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Pedepar. Tounas, cBoeBpeMeHHas 1 HEMHBA3WBHAS AMATHOCTHKA OOJNIe3HEH MMeeT BXKHOE 3HAYCHHE B MPOMBIIUICHHOM IIPO-
U3BOJCTBE 3EMJITHHKH, TaK KaK MO3BOJISIET MUHUMH3HPOBATH IOTEPU ypOKas M CHU3UTH 3aTpaThl Ha 00pabOTKy pacTeHHH.
Enarozlapﬂ PasBUTHUIO 0eCIMIOTHEIX JIETATEIBHBIX afmnapaTroB U CEHCOPHBIX TEXHOJIOTUI AUCTAHIMOHHOC 30HAWPOBAHUE CTa-
HOBHTCS TIEPCIIEKTHBHEIM CIIOCOOOM MOHUTOPUHIA OOJE3HEH CeNbCKOXO3AHCTBEHHBIX KyIbTyp. ONepaTHBHOE BHIABICHHE 3a-
OorneBaHMs HAa PaHHUX CTaUAX OCOOCHHO BaXKHO JUIS TAKMX UyBCTBHTEJBHBIX KYIBTYp, Kak 3eMJITHHKA cajoBast. (Llens uccre-
006anusa) AHATN3 BO3MOKHOCTH OOHAPYKEHHS TPHOKOBBIX OOJNe3HEH 3eMITHUKH Cal0BOI B MOJNEBBIX YCIOBUAX C MPHUMEHE-
HHEM MYJBTHCIIEKTPaJIbHBIX CEHCOPOB M OECMHUIOTHBIX JIeTaTeNbHbIX armnaparos. (Mamepuanst u memoost) B KonneKHOHHOM
ruromanke Cuo@TU COHIA PAH Orbita BeImoHEHa a9p0OTOCHEMKA PACTEHHH 3eMIITHHKH, TIOPAKEHHBIX OE0H MATHHCTO-
cTbI0. MynBTHCTIEKTpabHAS KaMepa OblTa ycTaHOBIeHA Ha kBaapokontepe DJI Phantom4 Multispectral. [lonmydeHHbIe TaHHBIE
MPOLLTH NPeABAPHTEIbHYI0 00paboTKy, BKII0Uast MOCTPOCHHE OPTO(OTOILIAHA U M3BJICUCHNE CIIEKTPAIBHBIX U TEKCTYPHBIX Xa-
PaKTEePUCTHK H300paxeHuH. (Pesynbmamul u obcyscoenue) Ha ocHOBe aHami3a MyIbTHCTICKTPATBHBIX TaHHBIX BBIIEICHBI HA00-
pbl MHPOPMATUBHBIX MPU3HAKOB [T AupdepeHInanuu 310pOoBbIX U MOPAKEHHBIX TPHOKaMU pacTeHui. MeTomoM ciy4aiiHoro
neca (Random Forest) moctpoeHa MoJieNb ISl OOHAPYKEHHS O0Je3HEH 3eMIITHUKH ¢ TOYHOCTBIO KiaccH(DUKAIMU 77 TPOIIEHTOB.
(Bb1600b1) [l OBBILIEHHS TOYHOCTH KIIACCH(UKALMU HEOOXOAMMBI AOTIONHUTENBHBIE HCCIEAOBAHUA C IPUMEHEHUEM CEHCOPOB,
o0naaronumx Oonee BEICOKUM IIPOCTPAHCTBEHHBIM pa3perueHieM. Takke IepCleKTHBHBIM HATIPaBICHUEM SIBISCTCS pa3paboTKa
KIIacCH(UKAIMOHHBIX MOJIeNell Ha OCHOBE CBEPTOYHBIX HEHPOHHBIX CETEH, KOTOPBIE MOTYT YIy4YIIUTh PE3YNBTaTH 3a cueT Ooree
TIyOOKOTo aHau3a n3o0paxeHui. [lomydeHHbIe pe3ynbTaThl MOATBEPKAAIOT TIOTEHIMAN Hcroib3oBanHusd bIIJIA u Mynsrucmek-
TPANBHBIX TEXHONOTHH [T MOHUTOPHHTA 3200JIeBaHAH CEbCKOXO3HCTBEHHEIX KYIBTYP.

KitoueBble clioBa: 3eMJIAHUKA CajloBast, rpUOKObIe 00e3HH, TMarHOCTUKA, MYJIbTHCIIEKTpabHble H300paXeHus, OeCuIOTHBIH
JIeTaTeNBHBIHN aNmapar, KOMIBIOTEPHOE 3peHHE, MAIIHHHOE 00yICHIEe
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Abstract. Accurate, timely, and non-invasive diagnosis of plant diseases is essential in the industrial cultivation of strawberries,
as it helps minimize yield losses and reduce treatment costs. With the advancement of unmanned aerial vehicles and sensor
technologies, remote sensing has emerged as a promising tool for monitoring crop health and detecting diseases. Early detection
is especially important for sensitive crops such as garden strawberries. (Research purpose) The research aims to evaluate the
potential of using multispectral sensors and unmanned aerial vehicles for detecting fungal diseases in garden strawberries under
field conditions. (Materials and methods) Aerial imaging of strawberry plants affected by white leaf spot was carried out at the
experimental nursery of the Siberian Federal Research Center for Agro-BioTechnologies of the RAS (SibFRC ABT RAS). A DJI
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Phantom 4 Multispectral quadcopter equipped with a multispectral camera was used for data collection. The acquired imagery
underwent preliminary processing, including orthophotomap generation and extraction of spectral and textural features from
the images. (Results and discussion) Analysis of the multispectral data enabled the identification of informative feature sets for
distinguishing between healthy and fungus-infected strawberry plants. A disease detection model developed using the Random
Forest algorithm, achieved a classification accuracy of 77%. (Conclusions) To improve classification accuracy, further research
involving sensors with higher spatial resolution is recommended. Another promising direction is the development of classification
models based on convolutional neural networks, which offer improved performance through deeper image analysis. The results
confirm the potential of UAV-based multispectral imaging for effective crop disease monitoring.

Keywords: garden strawberry, fungal diseases, diagnostics, multispectral imagery, unmanned aerial vehicle (UAV), computer
vision, machine learning.

B For citation: Cheshkova A F., Riksen V.S. Strawberry disease detection using multispectral UAV imagery.
Agricultural Machinery and Technologies. 2025. Vol. 19. N2. 45-52 (In Russian). DOI: 10.22314/2073-7599-2025-

19-2-45-52. EDN: LGIDIJN.

a JIOJTI0 3EMJISTHUKH CaJ[0BOU MPUXOIUTCS CBbI-

e 70% o0meMupoBOTO MTPOU3BOJICTBA STOI.

DTO 00YCIOBIEHO €€ BEICOKUMH BKYCOBBIMH,
JIMETUYCCKUMU U JICYCOHBIMU Ka4eCTBaMHU, a C IPYToi
CTOPOHBI, CIIOCOOHOCTHIO K OBICTPOMY BET€TaTHBHOMY
Pa3MHOXCHHIO, CKOPOIIOAHOCTHIO, BHICOKOH peHTa-
0eMBbHOCTEIO U ypOoskaitHOCTHI0. OIMH U3 TIIaBHBIX CCP-
KUBAIOIUX (PAKTOPOB YBEITHUCHHS TPOU3BOJICTBA ATOJT
3eMJISTHUKH CaJIOBOH COCTOUT B 3HAUYUTEIHLHOM IOpa-
JKEHUU BO3/IEIBIBAEMBIX COPTOB 3e€MIISTHUKH TPUOKO-
BBIMU 00JIe3HAMU (MUKO3bI), CHUKCHHH POy KTHB-
HOCTH IaHTanui ot 15 1o 92% u nx rudenu (I'oBo-
poa I®., T'oBopor [I.H. I'pubHbie Oone3Hmn
3eMJISIHUKH CaI0BOM, CEJIEKIUA HAa MUMMYHHUTET U JIPyTHe
MeToasl 3amuTel. M.: PTAY-MCXA, 2015. 168 c.).

Juarnoctuka Oone3Hel U MX BO30yIuTENeH — Bax-
HOE 3B€HO B CUCTEME 3aIllUThI pacTeHUH. B HacTos1ee
BpeMsi OBICTPBIMU TEMIIAMH Pa3BUBAIOTCS HOBEIC HE-
WHBa3WBHBIE METONBI INATHOCTUKHN O0JIe3Hel pacTte-
HUM C UCTIONh30BAHUEM CEHCOPHBIX TEXHOJIOTHI, PO-
0OTOTEXHUKH, KOMIIBIOTEPHOI'O 3pEHUS U MAIITHHHOT'O
o0yuenus [1-4]. CoBpeMeHHBIE BEICOKOTTPOU3BOTH-
TEeJIbHBIE METO/IBI TO3BOJISIOT MOJy4YaTh JaHHBIE B pe-
JKHME peabHOr0 BpEMEHH M aHAJIM3UPOBATh HH(POP-
MaIUIO O LIEJIOM CIIEKTPe (PU3HOTOTUUESCKUX TAPAMETPOB.

DT METOIBI POKYCUPYIOTCS Ha Pa3InYUsIX ONTH-
YECKUX XapaKTePUCTUK WHPHUITUPOBAHHBIX U 370PO-
BBIX PACTCHUH, PETUCTPUPYEMbBIX PA3IMUHBIMHU CCH-
copamut (RGB, MynbTH- U THIIEPCIIEKTPaIbHBIMU) Ha
CITyTHUKAX, OECITUIIOTHBIX JICTATSIBHBIX armaparax
(BITJIA) nnu HazeMHBIX TIaTdgopmax [S]. Haubonee
3¢ (HEeKTUBHBIM B HEAOPOTUM PEUICHHEM JJ1s1 TIOJICBO-
0 MOHHTOPHHTA 00JIe3HEeH pacTeHUH Ha OONBIINX I1JI0-
mansax sipnsercs ucronb3obanue bITJIA, o6opynoBan-
HBIX ONITUYECKUMH CeHCOopamu [6, 7].

Jns aranmza 60JIII0T0 00’beMa MOy YCHHBIX JTaH-
HBIX, KaK IIPaBUJI0, UCTIOIb3YIOT METOJbI MAIIIHHHOTO
o0y4denus [8-10]. Pa3audus cieKTpajibHBIX XapaKTe-
PHUCTHK 3/I0POBBIX U TOPAKEHHBIX MATOTeHAMY TKaHEH
JMCTHEB 3EMIISTHUKH CITYKaT OCHOBOH JIJI5 IOCTPOCHUS
Moenel Kiaccu(uKaImm.
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MHOX€eCTBO UCCIIEJOBaHUI NTOKa3bIBAIOT, YTO HUC-
MI0JIb30BAHUE BEr€TAIIOHHBIX WH/IEKCOB B KaYECTBE
MH()OPMATHUBHBIX PU3HAKOB MO3BOJISET JOOUTHCS XO-
POIINX Pe3yJIbTaTOB B BBISBIEHUH U PAaCIO3HABAHUU
OoJe3Hel cenbCKOX03IMCTBEHHBIX KynbTyp [11, 12].
BererannonHble HHIECKCHI SIBIISIOTCS aredpaniecku-
MH KOMOWHAIIMSIMH, PACCUUTHIBAEMBIMH IO CTIEKTPaAM
OTpPa)KeHHMsI ABYX UIIM OoJiee BBIOPAHHBIX IJIUH BOJIH.

Korpa mist MonuTopuHTa 32001€BaHUN HETOCTA-
TOYHO CIEKTPAIHHBIX MTOKA3aTeNeH, BAXKHYIO POJIb B
MOBBIILICHHH TOYHOCTH KJIacCU(PHUKALIUN UTPAIOT TEKC-
TYpHBIE XapaKTEPUCTHKH, OTICHIBAOIINE TTPOCTPaH-
CTBEHHOE pacIpelielieHUe MUKCeNei n3oopaxenus [13,
14]. O dekTHBHBIM METOIOM U3BIICUCHHU S TEKCTYPHOM
WH(OPMAIINH SBISETCS pacieT MaTPHUIIEI COBMECTHOM
BCTPEYaeMOCTH YPOBHEH ceporo (gray-levelco-occurrence
matrix, GLCM) [15].

B Hay4HBIX MyOnMKauusIX MPUBOAATCS IPUMEPHI
YCHENTHOTO TPUMEHEHHUSI CEHCOPHBIX TEXHOJIOTHH H
MaIIMHHOTO 00yUYeHUs AJIsl OOHAPYKEHHS U JTUATHO-
CTHKH 3a00JIEBAHUH CEIIbCKOX03SICTBEHHBIX KYJIBTYD.
Tak, B pabore [11] mpuBOAUTCS CpaBHEHHE Pa3INYHBIX
METOJIOB MAIIMHHOTO 00y YeHU s JJisl OOHApYKeHust 00-
JIE3HHN IIUTPYCOBOTO O3€JICHEHU ST Ha OCHOBE aHaIn3a
MYJIBTHCIIEKTPATbHBIX CHUMKOB, oNyueHHBIX ¢ BITJIA.
B kxadecTBe MCXOQHBIX TAHHBIX JJISI O0YUEHUS MOJE-
JIelt UCTIONB3YIOTCSl KOMOWHAIIUY CIIEKTPaTbHBIX 3HA-
YeHHil, BereTal[MOHHBIX WH/EKCOB U INIaBHBIX KOMIIO-
HeHT PCA.

Mertozpl ancamMO1eBOro 00y4eHUs 1 HEHPOHHOM ce-
TH MTOKa3aJI1 BBICOKYTO HaJIe)KHOCTD U JTyUIITHE Pe3yIb-
tathl kinaccudpukauu (100% B AdaBoost u 97,28% B
HEHPOHHOM ceTn).

[IpoBonsTcs nccnenoBanus BO3SMOKHOCTH OOHApY-
XKeHUS U JUuddepeHITHaIIU ABYX BUJIOB 00JIC3HEH BU-
HOT'Pa/ia C UCTIOIH30BAHNEM MYJIBTUCIEKTPATBHOM Ka-
Mepsbl, yctaHoBieHHoI Ha BITJIA [11]. Metonom
aHanmu3a ROC-KpUBBIX ObLIH BEIOpaHBI HaKOOJIEEe NH-
(hopMaTHBHBIE CIEKTPAJIbHBIE KaHAJbI, BETETAI[UOH-
HBIC MHJICKChI M OMO(DU3HYUECKHE XapaKTCPUCTUKH JIJIS
nuddepeHnnany 3a00IeBaHUH.
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[Ipennaraercst MmeToquka (PEHOTUTTHPOBAHUS 3EM-
JISHUKH C UCTIOIb30BAHUEM MYJIBTUCIEKTPATIbHBIX U30-
OpakeHH ¢ BRICOKUM pa3pelIeHreM Ha OCHOBE TIaT-
¢opmbr BITJIA nis u3ydeHUsT yCTOMYUBOCTHU
3eMJISTHUKH K BEPTUIIHILIC3HOMY yBsIaHuIo [16].

B pabote [17] u3yuanu 3ppexkTHBHOCTE 0OHApYKE-
HUs1 00JIE3HEH JTUCTHEB B 9BKAIUIITOBOM JIECY C HCIIOJIb-
30BaHHEM MYJIBTHCIIEKTPATBHBIX H300paskeHUH BBICO-
KOT'O MMPOCTPaHCTBEHHOI'O pa3peleH s, MOy YeHHbIX
¢ momotisio BITJIA. Pe3ynpTaThl mokasaiu, 9To JIJIU-
HBI BOJIH 3€JIEHOT0, KPACHOTO U OJIMKHET0 HH(ppakpac-
HOT'O TMara3oHa, MHJEKC OTPaXKEHHS a30Ta U HHACKC
3€eJIEHOCTH Han0oJee YyBCTBUTEIBHBI K HCCIIETyEeMbIM
oonesusm. [{na nudpdepeHunaniy CTENeH! mopaxe-
HUS JTUCTHEB UCTIOIH30BAIIN AJITOPUTM CITYHaHOTO Jie-
ca (Random Forest), TO4HOCTH KJIACCU(DUKAITUU CO-
crasisna 90,1%.

B uccnenopanuu [18] BeIOMpa n Moeb KJIacCH-
(duKauu A ONpeieeHUs pPa3IndHbIX CTa il 3200-
neBaHus Qy3apruo3HOE yBsiaHue OaHAHOB 110 MYJIETH-
CHEKTPaIbHBIM JaHHBIM. TOYHOCTD KJIacCU(UKALINH
aJropuTMa CIy4aifHOTOo Jieca focturana 97%.

Hamu He HaifineHbl NyOIMKaLUK, OCBSIIEHHBIE 00-
Hapy>KEHUIO ¥ TUAaTHOCTHKE COBPEMEHHBIMH CPE/ICTBA-
MU (EHOTHITUPOBAHUS B MOJEBBIX YCIOBUSIX TaKHUX
rprOKOBBIX OOJIE3HEH 3eMIITHUKH, Kak Oelast, Oypast u
yrioBaTtas MITHUCTOCTH, HanboJiee pacpoCcTpaHeH-
HBIX B ycloBUsAX 3anannoit Cubupu.

LIENb MCCNEQOBAHMSA: aHATU3 BOBMOXKHOCTH OOHa-
pykeHUs rpHOKOBBIX OOJIE3HEH 3eMIITHUKY CaI0BOM B
TOJIEBBIX YCIOBUSAX C IPUMEHEHHUEM MYJIBTHCIEKTPaJIb-
HBIX CEHCOPOB U OECITMIIOTHBIX JIETATEIBHBIX allIIapaTOB.

MATEPMARNBI N METOABI.

Pacmumenvnoiti vamepuan. MatepruaaoM UCCIIEIO-
BaHU OBLIM PAaCTEHU S 3eMJITHUKH CaJJOBO, BBIpaILU-
BaeMbI€ B KOJUIEKIIHOHHOM nutoMHuke CuodTU
COHIIA PAH (p.n. Kpacnoo6ck, HoBocnbupckas o0r.).
Ha yugactke pasmepom 57,5%12,4 M HaXoauIKCh pacTe-
HUS TPEXJIETHETO BO3pacTa, 45 pa3HbIX copToB. Pac-
TEHUS BbICAKEHBI pAfaMu HupuHOH 50 cM, paccTos-
Hue Mexay panamu 70 cM. C ToMoIsi0 BU3yaJIbHOTO
O0CMOTpa OBLITM OTOOPAHBI 25 3JI0POBBIX PACTEHUM U 25
pacTeHuH, UMEIOIUX BUANMBIE CHMIITOMBI TIOPaKe-
HUSA 0e0U MATHUCTOCTRIO (Ramularia Tulasnei Sacc).
OToOpaHHbBIE pacTeHUsI OBLIN TIOMEYEHBI CTUKEPAMHU
JKEJITOTO M KPACHOT'O I[BETA COOTBETCTBEHHO (puc. I).

Tonyuenue uzobpascenuii. CbeMKa 0CyIIeCTBISIIACH
¢ omotibto kBajapokonrepa DJI Phantom 4 Multispectral
(SZ DJI Technology Co., KHP). YcTanoBieHHast Ha 1po-
He Kamepa uMeeT 1iecth 1/2,9-moiiMobix matpun CMOS,
BKJIFOYAs OIHY MAaTPHILy BUANMOTO n3nyueHust RGB u
M5Th MOHOXPOMHBIX JIsl QOPMUPOBAHUS MYJIBTHCIICK-
TpajbHBIX U300paKeHu (maobn. 1).

Cnemka Obuta nposenena 05.07.2024 . npu sicHOH
Iorozie Ha BEICOTE 5,2 M. Pa3pemnienne cbeMKu cocTa-
Bmwio 0,3 cm/mimkcenb. B pesynpraTe momydeno 2328
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Puc. 1. Jlucmos 3emnsanuxu, nopasicenuvie 6ot namuu-
cmocmovio
Fig. 1. Strawberry leaves affected by white leaf spot disease

CHUMKOB ¢ niepekpbITHeM 75% B npojgoabHoM 1 60% B
MIOTIEPEYHOM HAIPaBIICHHH.

Obpabomrka uzobpadiceruti. [lepBbiM 3Tariom oopa-
00TKH OblLiTa COOpKa eIUHOr0 N300pakeHus (opTodo-
TOIJIAHA) OMBITHOTO YYacTKa U3 Habopa MyJIbTHUCIICK-
TPaJIbHBIX CHUMKOB, TIOJYy4YEHHBIX C TOMOIIbI0 PM4.
J1s1 maHHOM 1eNTH UCTIONTb30BaIACh IIporpamMma Agisoft
Metashape Pro (npousBogutensd Agisoft LLC, Poccusi)
[19]. PesynpTHpytoliee n300pakeHNE OIBITHOTO Y4acT-
ka Ob110 chopmupoBaHo B popmate geoTiff ¢ paspe-
menueM 16 000x17 000x5 (puc. 2) pazmepom 2,7 I'6.

Jlanee Ha TOTy4eHHOM OPTO(QOTOILIAHE BPYUHYO ObI-
JIM BBLJIeNIeHbI 00acT uaTepeca (ROI) pazmepom 65x65
MUKCEIEH, colepKalie MOMEeYeHHbIEC CTHKEpaMu O0JTb-
HBIE U 30pOBbIE pacTeHusl. 13 kaxx 1ol BblAEIeHHOH 00-
JacTu ObLI cHOPMHUPOBAH OTACIBHBIN (haiis u300paxe-
Hus. C nenbio ynaneHus GpoHa Ha H300pakeHHs ObLIH
HaJIOXKEHBI MaCKH, TOCTPOCHHBIE 10 IOPOTOBOMY 3Haye-
uuto unaexca NDVI. Beinenenne ROI ynanenue ¢poHa u
(opmupoBaHue H300pakeHII BHITOTHAIOCH B TPOrpaM-
me ENVI 5.2 (ITT Visual Information Solutions).

Ta6nuua 1 Table 1

KpATKUE XAPAKTEPMCTMKM DJI PHANTOM 4 MULTISPECTRAL
KEy sPeciFicATIONS OF THE DJI PHANTOM 4 MULTISPECTRAL

3HaveHune

Cununtii (blue): 450 16

3enenslii (green): 560+16

KpacHsiii (red): 650 16

KpacHsrii kpait (rededge): 730+16
bamxuuit unGpaxpacHsiit (VIR): 840+26

VYron 0630pa 62,7°
®dokycHOe paccTosHEE 5,74 MM

XapakTepucTuKa

OuUIBTPHI KaMEpbI, HM

JInH3EI

MakcuManpHOe paspe-

1600x1300 (4:3,25)
MICHNE H300paKeHUS

Pazmep o 3emHOM
TIOBEPXHOCTH

(H/18,9) em/nukcens
H — BpICOTA JPOHA 110 OTHOLIEHHIO K
KapTorpagupyeMoMy y4acTKy, M

Cl'[yTHI/IKOBBIe CHUCTCMBI

GPS + BeiDou + I'anuneo
HOSI/II.II/IOHI/IIJOBaHI/IH
Bsnernas macca gpona, r | 1487
MaxkcumanbHOe BpeMs

P Oxomno 27

noJieTa, MUH
MaxkcumanbHas

50

CKOpPOCTb, KM/4
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Puc. 2. Opmogomonnan skcnepumeHmaibHo20 YuacmKd
Fig. 2. Orthophoto map of the experimental plot

Habopwl npusnaxoe u memoowt modenuposarusi. J1ns
aHaJIN3a U KJ1accuDUKauy n300paxeHuit HaMu OBLJI MC-
M0JIb30BaH aJITOPHTM Clly4yaiiHoro jeca (Random Forest).
D10 HEeNMMHEIHAS MOJIE)Th MAITUHHOTO 00YYeHH S, OCHO-
BaHHAS Ha UCIIOJIb30BAHUH aHCAMOJIS PEIIAOIIUX IePEBb-
e [20]. B kauecTBe HaOOpa MPU3HAKOB /TSI HOCTPOCHHS
MOJIeNT! OBLITH PAaCCMOTPEHBI TPH Pa3IHYHBIX BApHAHTA:

» KOO GUIUCHTHI OTPaXKEHUS B ISITU AHANIA30HAX
JUTHH BOJTH;

« 10 BereTariMOHHLIX WHIEKCOB;

8 TEKCTYpPHBIX XapaKTEPUCTHK.

Bce Tpu Habopa nmpu3HaKoB ObLTH chopMuIpoBaH u3 50
(aiinoB pazmepa 65x65 ¢ HaNOKEHHBIMI MackaMH (OHa.

IlepBorit HAOOp AAHHBIX BKIIFOYAT KOA(DPHUITUESHTHI
OTPaXXCHHU S 151 KAXKAOTO ITUKCE sl UCXOTHBIX H300pa-
xennit (174 800 nukc) Ha 5 anmuHax BoH (CuHU 450 HM,
3esieHbld 560 HM, KpacHbIM 650 HM, KpacHbIA Kpal
730 uM, OmmxHUN nHGpakpacHbiit 840 HM).

BTtopoii Habop JaHHBIX TPEICTABIIAI COOOH 3HAUE-
Hus 10 BereTallMOHHBIX HHAEKCOB, PACCUUTAHHBIX JJIS
KaXXJIOTO IMHUKCceIIs 1o opMynam (maba. 2).

Tpetwnit HabOp TaHHBIX CONEPKAT TEKCTYPHBIE Xa-
PaKTEPUCTHKH, BEIYMCICHHBIE HA OCHOBE MAaTPHUIIBI CO-
BMECTHOW BCTpedYaeMOCTH ypoBHe# ceporo (GLCM)
JUTSI K&KJIOTO IMMUKCEIIs], 1Sl KaKAOTO MYJIBTHCIIEK-
TPaJIbHOTO KaHAJIA.

Br110 paccunTaHo BoceMb XapaKTEPUCTHK:

« cpennee (MEA), oTpaxaroliiee CpeTHIN YPOBEHB
Ceporo Bcex MUKCeINel B MaTPHIIE;

« nucniepcust (VAR), onuceiBaromas pa3opoc 3Have-
HUH BOKPYT CpPEIHETO;

* TOMOT'€HHOCTbH (HOM), BBIYUCISIOAs OTHOPOI-
HOCTh MaTPHIIbI;
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» kKoHTpacT (CON), peAcTaBIISIONINI JOKAIBHY IO
BapHaIMIO B MaTPULIE;

« HecxoacTBo (DIS), oTpaxkaroliee pa3HHUITY B OT-
TEHKaX Ceporo;

« suTponus (ENT), BeIpakaromiasi ypoBeHb Oecrio-
psAKa B MaTpHIIE;

« BTOpoit MOMEHT (SEC), KOTOpBII IIpeAcTaBIsieT
OJHOPOAHOCTH OTTEHKOB CEPOT0;

« koppensauust (COR), n3aMepsronas JInHeHHbIE 3a-
BHCUMOCTH ITHUKCEIEH.

PE3YNbLTATbI M OBCYXXAEHUE

Cnexmpanvhble xapakmepucmuku 06paszyos. Ycpel-
HEHHBIE 3HAaYeHUsI KO (PULUEHTOB OTPaKeHHU s 3/10-
POBBIX H [TOPaKEHHBIX IPUOHBIMH OOJIE3HSIMH JTUCTHEB
3eMJISIHUKH B Pa3JINIHBIX CIIEKTPaIbHbBIX JUAa30HaX
MIpEICTaBIICHBI HA pucyHke 3.

30000 -

— nopoesie

KoadppuunenT orpasemns

— Oansew

20000 -

450 560 860 730 840
JlimHiia BOJIHBL, HM

Puc. 3. Cpeonue ko3gpuyuernmol ompasicenus 300po8uix u
NOPANCEHHBIX 2PUOHBIMY DONE3HAMU TUCNbES 3EMAAHUKU
Fig. 3. Average reflectance coefficients of healthy and fungus-
infected strawberry leaves

U3 rpaduka BUIHO, 4TO BO BCEX TUANA30HAX JUIUH BOJTH
3I0pOBBIE pacTeHHs UMEIOT 00JIee BHICOKHE KOIPDHIIIEH-
THI OTPaXKeHUs, 9eM OonbHbIe. O0MIel uepToit ciekTpab-
HBIX XapaKTEePUCTUK PACTUTEIbHON TKaHU SBJISETCS 00-
Jiee HU3KUH KOA(DPUIMEHT OTPAKEHHUS B BUIUMOM

BEFETALWIOHHI:IE WHAEKCbI, NCMOJIb3OBAHHbIE B KAYECTBE NMPU3HAKOB | VEGETATION INDICES USED AS CLASSIFICATION FEATURES
HNupexc ®opmyiaa 1js pacyera Buopusuyeckuii HHANKATOP

NDVI (Normalized Difference Vegetation Index ) (NIR — Red)/(NIR + Red)

GRVI (Green-Red Vegetation Index) (Green — Red)/(Green + Red) ConEprane
AHTOIMAHUHOB

GNDVI (Green Normalized Difference Vegetation Index) | (NIR — Green)/(NIR + Green)

RGI (Red Green Index) Red/Green

MACI (Modified Anthocyanin Content Index) NIR/Green ComEprmmme
AHTOLMAHUHOB

ACI (Anthocyanin Content Index) Green/NIR

NPCI (Normalized Pigment Chlorophyll Index) (Red Edge — Blue)/(Red Edge + Blue) Conepskanne

NDRE (Normalized Difference Red Edge Index) (NIR — Red Edge)/(NIR + Red Edge) Xopodua

REGI (Red Edge Green Index) (Red Edge — Green)/(Red Edge + Green) OGHapyKeHNIe

RERI (Red Edge Rouge Index) (Red Edge — Red)/(Red Edge + Red) CpEeEs]
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JHMATTa30He JIMH BOJIH 10 CPABHEHUIO € OJIMKHUM HHPpa-
KpacHBIM qrana3oHoM. Ha miinHe Bonub! 650 HM (KpacHbIi
JMamna3oH) HaOTI0IAe TCS CHIDKEHUE KO PHUITUEHTA OTpa-
’KEHUS1, YTO CBA3AHO C CUIILHBIM TIOTJIONIEHUEM CBETA XJIO-
poduiom B muCThX. B muanaszone 730 HM (KpacHbIH Kpaid)
OTpaxkaTeJbHast ClIOCOOHOCTD JINCTHEB PE3KO BO3PAcTaeT
IO TIPHYMHE PACCEUBAHUSI CBETA B MEXKKIICTOUHOM ITPO-
cTpancTBe. B nuanazone 840 aM (OmmkHUN HHPpaKpac-
HBIH) K03DDUIIEHT OTPaXKEHHS OCTACTCS BEICOKUM.
Kputepuit CThioneHTa BBISIBHII 3HAYUMOCTD Pa3iiv-
YU CpeHUX 3HAYCHUH KO3 PUIIHEHTOB OTPAKEHHUS MEK-
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Iy OOTBHBIMH U 3[I0POBBIMH PACTEHUSMHU [T KaX IOU 13
JUTUH BOJTH ¢ ypoBHeM 3HaunMocTH p < 0,001 (maba. 3).
Pacuem secemayuonnvix unoexcos. 10 Beretamu-
OHHBIX WHJIEKCOB OBLITH PACCYUTAHBI IO COOTBETCTBY-
romuM Gopmynam. s kaxaoro vHACKCa ObLI IPH-
MeHeH KpuTepuii CThIOJICHTA C [EIbI0 BBISBICHUS
3HAYUMOCTH Pa3TUIUN MEKTY 3I0POBBIMU U OOJIBHBI-
MH PacTEHHUSIMH T10 3HAUCHUIO HHIACKCA (mabi. 4).
Wunexcet NDVI, GRVI, NDRE, REGI, RERI, RGI,
MACI umenn ypoBens 3HaunMoctH p < 0,001. Maaekc
NPCI umen ypoBeHb 3HaunMocTu p < 0,05. Mnaekcet

-

PE3YNbTATbI IPUMEHEHMS KPUTEPUSI CTBIOAEHTA K PASHULIE CPEAHIUX 3HAYEHUI KO3®OULMEHTOB OTPAXEHUS
MEXAY BOJIbHBIMI 1 380POBbIMU PACTEHUSIMA
STUDENT’S T-TEST RESULTS FOR DIFFERENCES IN THE MEAN REFLECTANCE VALUES BETWEEN DISEASED AND HEALTHY PLANTS

MEXAY BOJIbHbIMW N 300POBbLIMU PACTEHUAMW

Juana3oH JJUH BOJH Pazumnua cpegnux f-3HaYeHue p-3HaYeHue
Blue 2871,18 54,82 <0,001
Green 3052,23 45,21 <0,001
Red 394,51 11,25 <0,001
RedEdge 3738,41 56,21 <0,001
NIR 4660,96 77,96 <0,001
Ipumeyanue. Yucio creneHu cBoOOIBI BO BCeX ciyyasx coctanisiia 174 800.

PE3YNbTATBI NPUMEHEHUS KPUTEPUSI CTHIOAEHTA K PASHULIE CPEAHUX 3HAYEHWI BEFETALIMOHHbIX MHAEKCOB

STUDENT’S T-TEST RESULTS FOR DIFFERENCES IN MEAN VEGETATION INDEX VALUES BETWEEN DISEASED AND HEALTHY PLANTS

MEXAY BOJIbHbIMK 1 300POBbIMA PACTEHUAMU

BereranuoHHbIi HHACKC PasHuna cpeanux t-3HaYeHune p-3HaveHue

NDVI 0,034 51,30 <0,001
GRVI 0,042 64,65 <0,001

GNDVI —0,001 -1,55 0,120

NPCI —-0,002 —2,00 0,046
NDRE 0,006 14,79 <0,001
REGI —-0,006 1,75 <0,001

RERI 0,031 44,69 <0,001
RGI —-0,056 —-60,89 < 0,001

MACI —-0,021 7,10 <0,001

ACI —-0,002 -1,89 0,059

Ipumedanue. Ynceno cTeneHn cBOOOIBI BO BCeX ciydasx cocTapisaa 175 003.

PE3YNbLTATHI NPUMEHEHUS KPUTEPUSA CThIOLEHTA K PASHULLE CPEQHUX 3HAYEHUN TEKCTYPHbIX XAPAKTEPUCTUK

STUDENT’S T-TEST RESULTS FOR DIFFERENCES IN MEAN TEXTURAL FEATURE VALUES BETWEEN DISEASED AND HEALTHY PLANTS

TekeTypHas p-3nauenne kpurepusi CTHIOIEHTA ISl JMANA30HA JIMH BOJIH
RADARICD HOIHE2 Blue Green Red RedEdge NIR
MEA < 0,001 < 0,001 <0,001 < 0,001 < 0,001
VAR <0,001 < 0,001 < 0,001 < 0,001 < 0,001
HOM 0,125 < 0,001 <0,001 < 0,001 < 0,001
CON <0,001 < 0,001 <0,001 < 0,001 < 0,001
DIS <0,001 <0,001 < 0,001 0,544 <0,001
ENT 0,998 < 0,001 < 0,001 <0,001 < 0,001
SEC 0,949 <0,001 <0,001 <0,001 <0,001
COR 0,145 <0,001 <0,001 0,016 0,561
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Ta6nuua 6 Table 6
MATPVIleI OLINBOK KJIACCU®UKALIMKN ANns PA3JINYHbIX HABOPOB NMPU3HAKOB
CONFUSION MATRICES CORRESPONDING TO DIFFERENT FEATURE SETS
PesyabTaT Kiaaccupuranmm B e e TonuHocts
3/10pOBbIe ‘ GoJIbHBIE kaaccupuxauuu, %
Cnexkmp ompasicenus 66,78
310poBbIE 0OBHEKTHI 65 32 -
BonbHbIE 00BEKTHI 35 68 -
Bezemayuonnvie unoexcot 60,98
3110pOBEIE 0OBEKTHI 64 42 -
BonbHbIE 00BEKTHI 36 58 -
Texcmypnbvie xapakmepucmuxu 76,86
310pOBbIE 00BEKTHI 76 22 -
BonbHbIE 00BEKTHI 24 78 —

GNDVI, ACI nmenu He3HAYUMBbIE PA3IHIHS CPETHUX
3HAUYCHMUIL.

Pacuem mexcmypnvix xapaxmepucmux. J{nsa kax-
JIOTO U3 TSATH CIIEKTPAIBHBIX KaHAJIOB OBLITH paccyu-
TaHBI § TEKCTYPHBIX XapaKTEePUCTHK Ha OCHOBE MaTpH-
IT6I COBMECTHOM BCTPEYaeMOCTH ypoBHeii ceporo GLCM.
OTHOCHTETBHOE PACCTOSHUE, U3MEPEHHOE B ITUKCEISIX
B GLCM (d = 1), a oTHOCHUTENBHAS OpueHTaIus (O)
Obla CpeTHUM 3HaY€HUEM YeThIPEX HallpaBICHUN
(©=0,45,90 u 135°).

C nmomopto kputepust CThIoAeHTa OBLIT OIIpenecH
Ha0Op XapaKTePUCTHK AJIS JaJIbHEHILET0 MOCTPOCHUS
MOJIETTH MAIlTUHHOTO O0yYeHUS (mabi. ).

W3 nepBonavanpHOTr0 Habopa 40 XapakTepuCTHK 9
ObLIM UCKTI04CHBI: Koppensiuuu (COR) 11 BCexX JUIMH
BOJIH; ToMOTeHHOCTh (HOM), saTponus (ENT), BTO-
poii MmomeHT (SEC) nns nepsoro (Green) nuamna3oHa;
HecxoacTBo (DIS) nns naroro (NIR) nnamna3oHa.

Tocmpoenue modeneu mawiunnozo 06yuenus. Jlns
aHan3a 1 KJaccupuKanuu n300pakeHu it HaMu Obla

Puc. 4. Knaccugurxayus uzobpasxcenuii 65x65 nuxceneti
memooom Random Forest Ha ochoge meKCmYpHbIX XapaK-
mepucmuk: Al, A2 — pacmenus, nopasicenuvie 6enoi nam-
Hucmocmuio u ux kraccuguxayus,; Bl, B2 —30oposbie pac-
MeHUs U UX K1AcCupurayust

Fig.4. Classification of 65%65 pixel images using the Random
Forest method based on texture features: Al, A2 — plants
affected by white leaf spot disease and their classification
results; Bl, B2 —healthy plants and their classification results

CE/IbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOTMM + Tom 19 + N2 + 2025

MCIIOJIb30BaHa MOJICJIb MAIIIMHHOT0 00yueHust Random
Forest. B kadecTBe MPU3HAKOB JIJIS TIOCTPOSHU S MOJIE-
Jii OBLIIM UCTIOJIb30BaHbI TPHU Pa3IMYHbBIX HAOOpa aH-
HBIX: KO3((OUIIMEHTHI OTPaXKEHMS Ha 5 CIIEKTPaIbHBIX
kaHanax; 10 BereTaliuOHHBIX UHIEKCOB; 31 TeKCTyp-
Has XxapaktepucTuka. Mcxomnasle nanHble ObLITN pa3ze-
JICHBI Ha 00YYAOIIYI0 U TECTOBYIO BEIOOPKH B ITPOIIOP-
musgx 80 u 20% cOOTBETCTBEHHO.

B kauecTBe METPHUKY OIIEHKHU Ka4eCTBA MOJIENIEH HC-
TMOJIb30BaJIaCk 00IIIasi TOUHOCTH Kiaccudukaruu (overall
accuracy), BBIYHACIsIeMas KaK IPOIEHT OTHOIICHU S
MPaBUIBHO KJIACCU(UITUPOBAHHBIX 00 BEKTOB K 00IIIe-
MYy 4nClly 00beKTOB. Pe3ysipraThl KiaccupuKaluu mpu-
BeJICHBI B mabauye 6.

Knaccugurxayus u kapmoepagpuposarnue uzobpa-
arcenuti. OOydeHHaAs HA OCHOBE TEKCTYPHBIX XapaKTe-
PHUCTUK MOJICITH ObLIIa IPUMEHEHA JIJ15 IOCTPOCHHUS Kap-
THI pacIIpOCTPaHEHUS TPUOHBIX 00JIC3HEH 3eMIITHUKH
Ha 3KcriepuMeHTanbHoM none. Ha pucynkax 4, 5 npen-
CTaBJICHBI TPUMEPHI KJIACCU(DUKAIIMN H300paKeHUH B
pa3IMYHBIX MaciTadax.

Puc. 5. Knaccugpurayus opmoghomonnana memooom Random
Forest na ocnoge mexcmypHvix Xapakmepucmux

Fig. 5. Classification of the orthophotomap using the Random
Forest method based on texture features

BbiBoakl. Ha ocHOBE SKCTIepHMEHTAIBHBIX TAHHBIX
MPOBE/ICH aHAN3 BO3MOKHOCTH OOHAPY KEHUS TpHUO-
HBIX 00JIe3HEH 3eMIITHUKH CaJI0BOM B TIOJIEBBIX YCIIO-
BUSIX C IPUMEHEHUEM MYJIBTUCIIEKTPAIbHBIX CEHCO-
POB M OECITMIIOTHBIX JIETATENbHBIX armnaparoB. Jiis
nuddepeHnnanuu 310pOBIX U MOPAXKEHHBIX Oeoi
M THUCTOCTBIO PACTEHH OBLIT HCTIONB30BaH AJITOPUTM
MarmuHHOTO 00y4ueHus Random Forest.

AGRICULTURAL MACHINERY AND TECHNOLOGIES + Volume 19 + N2 + 2025




LUA®POBIE TEXHONIOTAI. MCKYCCTBEHHII UHTEANEKT

[lomy4yennbIe pe3ynbTaThl TO3BOJISIIOT CAETATH BbI-
BOJIBI, UTO MOJIEIIH, IIOCTPOEHHBIE Ha CIIEKTPE OTpaxe-
HUS TUTH Ha Habope BereTallnOHHBIX WHIEKCOB, MMe-
FOT CIMIIKOM HU3KYIO TOYHOCTH KJIaCCU(UKAIIUH, HE
JOCTATOYHYIO JIIsl OOHAPYKEHUsI 3a00JIeBaHUI 3eMIIs-
HuKH. VCIIob30BaHUE TEKCTYPHBIX XapaKTEPUCTHK
MMO3BOJISICT IMMOBBICUTH TOYHOCTH MOACIH A0 77%, 4TO,
OJTHAKO, TAKXe SIBIIETCA HU3KUM TOoKa3aTeneMm. Bos-
MO’KHasi IPHYMHA HETOCTATOUHOM TOUHOCTH CIETyIOIIas.

BuauMbiMu ciMIITOMaMu TPUOHBIX 00JIC3HEH 3eM-
JISTHUKU SBJSIOTCA LIBETHBIE MSITHA HAa TUCTHAX pacTe-
HUi. PazMep naTeH cIMIKoM MeIKHil, 4TOOBI ITOBITH-
SITh HA CPETHUH CIIEKTP BCEro pacTeHus. bombimas
4acTh JIUCTA OCTAeTCs 3€JICHOT0 IIBeTa. TeM He MeHee,
NP HATMYUH TSI TEH BCE PACTEHHE CUUTAETCS 3a00TIeB-
ITUM, ¥ BCE TUKCETH IAHHOTO PACTCHHS KJIACCUDHITH-
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PYIOTCS, Kak OONbHEIE, B 00yYaroleil BRIOOpKe. DTUM
00BSICHSIETCS M HU3KAasi TOUHOCTH MOJIETIEH, TOCTPOCH-
HBIX TOJIBKO Ha CHEKTPE UJIM BEre€Tal[MOHHBIX HHACK-
cax, 1 0osee BBICOKasi TOYHOCTh MOJIENH, YUYUTHIBAIO-
el TEKCTYpPyY JHUCTHEB, T.€. IPOCTPAHCTBEHHOE
pacnpeneseHne IBeTa.

[peanaraempie My TH yIy4LICHAS TOYHOCTH MOJIETICH:

* UCIIOJIb30BAHUE CEHCOPA C BHICOKUM pa3pelleHu-
€M IIpU ChEMKE, TO3BOJISIIOIET0 KiIacCu(pUIUpOBaTh
HOIIUKCEIBHO OOJIBbHBIE U 3/10POBbIE 00JIACTH JIUCTHEB
3eMJISTHUKUY;

* IOCTPOEHHE MOJIENIN C UCTIOIH30BAaHUEM CBEPTOU-
HOU HEWPOHHOW CETH, YUUTBIBAIOLICH HAPS Y CO CIIEK-
TpaJbHBIMH XapaKTEPUCTHKAMU, TAKHUE TEKCTYPHEIE
XapaKTEePUCTUKH, KaK popMa M B3aUMHOE PACIOJI0Ke-
HUE MSTEH Ha JTUCThIX.

BUBIMOrPA®GUNYECKWIA CNUCOK

1. Weiss M., Jacob F., Duveiller G. Remote sensing for agricultural
applications: A meta-review. Remote Sensing of Environment.
2020. Vol. 236. N111402. DOL: 10.1016/ jrse.2019.111402.

2. Singh A., Jones S., Ganapathysubramanian B. et al. Challenges
and opportunities in machine-augmented plant stress phenotyping.
Trends in Plant Science. 2021. Vol. 26. N1. 53-69. DOL: 10.1016/j.
rse.2019.111402.

3. Oerke E.-C. Remote Sensing of Diseases. Annu. Rev. Phytopathol.
2020. Vol. 58.225-252. DOL: 10.1146/annurev-phyto-010820-012832.

4. Bock C.H., Barbedo J.G.A., Del Ponte E.M. et al. From visual
estimates to fully automated sensor-based measurements of
plant disease severity: status and challenges for improving
accuracy. Phytopathology Research.2020. Vol. 2. N9. DOI:
10.1186/s42483-020-00049-8.

5. YemkoBa A.®. O630p COBpEMEHHBIX METOI0B OOHAPYKEHHS H
uaeHTHUKaInu Ooe3Hel pacTeHNH Ha OCHOBE aHAJIM3a THIIEP-
CIIEKTpPaJIbHBIX H300pakeHnHt // Bagunosckuil dcypran cenemuru
u cenexyuy. 2022. T. 26.N2. C.202-213. DOL: 10.18699/VIGB-22-25.

6. YangG.,Liul., Zhao C. etal. Unmanned aerial vehicle remote
sensing for field-based crop phenotyping: current status and
perspectives. Front. Plant Sci. 2017. Vol. 8. N1111. DOI: 10.3389/
fpls.2017.01111.

7. Kyp6aunos PK., Ilenu FO.C., 3axaposa H.W. OcHOBHBIC TeH/ICH-
[IMH B Pa3BUTHHU TEXHONOTHHU a3pOPOTOCHEMKH CEITbCKOXO035 i~
CTBEHHBIX yronuil // Cenbckoxo3aiicmeeHHble MAUUHbL U MeX-
nonoeuu. 2025. T. 19. N1. C. 86-96. DOL: 10.22314/2073-7599-
2025-19-1-86-95.

8. Kytoipés A.U., Xopt H.0., Gununmnos P.A., enu 10.C. Mar-
HHUTHO-MMIYJIbCHAs 00paboTKa CeMsH 3eMIITHUKH CaJI0BOH //
Cenbcroxosaiicmeennvle mawunsl u mexronozuu. 2017. N5. C.
9-15. DOI: 10.22314/2073-7599-2017-5-9-15.

9. Nagaraju M., Chawla P. Systematic review of deep learning
techniques in plant disease detection. IntJ Syst Assur Eng Manag.
2020. Vol. 11. N3. 547-560. DOL: 10.1007/s13198-020-00972-1.

10. Benos L., Tagarakis A., Dolias G. et al. Machine learning in
agriculture: a comprehensive updated review. Sensors. 2021.
Vol. 21. N3758. DOL: 10.3390/ s21113758.

11. Lan Y., Huang Z., Deng X. Comparison of machine learning
methods for citrus greening detection on UAV multispectral

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONIOTMM + Tom 19 +N2 + 2025

images. Computers and Electronics in Agriculture. 2020. Vol. 171.
N105234. DOL: 10.1016/j.compag.2020.105234.

12. Albetis J., Jacquin A., Goulard M. et al. On the potentiality of
UAV multispectral imagery to detect Flaves cencedorée and
grapevine trunk diseases. Remote Sens. 2019. Vol. 11. N23. DOL:
10.3390/rs11010023.

13. Lenu 10.C., Kypbanos P.K., 3axaposa H.U. Pa3Butue cucrem
YIPABIIEHHS TOJIETOM K CPEJCTB a3p0POTOCHEMKH OECIIHIIOT-
HBIX BO3/IYIIHBIX CY/I0B CEIbCKOXO03AHCTBEHHOTO HA3HAYCHHS
Il Cenvckoxossiicmeennvie mawunol u mexronoeuu. 2024, T. 18.
N2. C.11-19. DOI: 10.22314/2073-7599-2024-18-2-11-19.

14. Li S., Yuan F,, Ata-UI-Karim S.T. et al. Combining color indi-
ces and textures of UAV-based digital imagery for rice LAI es-
timation. Remote Sens. 2019. Vol. 11. N1763. DOI: 10.3390/
rs11151763.

15. Guo A., Huang W., Dong Y. et al. Wheat yellow rust detection
using UAV-based hyperspectral technology. Remote Sens. 2021.
Vol. 13.N123. DOI: 10.3390/rs13010123.

16. Cockerton H.M., Li B., Vickerstaff R.J. et al. Identifying Ver-
ticillium dahlia resistance in strawberry through disease screen-
ing of multiple populations and image based phenotyping. Front.
Plant Sci. 2019. Vol. 10. N924. DOI: 10.3389/fpls.2019.00924.

17. Liao K., Yang F., Dang H. et al. Detection of eucalyptus leaf
disease with UAV multispectral imagery. Forests. 2022. Vol.
13. N1322. DOL: 10.3390/f13081322.

18. Zhang S., Li X., Ba Y. et al. Banana Fusarium wilt disease de-
tection by supervised and unsupervised methods from UAV-
based multispectral imagery. Remote Sens. 2022, Vol. 14.N1231.
DOI: 10.3390/rs14051231.

19. Sakamoto T., Ogawa D., Hiura S., Iwasaki N. Alternative pro-
cedure to improve the positioning accuracy of orthomosaic im-
ages acquired with agisoftmetashape and DJI p4 Multispectral
for crop growth observation. Photogrammetric Engineering &
Remote Sensing. 2022. Vol. 88. N5. 323-332. DOI: 10.14358/
PERS.21-00064R2.

20. Belgiu M., Dragut L. Random forest in remote sensing: A re-
view of applications and future directions. ISPRS J. Photo-
gramm. Remote Sens. 2016. Vol. 114.N24-31. DOL: 10.1016/j.
isprsjprs.2016.01.011.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 19 N2 - 2025

-



- MuT  LIMOPOBbIE TEXHONOTUN. UCKYCCTBEHHDIA MHTEAREKT
-

DIGITALTECHNOLOGIES. ARTIFICIAL INTELLIGECE

REFERENCES

1. Weiss M., Jacob F., Duveiller G. Remote sensing for agricultur-
al applications: A meta-review. Remote Sensing of Environment.
2020. Vol. 236. N111402 (In English). DOL: 10.1016/j.rse.2019.111402.

2. Singh A, Jones S., Ganapathysubramanian B. et al. Challenges
and opportunities in machine-augmented plant stress pheno-
typing. Trends in Plant Science. 2021. Vol. 26. N1. 53-69 (In
English). DOI: 10.1016/j.rse.2019.111402.

3. Oecrke E.-C. Remote sensing of diseases. Annu. Rev. Phyto-
pathol. 2020. Vol. 58. N225-252 (In English). DOI: 10.1146/
annurev-phyto-010820-012832.

4. Bock C.H., Barbedo J.G.A., Del Ponte E.M. et al. From visual
estimates to fully automated sensor-based measurements of
plant disease severity: status and challenges for improving ac-
curacy. Phytopathology Research.2020. Vol. 2. N9 (In English).
DOI: 10.1186/s42483-020-00049-8.

5. Cheshkova A.F. A review of hyperspectral image analysis tech-
niques for plant disease detection and identification. Vavilov
Journal of Genetics and Breeding. 2022. Vol.26. N2. 202-213
(In English). DOI: 10.18699/ VIGB-22-25.

6. YangG., LiuJ.,, Zhao C. et al. Unmanned aerial vehicle remote
sensing for field-based crop phenotyping: current status and
perspectives. Front. Plant Sci. 2017. Vol. 8. N1111 (In English).
DOI: 10.3389/fpls.2017.01111.

7. Kurbanov R.K., Tsench Yu.S., Zakharova N.I. Major Trends in the
Development of Aerial Photography Technology for Agricultural
Lands. Agricultural Machinery and Technologies. 2025. Vol. 19.N1.
86-96 (In Russian). DOI: 10.22314/2073-7599-2025-19-1-86-95.

8. Kutyrev A.L, Khort D.O., Filippov R.A., Tsench Yu.S. Magnet-
ic-pulse treatment of garden strawberry seeds. Agricultural
Machinery and Technologies. 2017. N5. 9-15. (In Russian). DOL:
10.22314/2073-7599-2017-5-9-15.

9. Nagaraju M., Chawla P. Systematic review of deep learning
techniques in plant disease detection. Int J Syst Assur Eng.
Manag. 2020. Vol. 11. N3. 547-560 (In English). DOI: 10.1007/
s13198-020-00972-1.

10. Benos L., Tagarakis A., Dolias G. et al. Machine learning in ag-
riculture: a comprehensive updated review. Sensors. 2021. Vol.
21.N3758 (In English). DOI: 10.3390/ s21113758.

11. Lan Y., Huang Z., Deng X. et al. Comparison of machine learn-
ing methods for citrus greening detection on UAV multispec-

Kondaukr nnrepecon
ABTODBI 325BIISIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB.

3asiBJIeHHBIH BKJIa]] COABTOPOB:

YemkoBa A.D. — mocTaHOBKA ITPOOIEMBI, aHATH3 TATEPATY -
HBIX HICTOYHUKOB, 00pa00TKa U aHATN3 IKCTIEPUMEHTAITb-
HBIX JJAHHBIX, BBIOOD 1 00y4eHKe MOIEIH, (OPMUPOBAHUE
BBIBOJIOB, pa00Ta C TEKCTOM CTaThH;

Pukcen B.C. — HayuHOE KOHCYIBTHPOBaHUE, TPOBEIEHHE KC-
HEPUMEHTA.

Asmopul npouumanu u 0000pULU OKOHUAMETbHYIL BAPUAHMN

PpYKOnucu.

CraThs IOCTYNNHJIA B PeIaKIUI0
CraTbs NIPUHATA K NY0JIMKANH

CE/IbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOTMM + Tom 19 + N2 + 2025

The paper was submitted to the Editorial Office on
The paper was accepted for publication on

tral images. Computers and Electronics in Agriculture. 2020.
Vol. 171.N105234 (In English). DOI: 10.1016/j.compag.2020.105234.

12. Albetis J., Jacquin A., Goulard M. et al. On the potentiality of
uav multispectral imagery to detect Flaves cencedorée and
grapevine trunk diseases. Remote Sens. 2019. Vol. 11.N23 (In
English). DOI: 0.3390/rs11010023.

13. Tsench Yu.S., Kurbanov R K., Zakharova N.I. Evolution of flight
control systems and aerial photography in unmanned agricul-
tural aircraft. Agricultural Machinery and Technologies. 2024.
Vol. 18.N2. 11-19. (In Russian). DOL: 10.22314/2073-7599-2024-
18-2-11-19.

14. Li S., Yuan F., Ata-UI-Karim S.T. et al. Combining color indi-
ces and textures of UAV-based digital imagery for rice LAI
estimation. Remote Sens. 2019. Vol. 11. N1763 (In English). DOL:
10.3390/rs11151763.

15. Guo A., Huang W., Dong Y. et al. Wheat yellow rust detection
using UAV-based hyperspectral technology. Remote Sens. 2021.
Vol. 13. N123 (In English). DOI: 10.3390/rs13010123.

16. Cockerton H.M., Li B., Vickerstaff R.J. et al. Identifying Ver-
ticillium dahlia resistance in strawberry through disease screen-
ing of multiple populations and image based phenotyping. Front.
Plant Sci. 2019. Vol. 10. N924 (In English). DOI: 10.3389/
1pls.2019.00924.

17. Liao K., Yang F., Dang H. et al. Detection of eucalyptus leaf
disease with UAV multispectral imagery. Forests 2022. Vol. 13.
N1322 (In English). DOI: 10.3390/f13081322.

18. Zhang S., Li X, Ba Y. et al. Banana Fusarium wilt disease de-
tection by supervised and unsupervised methods from UAV-
based multispectral imagery. Remote Sens. 2022. Vol. 14. N1231
(In English). DOIL: 10.3390/rs14051231.

19. Sakamoto T., Ogawa D., Hiura S., Iwasaki N. Alternative pro-
cedure to improve the positioning accuracy of orthomosaic ima-
ges acquired with Agisoft Metashape and DJI P4 Multispectral
for crop growth observation. Photogrammetric Engineering &
Remote Sensing. 2022. Vol. 88. N5. 323-332 (In English). DOIL:
10.14358/PERS.21-00064R2.

20. Belgiu M., Dragut L. Random forest in remote sensing: A review
of applications and future directions. ISPRS J. Photogramm.
Remote Sens. 2016. Vol. 114. N24-31 (In English). DOI: 10.1016/;.
isprsjprs.2016.01.011.

Conflict of interest
The authors declare no conflict of interest.

Coauthors’ contribution:

Cheshkova A F. — problem statement, literature review,
experimental data processing and analysis, model selection
and training, drawing conclusions, and drafting the article
manuscript;

Riksen V.S. — scientific consultation and experimental work.

The authors read and approved the final manuscript.

03.04.2025
20.05.2025

AGRICULTURAL MACHINERY AND TECHNOLOGIES + Volume 19 + N2 + 2025




