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Industry 4.0

The term “Industry 4.0"” is used to signify the beginning of the fourth industrial revolution — the previous
three being mechanical production, mass production, and then the digital revolution. It could be argued that

Industry 4.0 is simply an amalgamation of the three previous eras in manufacturing, but Industry 4.0 is
poised to be much more impactful than that.

Industrial Internet of Things (lloT), Automation, Artificial Intelligence, Big Data & Analytics, The Cloud,
Cybersecurity, Simulations, Robotics, Smart manufacture, Mobile devices, Smart manufacture, etc.
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Environmental Concerns

The environmental problems like global warming, acid rain, air pollution, urban sprawl, waste disposal, ozone layer
depletion, water pollution, climate change and many more affect every human, animal, and nation on this planet.

Over the last few decades, the exploitation of our planet and the degradation of our environment has gone up at an
alarming rate. As our actions have been not in favor of protecting this planet, we have seen natural disasters striking
us more often in the form of flash floods, earthquakes, blizzards, tsunamis, and cyclones.




Air pollution

Air pollution has a significant negative impact on the various
components of ecosystems, human health, and ultimately,
causes significant economic damage.

More than nine out of 10 of the world’s population — 92% — lives
in places where air pollution exceeds safe limits, according
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k There are regional and international environment control
N - F programs. They use different techniques and tools but as

- " a result, they all want to understand what is the current
situation and how it will evolve.




|ICP Vegetation

The aim of the UNECE International Cooperative Program (ICP) Vegetation in
the framework of the United Nations Convention on Long-Range Transboundary
Air Pollution is to identify the main polluted areas of Europe, produce regional
maps and further develop the understanding of the long-range transboundary
pollution. Atmospheric deposition study of heavy metals, nitrogen, persistent
organic compounds (POPs) and radionuclides is based on the analysis of
naturally growing mosses through moss surveys carried out every 5 years. The

program is realized in 43 countries of Europe and Asia. Mosses are collected at
thousands of sites
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Since 2014 the JINR Frank Laboratory of Neutron
Physics sector of neutron activation analysis is the
coordinator of the ICP Vegetation program



The platform

Samples collection Samples analysis Data analysis Data presentation Prediction/Controle
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Since the launch of the first version of the platform, a mobile application has been developed to simplify the process of
collecting and verifying data, deep learning models for image classification and pollution prediction based on remote sensing

data, various functional blocks implemented in a microservice architecture to automate a number of operational tasks, and
the analytical capabilities of the system are also expanded.




DMS

The Data Management System (DMS) of the UNECE ICP Vegetation was developed at the Laboratory of Information
Technologies and consists of a set of interconnected services and tools deployed and hosted at the Joint Institute for
Nuclear Research (JINR) cloud infrastructure. DMS is intended to provide its participants with a modern unified system of
collecting, analyzing and processing of biological monitoring data.
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DMS. Atlas 2015-2016
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Modeling - Motivation & Benefits

Modelling of air pollution can be a good option for overcoming gaps in
the data gathering.
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- partly automate the environment control process.
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Machine learning (Supervised learning)
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Satellite progre
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Google Earth Engine

Google Earth Engine combines a multi-petabyte catalog of satellite imagery and geospatial datasets with planetary-
scale analysis capabilities. Scientists, researchers, and developers use Earth Engine to detect changes, map trends,
and quantify differences on the Earth's surface. Earth Engine is now available for commercial use, and remains free

for academic and research use.

Your Algorithms Real World Applications

Satellite Imagery

Earth Engine provides easy, web-based access to an extensive catalog of satellite imagery and other geospatial data in
an analysis-ready format. The data catalog is paired with scalable compute power backed by Google data centers and
flexible APIs that let you seamlessly implement your existing geospatial workflows. This enables cutting-edge, global

scale analysis and visualization.



Reduce

Aggregate everythingin a
collection

"Reduction"

Examples

Summed area over all
features

Median-pixel composite
Train a classifier

Google Earth Engine



Google Earth Engine

There are more than 100 satellite programs and modeled datasets. Google Earth Engine has JavaScript
online editor to create and verify code and python APl to communicate with user's applications.

Landsat (15-30m Resolution)  Modis (250-500m Resolution)  Sentinel (250-500m Resolution) The M0D11A2 V5 average 8-day
land surface temperature (LST)in a

Google Earth Engine  Search places and datasets Eenlsd em 8 i i
_ 0 . S 1200 x 1200 kilometer grid.
b Wi e’ o ieo Specify program and time-period to get a collection of images,
ok i for example, program — *“MODIS/006/MODogA1” from 2013-06-
[ - 3 15 to 2013-08-15 (the period relevant for in situ biomonitoring).
e ~ve | \ : e o Then, define the analyzed area, for example, a square kilometer,

with center at the coordinates where sampling was performed.
During the satellite data collection, under the bands (channels)

CONCEPTUAL SCHEMA OF INDEX CALCULATION

N e e s alwm of the median image, we execute some mathematical functions
s — | =105 ) ) )
% LS s (max, min, median, etc.) and get the numerical values.

¥ e 3 :
e i'_ﬂ . St 13 \\ Certain area band values

Image of the satellite program
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Results on the regional level
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| ocal level

The goal of this study was to facilitate the highly resolved mapping of the presence of potentially toxic elements in the
air of an urban area, which is typically characterised by high and variable pollution. +to check whether model can keep
appropriate accuracy during long time period.
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Figure 1. Moss bag biomonitoring across the Belgrade urban area; maps of the sampling
sites during two seasons: (a) summer (urban, suburban and green zones) and (b) winter
(U-urban sites, GZ-green zones)
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Flgure 3. Concentratlon ofCu in the summer of 2013 (Belgrade): a) real measurements
and b) prediction values; area A represents central part of Old Belgrade with permanently
high traffic flow; area B represents a large railway terminal
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Flgure 4. Concentratlon of Cuin the wmter season 2013/2014 (Belgrade)
a) real measurements, and b) prediction values; area A represents an old city
core highly polluted in winter season
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Figure 5. Concentration of Cu in Belgrade: a) biomonitoring measurements in the summer of 2013, and b) prediction for 2018



Draft maps (model trained on Full data)
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- More than 4900 sampling sites

- Information about tens elements
- Satellite images of tens programs
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Approaches:

Regression and classification (priority) tasks
Data balancing methods

Statistical models (learning trees, boosting, etc)

Deep Neural Networks models
etc.
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Machine learning and neural networks

g We use the information on 73, 53, and 156 samples from the
(NP S Vladimir, Yaroslavl, and Moscow regions gathered in 2018 -
s o 2019.
The indices are gathered based on data from 13 programs for
ot % () . : [l . . . . .
R N S R : 281 sampling sites, and their linkage with the concentration of
coie i oL et oL o 18 heavy metalsiis verified. Altogether g HMs, i.e., Al, Fe, Sb,
BRs e 3% Delipmane ol Na, Sc, Sm, Th, Th, and U, look very prospective for modeling.
ST N e Y We examine three approaches: Gradient Boosting, Multilayer
AP R perceptron, and Siamese network.

Ryazan

Input feature vector 1 MmLp Embeddings
- .
— -] *] o hl
e
Acc si Acc ai Acc si Acc ai 3 \
0.92 0.93 0.94 0.94 \ [— Similarity layer Activation  Similarity
4 Euclidean distance Sigmoid || 0.95
0.92 0.92 0.89 0.92 Shared weights (h1,h2)
: . : . MLP Embeddings
Input feature vector 2 h J
0.93 0.93 0.93 0.94 .
e
< . = h2
Table 2. Mean accuracy of the models. GB is gradient boosting. MLP is the \,
multilayer perceptron. SNN is the Siamese neural network. Acc Si is the accuracy

on the selected indices. Acc Al is the accuracy on all indices.
Siamese network architecture



Results (2019 — 2020)
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Sb contamination prediction for 2019 (left) and 2020 (right)

The lockdown in Russia that lasted for approximately 1.5 months imposed different limitations. Most of the limitations

restricted the movement activities of the population. According to the official statistics, industrial production in Russia

from the past, by the end of 2020.

decreased by 2.9%
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Results (High spatial resolution)

opulation is increasing at a fast pace.
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ublished information reveals, there are about
12.5 million habitants in Moscow. Therefore

the Sb contamination level there is bound to

be very high.
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The map also reveals clusters of hot spots in

large cities, such as Tula
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High spatial resolution of the SNN model prediction of Sb contamination

rather clearly,

I

and federal freeways are seen
on the map.

’

Computer Optics 2023;

Uzhinskiy A.; Vergel K.; Central Russia heavy metal contamination model

based on satellite imagery and machine learning,
47(1): 137-151. DOI: 10.18287/2412-6179-C0O-1149.
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Alert System for Algal Bloom

,"‘0 ? A~ v B Geomey

B

NODCI

0.2 0.15 03

Concentration of Chla

[ |
0 50 100

Bloom
. Non-Bloom

| Bloom
TSI Classes

W oigo

Meso

[l Eutrophic
Super

W Hyee

Download Chi-a

mports

d NOCI load Bloom Class Download TSI Class @

Display image

Satéine Gray

lon: -46.727 lat: -23.675

®

Chla: 13.50 NDCI: -0.08

TyTOpuaa Ha Bble3gHOM ceMuHape PIY

© ®.0: 06 -

AlgaeMAp

Ntorng Mg

-46.727

BASIN: ALTO TIETE

-23674 Zoom

Temporal Analysis

Show mean Chla

Show mean NDCI

«Hay4yHo-nccnegoartenbckasn geatenbHoctb OUNAN», 5-7
Aekabps 2023

npoBeAeHne 4eMOHCTPALMM Ha OCEHHEMN it-LuKoae No

MHPopMaLnoHHbIM TexHonornam OUNAW, 16 — 20 October

2023

TyTOopman Ha XXVI JlIeTHe Hay4YHOW LLIKOJ1e MOJIOA,bIX
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Soil Mapping and Classification
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[1naHbl: NporHo3npoBaHne 3arpasHeHns Bo3ayxa ¢ ncnonb3osaHmem Google
Earth Engine ¢ akueHTomMm Ha PM 2.5 u netyumne coegmnHeHuns (CO, SO2, NO, ...)
No AaHHbLIM CTaHUWN KOHTPOSIA YNCTOThI BO3ayXa



Ilcnonb3oBaHMe COBPEMEHHbLIX CPEACTB aBTOMAaTU3aUNN U
MalWMNHHOIO O6yLIeHl/IFI ANA HY>XX] CEJIbCKOTIO X03AMCTBA
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Advanced technologies in agriculture

* |oT, sensors,

* remote sensing,

* big-data analysis,

* robots,

e drones,
 digitalization,

* artificial intelligence,

* etc.

There are also many interesting projects in chemistry-, biology-, genetic- and other areas

Animal husbandry is very interesting area with great impact of advanced technologies, but it is out of scope of the report!



Artificial intelligence in agriculture

Soil management,
problems detection,
crop health monitoring,
yield prediction,

price forecasting,

yield mapping,

optimization of pesticides
and fertilizers usage,

etc.
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One-shot learning with triplet loss for vegetation classification tasks
A.V. Uzhinskiy, G.A. Ososkov, P.V. Goncharov, A.V. Nechaevskiy,
A.A. Smetanin, Computer Optics, ISSN:ISSN 0134-2452, 2021




Plant state tracking

Joint project with the Temiryazev Academy within the framework of the
project World-class Scientific Center "Agrotechnologies of the Future”

Kamepa

* Classification of the degree of
development of the plant.

* Determination of the weight
group of the plant.
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Salads classification

Object detection — 1 class
Classification — 6 classes

Accuracy > 99%

M. Gerasimchuk,A. Uzhinskiy, Food Recognition for Smart Restaurants and Self-service
cafes, Physics of Particles and Nuclei Letters, 2024, Vol. 21, No. 1, pp. 79-83
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MaccuBbl AaHHbIX 415 06y4eHMA U TeCTUPOBaAHUA GOPMUPYIOTCA KaK B YCNOBUSAX NPOM3BOACTBEHHbIX y4acTKOB (RGB Kamepbl pasmeLaroTca Ha MHCNEKLUMOHHbIX
MaLLMHAX arPOHOMOB), TaK U B KOHTPOIMPYEMbIX YcnoBUAX Ha cTeHae (RGB, runepcnektpanbHaa kamepa u VisNIR cnektpomeTp).




Potatoes disease (Doka-Gennyye Tekhnologii)

Hyperspectral cameras
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Pucynok 1. M3o6paxenne 1000x1000 (cnesa cBepxy), 50x50 B 80M kanaze (cnpaBa
cBepxy). 50x50 B 60M kaHare (cieBa cHu3y). 50x50 B 110M kaHane (crpaBa cHH3Y)

Mean cross-wvalidation score:
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ArponpomblLIEHHbIM
xonauHr «3KO-Kynbtypa»

AO «ArpokombuHaT
«HOKHbINY

00O «Arpo-UHBecT»
000 «Arpokrynbtypa lpynn»
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KomnaHuna «boTaHuKa»
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HoBocnbupcKkas obnactb, ApocnaBckaa ob6nacTb,

CmoneHckasa obnactb, Pecnyb6anka Kpbim 89,8
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Bonrorpaackas obnactb 68
BopoHexkckaa obnactb

Bonrorpaackan obnactb
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[TnaHbl: npoaoJixKeHme nccnegoBaHnn B obnactu UCnonb30BaHUS COBPEMEHHbIX
cpeancteB aBTomMmatn3aumm N MallMHHOIO O6yquVIFI And Hy>X CEJIbCKOIro XO35UCTBA
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Advanced Technologies and Artificial Intelligence in Agriculture

Alexander Uzhinskiy, AppliedMath, ISSN:2673-9909, 1130:MDPI, 2023

NCKYCCTBEHHBIN MHTENIEKT B CE/IbCKOM X035IMCTBE

AnekcaHdp Yucurckud, OTkpbiTble cucteMbl, ISSN:1028-7493, N34:0OTKpbITbie CUCTEMBI, 3, 20-23, 2023
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e 10.34thTask Force Meeting of the ICP Vegetation, ICP Vegetation, ,
PREDICTION OF AIR POLLUTION BY POTENTIALLY TOXIC ELEMENTS BY COMBINING SATELLITE IMAGERY, MOSS BIOMONITORING DATA AND
MACHINE LEARNING: LIMITATION AND PERSPECTIVES, Uzhinskiy A., 2021
11. gth International Conference "Distributed Computing and Grid Technologies in Science and Education" (GRID "2021), JINR, Dubna, Russia
Intelligent environmental monitoring platform, Uzhinskiy A., 2021

e The 35th ICP Vegetation Task Force Meeting, virtual meeting 21st - 23rd February 2022:
- Moss Survey Data Management System
- Central Russia heavy metal contamination model based on satellite imagery and machine learning

e The 6th International Workshop on Deep Learning in Computational Physics, Dubna July 6-8, 2022:
- Google Earth Engine and machine learning for Earth monitoring

e 2nd Online UNEP Research Symposium on Air Pollution “*Online Expert Group Meeting on Review and Analysis of Air Pollution Trends in the Asia-
Pacific Region, virtual meeting 9.10.2022:

- Remote sensing and machine learning advances for air quality monitoring

e The 36th ICP Vegetation Task Force Meeting, virtual meeting 13th-15th Feb, 2023:
- The future of air quality monitoring

e  GRID'2023 Distributed Computing and Grid-technologies in Science and Education 3-7 July 2023

- Artificial Intelligence in Agriculture

* PYKOBOACTBO AMCCEPTALMOHHbIM Kaybom JINT ONAN
* PYKOBOACTBO NPOEKTHOW AeATeNbHOCTb CTYAEHTOB YHUBepcuTeTa AybHa n UT-wkonel OUAN,

* YTeHWe SieKunI, NpoBeaeHMe AeMOHCTPaL M, TYTOPMAJIOB M CEMUHAPOB Ha HAaY4YHbIX LIKOAX U KOHpepeHLNsAX B
Pa3/INYHbBIX YHUBEPCUTETAX U MHCTUTYTaXx.



Cnacmbo 3a BHMMaHume!



ABTOMaTM3aums B chepe Npojaxun TOBAPOB U YCAYT C UCMOJIb30BAHNEM 3/1€KTPOHHbIX KaCCUPOB M KOHCY/IbTAHTOB
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METOAbI U cpeacrtBa UCKYyCcCTBeHHOro MHTeNJieKta U aBToOMaTuU3auumum
ANA pelwleéHNAd Hay4YHbIX U NMPUKJagHbiX 3aja4

NHTennekTyarnbHbIE CUCTEMbI SKONOMMYEeCKOro MOHUTOPUHra
ACKyCCTBEHHbIN MHTENMEKT U OpraHn3auns JaHHbIX B CENbCKOM X034UCTBe
ABTOMaTU3aLMA NpoLecca NpoaaXxu ToBapoB U YCIyr C UCMOMNb30BaHNEM 3MNEKTPOHHbLIX KACCUPOB

lecbposmau,mq n onTuMn3auund yrnpasreHnda gaHHbIMU B NMPon3BOACTBE KapTOHA
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