T -
onepaumsa TPaHCMOHUPOBAHMUSA.

MeTon napannenenunegos (Parallelepiped) oTHOCMT nuKcenb K Knaccy mi npu
BbIMOMHEHNW YCNOBMA A5 BCEX CNeKTpanbHbIX KaHanosj =1, 2, ..., d [Richards, 2013]:

Hij ~ ki°ij ~ xj <+ kjOij, #(2)

rge: Xj - 3HauyeHue APKOCTU NUKCENA Bj -TOM KaHane; My - cpefHee 3HayeHue 4Na Knacca mi Bj-
TOM KaHane; Qi - cpejHeKBaZpaTMUecKoe OTKNOHEHWe Ans Knacca mi B j-TOM KaHane; k -
NMOPOTOBbIi KO3WMULMNEHT ANAj -TOr0 KaHana.

MeTop paccTossHMe MaxanaHo6uca (Mahalanobis Distance) Bbluncnsetr paccTtosHue OT
nuKcensa Ao LeHTpa Knacca mi no gopmyne [Richards, 2013]:

D2(x,ajj) = (x -HiY'Lj, 1(x -jUj).#(3)

rAe: X - BEKTOP CMeKTpanbHbIX 3HAYEHUI NMUKCENs; [0 - BEKTOP CPeAHMX 3HAYeHWUin ans Knacca
T; Zi - KOBapuayMoHHas mMaTpuua Ans Knacca T; T- onepayus TpaHCNOHWPOBAHUS.

MuKcenb OTHOCMTCA K Kaaccy C MWHMManbHbIM paccTosHuMeM MaxanaHo6uca npwu
yCNnoBUM:

D2(x,a>i) < 7 #(4)

rae: Ti- NOporoBoe 3Ha4yeHune ANS Knacca mi.

O6bEKTHO-OPUEHTUPOBAHHbLIA  MOAXO4  WUCNOMb3yeT HenapameTpuuyeckue  METOAb
MalWMWHHOTro 06y4yeHWsi, KOTOPble He AenalwT MNpeanonoXeHWin o0 pacnpefeneHUn JaHHbIX U
CNOoCO6HbI MOAENNPOBATL CNOXHbIE HENIMHEHbIE 3aBUCMMOCTU MEXAY NpU3HakaMu n Knaccamu.

MeTtoa cnydaiiHblii nec (Random Forest - RF) chopmupyeT OKOHYaTe/lbHOe pelleHue
nyTeM rof0coBaHMUA aHCambna gepeBbeB peweHuin [Breiman, 2001]:

y = mode{h1{x),h2(x),...,hB(x)},#(5)

rge: y - npefckasaHue mogenu; hp(x) - npegckasaHue W-Toro gepeBa pelleHuin; B - obuee
Konun4yectBo fAepesbeB; mode{} - (yHKUMA, BO3Bpallatollas Hanmbonee 4acTo BCTpevarolleecs
3HauveHwue.

MeTos onopHbliX BeKTopoB (Support Vector Machine - SVM) ncnonb3yeT pellaroLlyto
thyHkuuto Bnga [Vapnik, 1998]:
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rge: a - MHOXuTenu JlarpaHxa;y, - Metku knaccos (+1 nnm -1); K(xt, X) - dyHKuns sgpa; b -
CMeLLeHne; N - KOSIMYeCTBO ONOPHbLIX BEKTOPOB.

MHorocnoHblin nepuenTpoH (Multi-Layer Perceptron - MLP) Bbluucnset BbIXOAHOM
cuUrHan HeilpoHaj B cnoe | no hopmyne [Haykin, 2009]:

al =T \"un a?~1) + 1 "H7)

rage: a/¥- aktmBauus j -Toro HeipoHa B cnoe I; Wjf* - Bec cBsi3n oT HeilpoHa i B cnoe (I-1) k
HelipoHy|j B cnoe I; bp - cmeweHne HelipoHaj B cnoe |;f - QyHKUKUSA aKTUBAL UMK,

MuKcenbHbIA MOAX04 peann30oBaH Ha OCHOBE KOHTPO/NMPYEMOWR Knaccugumkauum B
nporpaMMHom ob6ecnedeHun ERDAS Imagine 2014x CwuHTe3MpOBaHHble W306paXKeHUs Oblan
co3flaHbl C nomMowblo yHKUMM Layer Stack nyTem 06beAMHEHUS HECKOMbKUX M306paKeHuil B
pasHbIX CMeKTpanbHbIX 30HaX. B nukcenbHOM Mofxofe B Ka4eCTBe BXOAHbIX AaHHbLIX UCMNO/b30BaNu
3HauYeHNA oTpaxkaTeSlbHOM CNOCOGHOCTU B NPUBEAEHHbIX Bbllle CNEKTPa/ibHbIX KaHanax.

OObEKTHO-OPUEHTUPOBAHHLIA NOAXO0A BbINOAHAAM B fABa 3Tana. BHauyane nposoguaun
cermeHTauuio n3obpaxeHuii ¢ ncnonb3osaHmem anroputma Object Based Image Segmentation
(OBIS), a 3aTem KnaccuuuupoBanu CErMeHTUPOBaHHble Wn306paxeHuda. CermeHTauus
BbINMO/IHEHA C UCMONb30BaHWEM nporpammHoro npogykta SAGA GIS Bepcum 8.5.1 ¢ OTKPbITbIM
ncxogHbim  kopgom  (https://sourceforge.net/projects/saga-gis/files/SAGA%20-%208). BekTtop
NPU3HaKOB [ANf KaXAoro nukcensd (OpMMpPOBaNM Ha OCHOBE [aHHbIX MHOr030HaNbHOrO
KOCMWYECKOro CHMMKa. B 3TOT BEKTOpP BXOAWIW 3HAYEHMA HAPKOCTU U TEKCTYpHble
XapakTepucTUKW, MOJly4YeHHble ANA  KaXAOro CNeKTpanbHOro  KaHana. TeKCTypHble
XapaKTepUCTUKN W3BEKaAN U3 PacTPOBbIX AAHHbIX C WUCMNOMb30BaHWEM (YHKUUMK r.texture B
GRASS GIS, pocTynHoii u4epe3 wuHTepeiic QGIS. [Ana kKnaccudukauum MOAYYEHHOTO
CerMEHTUPOBAHHOIO  U306paXeHus  NPUMEHSNM  MOLenu  MalWUHHOro  obyyeHus ¢
MCMNONib30BaHMeEM $3blKa nporpammupoBaHus Python B WHTepakTMBHOM 6/10KHOTe Jupyter.
Oobyuatowas n TectoBas Bbl60OpKM chopMUpoBaHbl B COOTHOWEHUN 80 1 20 % COOTBETCTBEHHO.
[Ona 06beKTHO-0PUEHTUPOBAHHOW KnaccuuKaumum B Ka4ecTBe BXOAHbIX faHHbIX UCNOMNb30BaIu
cpefHee 3HavyeHMe CNeKTpasbHON XapakTepuCcTUKM N0 CErMeHTY, TEKCTYPY, UBET U QopMy.

[na oueHKN TOUHOCTU Knaccuukaumum NpUMEHsANN cTaHAapTHbIE METPUKU, OCHOBaHHbIE
Ha aHanuse maTpuubl owmnbok (confusion matrix).

O6uwas TouyHocTb (Overall Accuracy) BblUMCAAETCA KaK OTHOWeHWe MpaBUIbHO
KnaccuunumpoBaHHbIX NUKCenel K 06w emMy nx KoIn4ecTBy:

OA =~ =N1*" x 100%, #(8)

roe: Xy- guaroHaNbHble 31eMeHTbl MaTpuLbl OWKNG0K (NPaBUIbHO KnacCcuuumMpoBaHHble NUKcenu
knacca i); N - o6liee KONM4ecTBO NUKCENEN B TECTOBOI BbIGOPKE; K - KONMYECTBO KNaccos.

KoapdunumeHt Kanna KoaHa (Cohen's Kappa) yuuTbiBaeT BO3MOXHOCTb CAy4yalHOro
coBnageHma npu knaccugukayum [Cohen , 1960]:

roe: PO- Habnwopgaemasa TouyHocTb (Overall Accuracy B gonsx); Pe- oxwugaemass TO4HOCTb Npu
cnyyvyaiiHOM pacnpefeneHuu:
Yd=10t+_X*+i)
pe = Ne— — #(10)
rae; X+ - CyMMa 3/1eMEHTOB i-TO/ CTPOKM MaTpuLbl OWMKBOK; X+ - CyMMa 3/IEMEHTOB i-TOro

cTonbua maTpuubl OWMBOK.

1ERDAS IMAGINE TourGuides™. 9neKTpoHHbIi pecypc. URL:
http://dca.ufcg.edu.br/DCA_download/ISR/UFPE/Tour Guide84-Erdas.pdf (Accessed: 10.09.2025)
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Pe3ynbTaTbl 1 UX 06CYyXaeHMe

Ona OoueHKM KauyecTBa BbifeNeHHbIX 06y4alWMUX CUTHATYpP KnaccoB 6bin MPoBefEH
aHanu3 WX CNEeKTpanbHOW pPas3NMYMMOCTM, OCHOBbLIBAKOLWIMACA Ha 3HAYeHUAX [AEeNMMOCTM,
npeacTaBNeHHbIX Ha puc. 2. CnekTpanbHas pa3NuMYMMOCTb OLEHMBanacb Ha OCHOBe
chOpMMPOBaHHbIX CUTHATYpP KNaccoB. B KauyecTBe MeTPUKW WCMO/Mb30Banu (hyHKLUWOHANbHbIE
XapaKTepUCTUKM B3aMMHOI0 Han0XeHWs KNaccoB, UYTO MO3BO/SIET MPOrHO3MPOBaThb OLIMOKY
Knaccudukaummn. Pasmep OWMOGKM 06paTHO MPOMNOPLUWOHANeH KPUTEPUID pasfeMMoCTU: 4YeMm
Bbllle 3HAauYeHWe KpuUTepusi, TeM MeHblle OXuaaemasa oOwWKUOGKa nNpu  pasfaeneHuu
COOTBETCTBYIOWMNX KnaccoB. [lonyyeHHble 3HAYeHWS KPUTEpUs  pasfeMMOCTU  BOblnu
MCNONb30BaHbl AN OUEHKW KayecTBa CPOPMMPOBAHHOIO Habopa 06y4var L MX BbIGOPOK.

3HauyeHne pasfgenumocTu
Puc. 2. MaTpuua 3Ha4eHuWiA A5 OLEHKN pasgemmocTy CUrHaTyp
Ha TeppuTOpuUAX 3emaenosnb3oBaHna OC «3antHaa» (a) n UM FK(d) X Kosanes C. M (6)
Fig. 2. Matrix of values for signature separability assessment on the territories of Elitnaya Experimental
Station (a) and Individual Entrepreneur - Head of Peasant (Farm) Enterprise Kovalev S.M. (b)

AHann3 3HauYeHnii NS OLEHKN PasfgenMMoCcTM CUTHaTyp MOKasas, YTO BCe mapbl K1accoB
Ha TeppuTOopuu 3emsenofib3oBaHmsa OC «3uTHadA» WMeT 3HayeHuUd Bbiwe 1320, uTo
COOTBETCTBYET CpefHEel W BbLICOKOW CTEMeHM CMeKTPanbHON pasnnuumMoctTu. MuHuUManbHOoe
3HauyeHue pa3feNIMMOCTU CUTHATYyp Habnwhanocb MexAay napaMu KnaccoB «pabouune yyacTKu
nonei» N «nec n 1ecCononocbl», YTO TPebYyeT MOBbILIEHHOTO KOHTPONSA MpU Knaccudukauum.
MakcuManbHble 3HayYeHUs pas3felMMOCTW CUFHaTyp XapakTepHbl [N Knacca «BOAHbIe
00beKTbl», YTO OOBLACHAETCA WX APKO BblPaXEHHbIM CMeKTpanbHbIM KOHTpacToM (HU3KOe
oTpaxeHue B O6nmxHem WK, BbicOKoe nornaoweHue). CpefHee 3HayeHWe pasfeMMOCTU
curHatyp (1403) cBuaeTeNnbCTBYET O BbICOKOM KayecTBe 060y4awUMX CUTHaATyp W UX
NPUTOAHOCTM AN HAAEXKHON Knaccupukayum.

Ons 3emnenons3osaHuna UM FK(P) X Kosanes C. M. cpegHee 3HauyeHue pasfeMMocTu
CUrHaTtyp coctaBuno 1395, a MuHuManbHoe 1336 - mMeXxAay Knaccamu «paboune yqyacTKu Mosien»
N «fec 1 necononocbl». Hanbonblas pasgeMMOCTb TakXKe OTMEeYeHa A4 nap Knacca «BOfHble
00BEKTbI».

Bce knaccbl B 060MX 06beKkTax 3eM/ieno0/b30BaHUA MOKasanu MPUEMIEMBIA YPOBEHb
3HavyeHWUn pa3fenmMmMoCcTu CUTHATYp, NOATBEPXKAAKLWNUA NPUTOLHOCTL 00yYaloW X BbI6OPOK ANs
nocnefyloulein Knaccuukaumm CHMMKOB C MWHUMAaNbHO OXMWaaemoi oOwWwKn6Koin. OpaHako
Hanbonbline TPYLHOCTU B Pa3IMUEHUN NPOTHO3UPYIOTCA MEXAY KflaccamMu «pacTUTENbHOCTb» U
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«A0pPOrn»; «paboyme yyacTku nonen» nm «ec M Necononochbli», 4To TpebyeT AOMNONHUTENbLHOWN
NMPOBEPKM Ha 3Tane nHTepnpetayunu.

MpoBepka TOYHOCTM Knaccuumkaymm TUMNOB  3EMHOM  MOBEPXHOCTM  METOAOM
MaKCMManbHOro nNpaBAonoAo6usa nokasan yaoBNeTBOPUTENbHbIE pe3ynbTaTbl. O6LAA TOYHOCTb
Knaccuukaumm gna 06omx o6bekToB 6bina Bbiwe 80,0 % (Tabn. 1, 2). 3HaYeHUs KoahpuymeHTa
Kanna KoasHa ans o6bekta 1 coctaBuna 0,77 n 0,72 - gnsa o6bekTa 2, 4YTO YyKasblBaeT Ha
CYLLECTBEHHYIO CTEMNEHb COrIaCOBAHHOCTU C 3TaJIOHHbIMU KiaccaMu.

Tabnuua 1
Table 1

OueHka 00LLeilt TOYHOCTU KnaccmuKaLmm MHOT030HaIbHbIX KOCMUYECKUX CHUMKOB
Ha TeppuTOpUM 3emnenosb3oBaHna OC «dnnuTHasa», % (06bekT 1)
Assessment of overall accuracy of multispectral satellite image classification on the territory
of Elitnaya Experimental Station land use, % (object 1)

MuKcenbHbI nogxom, O6bEKTHO-OPMEHTMPOBAHHbI NOAXOL
K MaKcMMalb- paccTosiHue oo METOA MHOTOCNOWHbIA
naccbl HOFO Npasao- napanne- Maxana- cnyyaiiHblii OMOPHbIX NepLEenTpoH
nenunegos nec (RF) BEKTOPOB
nogobus Hobwnca (MLP)
(SVM)
Pa6oune
yyacTKu 89,23 82,50 76,92 68,00 92,00 100,00
noner
Nec un
necono- 81,62 7,32 60,00 89,50 94,70 97,70
nocbl
[Joporn 100,00 23,00 100,00 87,50 87,50 87,50
3acTpoiika 86,36 60,00 20,00 58,80 88,20 100,00
Boanble 100,00 100,00 100,00 100,00 100,00 100,00
00BLEKTHI
O6uas 88,00 46,00 60,00 81,90 91,70 95,80
Tabnuua 2
Table 2

OueHKa 00LLeil TOYHOCTM KnaccuuKaLm MHOT030HaIbHbIX KOCMUYECKUX CHUMKOB
Ha TeppuTopumn 3emnenons3osaHusa UM FK(P) X Kosanes C. M., % (06beKT 2)
Assessment of overall accuracy of multispectral satellite image classification on the territory of Individual
Entrepreneur - Head of Peasant (Farm) Enterprise Kovalev S.M. land use, % (object 2)

MuKcenbHbIR Noaxon, O6bEKTHO-OPMEHTMPOBAHHBI NOAX0A
MaKcman.- accTosHue METOA MHOTOC/OWHBbIA
Knaccel HOro napanne- P cnyyaliHblii OMOPHbIX

npasfo- nenvnefos Iﬂgéigg- nec (RF) BEKTOPOB ne%bﬁ?;?°”

nogo6us (SVM)
Pa6oune
yyacTKu 92,00 89,80 28,85 100,00 88,90 88,90
nonei
Nec un
necono- 96,67 36,36 46,15 81,20 100,00 100,00
nocsl
Egglrm”b 71,43 68,42 46,15 70,60 88,20 94,10
Joporun 100,00 23,00 100,00 75,00 75,00 75,00
3acTpoiika 15,38 20,00 1,47 50,00 83,30 100,00
Boanble 100,00 100,00 100,00 33,30 66,70 66,70
00BbEKThI
O6uas 82,00 68,00 88,10 76,10 88,10 91,00
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B TO Xe Bpema ANA OTAENbHbIX KAaccoB B pa3pe3e 00bLEKTOB 3eM/enosib30BaHuUA
OTMEYeHbl pa3nuyma B TOYHOCTU Knaccuukaumm. Tak, JOCTAaTOYHO BbLICOKME MOKasaTenu
06Len TOYHOCTU KNaccupukaumum 6bIM NOAYUYEHbl A9 KNacCcoB «paboyne yqyacTKu nonei»,
«/1€C W Necononocbl», «AOPOrM» U «BOAHble 06bEKTbI» AN 060MX 006BLEKTOB
3eM/1eno0nb30BaHnA. B Toxe BpeMs o6Was TOYHOCTb Kjlacca «3acTpoiika» Ans obbekTa 1 (cwm.
Tabn. 1) n o6bvekTa 2 (cM. Tabn. 2) paznuyanacb B 5,6 pasa. CToNb HM3Kad ob6uUiad TOYHOCTb
Knacca «3acTpolika» Ha 00bekTe 2, MO-BMAUMOMY, 00YC/IOB/NIeHA BbICOKOW CMeKTpasibHOU
M3MEHYUBOCTbLIO 3TOr0 TMMNa 3eMHON NOBEPXHOCTM W CBA3aHa C pa3Hoobpas3vem MaTepuanos
NOKPbLITUN, TEHAMMW OT 34aHUA W HaNUUMEeM CMelaHHbIX MNuKcenein. TOCKONbLKY B 3TOM
mMeToAe MpefAnonaraeTcd, 4YTO 3HAYeHUA SAPKOCTM MUKCeNedl B KaXAOM KaHane WMeT
HOpMaNibHble pacnpejeneHna, a B [LAaHHOM c/iydyae 3TO NpaBMI0 Hapylwanocb, MO3TOMY
nonyyvyeH HU3KWIA pesynbTaT kKnaccudpukayum. Knacc «pacTUTENIbHOCTb», BbleNEHHbIA
TONbKO AN 00bekTa 2, Kyja OTHECeHbl 3afeXHble 3eMJ/iM, CEeHOKOCbl W nactbuiia, Obin
KnaccuguumpoBaH C y40BNeTBOPUTENbHON 06LLEN TOYHOCTbLIO (CM. Tabn. 2).

MeTog napannenenmneoB NPogeMOHCTPUPOBAN YMEPEHHYIO apdheKTUBHOCTL. ObLLas
TOYHOCTb Knaccugpukaumm TUNOB 3eMHOIN MOBEPXHOCTU And 06bekTa 1 cocTaBuna meHee 50
%, a Ans ob6bekTa 2 - meHee 70 %. MonyyeHHble KoappuumneHTol Kanna KoaHa (0,17 u 0,52,
COOTBETCTBEHHO) CBUAETENbLCTBYIOT 006 OrpaHUYeHHOW COrnacoBaHHOCTU C 3TaNOHHbLIMU
Knaccamu. Cnefyetr OTMeTUTb, 4YTO NpeuMmyllecTBa 3TOr0 MeTOAa BblpaXeHHbl B MPOCTOTE
0b6y4YyeHUs ¥ MCNONb30BAHMA, MO CYTWU, HUBENUPYKTCA €ero HejocTtaTkamMu, a WMEHHO,
nuKcenn B ob6nacTaAx Mexay napannenenunegamu He KnaccugpuuupyrTcs, a B
nepekpbiBalWMXca 067acTAX He MOryT ObiTb KnaccupuuupoBaHbl BoOGWE. ITUMM
0COOEHHOCTAMWU [AHHOrM0 MeTofa, BEPOATHO, MOXHO O06BACHUTb HWU3KYH O06LLYI TOYHOCTb
KnaccuukaLmm KnaccoB «fiec 1 1eCON0oChbi» U «OPOrn» Kak ans ob6bekTa 1 (CM. Tabn. 1),
Tak U ana o6bvekta 2 (cMm. Tabn. 2). BepoATHO TakXe, YTO MNPUUYMHOWA HU3KOW TOYHOCTMK
Knaccupukaumm  aBumaacb  CNekTpanbHas  CXO0XecTb C  APYrMMU  Tunamu  3eMHON
MOBEPXHOCTAMMU, TAKMMU KaK «3aCTpoiika» U «pabouyme yyacTKW Moneli», a Takxe BAUAHUE
COCTOAHUSA [LOPOXHOr0 MOKPbITMA. HM3Kad TOYHOCTb Knaccugpukauum knacca «3acTpoika»
Ha 06bekTe 2 (CM. Tabn. 2) OO6BLACHAETCH TeMU Xe NPUYMHAMMK, YKa3aHHbIMW AN MeTofa
MaKCMManbHOro npaBgonofobus.

MeTop Knaccuukauumy Ha OCHOBe paccTosHue MaxanaHo6uca nokasan [OBOJILHO
HU3KYI0 3ppeKTUBHOCTL. O6Ulas TOYHOCTb Knaccudukaumm ana obvekta 1 coctaBuna 60 %,
a ona obbvekta 2 - 30%. MonyyeHHble 3HaYeHMa koapduumneHta Kanna KosHa (0,40 n 0,19
COOTBETCTBEHHO) CBUAETENbLCTBYHOT 0 cnaboil (NoYTWM CAyYaiiHON) COrnacoBaHHOCTU MeEXAY
pesynbTtatamu Kknaccudukaumy u 3TaNlOHHbBIMKW  Knaccamu. OTMedvyeHa KpallHe HuM3Kan
TOYHOCTb KnaccumKalumm knacca «3acTpoinka» gns o6bvekTa 1 (cm. Tabn. 1) n ocobeHHO And
o6bekTa 2 (cMm. Tabn. 2). TllonyyeHHble pe3ynbTaTbl CBUAETENbCTBYIOT O MpPakKTUYeCKU
Hey40BNeTBOPUTENbHOW CNOCOGHOCTM anropuTMa BblAeNATb aHTPOMOreHHble 06bEKThI, UYTO
06yCcnoBfeHO, Npexe BCEro, BbICOKOW CNeKTPasibHONW M3MEHUYNBOCTbI AAHHbIX 06BLEKTOB -
pasnMuynaMun B MaTepuanax KpoBejb, Halu4yuuM TeHel, aPpdekTe CMelaHHbIX MUKCenen u
(hparmeHTapHocTM  3acTpoilku. Kpome TOro, wMmetof pacctoaHue MaxanaHobuca
XapakTepu3yeTca MOBbILWIEHHOW YYBCTBUTENbLHOCTbLIO K BbiOpocaM W HEOAHOPOLHOCTAM B
obyvarlmx BblbOpKax, YTO AOMOMHWUTENbHO CHWXAaeT ero ycTomumBoCTb npu paboTe C
HEOAHOPOAHbIMU YPHAHU3UPOBAHHBIMU TEPPUTOPUSAMMU.

[aHHble pesynbTatbl 006YCNOBAEHbl (YyHAAMEHTAaNbHbBIMU OFpaHUYeHMAMW MeTofa
paccTofHne  MaxanaHobuca, KOTOpbI  MpefgmofiaraeT  HOpManbHOe  pacnpefefieHune
CNeKTpasbHbIX CUTHATYP M YCTONYMBOCTb KOBapuMaLMOHHOW CTPYKTYpbl 06yyaloLimnx BblGOPOK.
B peanbHbIX YyCNOBUAX KNacChbl XapakTepu3yTcs MHOrOMOAanbHOCTbK, BbICOKON BHYTPEHHel
M3MEHUYMBOCTbIO (0COBEHHO TakMe KaK «3acTpoiika») U (hparMeHTapHOCTbIO, YTO NPUBOAUT K
HeCTabWNbHOCTU OLEHOK KOBapuvaLMOHHOW MaTpuubl W, KakK CNefCcTBUME, K UCKAXKEHUI
pacyéTHbIX pacCcTosHWA. B pe3ynbTaTe anropuTMm CKAOHEH K MacCcOBOMY OTOpachiBaHUiO
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NUKCcenen, UHTEPNPeTUPYs WX KakK «He MpuUHagnexawime HW K OAHOMY Knaccy». lMpu 3aTom
KOHTpPAcTHble M OJHOPOAHbLIE KMacChl, TaKMe KaK «BOJHble 0O6BLEKTbI», COXPAHSAT BbICOKYHO
TOYHOCTb W3-32 WX BbIPAXEHHOW CMEeKTpPanbHOW OTAENMMOCTU, UTO CO34aéT JIOXKHOe
BreyaTneHne s PeKTUBHOCTN MeToAa B LLe/OM.

Ncnonb3oBaHMe  0ObEKTHO-OPUEHTMPOBAHHOIO  MOAXO4a  MOKasano  YCTONuuMBbIe
pe3ynbTaTbl Knaccuukaumy ana 060ux aHanusnpyembix 06bekToB (cMm. Tabn. 1, 2). PesynbTaThl
CBUAETENLCTBYIOT O TOM, YTO A1 06beKTa 1 BCE MOJENN NOKa3anu BbICOKMI ypoBeHb 06LLel
TOYHOCTU N8 60NbLWMHCTBA KNaccoB. 19 06beKTa 2 cOXpaHAeTCA aHanormMyHasa TeHAeHUus, Ho
C HECKOJ/IbKO MEHbLIWMM 3HAYEHUAMM 06LL e TOUHOCTM.

AHann3 obuieidi TOYHOCTU KnaccMpukauuy Ha YPOBHEe OTAENbHbIX KNacCOB BbISIBUN
CYLleCTBEHHble pa3nymMa B MPOU3BOAUTENLHOCTU MOAeNel MalwUHHOro obydyeHus Ha obowux
nccnegyemblx 06beKTax.

Obwaa TOYHOCTb Knaccuukauum mogenbto RF ans oboux oO6bEKTOB Haxofunach B
npegenax 76-82 %. Kanna KoaHa gns o6bekta 1 coctaBuna 0,75, gna obbvekta 2 - 0,67, uTO
B MepBOM CJ/iy4yae COOTBETCTBYET XOPOLIEMY YPOBHIO COrfiacus, a BO BTOPOM - YMEPEHHOMY.
Ons o6vekTta 1 mogenb RF (cMm. Tabn. 1) nokasana yaoBNeTBOPUTENbHbIe pe3ynbTaTbl, 06Lias
TOYHOCTb pacrno3HaBaHMA KfaccoB «paboume yyacTKu Mofel», «fiec U Necononochbl» wu
«aoporu» 6bina cylwecTBeHHO Bbiwe 80 %, 4YTO YyKasbiBaeT Ha CMNOCOBHOCTbL MOAeNu
KOPPEKTHO BbIAENATb 3eMHble MOBEPXHOCTWU C OTHOCUTE/IbHO OAHOPOAHLIMU CNEKTPasibHbIMU
M TEeKCTYPHbIMU XapakTepucTukamu. OpfHako ob6lUlas TOYHOCTb Kjaaccugukauum Knacca
«3aCTpolika» CyLeCTBEHHO CHU3M/acb, UTO MOXET ObiTb 06YCNOBNEHO BbICOKOW BHYTPEHHEIA
reTeporeHHOCTbI0 AaHHOr0 Kfacca M 3HaAYUTeNbHOW CNeKTpanbHON M3MEHUYMBOCTbIO, €nabo
MOLEeNUpyemoil gepeBbAMU pelleHmnid. Mpn 3TOM Knacc «BOAHbIe 06beKTbI» 6blN pacno3HaH C
MaKCMMasbHO BO3MOXHOI 06LLel TOYHOCTLIO, YTO CBA3AHO C WX YETKO BbIPAXEHHbLIM W”
CTabWNbHbIM CNeKTpasbHbIM KOHTPAcTOM, MO3BOAAKWMUM faxe MNPOCTbIM MOPOrOBbIM
npasMnam MPUHUMaTb KOPPeKTHble peweHunda. Ona obbvekTa 2 (cm. Tabn. 2) Habnwpanoch
3HauUTeNbHOEe nageHue obobuiatouiein cnocobHocTn mogenn RF. Hambonee KpuTuyHoe
CHMXXEHUEe TOYHOCTU OTMEYEeHO AN KNAacCOB «3aCTpoiika» M «BOAHble 00beKTbl». Huskune
3HayeHWs O0O6LWLeiA TOYHOCTM 3STUX TWUMOB 3E€MHON MNOBEPXHOCTW, KakK MpaBuIo, /ferko
NAEHTUDULNUPYEMBIX, CBUAETENbLCTBYIOT O HejocTaTOYHOW apganTtauyuum mogenn RF K
M3MEHUYNBOCTU YCNOBUIA Ha 06bEKTE 2 .

Obwaa TOYHOCTb Kaccuukauuy c uUcnonb3oBaHuem mMogenn SVM pand oboux
00beKTOB OblNa BbICOKO M BapbupoBana B npegenax s 8-92 %. Kanna KosHa gnd o6bekTa 1
coctaBuna 0,88, ana ob6bvekTa 2 - 0,85, UTO yKa3blBaeT Ha BbICOKYI YCTOWUYMBOCTb MOAENN K
nepeobyyeHunto. Ans obbekta 1 (cm. Ta6bn. 1) mogens SVM nokasana BbICOKY MU
cbanaHCMpOBaHHYIO MPOM3BOAUTENBLHOCTL NO GONLLWKWHCTBY BblAeNeHHbIX KnaccoB. O6Las
TOYHOCTb Knaccuumkaumm KnaccoB «paboume yyacTKM MoONfei», «fiec W Necononochi»
coctaBuna 6onee 90 %. Hambonee HM3KME, XOTA U OCTalOWMeCs Ha BbICOKOM YPOBHE,
3HA4YeHMs 06LLEA TOYHOCTM OTMEYEHbl AN KNAacCOB «AOPOrM» M «3aCTpPOiKa», UTO CBA3AHO,
NO-BUAUMOMY, C FeTEPOreHHOCTbI0 MX CMNeKTpasbHbIX XapakKTepUCTUK, M3-3a CMeELIaHHOro
NOKPbITUA, a TakXe C (parMeHTapHOCTbO W HebonbW UMK pa3mepamMu 06bekTOB. [And
o6bekTa 2 (cM. Tabn. 2) Knacc «fiec M N1ecoOnonocbl» Obll onpeaenéH ¢ MakKCUManbHOIA
TOYHOCTbI. [nA KnaccoB «pabouume yyacTKu MNofel», «pacTUTENbHOCTb» U «3acTpoiika»
TOYHOCTb Khnaccugukaumm npubnumxanacek k 90 %. Knacc «goporv» 6bln1 pacno3HaH c
MEeHbLEN TOUHOCTbIO, a Hanbonee CyL eCTBEHHOE CHMKEHNE 06LLeil TOUHOCTU OTMEYEHO ANf
Knacca «BOAHble 06BLEKTHI».

O6buias TOYHOCTb Knaccupukaymm ¢ ncnonb3oBaHmem mogenn MLP cocTtaBuna 96 %
ana obbvekta 1 1M 91 % - gna ob6bekTa 2. 3HauveHus Kanna KosHa, paBHble 0,94 u 0,86
COOTBETCTBEHHO, MOKa3blBalOT BbICOKWA YpPOBEHb COrnacus Mexpgy pesynbTaTamu
Knaccupukaumm un 3TaflOHHbIMW Knaccamu. Takue nOKasaTeNn YKasblBaldT Ha BbICOKYHO
[OCTOBEPHOCTb Bblf€NE€HUA K/IACCOB W YCTOWUYMBOCTb MOAEAMN K BHYTPUCUCTEMHBIM
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Bapuauunsam cnekTpanbHbiX curHatyp. Mogens MLP ans o6bekta 1 (cm. Tabn. 1) gocturna
MaKCUManbHbIX 3Ha4YeHW 06ULel TOYHOCTW KnaccuuUKauuy KnaccoB «paboume y4dyacTKu
noneli», «BOAHbIE 00BbEKTbI» U «3aCTPOliKa», YTO FOBOPUT 0 €€ CNOCOGHOCTU 3(h(eKTUBHO
pa3fensitb 06beKTbl C KOHTPACTHbIMU CMEKTPaNbHbIMU 3HAYEHUAMWU. Y LOBNETBOPUTENbHASA
TOYHOCTb K/lacCUUKaLMKU NMONYUYEeHa TaKXe ANA KNacCoB «4OPOrM» WU «Jlec U NIecononochl».
LOna obbvekta 2 (cMm. Tabn. 2) mogens MLP coxpaHunia BbICOKY MPOU3BOAUTENLHOCTb Npu
Knaccupukaumm  knaccos  «pabouyme  yyaCcTKM  NOMel», «fec M JIeCONONOCHI»,
«pPacTUTENbHOCTb» M «3acTpoiika». OfHAKO TOYHOCTb Kfaccuukaumm ansg knacca «BOAHble
006bEKTbI» CYLLECTBEHHO CHM3UNACh.

Ha ocHOBaHWMW pe3ynbTaToOB Kaaccuukauum n3obpaxeHuit AUCTaHLNUOHHOIO 30HAUPO-
BaHWSA ¢ nNomouibio mogenu MLP co3faHbl KapTbl-CXeMbl 3eMaenonb3oBaHuit OC «DUTHaA»
(puc. 3) nu NN TK(P) X Kosanes C. M. (puc. 4), cogepxauiye NaeHTUHOULUNPOBAHHbIE TUMbI
3eMHOl NOBEPXHOCTUW B BM/E KAacCOB MPOCTPAHCTBEHHbIX 0OBLEKTOB.

KapTorpahmpoBaHue K/iacCoOB  MNPOCTPAHCTBEHHbIX OOLEKTOB Ha  UCCleAyeMbiX
TEPPUTOPMAX OCYLLECTBNIEHO C MOMOLWbI0 FeOUH(OPMALMUOHHBLIX TEXHONIOMMA Ha OCHOBE WX
Knaccupukaumy  (MAeHTUGUKaLMM) €  NOMOLWbLIO  aHanusa fAaHHbIX, MNOAYYEHHbIX U3
CNYTHUKOBbLIX M300paxeHuin. Mogenn MO no3BonAT 3aphpeKTUBHO ob6pabdaTbiBaTb 6GOMbLIMeE
006beMbl AaHHbIX BEKTOPHOW WHPOPMaLUN KOCMUYECKUX CHUMKOB UM CNOCOOGCTBYHOT
MOBbLILEHWNIO TOYHOCTU KlacCcupukaLuu.

Puc. 3. KapTta-cxema knaccugumkaumm Tepputopum 3emnenons3osaHna OC «3nnTHaa»,
BbIMOJIHEHHAA C NOMOLLbIO Mogenn MLP
Fig. 3. Schematic map showing the classification ofthe Elitnaya Experimental
Station land use territory generated using MLP model
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Puc. 4. KapTa-cxema Knaccuukawuum TeppuTopum 3eMenosib3oBaHuns
N FK(®) X Kosanes C. M., BbINO/SIHEHHAA C MOMOLbIO Mogenn MLP
Fig. 4. Schematic map showing the classification ofthe Individual Entrepreneur - Head
of Peasant (Farm) Enterprise Kovalev S.M. land use territory generated using MLP model

3aK/1ueHune

TpafuuMOHHbIE KnaccuMuKaTopbl NPM MCMNOb30BaHUM NUKCENLHOTO NoAX04a NoKasanu
HEOLHOPOAHbIE W, B pAje cliyyaeB, HeYyAO0B/IeTBOPUTeNbHble  pe3ynbTaTbl. MeTog
MaKCcMManbHOro npasAonofo6us NpoLemMOoHCTPUPOBAN YAOBNETBOPUTENbHYO 06LLYH TOYHOCTb
M BbICOKYID TOYHOCTb A/1I TAKUX KOHTPACTHbIX KAacCOB, KaK «BOAHble 0OBLEKTbI» U «40POTU»,
OfHaKO CYLLeCTBEHHO CHM3UN 3PMEKTUBHOCTb MPU pacno3HaBaHWM Knacca «3acTPONKU» Ha
Tepputopumn 3emnenonb3oBaHna MM TK(®P) X Koeanee C. M., 4TO YyKasbiBaeT Ha €ro
YYBCTBUTENbHOCTb K CMEKTPanbHOW HeofHOpPOAHOCTU. MeToh napannenenunegosB oKasascs
HefOoCTaTOYHO 3 (PEeKTUBHLIM, OCOGEHHO ANS TeppuTOpUM 3eMnenonb3oBaHnsa OC «DNUTHaA»,
4To 006YyCNOBNEHO JKECTKMMM rpaHuuamm B MNPU3HAKOBOM MPOCTPAHCTBE W BbICOKOI
BEPOATHOCTbHIO OWKUOBOK MPU NEPeKPbITUM CNEKTPaNbHbIX CcUrHatyp. MeToh paccTosiHue
MaxanaHobuca NpofeMOHCTPUPOBAN HU3KYIO 06 Y0 TOYHOCTb A1 060MX O0OBLEKTOB, a Takxe
HU3KMe 3HavyeHnsa Kanna KosHa, 4TO CBUAETENbCTBYET O MOYTU CAy4YailHON COrnacoBaHHOCTU C
3TaNloOHHbIMKU Knaccamu. [pu 3ToM o6Was TOYHOCTb MO OTAENbHbIM Knaccam, TakKuMM Kak
«[0POrn» N «BOAHbIe 06BLEKTbI», OCTaBanach BbICOKOW, YTO CO34aET NIOXKHOE BNeyaT/ieHne 0 ero
athpeKTUBHOCTU. [NA KPUTUYECKM BadXKHbIX KNACCOB, TaKUX KakK «3acTpoilika» M «pabouwue
yyacTKW nonei», 06wWas TOYHOCTb KnaccugmnkaLmm okasanacb 04eHb HU3KOIA.

OObEKTHO-OPUEHTUPOBAHHbLIN NOAX0L, OCHOBAaHHbLIN Ha NpefBapuTeNbHOW CermMeHTauuu
n306paXKkeHUs ¥ nocneaylwLWen Knaccupumkayumm ¢ MCMOMb30BaHWEM MoOfeneid MawWHHOTo
00yyeHuns, nokasan 3HauYMTeNbHO 60/ee BbICOKYK WM CTabUNbHYIO NMPOU3BOAUTENbHOCTL. Cpeam
NMPOTECTUPOBAHHbLIX  HEMapaMeTpuUyecKUX  KNacCUM(UKATOPOB  Haufyylwune  pesynbTaThl
LOCTUTHYTHI C UCMoNb3oBaHMeM Mofdenn MLP, ob6ecneunBlleil HaMboNbLWYIO 06LY0 TOYHOCTb
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Ana o6onx o6bveKTOB, npu 3HaveHnsax Kanna KosHa 0,94 n 0,86 cooTBeTcTBEHHO. Mogenb SVM
TakXXe MNpPOAEMOHCTPUPOBana BbICOKYK YCTOWYMBOCTL U 06LLYHD TOYHOCTb, NOATBEPXKAas
3P(EKTUBHOCTbL B YC/IOBUAX MHOTOMEpPHbIX faHHbIX. HauMmeHblYy, XO0TS U NpUeMaemylto,
TOYHOCTb NoKasana mogenb RF, ocobeHHO ans Tepputopun 3emnenonb3oaHus UM FK(d) X
Kosanes C. M.

MpoBeféHHOE nccnefoBaHMe NOATBEPXKAAET, UTO 06BEKTHO-OPUEHTUPOBAHHbIN NOAX0[ C
npesBapuTenbHON cermMeHTaumeil n3obpaxeHus aenseTca Hanbonee ah(HeKTUBHOW cTpaTeruei
Knaccu@ukaumm MHOF030Ha/IbHbIX KOCMUYECKUX CHUMKOB.
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