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Abstract. This study presents a two-level hybrid stacking framework for automatic
crop classification using multispectral UAV orthomosaics. The proposed architecture
combines several gradient boosting methods (LightGBM, XGBoost, and CatBoost),
classical tree-based ensemble models (Random Forest and Extra Trees), and an Attention-
based multilayer perceptron. During training, out-of-fold probability estimates generated
by the base learners are used as inputs to a second-level Extra Trees meta-classifier,
which produces the final prediction. The feature representation includes original spectral
bands together with eight widely used vegetation indices (NDVI, NDRE, GNDVI,
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SAVI, MSR, EVI, SIPI, and MSAVI). For each index and band, statistical descriptors
such as mean and standard deviation are calculated to capture spatial variability within
field segments. The experimental evaluation was carried out on real multispectral UAV
data collected in Eastern Kazakhstan. The proposed model achieved high classification
accuracy (approximately 95 %) and a macro-averaged F1-score close to 0.95. In addition,
full-field spatial segmentation results demonstrated stable performance at the level of about
99%, indicating strong consistency across the study area. Overall, the findings suggest that
combining heterogeneous machine learning models within a stacking framework improves
robustness and generalization in crop classification tasks.

Keywords: crop classification, multispectral UAV data, orthomosaics, vegetation
indices, hybrid stacking, two-level ensemble, machine learning, precision agriculture,
spatial segmentation, digital agriculture

For citation: G. Azieva, M. Yessenova, A. Abzhapparova, G. Abdikerimova,
P. Schmidt (2026). Hybrid stacking framework for crop classification using UAV
data // International journal of information and communication technologies. Vol.
7. No. 26. Pp. 97-108. https://doi.org/10.54309/1J1CT.2026.26.2.006. (In Kaz.).

Conflict of interest: The authors declare that there is no conflict of interest.

Acknowledgment: 7his research is funded by the Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (Grant No. AP25793889
“Development of a system for identifying diseases and pests of agricultural crops based on
artificial intelligence”).

UAV JEPEKTEPI HET'I3IHJE AYbIJI HHAPYAIIBUJIBITBI JTAKBIJIIAPBIH
KIKTEYT'E APHAJIFAH 'HBPUATI CTEKUHI' MOAEJIT

I'T. A3uesa’, M.b. Ecenosa’*, A.K. Aoxcannaposa’, I b. Aboukepumosa’,
P. Schmidt’
'Esil University, Actana, Ka3akcras;
2JI.H. T'ymunes arsinaarsl Eypasus YITTBIK yHUBepcHTeTi, Actana, Ka3akcran;
SM.X. [lynaru arbianarsl Tapas yausepcureri, Tapas, Kazakcran;
*bparuciaBa 5JKOHOMUKAIIBIK YHUBEPCUTETI, CIOBaKHSI.
E-mail: moldir 11.92@mail.ru

AsueBa I'ynibmupa TarmbGepreHoBHa — Marucrtp, «AKNaparThIK XYHWe JKOHE TeX-
HoJorusiiap» KadenpacbiHblH ara OKbITymbichl, Esil University, Acrana, Ka3akcran
https://orcid.org/ 0000-0002-7329-6768,;

EcenoBa Monaup baakampoBna — PhD, AxnaparTeik xyienep KadenpacblHbIH
ara okpITymbicel, JI.H. I'ymuneB areinmarsl Eypasust yiITTBIK yHMBEpCUTET, AcTaHa,
Kazaxcran

E-mail: moldir 11.92@mail.ru, https://orcid.org/0000-0002-2644-0966;

Ab:xkannapoBa Aiirepum KaxapmanoBna — «®wusuka xoHe mHpopMaruka» kadeapa-
CBHIHBIH aFa OKbITyIIbICH, M. X.Jlynatu ateinarsel Tapa3 yaHuBepcuteTi, Tapas, Kazakcran

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
98



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

https://orcid.org/0000-0002-7500-9179;

AonukepumoBa I'ynb3upa baxbsiTOekoBHa — PhD, AxnapatTsIk xKyienep kadenpacol-
HbIH onenTi, JI.H. I'ymunes areinnarsl Eypasus yntTeik yHuBepeuteTi, Actana, Kazakctan
https://orcid.org/0000-0002-4953-0737;

P. Schmidt — dunocodus goxropsr (PhD), mpodeccop, «Kommanbansl nHbOpMaTuKay
KaenpacbiHBIH MeHrepyuici, bparucinaBa skoHOMUKaJIBIK YHUBEpCUTETI, bparuciasa K.,
CrnoBaxus

https://orcid.org/0000-0001-5928-2821.

©I.T. Asuesa, M.b. Ecenosa, A.K. AGkanmnaposa, I.b. Aoaukepumosa, P. Schmidt

AnHotanusi. byn 3eprreyne UAV-maH anblHFaH MYJIBTHCHEKTPIl OpTOMO3anKa-
Japapl KOJJAaHa OTBIPHIN, JAaKbULIApbl aBTOMATThl TYPJAE JKIKTEyre apHaiFaH €Ki Kadat-
Thl TUOPUITI KaOaTTACThIPy KYpPbUIBIMbI YChIHbUIFaH. ¥ CHIHBUIFAH apXUTEKTypa OipHelie
rpanuent kymenty oaictepin (LightGBM, XGBoost xone CatBoost), kiraccukaibIK arari
Heri3igaeri ancamoapaik mogenbaepail (Random Forest sxone Extra Trees) xone Hazap ay-
Japy MEXaHHW3MIHE HeT13/IereH Kol KadaTThl nepuentpoH sl Oipikripeai. OKbITy Ke3iHze
0a3ambIK KIKTEYIIITEPMEH aJbIHFaH BIKTUMAJIIBIK OaFrasiapbl eKiHII KabaTThl METaKIACCH-
¢ukaropra (Extra Trees) kipic peTiHae MaiiagaHbUIabl, Oy COHFBI OOJDKaMIIbI Kacai-
1wl benrinepain kepiHici 0acTankpl CIIEKTPIIIK JKOJAKTap bl CeTi3 KeHIHEH KOIAaHbIIAThIH
ecimaik naaekcrepiMmen (NDVI, NDRE, GNDVI, SAVI, MSR, EVI, SIPI xone MSAVI)
Oipre KaMTUbl. OpOip MHAEKC MEH JKOJIaK YIIiH OpTalla )KOHE CTaHJapTThl AybITKY CHSIKTHI
CTaTUCTUKAJIBIK CHUIAaTTaMaliap JajaliblKk CErMEHTTEP/ET1 KeHICTIKTIK ©3TeprilliTIKTI ecKe-
py yuin ecenteneni. llsirpic Kazakcranma UAV anraH HaKThl ofieMIeri MYJIbTHCTICKTP-
71 nepektep OOMbIHILA SKCIIEPUMEHTTIK Oaranay >Kypri3uial. ¥ ChIHBUIFAaH MOJAEIb KOFapbl
KIKTeYy gonmirine (mamameH 95 %) xxone 0,95-ke xakbiH MakpoopTaa F1-merpukanibik
ynaiibiHa Ko »keTki3al. CoHbIMeH Karap, OYKiI ericTik OOMbIHIIA KEHICTIKTIK CETMEHTTEY
HOTIOKENepi maMaMeH 99 % TypaKThl OHIMIUTIKTI KOPCETTI, Oyi1 OYKUI 3epTTey aliMarbIHAA
KOFapbl TYPAKTBUIBIKTHI KepceTel. XKanmbl anFania, HOTHXKeNIep reTeporeH 1l MallnHaJIbIK
OKBITY MOJIENbJIEPIH KabaTTacKaH KYpbUIbIM/Ia OIpIKTIPY AAKbLIAAPAbI JKIKTEY TarchlpMa-
JapbIHAa OEpIKTIK MEH KaNIMbulay MYMKIHIITH )KaKCapTaTbIHbIH KOPCETE].

Tyiiinai ce3aep: aybll MIapyallbUIbIFbl JaKbUIIAPBIH JKIKTEY, MYJIbTHCIEKTPAIbI
UAV nepexTtepi, OpTTOMO3anKa, BETeTAMUIBIK HHIEKCTEP, THOPUATI CTEKUHT,eK1 IEHr e
aHcamO0J1b, MalIMHAJIBIK OKBITY, /191 €T1HIIUIIK, KEHICTIKTIK CErMEHTAlUs, HUPPIBIK aybul
1apyalblUIbIFbI
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JMAKBUIIAPBIH KIKTEYTe apHaJIFaH THOPUATI CTEKUHT Mojieni // XalbIKapaablK aKmapaTThIK
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org/10.54309/1J1CT.2026.26.2.006. (Ka3s. Ti1.).

Myanesiep KaKThIFbICHI: ABTOpJIap OChI MaKaiaaa MyAieep KaKThIFbICHI )KOK JeT
MOTIMAEHII.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License .
99



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

Aurbic: byn zepmmeyoi Kazaxcman Pecnyonukacol Foinvim stcane scoeapol Oinim
munucmpnieiniy Folnvim komumemi Kapoicolianovipaowl (I panm Ne AP25793889 «>Kacan-
Obl UHMENLeKM He2i3IHOe ayblll Wapyaubliblebl 0aKblIOAPbIHbIY AypYIapbl MeH 3UsHKe-
CcmepiH aublKmay JHcyuecin azipieyy).

I'MBPUIHAS MOAEJIb CTEKUHIA UISA KIACCUDPUKALIUU CEJBbCKO-
XO3SMCTBEHHBIX KYJIBTYP 11O JIAHHBIM UAV

I'T. Asuesa’, M.b. Ecenosa’*, A.K. Aoscannaposa’, I'b. A6ouxkepumosa’, P. Schmidt’
'Esil University, Actana, Pecryonuka Kazaxcran;
’EBpasuiickuii HanmoHanbHbIH yHuBepcuteT nmenn JI.H. I'ymunesa, Actana, Kazaxcran;
STapa3sckuii yausepcutetr umenn M. X Jlynaru, Tapas, Kazaxcran;

‘bparucinaBckuii 5KOHOMUUECKUI yHUBepcUTET, CIIOBAKHSL.
E-mail: moldir 11.92@mail.ru

A3ueBa I'ynbmupa TaruGepreHoBHa — MarucTtp, cTapliuii npemnojaBareib Kadenpsl
«MHpopmanroHHble cucTeMbl ¥ TexHonoruw», Esil University, Actana, Kazaxcran
https://orcid.org/ 0000-0002-7329-6768;

EcenoBa Moanup bankauposua — PhD, crapmmii npenogasarens kadenpsr nadopma-
IHUOHHBIX cucTeM EBpasuiickoro HanpoHanbHOTO yHUBepcuteTa uMenu JI.H. ['ymunesa,
Acrana, Ka3zaxcran

E-mail: moldir 11.92@mail.ru, https://orcid.org/0000-0002-2644-0966;

Ab:xkannapoBa Aiirepum KaxapmanoBHa — crapmmii npenogaBarenb kadeapsl «Du-
3uka u uHpopmatuka», Tapasckuii yausepcuteT umenu M.X. /lynaru, Tapas, Kazaxcran
https://orcid.org/0000-0002-7500-9179;

AonukepumoBa I'yab3upa BbaxbiToexkoBHa — PhD, nonent kadeapsr mHdopmarm-
OHHBIX cHucTeM EBpa3uiickoro HanvoHanbHOTO YHHMBepcutera umenu JIL.H. ['ymunesa,
Acrana, Ka3zaxcran

https://orcid.org/0000-0002-4953-0737;

P. Schmidt — noxtop dunocodun (PhD), mpodeccop, 3aBenyronuit kadenpoit «Ilpu-
KJ1aJHast ”HpopMaTrKa», bparnciaBckoro 5)kKOHOMHUYECKOT0 yHUBEpCUTeTa, I. bpatucnasa,
Crnogarkas PeciyOnmka

https://orcid.org/0000-0001-5928-2821.

©TI.T. Asuesa, M.b. Ecenosa, A.K. Aoxkanmnaposa, I.b. A6aukepumosa, P. Schmidt

AnHoTanus. B 1aHHOM HCClIeIOBaHUY TIPE/ICTABIICHA JIByXypOBHEBAas THOpUIHAS
CTPYKTYypa CTEKHPOBAHUS IS aBTOMAaTHYECKOM KJIaCCU(PUKAIINN CEThCKOX03SIHCTBEHHBIX
KYJIBTYP C UCTIOJIb30BAaHHEM MYJIBTUCTIEKTPATTLHBIX OPTOMO3aHK, TTOJTYYEHHBIX C TIOMOIITHIO
BIUTA. TlpennoxeHHast apXUTEKTypa coueTaeT B ce0e HeCKOIbKO METOOB IPaUEHTHOTO
oyctunra (LightGBM, XGBoost u CatBoost), kinaccuueckne aHcaMOJIeBbIe MOJIEITH Ha OC-
HoBe niepeBbeB (Random Forest u Extra Trees) u MHOTOCIOWHBIN MEPCENTPOH HA OCHOBE
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MexaHn3Ma BHUMaHus. Bo Bpemsi 00y4eHUsI OLIEHKH BEPOSITHOCTHU, TOIyUYEHHbIE 0a30BbI-
MU KJacCHU(QHUKaTOpaMu, UCIONb3YIOTCS B KaU€CTBE BXOAHBIX JaHHBIX ISl METaKJIacCH-
¢ukatopa Broporo yposHs Extra Trees, KOTOpbIil BbIJa€T OKOHYATEIbHOE MpEICKa3aHue.
[IpencraBieHne NpU3HAKOB BKIIIOYAET MCXOJHBIE CHEKTPAJIbHBIE MOJIOCHI BMECTE C BO-
CEMBIO IIUPOKO HCIONBb3yeMbIMU HHACKCaMu pactutenbHoctd (NDVI, NDRE, GNDVI,
SAVI, MSR, EVI, SIPI u MSAVI). lns kaX10ro MHACKCA M MOJIOCHl PACCUUTHIBAIOTCS
CTaTUCTUYECKUE JECKPUITOPHI, TAKHE KaK CpeHee 3HaYCHHE U CTaHIAapTHOE OTKJIOHE-
HUe, JUIsl ydeTa MPOCTPAHCTBEHHOW M3MEHYMBOCTU BHYTPU CEIMEHTOB MOJISI. DKCIEpH-
MEHTaJbHasl OLEHKA MPOBONJIACH HA PEaJbHBIX MYJIBTUCHEKTPAIbHBIX JaHHBIX, MOJIY-
yeHHbIX ¢ momonibio BITJIA B Bocrounom Kazaxcrane. [IpeqnoxeHnHas MOAEIb 10CTUIIA
BBICOKOM TOYHOCTH Kjiaccupukanuu (mpubmuszurensHo 95%) m MakpoyCpeIHEHHOTO
F1-mepnoro noka3zaresnsi, 6muskoro k 0,95. Kpome Toro, pe3yabTaTsl MpOCTPaHCTBEHHON
CErMEHTAallMU BCEro Mo MPOJAEMOHCTPUPOBATIN CTA0OMIbHYIO MPOU3BOAUTEILHOCTh HA
ypoBHE 0K0JI0 99%, 9TO yKa3bIBa€T HAa BEICOKYIO COITIACOBAHHOCTH 110 BCEH MCCIIETyEeMOn
oOmactu. B nienoMm, pe3ynbTaTsl MOKa3bIBaOT, YTO OObEJUHEHHE T€TEPOTeHHBIX MOJIEIeH
MalIMHHOTO 00yY€HHUs B paMKaX CTEKOBOM CTPYKTYphI MOBBILIAET YCTOHYUBOCTh U 0000-
LIAIONIYI0 CIIOCOOHOCTD B 3a/1a4ax KiacCU(PUKAIMK CETbCKOX03IHCTBEHHBIX KYIBTYP.

KuroueBblie cioBa: kiaccUpUKaUs CENbCKOXO3IUCTBEHHBIX KYIBTYP, MYJIbTH-
cnekTpainbHble aaHHble BIIJIA, opTomo3amky, BereTalMOHHBIE HHJIEKCHI, THOPUIHBIN
CTEKHUHI, JBYXypOBHEBbII aHCamOib, MAIIMHHOE OOy4Y€HUE, TOUYHOE 3eMiieiesiue, Ipo-
CTPaHCTBEHHAsl CErMEHTaLus, [IUPPOBOE CENBCKOE X031CTBO
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Kipicme.

CoHFbI KbLIAAphl YIIKBIIICKHI3 Yy annapartapbiHa (UAV) Herizaenred MynbTH-
CHEKTPAJIAbl TYCIPLIIM A9J eriHIIUIIK XKYHeJIepiHae KeHIHEH KOJIJaHbUIbII Kenenl. by
TEXHOJIOTHSI JAKbUIAAPAbIH Kail-KyliH Oaraiiayra, eCy JMHAMUKAChIH OaKblIayFa >KOHE
arpoTeXHMKAJIBIK IIemimMaep KaObuigayra MyMKiHAIK Oepeni (Shu et al., 2022; Padua
et al., 2020). XXKorapsl KeHICTIKTIK pykcaTtka ue UAV-opToMo3ankamapbl ©CIMIIK Ka-
MBUIFBICBIHBIH KYPBUIBIMJIBIK JKOHE CIEKTPANIBIK EPEKIIESITIKTEPiH aiKbIH KOPCETE/l.
CoOHIBIKTaH MyHJail JepeKTep aybll IIapyallbUIBIFBl JAKbUIAAPBIH aBTOMATTHl TYpHAE
KIKTE€y MIHJIETIHJIE MaHBI3IbI aKnapar ke3i 6omnsin cananaasl (Huang et al., 2025; Deng
et al., 2024). ConbIMeH Oipre CHEKTPaJIbIK ©3TePrillTiK, )KapbIKTaHIbIPY JKaFdaiibIHbIH
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TYPAaKCBI3JBIFBI JKOHE O1p Kiacc 1IIIHJET 9pKEIKUIIK Kiaccu(uKauus HOTHKECIHE ene-
yai acep ereai (Tan et al., 2025; Zhang et al., 2023). MynbsrucnekTpanibl AepeKTepl
TaJlay/la MAIMHAIIBIK OKBITY OICTEP1, aCipece aHCaMOIbIiK MOJEIbACP, 63 THIMIUTITIH
Kepcetin oTblp. Onap 6enriiep apachblHAAFbl QJICI3 albIPMAIIBUIBIKTAP/IbI JAJIIPEK aKbIpa-
TyFa MyMKiHJiK Oepeni (Yang et al., 2022; Li et al., 2023). Conrbl enOexTepae TuOpuaTi
TOCLI/IEP MEH CTEKHHI apXUTEKTypajiapbl TYpil adrOpuTMAECPAIH MYMKIHAIKTEPiH OipiK-
TIpY apKbUIbl MOJEJNIbJIH TYPAaKTbUIBIFBIH apTThIpyFa OarbITTalFaHbl aran etuienl (Zhai
et al., 2023; Miller et al., 2025). BeretauusiablKk HHAEKCTEP/II CIIEKTPAIIBIK apHAJIap/IbIH
CTaTUCTUKAJIBIK CUIIaTTaMalapbIMeH Oipre naiianaHy ©CiMIIKTIH (PU3HONIOTHSUIIBIK KYHiH
HEFYpiIbIM HaKThI OeliHesneyre piknan erei (Chang et al., 2025; Wang et al., 2024).

Ocpl anfFplIapTTapFa CyleHe OThIPHII, 3epTTey MynbTucnekTpanasl UAV opromo-
3aMKayiapbl HETI31HJE AAKbUIAAPAbI KIKTEYre apHaJIfaH €Kl JEeHIreisi rMOpuATI CTEKHHT
MOJIENTIH KapacThIpaabl. ¥ CHIHBUIFAH TOCLIT CIIEKTPANJIBIK apHajap, BereTauusiblK HHICK-
CTEp OoHE OoJapiblH CTaTHUCTUKAJIBIK cUIarTaMmaiapbiH Oip »kyiere Oipikripeni. Herisri
MaKcaT-19J/11r1 KOFaphl opl TOKIpuOene KoJAaHyFa xKapaM/Ibl KiIacCU(pUKAUs KyieciH
Kanbintacteipy. UAV-Heri3al TycipuliMl aybul HIapyallblUIbIFbIHAA Malanany (eHono-
THSUTBIK K€3€HIep/l OaKpliay, cTpecc (pakTopiaapbIH €pTe aHbIKTAY JK9HE OHIMIUTIKTI 00JI-
JKay MIHJETTEepiH THIMJI 1enryre MyMKiHaik oepeni (Yang et al., 2024; Li et al., 2023).
VYakpIT OOHBIHILA KUHAIFAH UHACKCTEP JUHAMHUKACHIH TajAay ©CIMIIK KaMbUIFbICHIHBIH
(hU3MONOTUSITBIK JKaF Al bIH KaH-)KaKThI OaraiayFa skaraail xacaiasl (Acosta et al., 2023;
Qiao et al., 2022). ConbIMeH KaTap 00bEKTIre OarbITTaJIFaH CETMEHTAIMSI, EPEKIIEIIK HH-
KEHEPUSCHl JKOHE aJIJIbIH aja eHJAEY Ke3eHIEpIHIH camaybl YHbIMAACTBIPBUTYBI KIKTEY
HOTH)KECIHIH TYpaKTbUIbIFbIHA ocep eTenl (Deng et al., 2024; Luo et al., 2023).

Bypeia Kyprizuires 3eprreyaepain OlpKaTapblHIa JepEeKTepAl OHACY TI30eTiHIH
TOJIBIK CHIATTAIMaybl HEMECE KpOCC-BaIMJALUS TICUIAEPIHIH KETKUIIKTI allblK Kep-
cetimMeyi Oalikanaznsl (Zhang et al., 2023; Yang et al., 2022). Keili xarnaitnapna HOTH-
KeJlep KEeHICTIKTIK JeHreie >KaH-KaKThl TekcepuiMenai. MyHaail sxaliTTap aaicTepal
Oacka eHipiepre HeMece JaKblI TYpJIepiHe Kellpy Ke31HJe KUBIHABIK TYAbIPYbl MYMKIH.
Ocpl MaceneHi LIenry MakcaTblHIa 3aMaHayW >KyMbICTap/a CTEKWHI-HEri3Al rudpun-
Ti aHcaMmOnbJiep MEH KailTallaHaThlH aHAJUTHKAJIBIK MalmiaiHAapAbl KOJI/IaHy YCBIHBI-
Ja7pl. OPTYPIAl MOIETBACP/IH BIKTUMAJIIBIK OOKaMIApbIH OIPIKTIpY TOCUTI JKaIbLIAy
KaOlJIeTiH apTThIPbII, MYJIbTUCIIEKTPAIIbI IEPEKTEPAETI Kyp/ei OailianbIcTapaAbl HEFyp-
JIBIM HaKThI CUIIaTTayFa MYMKIHZIIK 6epeni (Zhai et al., 2023; Miller et al., 2025).

9jicTep MeH MaTepuaJjaap.

3eprTey Kymbichl Ka3akcTaHHBIH IIBIFBIC OHIPIHAETT 27 TeKTapibIK TIXKipHOeTiK
aJlKanTa jKuHajaraH Myasrucriekrpanabl UAV nepexrepi Herizinae »kyprizuial. Jlepexkes
petinae Zenodo miuatgopmachiHAa allblK KOLKETIMIUIIN 0ap AepeKTep KUbIHBI Maiaa-
JIAaHBUIJIBI, OHJIA aJIKAN yJacKeyepl Ougai, apna »oHe cosl JaKkbliaapbiHa 6eminreH. 2022
KBUIFBI BeTeTaMUIBIK MaychiM Oapwichinga DJI Phantom 4 Multispectral ymry anmapa-
ThI KOMETIMEH Oec peT ayexkiKTey TyciputiMaepi opsinaanasl. Hotwxkecinae Blue, Green,
Red, RedEdge xone NIR cnekrpaniblk apHanzapsl 0ap >KOFapbl KEHICTIKTIK PYKCATTarbl
(mamamen 3 cm/muKkcens) reopedepeHnusianFan opromo3ankanap GeoTIFF dopma-
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ThIHJA anbIHAbL. Byn nepekrtep AakpUIAapAbIH CHEKTPAJABIK-TE€TEPOreH 1 KYPbUIbIMBIH
TajjayFa >KOHE aBTOMATTAaHJIbIPbUIFaH KJacCU(pUKALUs YIIH OENruliK akmapar ajyra
MyMKiHAIK Oepai. Opromo3zaukanap Python opraceinna enpgenin, rasterio kone GDAL
KiTamxaHajlapbl apKbUIbl KOTapHAJIbl MaTpullajiapra TypieHaipiami. beiinenep 64x64
MUKCEJIb OJIIIeM Il KabaTrTacaTbiH Tepe3enepre OemiHal, al KajaM mamMachkl 32 MUKCeb-
11 Kypazabl. MyH/ail maTyka HETi3Je/IreH TOCUT IepeKTep KOJeMiH YIIFalTyFa jKoHe Kep-
TUTIKTI KeHICTIKTIK-CIIEKTPAJIIBIK ©3TePrilITIKTI €CKepyTre MYMKIHAIK Oep/ii.

CrexTpasiIbIK apHaJapblHBIH HETI31HIe Ceri3 BereTanmusuiblk WHAEKC-NDVI,
NDRE, GNDVI, SAVI, MSR, EVI, SIPI xxone MSAVI kaiita ecenrenai. Onap eciMmik-
TepiH PU3NOIOTUSIIBIK Kal-KYHiH, XJOPO(YUILIT MOJILIEPIH, JKalblpaK KypbUIbIMbIH, OHO-
Macca MEH TOIbIPaK SCEPiH CUMATTANTBhIH UHTETPaJIIbl KOPCETKIIITEP OOIbIN TAObLIA IBI.
OpOip maTy yuriH 6apibIK apHAJIaphl MEH WHICKCTEP OOMBIHIIIA OpTaIia MOH (mean) KoHe
CcTaHJapTTH aybITKY (std) ecenrenmi. Hotmxkecinae Oip maTyThl CUTIATTAUTHIH 28 ©IIIeM i
€pEeKILENIK BEKTOPBI KAJBITACThIPBUIBI, O 9p1 Kapail MallIMHAJIBIK OKBITY MOJIENIH OKBbI-
Ty K€3€HIHJEe KOJNIaHbUIAbl. Epekiienikrepai TypaKTaHIblpy MaKcaTbIHAA KOINKaJaM/Ibl
aJJIBIH aja eHJey Kyprizunmi: loglp-TypieHaipy AepeKkTep/iH KUCAIOBIH a3alTy YIIiH
KOJIJIaHBUIABI, 00C MOH/Ep OpTallla MaFblHAJIAPMEH UMIYTALUSIAHAbI, all Z-SCOre CTaH-
naprray OapiblK Oenriiepal Olp mIkajgara KelTipil, MOAENbAEPIH TYPAKThUIBIFbIH apT-
TBIP/IBI.

Hepexrep xublHbl 80 %-0KbITy %oHe 20 %-TecT GoiKkTepiHe CTpaTU(UKALUSHBI
cakrTail oTbIpbIn OemiHal. KiacTapplH TeH YChIHBUTYBIH KaMTaMachl3 eTy yiuiH Stratified
K-Fold kpocc-Bamunanusicet (k=4) xommanpuiael. bipiamn  geHreiime LightGBM,
XGBoost, CatBoost, RandomForest, ExtraTrees >xone Attention-MLP 6a3aibIk MOaeNb-
nepl OKbITHUIBIN, osapabiH out-of-fold bIKTMManbIK OomkaMaapbl KUHAKTaNAbl. by
6omkamaap ekinui aeHreiine ExtraTreesClassifier Meramoneni apKbuibl O1piKTIpLII, TH-
OpU.ITI €K1 ICHTeHIl CTEKUHT apXUTEKTYyPachl KAIBITITACTHIPBULABI. MYHIal TOCIT 9pTY]-
JI1 MOAENBACPIIH TOJNBIKTHIPYLIBI KACUETTEPIH O1PIKTIpII, JKajmbliay KaOlIeTiH KYLIEeHTT
MKOHE CIEKTPAJAbIK JIepeKTepAeri Kypaesl OaianbicTapibl HEFYpPJIbIM CEHIM/II CUIIaTTa-
yFa MYMKIHJIK Oepi.

Monens enimainiri Accuracy, macro-F1, LogLoss, R?, MSE, RMSE xone MAE
MeTpHKanapsl OolbiHIIA Oarananibl. CoHbIMEH Olpre ajblHFaH MaT4-AeHrelIiKk Oou-
KaMap OpTOMO3arKaIap/IbIiH KeHICTIKTIK KYPhUIBIMBIHA KaWTa )KHHAKTAIIBIT, TUKCEIhIIK
JeHreiie AaKkpll KapTajapbl KaJbIITaCThIPbULIBL. [ eropedepenius cakTaifraH CerMeH-
Talus HOTHKEJNepl BU3yall[bl TYPAE TalJaHBIMN, €ric ajdKanTapbIHbIH KapTOrpagusIIbIK
WHTEPIPETAIUACKH KYPri3uial. bysr Tocin MonensaiH Tek KiaccuuKamms JoJIrH FaHa
eMec, COHJai-aK KEHICTIKTIK YHJIeCIMAUIIIT MEH MPaKTUKAJIBIK KOJAaHOAIbl MaHBI3bIH
Oaranayra MYMKIHAIK Oepl.

byn 3eprreyne UAV-oproMo3ankajapblHaH aJbIHFAaH MYJIbTUCIIEKTpaIAbl Jie-
pEeKTEp HETi31H/AE aybll LIapyalllbUIbIFbl JaKbUIIAPbIH KIKTE€Yre apHaJIFaH TOJBIK Tajaay
nalrutaiiael o3ipnenl. [lalnmaiin nepexTepl *KuHay, ajlblH ajla eHJEY, CIEKTPaJabIK
apHajlapbl MEH BEreTalMsUIbIK MHJIEKCTEPJCH CTaTUCTUKAIIBIK OeNriiepal ecentey, ojaap-
JIbl KaJIbITIKA KEJTIPY JKOHE €Kl JAEHreisl THOPHUITI CTEKUHT-MOJIENIH OKBITY Ke3eHIEepiH

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 @ @
International License .
103



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

KaMTHbI. |-CypeTTe YCBIHBUIFaH CXeMa 3epTTey OapbhIChIHAA KOJJAHBUIFAH JEPEKTEp
aFbIHBIH, E€PEKIIENIKTEeP/Ii KAJIBINTACTHIPY JIOTHKACHIH KOHE KiIacCU(UKAIMS MOJCIIHIH
KYPBUIBIM/IBIK aPXUTEKTYPACHhIH Ke3€H-KE3CHIMEH KOPCETE/Ii.

ﬁ ﬁ
hase dalessl Caloulsling Pripreceudsg Pipeline
Remsate Sensing Duts Aoquisitien 1. e ™ | o’
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Cyp. 1. UAV mMynsTHCHEKTpaAbl AePEKTep Heri3iHae JaKbUIAAPABI )KIKTeyTe apHaIIFaH AepeKTepl OHAeY KOHE TH-
OpHUATI CTEKUHT-MOeNi Oap Tanjay nairaiHel

Cyper 1-ne kepceTiiareHie, YChIHbIIFAH TACUT CHEKTPaJIbIK apHalapbl MEH Be-
reTalUsIIbIK MHACKCTEP/IIH OpTallia MOHI MEH CTaHJIAPTThI ayBITKYBIH OipiKTipeTiH 28 o-
IIeM/Ii epeKILeNiK BEKTOPBIH KaJIBINTACTBIPyFa Heri3aeneni. AnbiHFan Oenrinep log-Typ-
JCHIIPY, UMITYTaLUsl )KOHE CTaHIapTTay apKbLIbl KAJIbIIKa KEATIPLTIN, KeHiH ekl JeHreil
CTeKHHI-Mozienine Oepineni. MyHaail apxutekTypa 0azajblK MOAEIbAEPIAiH Oomkamia-
PBIH OipIKTIPY apKbUIBI XKAJIIbUIAY KAOUIETIH apTTHIPHII, MYJIBTHCIIEKTPAJIbI IepeKTepae-
Il CIIEKTPaJIJIbIK-TeTePOreHALTIKTI THIM/II €cenKke ainyra MyMKiHaik 6epeni. Hotmxecinae
YCHIHBUIFaH NaimiaiiH Jakpu1Iapsl aBTOMATThI TYPJE KIKTey MIHAETIHAE )KOFAPhI JAIIIK
MICH TYPaKThUIBIKTBl KAMTaMAachl3 €Te/l.

Hotnxenep skaHe o0J1apabl TAJIKbLIAY.

3eprrey OapbIChIHAA YCBIHBUIFAH €Ki JEHreisi THOPUATI CTEKUHT-MOZIEN MYJb-
tucnekrpangsl UAV opTomMo3anKkaiapbl HETI3IHAE aybUl IIApyallblIbIFbl JaKbLIIapbIH
KIKTEy MIHJETIH/E KOFapbl HOTHXKENEp KOPCETTi. DKCIEPUMEHTTIK TeKCepic OaphIChIH-
Jla MOJIETBIIH KaIMbl 1aJairi maMmamer 95 %, an makpo-F1 xepcetkimii 0,95 nenreitin-
ne anblKTanabl. byt monzaep xeke Oyctunrrik anroputmiaepmet (LightGBM, XGBoost,
CatBoost) canmbIicThIpraHia alTapibIKTail KOFapbl OOJBIN LIBIKTHI, SIFHU CTEKUHI apXu-
TEKTYPACBIHBIH dPTYPIl MOJENbACPAIH OomKaMAapblH OIPIKTIpY apKbUIbI XKalmbliay Ka-
OineriH Kyweirerini pacranael. ConsiMen Karap LogLoss, MSE sxone RMSE Monzaepinin
TOMEHJIey1 MOAETBIIH BIKTUMAIABIK OO KaMIapblHa CEHIMIUTIKTIH apTKaHbIH KOpCeTe/l,
an R? mamMachIHBIH KOTepuTyl CHIHBINTAPAbI aKbIPaTyAarbl TYPAKThl KOPPEIALUSIBIK TOY-
SNIUTIKTI Jonenaeiai. by HoTmke rubpuaTi aHcamOIbiK TOCUIIIH CIIEKTPAIIBIK-TeTEPO-
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TeH/Il JePEKTEPMEH KYMBIC 1CTEyIe TUIM/II €KEHIH KOpCeTell.

3epTTey aschIH/Aa BEreTalusIblK HHACKCTEPI1H MayChIMBIK JUHAMUKACHIH TaJlay
na xyprizinai. NDVI, GNDVI, SAVI, MSR >xone MSAVI unzaexcrepi cost YIIIH KOFaphbl
MOH/IEp KOPCETII, OHBIH KapKbIH/IbI OMOMacca KHHAKTaybl MEH OeJceH 1l (POTOCHHTE3IIK
KBI3METIH CHUNATTA/bl, aJI apma MeH OWmail YIIiH KOPCETKIITEP CAIBICTRIPMAIbl TYpIe
TOMEH JKOHE TYpaKThl nuana3onna cakranasl. NDRE xone SIPI unaexcTepi ecimaik xa-
MbIPAK KYPbUIBIMBIHJIAFbl JKOHE MUTMEHTTIK KYpPaMbIHIAFbl ailblpMallIbUIBIKTap/Ibl aHBIK
KOPCETTI, acipece (EeHOJOTUSIIBIK KE3EHACPAE ChIHBINTAP/IbIH a’KbIPaThLIYbIH KYILIEHTTI.
byn HoTmxkenep BereTalUsuUIbIK MHAEKCTEP/IIH CTAaTUCTUKAIBIK JIE€CKPUIITOPIAPBIH (OpTa-
111a MOH JKOHE CTAaHJAPTTHI aybITKY) Olpre maiiaiany qakpligap irHaeri rTeTeporeHIuTiKTI
ToMipeK OeitHeneyre MyMKIHIIK OepeTiHiH ganenaeiial. COHbIMEH KaTap MHICKCTEPIiH Ma-
YCBIMJIBIK TPEHATEP1 MOJIEb OHIMILIITIH apTThIPAaThIH MaHbI3/1bl KOCBIMIIIA aKmapar Kes3l
0O0JIaThIHBIH KOPCETTI.

¥ CHIHBUTFAH TOCUIIIH MPAKTHKAIBIK KYHABUIBIFBI KEHICTIKTIK CETMEHTAIUsl HOTH-
xKenepinnae aHblK kKepiuai. [laty neHreiinme anbplHFaH OODKaMaap MUKCENBIIK KapTara
KaiiTa »KMHAKTaJFaHHAH KEHIH eric ajKanTapbl KOFaphl JAJIIKIIEH KaJIblHAa KEATIPUIAL,
aJl >KeKeJIereH yJackelep YIIiH cerMeHTalus nanairi <99 % nenreiiine xetti (Cyper 2).
KarenikTep Heri3iHeH ajKam MIEeTTepl MEH CIEKTPAJIbIK aybITKYbl dKOFaphbl JOKAJIbI ail-
MakTapjaa Oaikanpl, anaiia oJapJblH bIKHAJIbI JKaJIMbl KaApTaHbIH KYPbUIbIMbIHA aliTap-
JBIKTal ocep erneni. MyHaait HOTHKENIep MOACIb/II arpOHOMUSIIBIK MOHUTOPHHT, €TI1CTIK
KYPBUIBIMBIH TaJlJjay *oHE JAKbLJI KapTaJapblH aBTOMATThl KYpY IMpoLEeCcTepiHae KoJia-
HyFa MYMKiHAIK 6epeni. CoHbIMEH Katap reopeepeHIUsIHbIH CaKTaTybl MOJIETIb HOTHXKE-
nepin ['AXK xyiienepine Tikenel eHrizyre >karaail xacailabl.

Accuracy

5
91.8%
95.1%

88.4%
89.2%

Value

LightGBM
XGBoost
CatBoost

Hybrid model

Cyp. 2. XKeke OyCTHHITIK MOZIENBIEp MEH THOPUATI CTEKUHT-MOJIEIIBIIH KIaCCU(PHUKALINS JOIITTH CABICTBIPY

byn 3-cyperre Ounmail JakplIbl €TUITEH alKanka apHalfaH KeHICTIKTIK CerMeHTa-
s HoTmxkecl kepcertiiared. Coin xkakrarbl OeitHe-UAV apkbuibl anbiHFad Oactanksl RGB
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OpTOMO3aWKa, ajl OH JKaKTarbl KapTa-yCHIHBUIFAH THOPUATI CTEKHHI-MOEINI HeTi3iH-
JIe KaJBINTACTRIPhUTFaH OoipkaM HoTmxkecl. Kapramga Owmail ChIHBIOBI (KYJTIH TYCITEH)
0achIM aiiMaK peTiHJE MYPHIC aHBIKTAIFaH, ajl KaTeJIIKTep HETi31HeH ajJKanThIH IIeTKi
OeJIiKTepiH/Ie JKOHE JIOKAJIBI TeTepOTeH I ailMakTapaa Oalkanaasl. JKamel cerMeHTaus
nanmiri 99,2 % nenreiinge, OYJ1 MOIEIBIIH KCHICTIKTIK TYPAaKTBUIBIFBI KOFaphl CKEHIH
JKOHE JIAKBII KapTallapblH aBTOMATTHI TYpPAE KYPY MIHJICTIHIE MPAKTHKAIBIK TYPFBIIaH
KOJIIaHyFa )KapaMm/Ibl €KEHIH JTOIeIIICH 1.

Predicted map
Orniginal RGB (UAV TIFF) Class: wheat
Class: wheat Accuracy: 99.2%

barley B sovbean BN wheat WM backgroundiundefined
Cyp. 3. bunaii ankaOBIHBIH KEHICTIKTIK cermeHTanuscel: 6actanksl UAV RGB opromo3ankacsl sxoHe TH-

OpuaTi MOIENBaiH OOKAM/IBI KapTachl

XKanns! anFanza, 3epTTey KOPHITHIHABUIAPEI THOPUATI CTEKMHI-MOJIENIHIH MYJb-
tucnektpangsl UAV nepekTepl Heri3iHIE AAKbUITAPAbl JKIKT€Y MIHJETIHJE >KOFaphbl
HAKTBUIBIK M€H TYPAKTBUIBIKTHI KAMTaMachl3 €TETiHIH KepceTTi. Mojeab CeKTpalablK
apHajapbl MEH BETeTalMsUIBIK MHAEKCTEPAIH CTaTUCTHKANIBIK CUIIATTaMalapblH KellleH-
Il maiananyablH HOTHXKECIHJE CBIHBINTAP apachbIHAAFbl QJICI3 CIEKTPAJIbIK aubIp-
MAaIIbUIBIKTApAbl CeHIMII axkbIpara anasl. CoHbIMEH Oipre ajblHFaH TOKIPUOENiK HOTH-
KeJlep MHJEKCTep TUHAMUKACBIHBIH (DeHONOTHUSIBIK TallJayMeH OaillaHbIChIH alKbIHAAI,
JIOJ1 eTIHIIUTIK XKYHesnepiHae epTe TUarHoCTHKa MEH ETiCTIK jKarJIailblH jkenen Oarasay
YILIH FBUIBIMU 5K9HE KOJJIaHOAJBIK TYPFbIIAaH MAaHBI3Ibl HET13 KAJIBINTACThIPAbI.

KopsbIThIHABI.

by sxymbicTa MynbsTucniekTpaiasl UAV opToMo3auKagapbl HETi31HIE aybll IIa-
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PYaIIbUIBIFBI TaKBUIAPBIH ABTOMATTHI JKIKTEYT€ apHAJFaH €Ki IeHrei THOpUATI CTEKUHT
TOCLII KapaCTHIPBULIBL. ¥ CBIHBUTFAH MOJEIIBIH THIMALIITT TOKIPHOEIiK JIepeKTep apKbLIbI
Oarananabl. Epexinenik KeHICTIri CHeKTpaIblK apHaIap MEH BeTeTalHsIIbIK HHICKCTEPIiH
(opramra MoHI JKOHE CTAaHAAPTTHI ayBITKYbI) CHIIATTaMalapbiH OipikTipeTiH 28 emmemMai
BEKTOpFa Herizaenai. MyHaai Tocil HaKbUIIapAbIH CIIEKTPAIIBIK JKOHE (PH3UOIOTUSIIBIK
afBIPMaIIBbUIBIKTAPBIH KEMICH1 TYpJe €CKepyre MyMKiH/IIK Oep/i. DKCIIEpUMEHT HOTHXKE-
Jepi THOPUATI MOAETBAIH KeKe OyCTHHT alrOpUTMAEpiHe KaparaHaa TYPaKThI 9pi )KOFaphl
HOTHKE KOPCETKCHIH aHFAPTThI. JKambl KIKTeY JoNIiri maMameH 95 % nexreiiine 60bI,
aJ1 KCHICTIKTIK CeTMEHTAIUs Ke31H/Ie aIbIHFaH HOTIXKE ~99 % mamaceiHaa cakTayiasl. by
OPTYPIIi MOZIENBACPAIH OOIDKAMIAPBIH OIpIKTIpY JKaIbliay KaOlleTiH KYIIeUTETiHIH )KoHe
CHEKTPAJIBIK OPKEJIKi IepeKTep sKarAaibIHIa THIMII )KYMBIC ICTeyTe MYMKIiH/IIK OepeTiHiH
KepceTei. BeretanusuiblK MHIESKCTEPAiH MayChIMIBIK ©3T€PICiH €CerKe aly JaKbUIIap/Ibl
XbIpaTy camacblHa OH ocep eTTi. IHaeKcTep iy opTallia MOHIH OJapIblH ©3TeprillTiriMeH
Oipre naiiganany (peHOJOTHIIBIK Ke3eHIep MEH OCIMIIKTEp KYHIHeT] albIpMaIIbUIBIKTAp-
JIbl TONIIPEK CHUIAaTTayFa jKaFaai xKacalbl. AJBIHFAH KEHICTIKTIK HOTHXKeNep Oy Tocimai
arpOHOMUSUTBIK MOHUTOPHHITE, €TICTIK KYPBUIBIMBIH KapTara TYCIpyle >KOHE NN eriH-
HIUTIKKE apHaJIFaH MemiMaepi Koaay Kyienepine KonganyFa O0maTbIHbIH KOPCETTI.
ConbIMeH Kartap 3epTTeyaiH oenrini Oip mekTeysnepi 6ap. Moxens Oip eHipaeri ym
JAKBIIFA KaTBICTBI IEPEKTEp HETI31He TEKCEepiii, COHIBIKTaH OHBI ©3T¢ arpOKINMATTHIK
JKarmalmapaa Konjany KochkIMIa Oeifimaeyal Tanman eryli MyMkid. bynan Oernek, 3eprrey
CTaTUKAJIBIK CYpPEeTTEPMEH IEKTEI; YaKbITTHIK KaTapiap/sl eHri3y (EHOIOTUSIIBIK MPO-
LECTep/Ii TEPEHIpEK TajayFa MYMKIHIIK Oepemi. AIarsl >KyMBICTap/ia aya paiibl, TOIIBI-
paK *xoHe penbed CHAKTBI KOCBIMIIIA IepeKTep i OipiKTipy, YaKBITTHIK TUHAMUKAHBI €CKEPY
YKOHE MOJICJIb/IIH TYCIHAIPMENUTITiH apTTHIPY KocHapianynaa. JKanmnsl ajaraHaa, YChIHBUIFaH
THOPUATI CTEKMHT TAciiai MynbTHCIeKTpanasl UAV nepekrepine CyWeHTeH JaKbLIIap/bl
KIKTEy MIHICTIHJE JKOFaphl TONIIIK MEeH TYPAKThUIBIK KepceTTi. byn omicTiH mudpisk
aybUT MIAPYaIIbUTBIFBI )KOHE JIOJ eTTHIIIIK CaTachlHIa MPAKTHKAIBIK KOJIIaHy dlieyeTi 0ap.
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