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U cKyCcCTBEHHBIN HHTEJICKT B HAYKAaX 0 )KU3HU
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peau3yIoTCsl POEKThI, CBA3aHHBIE C NPUMEHEHHUEM HC-
KyCCTBEHHOT'O MHTEJIJIEKTA B HAyKaX O )KU3HH.

C 2016 r. B JIUT pa3BuBaeTcs cucTeMa yIpaBiIeHUs
nannbivu poekra UNECE ICP Vegetation [1], yyacTu-
KH KOTOPOTO COOMPAaOT 00pa3iibl MXa U UCIOJB3YIOT pa3-
JIMYHBIE AaHATIUTHYECKHE METO/IbI, B TOM YHCIIE U HEWTPOH-
HbIIl aKTHBAallMOHHBIN aHanu3 Ha peaktope WBP-2 JIHD
OUSIN, 4TOObI MOTYYUTH JAHHBIE 110 COJEPIKAHHIO B BO3-
JIyXe TSDKEJIBIX METaJlIOB, a30Ta, CTOMKHX OpraHHMYeCKHX
COCJIMHEHUI U paauoHyKInI0B. BoOpasiias B cebs HO-
BbIC TEXHOJIOTUHM W HAKOIMBIIAS OI'POMHBIA MacCHB JIaH-
HBIX, CETOJIHSI CHCTEMa IIepepociia B MHTEIUICKTYaJIbHYIO
iardopmy. Harpumep, MoOMIIbHOE TPHIIOKEHHE TT03BO-
JISIeT YIPOCTUTh MHpolecc cOopa M MPOBEPKH JaHHbBIX,
a Juis Kiaccuukanuy n300pakeHUi 1 IPOTrHO3UPOBaHHS
3arpsi3HEHUI 110 JaHHBIM JIUCTAaHLMOHHOIO 30HIUpPOBa-
HUsI 3eMIIM aKTMBHO MCIOJIB3YIOTCSI MOJENU TITyOOKOro
obyuenusi. [lnardopma nmocrpoeHa Ha MHUKPOCEPBUCHOM

ApXUTEKTYpe, 4TO MO3BOJISIET ONEPAaTUBHO PACLIMPSTH €€
(byHKLII/lOHaHI)Hble BO3MOKHOCTH, aBTOMAaTU3UPOBATH OIIC-
PpalOHHBIC 3a4a4U U Pa3BUBATh 6.]'101( AHAJIUTHUKU.

B 2017 r. rpynna Hay4HbIX coTpynHukoB JIUT Bbiu-
rpajia rpant PO®U Ha pa3paboTKy KOMIUICKCHOH CHUCTe-
MBI TMATHOCTUPOBaHUS 00JIC3HEH paCTeHHUH 10 H300paske-
HUSIM M TEKCTOBOMY OIHCaHHIO.

JIpOHBI ¢ runepcrneKkTpaibHbIMUA KaMEPaMU HaJl 1101~
MH, POOOTHI C OOBIYHBIMHU KaMepaMy B TEILTHIIAX, KAMEpBbI
BBICOKOI'O Pa3pelIeHus], yCTAHOBICHHBIE B BEPTUKAIbHBIX
(dbepMax, MPUIOKEHUST B CMapT(OHE, MO3BOJISIOIINE I10
¢dororpaduu onpenenuts 0oNE3Hb pacTEHUH, — BCE 3TO
cerofHsi crayio peaiabHOCThIO [2, 3]. Celiuac momoOHbIC
TEXHOJIOTHH MEHSIOT CEJIbCKOE XO3SIMCTBO TaK jKe, Kak
B XX B. 3TO JiesiaJid TPaKTopbl 1 koMmOaiHbl. 1i1st Toro, uTo-
OBl MPOKOPMHUTH PACTyIllee HACEJICHHE 3eMIIU, HeO0OXOIu-
Mo k 2050 1. Ha 70 % yBeIMYUTH MPOU3BOJCTBO MPOTYKTOB
nutanus. Mcronp3oBanue Pa3INIHbIX yCTpOﬁCTB BMECTEC
C TCXHOJOTHUAMU HCKYCCTBCHHOI'O MHTCIIJICKTA IMO3BOJIA-
€T YBEJIMYUTh YPOXKANHOCTh U MMUHUMU3UPOBATh IIOTEPU

A. V. Uzhinskiy

Artificial Intelligence in Life Sciences

For several years, projects related to the application
of artificial intelligence in life sciences have been imple-
mented at the Meshcheryakov Laboratory of Information
Technologies.

Since 2016, the data management system of the
UNECE ICP Vegetation project [1] has been developed at
MLIT. Its participants collect moss samples and employ
various analytical methods, including neutron activation
analysis at the IBR-2 reactor of FLNP JINR, to obtain data
on the content of heavy metals, nitrogen, persistent organic
pollutants and radionuclides in the air. Having incorporat-
ed novel technologies and accumulated a huge amount of
data, the system has evolved into an intelligent platform.
For example, the mobile application simplifies the data
acquisition and verification process, while deep learning
models are actively used to classify images and predict
pollution from Earth remote sensing data. The platform

is built on a microservice architecture, which enables to
quickly enhance its functionality, to automate operational
tasks and develop the analytics unit.

In 2017, a group of MLIT researchers won a grant of
RFBR to elaborate a comprehensive system for diagnosing
plant diseases using images and text descriptions.

Drones with hyperspectral cameras over fields, robots
with conventional cameras in greenhouses, high-resolution
cameras installed in vertical farms, smartphone applica-
tions that allow detecting plant diseases from photos — all
this has become a reality today [2,3]. Such technologies
are transforming agriculture in the same way as tractors
and combines did in the 20th century. To feed the grow-
ing population of the Earth, it is needed to increase food
production by 70% by 2050. The use of different devices
together with artificial intelligence technologies enables
to boost yields and minimize losses in agriculture. The
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B CEIIbCKOM X03s1iicTBe. Hannune onbITHBIX CIIEIManncTOB
B 00IacTH HEHPOHHBIX CETell W MAITMHHOTO OOy4eHHs, a
TaKK€ COBPEMEHHBIE BBIUMCIUTEIBHBIE PECYPCHI AETAI0T
JINT npuBnexaTeapHOM Uil pealu3aliuyd COBMECTHBIX
MIPOEKTOB B CEITLCKOM XO3SIHCTBE.

Brum paszpaboransl mnargopma (pdd.jinr.ru) u mo-
o6mmsHOe mpmioxenue DoctorP (puc. 1), HampaBieHHBIE
Ha pelIeHHe 3a/1ad JUArHOCTUPOBAHUS U OIPEICICHUS
Oone3Hel TOMaNIHuX U CeITbCKOXO3IHCTBEHHBIX PACTEHUI
ITyTEeM HCHOIB30BAaHMUS COBPEMEHHBIX METOJ0B 00paboT-
KH TpaduygecKoil M TEeKCTOBOM MH(OPMAIH Ha BBICOKO-
MIPOU3BOIUTENBHBIX BBIYMUCIUTENBHBIX HH(PACTPYKTY-
pax [4]. B macrosmiee Bpems B ruraTopMe €CTh MOICIH
Jutst 30 cenbCKOX035ICTBEHHBIX M AEKOPATUBHBIX KYIBTYP:
Oapbaprca, BHHOTpajia, BUIIHHU, TOTyONKH, KITyOHUKH, KY-
Kypy3bl, OTYpPIIOB, MEpLia, MIIEHUIBI, CMOPOJUHBI, TOMa-
TOB, XJIOTKA, S0JIOK, OpXuAeH, po3 u T. 1. Obmas Moaens
JUTS BCEX BHJIOB PacTEHHUH pacmo3HaeT 68 kiaccoB 6ones-
Helt u Bpeauteneil. B 6a3e cobpano ceeime 6000 n3o00pa-
xkernit. C Hagana 2023 1. mmargopmoii 66110 00paboTaHo
6omee 80 000 3ampocoB monp3oBareneid. s onpeneneHus
ONITUMAJIBHBIX MOAXOJ0B K OOyUSHHIO MOjeseil KoMaHaa
pa3pabOTUYNKOB MOCTOSIHHO TECTUPYET pa3lIW4HbIE CO-
BpPEMEHHBIE apXUTEKTYPbl HEHPOHHBIX CETEH, MOIUTHUKI
ayrMEHTAlNH JJaHHBIX ¥ (PYHKIIMH MUHUMH3ALUH TTOTEPB.
Bce 510 mo3BosIgeT TOOUTHECS CTATUCTUYECKON TOYHOCTH

mozueneit B 97 % [5]. Mcnons3oBars uHTepdeiic miardop-
MBI MOTYT BC€, HAUMHAs! OT CIIEIMAINCTOB arpOXOJIMHTOB
Y 3aKaHYMBAs HAYMHAIOMIMMH CaJ0BOIAMH, JJISI KOTOPBIX
HEMaJIOBAXXHOW 0COOEHHOCTBIO IIPOTPAMMBI SIBIISIOTCS pe-
KOMEHAINH TI0 JICYCHNIO PAaCTEeHNH, Bepru(HINPOBaHHbIE
npodeccHoHaTbHBIMU arPOHOMAMH.

HeiipocereBpie Momenu pdd.jinr.ru mCTONB3yrOTCS
B coBMecTHOM mpoekre ¢ HIIMY «Arporexnomoruu Oy-
nIymiero» Ha 0a3ze TWUMHPSA3EBCKOW aKaIeMHH I OTCIe-
JKMBAaHWS BIIMSIHUSL OCBEILICHUS HA Pa3BUTHE PACTECHHH.
HccnenoBanus B JaHHOM HalpaBICHUH Ha OCHOBE OLICHOK
MapaMeTpOB Pa3BUTHS, TIOIyIAEMBIX OT MOJIEIIH, TO3BOJISIT
10100paTh ONTUMAIILHBIE CXEMBI TI0 OCBEILICHUIO, TIOJIUBY,
MUTAHUIO W TIPOYUM aCHEKTaM BBIPALIMBAHUS CEIbCKOXO0-
3STUCTBEHHBIX KYIBTYD.

B npyrom mpoexrte ObIT peaqn30oBaH KOMOMHHUPOBAH-
HBIIl adrOpuTM KOHTPOJS CallaToB, BBIPAIIMBAEMBIX Ha
KOHBeHepHBIX JieHTax. Ha mepBoM aTame ams oOHapyxe-
HUsI 00BEKTOB HCIIONIb30BANIaCh HEHPOCETEeBast ApXUTEKTY-
pa Ha 6a3e YOLO, mocie 9ero mpon3BOANIACE KITaCCH(H-
Kall¥s CalaToB C MCIOJIb30BAHHEM CIIEIUATM3UPOBAHHBIX
Mozenei. Takoil Mmoxxox MO3BOJMMI 3HAYMTEIBHO COKpa-
THUTb U3JIEPKKH HA PA3METKY JaHHBIX, IPU 3TOM TOYHOCTh
kiaccupukam gocturia 99 %.

B coBmectHOM mnpoekte ¢ kommnaHuen «Jloka —
T'ernpie TexHomormm» pa3pabaThIBAIOTCS MEXaHU3MBI
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Fig. 1. Examples of DoctorP platform interfaces
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Puc.2. a) N3o0paxkeHus, MOIyYeHHBIE ¢ KAMEPBI, YCTAHOBICHHON Ha CEIbXO3TEXHUKY, U 00pabOTaHHBIC MOAECIBIO IS OMPEACTICHUS
OostesHeil kaprodens. b) Busyanusaius mogoOpaHHOTO MHJEKCA, TIOKA3BIBAIOLIAS PA3HUIYY MEXIY OOJbHBIMH Y-BUPYCOM (BEpXHHE
1300paXeHUs ) ¥ 30POBBIMH (HIDKHHE H300paKeHNUs) PACTCHUAMH
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Fig.2. a) Images obtained from a camera installed on agricultural equipment and processed by the model to define potato diseases.
b) Visualization of the fitted index showing the difference between Y-virus diseased (top images) and healthy (bottom images) plants

presence of experienced specialists in the field of neural
networks and machine learning, as well as advanced com-
puting resources, makes MLIT attractive for the imple-
mentation of joint projects in agriculture.

A platform (pdd.jinrru) and a mobile application
DoctorP (Fig. 1) were developed, which are aimed at solv-
ing the tasks of diagnosing and detecting the diseases of
domesticated and agricultural plants using state-of-the-art
methods of graphic and text information processing on
high-performance computing infrastructures [4]. At pres-
ent, the platform has models for 30 agricultural and orna-
mental crops: barberry, grapes, cherry, blueberry, straw-
berry, corn, cucumber, pepper, wheat, currant, tomato,
cotton, apple, orchid, rose, etc. The general model for all
plant species detects 68 classes of diseases and pests. The
database contains over 6000 images. Since the beginning
of 2023, the platform has processed over 80000 user re-
quests. To define optimal approaches to training models,
the development team steadily tests various advanced neu-
ral network architectures, data augmentation policies and
loss minimization functions. All this enables to achieve a
statistical accuracy of the models of 97% [5]. Everyone
can use the platform interface, from specialists of agricul-
tural holdings to novice gardeners, for whom an essential
feature of the program is recommendations for plant treat-
ment that are verified by professional agronomists.

The neural network models of pdd.jinr.ru are em-
ployed in a joint project with the World Class Research

Centre “AgriTechnologies for the Future” on the basis
of Timiryazev Academy to monitor the effect of lighting
on plant development. Research in this area will make it
possible to select optimal schemes for lighting, watering,
nutrition and other aspects of growing crops relying on the
estimates of development parameters obtained from the
model.

A combined algorithm for monitoring lettuces grown
on conveyor belts was implemented in another project.
At the first stage, a neural network architecture on top of
YOLO was utilized to detect objects, and afterwards let-
tuces were classified using specialized models. This ap-
proach enabled to significantly reduce the cost of data la-
beling, while the classification accuracy reached 99%.

Mechanisms for detecting potato diseases are elaborat-
ed in a joint project with Doka-Gene Technologies. Since
one of the company’s major goals is to grow high-quality
seed, disease detection is crucial, especially in the early
stages. Studies are conducted in several directions at once
(Fig.2). To detect problems in fields, software and hard-
ware complexes are employed, which are installed on agri-
cultural equipment and shoot with high-resolution camer-
as operating in the visible spectrum. To search for patterns
that allow detecting diseased plants even before visible
symptoms emerge, studies using hyperspectral images are
carried out. Different versions of neural network models
for image classification involving one-shot learning ap-
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OTIpeNeNIeHUs]  Pa3NUYHBIX  3a00JIeBaHUHA  KapTodes.
ITockonbKy OHA U3 OCHOBHBIX 33/1a4 KOMIIAHUH — BBIpa-
IIMBaHHE BBICOKOKAYECTBEHHOTO CEMEHHOTO MaTepuaa,
ompeneneHne Oone3Hel, 0COOCHHO Ha paHHUX CTaIHsX,
MMeeT KPUTHUECKH BaXKHOE 3HaueHue. MccienoBanus Be-
IyTCs cpa3y B HECKOJBKUX HampaBieHusx (puc.2). s
OTIpEAEIECHNsI TPOOIEM Ha IMONAX HCIOIB3YIOTCSA IPo-
rpaMMHO-aIMapaTHble KOMIUIEKCH], YCTaHABINBAEMbIE Ha
CaHMTAapHbIE MAIIMHbI ¥ MIPOU3BOJSIINE CHEMKY Ha KaMe-
PBI BBICOKOTO Pa3pelieH s, padoTatoye B BUAMMOM CIIEK-
Tpe. i1 moucka 3akOHOMEPHOCTEH, MO3BOJISIFOIIMX OIpe-
JeTSITh OONbHBIE PACTEHHS €Il /10 MOSBICHUS BHIMMBIX
CHMITTOMOB, ITPOBOJISITCS UCCIEOBAHNS C HCIIOTb30BAHHU-
€M THUIEPCIEeKTPATBEHBIX N300paskeHni. TeCTHPYIOTCS Kak
pa3IUuHbIE BAPHAHTHI HEHPOCETEBBIX MOJEIEH /IS Kiac-
CUpHUKAAN W300paXEHUH C HCIOJIB30BaHUEM one-shot
learning moAX0I0B, TaK M CTATHCTUYECKHE aJTOPUTMBI JIJIS
paboTHI HA YPOBHE MTUKCEIEH.

Eme oaHO HampaBieHUE HCCIEAOBaHUH — aBTO-
MaTU3alysl aHalIn3a COCTOSHUS PACTEHUI B TETIMYHBIX
xoMIutekcax. OCHOBHOMH 3a/1aueii MpoeKTa SIBISETCS yIIPo-
IIEHUE PYTUHHBIX ONEpaIfii arpOHOMOB U IIPEROCTaBIIE-
HHE UM YIOOHBIX MHCTPYMEHTOB ydeTa U MOHMTOPHHTA.
B xozxe peamm3anum pa3pabaTsiBacTCsi aBTOHOMHAsI po00-
THU3WUpOBaHHAS TUTaTGOpPMa, CIOCOOHAs TIEPEIBUTATHCS TI0

proaches, as well as statistical algorithms for working at
the pixel level, are tested.

Another area of research is the automation of analysis
of the condition of plants in greenhouse complexes. The
main objective of the project is to simplify the routine op-
erations of agronomists and provide them with convenient
accounting and monitoring tools. During the implemen-
tation, an autonomous robotic platform capable of mov-
ing on various types of surfaces, recording indicators of
interest and shooting at a height of more than four meters
is developed. The main challenge in greenhouses is track-
ing, localizing and detecting pests in the early stages of
their manifestation, which entails the elaboration of neural
network models and algorithms for object classification,
segmentation, detection, and tracking.

The platform continues to develop. The database is
supplemented with user images and thereby enhances the
accuracy of the models. In the future, the ability to process
video streams, models for defining the shortage of basic el-
ements (nitrogen, phosphorus, calcium, iron, etc.), as well
as tools for generating recommendations for growing and
monitoring the development of the most popular agricul-
tural crops, will be added to the platform.
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Pa3IUYHBIM THIIAM TTOBEPXHOCTEH, (PMKCUPOBATh WHTEpPE-
CYIOIIME TIOKa3aTelN U MPOU3BOIUTH CHEMKY Ha BBICOTE
6omnee 4 M. B Temnmuiiax 0CHOBHOM TIPOOIIEMOH SIBISIOTCS
OTCIJIC)KMBAHUE, JIOKATM3ALMUS U WACHTH(UKAINS Bpenu-
Teslell Ha PaHHMUX CTaAWsIX UX MPOSABIEHHS, UTO TpeOyeT
pa3paboTKN HEHPOCETEBBIX MOJACIECH M aNTOPUTMOB IS
KIaccu(UKaIH, CerMEHTAIlNH, OOHApY>KeHHS W OTCIIe-
JKUBAaHUS OOBEKTOB.

[Tmardopma mponomwkaeT pa3BuBaThCs. baza maHHBIX
TMIOTIONTHACTCS. CHUMKAMH TI0JIb30BATENIE U TEM CaMbIM
yAy4IIaeT TOYHOCTh Moneneii. B mepcrektrse B mmatdop-
My OyayT 100aBICHBI BOZMOXXHOCTH 00pabOTKH BHUAEOTIO-
TOKa, MOZIECJIH JJIs OTIPEIICTICHHUS] HEXBAaTKH OCHOBHBIX 3J1€-
MEHTOB (a30T, (pochop, KaIbIHii, KeIe30 U T.11.), a TAKKe
cpencTBa (pOpMHUPOBAHUS PEKOMEHIALMH 110 BBIPAIINBA-
HUIO ¥ OTCIIC)KUBAHHIO Pa3BUTHs Hanboiee BocTpeOoBaH-
HBIX CEITbCKOXO3SIHCTBEHHBIX KYIBTYD.
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