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Momusayua u yenvp: OnHa W3 aKTyaJbHBIX NMPOOJEM B KPYHHBIX arpOXOJNJUHIax —
MOHUTOPHUHI TIOCEBOB MJIsI BBISBJICHHS TPUOHBIX 3a00JI€BaHUM M OYaroB COpPHOU
pactuTenbHOCTU. 3a00JIeBaHUs 36PHOBBIX, BHI3BAHHBIC MATOTCHHBIME TPHOaAMH, MOTYT
CYIIECTBEHHO CHM3UTb  YPOXANHHOCTb  CEIbCKOXO3SIMCTBEHHBIX KyIbTyp. UM
MOJBEPKEHBl MHOTHE KYJIbTYphl. 3a00JieBaHHE TPYIHO KOHTPOJIUPOBATH B OOJBLIMX
MaciTadax; MOHUTOPHHT TTOCEBOB MOMOTAeT BBISIBUTH 3a00JI€BaHUS M OYard COPHOU
pPacTUTEIBHOCTH Ha paHHEW CTaguu M TPUHATH MEphl MO IPEeIOTBPAIICHUI0 HX
pactpoctpanenus. llens pabGoTel — pa3paboTka MeToJa Ha OCHOBE aHalIM3a
n300paKeHUH AJ11 MOHUTOPUHTA 'PUOHBIX 3a00JI€BaHUI U COPHBIX PACTCHUH B ITOJIEBBIX
YCIIOBUSIX.

Memoowr u ancopummsi: OqauM U3 3GGEKTUBHBIX METOAOB MOHMTOPHHIA SIBIISETCS
uaeHTuUKanKug 3a00NeBaHW Ha OCHOBE aHaim3a NH(PPOBBIX H300paKeHUH C
BO3MOYKHOCTBIO TIOJTYYEHHsI UX B TOJIEBBIX YCIIOBHSX, C MCIOJIH30BAHUEM MOOMILHBIX
ycTpoicTB. B pabore mpemyiokeH MeTOZ pacno3HaBaHHS IISITH TPUOHBIX OoJe3Her
1Mo0eroB y 371akoB (JIMCTOBasl pKaBuMHA, cTeOJieBas pXKaBUMHA, KENTas prKaBUMHA,
MYYHHCTasl pOca ¥ CENITOPHO3) KaK OTIENIbHO, TaK U IPH MHOKECTBEHHOM 3a00JI€BaHUM,
C BO3MOKHOCTBIO BBISIBIICHHS CTAIIH pa3BUTHS pacTeHus. beut copmupoBan Habop u3
2414 u3o0paxxeHuit TPHOKOBBIX 3a00JI€BaHUH MIIICHULIB, TSI KOTOPBIX ObLIA MMPOBEIcHA
9KCIEpPTHAs MapKUpOBKa 1o Tumy 3aboneBanus. bonee 80 % nzobpakenuii B Habope
JIAaHHBIX COOTBETCTBYIOT METKaM OJIHOT0 3a00s1eBaHus, 12 % mnpeacTaBiaeHb! 310POBBIMU
pacteHusiMH, a 6 % H300paskeHUH NpEeACTaBIEHbl HECKONBKUMH 3a0oneBaHusMH. B
nporecce CO3JaHMsd JaHHOro Habopa OblI  NPUMEHEH METOA YMEHbLICHUS
BBIPOXICHHOCTH OOy4alolluX JaHHBIX Ha OCHOBE aJIrOpUTMa XEIIMPOBAHHMS
M300paKeHHH.

s ompeneneHuss OYaroB COPHOW  PACTHTENIBHOCTH B IIOJIEBBIX — YCJIOBHSX
ucnons3oBach BITJIA s monydeHHus TeonmpoCTPaHCTBEHHBIX PACTPOBBIX (haillioB.
MeToapl KOMITBIOTEPHOTO 3PEHUS A PEKOHCTPYKIIMU KapThl IJIOTHOCTH TOCEBOB U
ompeieNIeHUs] KOHTYPOB KyJIbTYPHBIX M COPHBIX PACTEHUH.

Pesynomamei:  beut  chopmupoBan Habop u3 2414 wu300pakeHWH TPUOKOBBIX
3a00JIeBaHUil MIICHUIIBI, JUTSI KOTOPBIX OblLIa MPOBEAeHA IKCIEPTHAs MapKHUpPOBKa IT0
tuny 3abosieBanus. bonee 80 % wu300pakeHuii B HAOOpE HaHHBIX COOTBETCTBYIOT
METKaM OJHOTO 3abosieBaHus, 12 % mpeacTaBieHBl 310POBBIMH pacTeHusiMH, a 6 %
M300pakKeHUH TPEACTaBICHbl HECKOJBKHUMH 3a0oieBaHHAMU. B mporecce cozmaHus
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JAaHHOTO Habopa ObUI MPUMEHEH METOJ YMEHBIIEHHS BHIPOXKACHHOCTH O0yYaroImux
JAaHHBIX HA OCHOBE aJITOPUTMA XEIINPOBAHHS H300paKeHUH. ANTOPUTM Paclio3HABAHUS
3aboneBanuii ocHoBan Ha CNN ¢ apxutextypoii EfficientNet. Hanmnyu4myro TouHocTs
(0.942) moka3anma ceTb cO cTpareruei OOydeHHs, OCHOBAHHOW Ha [OMOJHCHUU H
nepeaaye cTuied u3oOpaxkeHnid. MeTol pacno3HaBaHHs peajn30BaH B BUAE 00Ta Ha
wiatrdopme Telegram, KOTOpBIil MO3BOJISAET MOJIB30BATENISIM OIIEHHBATH PACTCHHS 10
N300paKECHHUIO B MOJIEBBIX YCIOBUSIX. Habop TaHHBIX H MOJIEITh BEUIOXKEHBI B OTKPBITHIH
nocrtym Ha caite http://wfd.sysbio.ru.

Jnst Monumropunra moyedi u mnpumeHenus bBIIJIA Hamu paspaborana cucrema
SeedlingsNet 1 aBroMaTHUeCKOW OLIEHKH KOJIMYeCTBa BCxomoB Ha RGB
n3o0pakeHusx mnoneit B ¢dopmate GeoTIFF  paspemienmem  1-2 cm/mukc.
Wnentudukanms BCXOJOB IIMPOKOPSAHBIX TOJEBBIX KYJIBTYP OCYIIECTBISCTCS C
TOYHOCTHIO Ootee 95 % 1o cpaBHEHHIO ¢ pydHOU HaeHTH(puKanmen BcxoqoB. Kommanus
«["eocAnpoy TUTaHUPYET WCTIOJTb30BaTh MOJTYYeHHBIN WHCTPYMEHT
https://geosaero.ru/seedlingsnet xa mossix kinneHToB B 2024 T.

Buisoowi: B xone paboThl ObUTa JOCTHTHYTA MOCTABJICHHAS 1I€JTb, 3aKJIIOYAIOIIASCS B
pa3paboTKe TOYHOrO aBTOMATHMYECKOrO MeEToJa s MOHHTOPWUHra TPUOHBIX
3a00JIeBaHUN M COPHBIX PACTCHMI B IOJICBBIX YCJIOBUsAX. VICHOIB30BaHHE JTaHHOTO
METO/JIa BOCTpeOOBaHa WHAYCTPUCH IS MOBBIIICHUS 3()PEKTUBHOCTHU TUIAHTAI[IOHHBIX
pabor.

Qunancuposanue: Pabora BbIONHEHA 32 cueT (UHAHCUPOBaHUS KypdaToBCKOTO
reHomMHoro Inentpa ®deaepanpHoro wucciemoparenbckoro rentpa HUIull CO PAH,
corjamenue ¢ MuaHCTEPCTBOM 00pazoBanus u Hayku PD Ne 075-15-2019-1662.
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Motivation and Aim: One of the urgent problems in large agricultural holdings is
monitoring of crops to identify diseases and centers of weed vegetation. Cereal diseases
caused by pathogenic fungi can significantly reduce crop yields. Many crops are
susceptible to them. The disease is difficult to control on a large scale; monitoring of
crops, helps to identify diseases and weed centers at an early stage and take measures to
prevent their spread. The aim of the work is to develop a method based on image analysis
for monitoring fungal diseases and weeds in the field.

Methods and Algorithms: One of the effective methods of monitoring is the identification
of diseases based on the analysis of digital images with the possibility of obtaining them
in the field, using mobile devices. In this paper, a method for recognizing five fungal
diseases of shoots in cereals (leaf rust, stem rust, yellow rust, powdery mildew and
septoriosis) both individually and in multiple diseases, with the possibility of identifying
the stage of plant development. A dataset of 2,414 images of fungal diseases of wheat
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was generated, for which expert labeling by disease type was performed. More than 80 %
of the images in the dataset correspond to single disease labels, 12 % are represented by
healthy plants, and 6 % of the images are represented by multiple diseases. In the process
of creating this dataset, a method to reduce the degeneracy of the training data based on
an image hashing algorithm was applied.

In order to identify weed hotspots in the field, UAVs were used to acquire geospatial
raster files. Computer vision methods were used to reconstruct the crop density map and
determine the contours of cultivated and weed plants.

Results: A dataset of 2,414 images of fungal diseases of wheat was generated, for which
expert labeling by disease type was performed. More than 80 % of the images in the
dataset correspond to single disease labels, 12 % are represented by healthy plants, and
6 % of the images are represented by multiple diseases. In the process of creating this
dataset, a method to reduce the degeneracy of training data based on image hashing
algorithm was applied. The disease recognition algorithm is based on CNN with
EfficientNet architecture. The best accuracy (0.942) was shown by the network with a
learning strategy based on augmentation and transfer of image styles. The recognition
method is implemented as a bot on the Telegram platform that allows users to evaluate
plants from an image in the field. The dataset and model are publicly posted and
available at http://wfd.sysbio.ru.

For field monitoring and using UAVSs, we have developed a system SeedlingsNet for
automatic estimation of the number of sprouts on RGB images of fields in GeoTIFF
format with a resolution of 1-2 cm/pix. ldentification of seedlings of wide-row field
crops is carried out with an accuracy of more than 95 % compared to manual
identification of seedlings. GeosAero plans to use the obtained tool
https://geosaero.ru/seedlingsnet in the fields of its customers in 2024,
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