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O MaWKWHHOM Oby4YeHUN 1 ero NPUMEHEHNM K 3a4a4aM GU3NKU
BbICOKMX 3Heprumn. Ocockos A, 15.10
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1. Pacno3HaBaHume 6ose3Hen n npobaem B pa3BuTMKM pacTeHUN

2. KOHTpOAb 3arpsA3HeHMs TAXEeNbIMU MeTasi1aMun



(1) EMORESEK LD

(1) LnagaUeLzan
_= _ (1) AEWLIOp
o aVu all) | P&
W a2n=z=
o S w0 << m | IR
OFs058 e
O LL LI =5 LAFeE
N°$°83
e LIBpES
BIYERILS
G
WE LLAIA[]
SRURIALEN
aaLEl
pu=ju4
BIRED
ELsnY
snKio
el
uEds
= A By
M pLE|
- BRI
C
e £ e
O efE= oo o [l— 5 m S
(- BB o= ool o= o
) Mol o= el 5 b
o Bl JB—el=cl= T I pLeRd
o EeEeeE=cmem=em= S g 33839
@) cE—e = o= ool o= c £ eLebing
N/ M=ol o= olioli=oll= U FILRLIaY
O g8
(© a3 -
m Eg s 2 a g 2 2 = =

eurostatil

=05 =2020

Soovce Evrcetal (oning data coder nama_10_afG4_g|

(' 2019,



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.



Where to find data?
https://rshbdigital.ru/startups

BUTpUHA
CTapTanos

TwaTeNbHO 0TO6PaHHAA U CTPYKTYPUPOBAHHAA camas

https://t.me/svoe_fermerstvo

https://t.me/agrotech_startup

nonHan 6asa arpoTexHonorm4yeckmnx CtapTanos, KoTopas
6yﬂ€T nosie3Ha nHBecTopam, MHHOBAaUWOHHbLIM ZIngepamMm un

https://t.me/fermerznaet

CaMuUM CcTapTanam.

Mbl oueHmMBaem CTapTanbl no cobcTBeHHOM yHHKBﬂbHOﬁ
MeToauke D8171T|1P1FOBSF1l1F|, OCHOBbIBAACb Ha U'I}JGOKOﬁ

6aHKOBCKOWM 3KCNepTu3e

OB30P PbIHKA ArFPOTEXHONOIMMA

(BKJIIOYAA FOODTECH) MO MTOFAM 2022 rOOA

SddeKTUBHbIE OTEYECTBEHHDbIE NPAKTUKU HO
- : 6Q3e TEXHONOMMM MCKYCCTBEHHOIO

$PeKTUBHBIE " o€
RIS IACISCHHbIS TIRCH Y WMHTENNEKTA B CENbCKOM XO35MCTBE

MCKYCCTBEHHOro
.  MHTennexkTa

01.06.2023




From Top to bottom - soil & crop management

https://www.aerospace-agro.com/

https://onesoil.ai/

We study territories and cultures using information and aerospace Helps to remotely monitor the condition of land, crops, increase
technologies in order to increase the yield and revenue of the enterprise. yields, reduce the cost of seeds and fertilizers
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Commercial programs

HOR K Crops- Alifields-  2020-

2020, 2021, 2022

il number of fields

22.9K
Size+
4.2M
1M
623.4K
Other 189.9K
Gra 75.8K
Cotton 30K
Sunflower 21.8K
© sorghum 10K
Rice 22K
® sugarbs 16K
@ Whe 24038

Open programs. 10 -15 m resolution

"Teleagronom" - InnoGeoTech, Innopolis University, etc
TERRA TECH presented a complex of geoservices "DigitalEarth"



Geoscan

Geoscan is a Russian group of companies engaged in the development and production of unmanned aerial
vehicles (UAS), as well as the development of software for photogrammetric data processing and 3D
visualization

Sputnik AgroGeoinformation system
focused on solving the problems of
precision farming.




AssistAgro

AssistAgro is a digital platform for effective agribusiness management

a o = LT e—

AssistAgro allows one to solve the following tasks:

- forecast of emergence and development of weeds;

- calculation of the density of the condition and the quality of
the placement of crop plants;

- forecast of occurrence and development of diseases of
agricultural plants;

- forecast of the emergence and development of pests of
agricultural plants;

- obtaining recommendations on the optimal dates for
agroscouting, pesticide application, tank mix composition and
consumption rate;

- yield forecast;

- independent field status control




Sure, there are lots of foreign
companies with same functional!

https://www.taranis.com/

https://www.fermata.tech/

CREPTIMUS

CROPTINMNUS

And many others




SiberianTiger — field robot (project stopped)

JaTuynkun
8

JaTtumk TemMnepaTypbl NOYBLI Ph meTp noyssl

JaTtymnk BNaXKHOCTU NOYBLI [aTyumK CONEHOCTU NOYBbLI

aTeKTopa U Knaccudukaropa

P.s. MeTtoa obyuyeHus c nogkpenneHuem. Baseline Ha keras c YoloV3




Autonomus agro-robots

https://ravenind.com/ omnipower-3200

Case Il Magnum (concept)
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Cognltlve Technologies (https://cognitive.ru/)

- Hasinstalled artificial intelligence (Al)-based autonomous control systems
for agricultural transport on more than 1,000 combines in Russia.

Since the spring of 2023, the systems have been installed on more than 100
tractors in Russian agricultural enterprises from Pskov to Blagoveshchensk.
They are serially equipped with tractors "Kirovets" at the St. Petersburg
Tractor Plant.

According to experts, the cost of such a complexis no more than 5-10% of
the total cost of the machine. Using the system allows you to increase labor
productivity up to 25%, save fuel (7%) and other resources.
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Harvesting robots
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Controlled environment farming

iFarm (https:/fifarm.fi/)
var 38 B

https://city-farmer.ru/),
Healthy garden (https://healthygarden.ru/)

Foreign companies: GreenlLabs, Plenty, Pure Harvest Smart Farms iFarm n T.4. 14


https://city-farmer.ru/

https://farm.bot — plants printer




What about LIT activities?



Specialization

Classification = 2osiicalion 0ot Detection s
+ Localization

Segmentation

~ ¥ -

CAT, DOG, DUCK CAT, DOG, DUCK

- Py
Y

Single object Multiple objects

* Choosing the optimal architecture and mechanisms to solve the problem

» Developing a pre-built solution, training models, and implementing a software environment based on proven
approaches and methods

* Choosing the equipment and creating devices to support the operation of the models
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Palnts disease detection platform

J=

Mobile application

TensorFlov docker

Black rot

GPU cluster  Server

9 Web portal )

Scientists

PDDP consists of a set of interconnected services and tools developed, deployed and hosted with the help of the JINR
cloud infrastructure. Our web-portal (pdd.jinr.ru — old. Doctorp.org - new), was developed with the Node.js and PHP. It
provides not only a web-interface but also the API for third-party services. We have the Pytorch model in the Docker
realized as a Tensorflow serving. The model can work at the virtual server, or at a GPU cluster.

We have a mobile App for Android that was developed using the Flutter, so we could build it for iOS, and Windows.

18



PDDP database

OpXueu, ToMaTbl, KIy6HuKa.
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Web-portal, telegram-bot, AP, woare. e

bot

/L * DoctorP - your plants docto

O npoexTe MNpunoxerne MonpoGoears Kynutypsl Bonezhn Komanpa Lingpbt Ny6Ennkaumn Baza

MonyyeH dann!
BepoATHee Bcero 3To: Mo3auka .

VIp,eT o6paboTKa ...

Haw6onee BEpPOATHbIE BapuaHThbl . -

Oapema
Mosanka - ofHo M3 cambix i pycan, wepen [ http://usrbb‘ru/botalnlka/t imgs/diseases
MexXaHW4ecKue NoOBpeXAeHUs, NoYBY U CeMeHa. BbIABHTD, KEKMM MMEHHO BUPYCOM 3apaXeHo pacTeHue, HenpocTo, OAHaKo UﬁILMM 2.

[NA BCEX BUAOR MOZaUKU Ha OpraHax pacTeHus Genbix WNN 2eNeHbIX NATEH

"error":O,

"general predictions=": (i

"e II.II ._rr
type":"poza",

"orediction™: O]

"name": "Mo=zamxa"
"sample":"http:

1.jpg",

— JIMCTEA

"description":"<p>3To

=afoNeEaHME BMDY¥CHOT'O

W, GopM Bnepabie CUMNTOMBI MO3aHKN SbINH OBHapyXeHbl B XIX BeKe Ha NNaHTaUMAX noﬂposHee 2 _QLhn ://usrbb.ru/botainika

WUCTbAX BAPYT ApKHe , OpraHbl p cTanu TepATb GOpMY, H 6ONbHOM KYCT CO BpeMeHeM fbtdESC.DhD?d |d='] 4'] &Ianq=ru
n 22 HUM 3360NeNW COCEQIHME PACTEHWA, W BCKOPE BCA NNAHTALMA CTaNa HEMPUroAHa ANA BIDALUMBAHUA Tabaka. |

e y «TabayHan uwnu TabaKar. |

[PEHOCYMKK BMpYCa NpW €CTECTBEHHOM pPacnpocTPpaHeHWn — BpPefHbIE€ HAaCcEeKOMbIE: TNA, UWKAAKK, KMEWNn, TpUncel,

MaToAbl. OHKM NUTaTCA pacTi COKaMH u, NUTaTENBHY K na2 paCTEHHﬁ,

T Bupyc. OH COXpaHAETCA B MEPEeHOCYMKEe B TEYEHWE HECKONbKMX YacoB M MONajaeT Ha 3/J0pOBOE pacTeHue Mpu
W BPeMTeNs K HOBOMY CTOYHUKY MUTaHMA.
bAvTenei uHbEKLMA PAZHOCHTCA Yepes MbiNbLly, CEMEHa, PACTUTENbHbIE OCTATKN U COPHAKM.

v GonesHb NpM  BEreTaTHBHOM ecnm W
NY6HU, YEPEHKK, MOABOM W NPHUBOH. [aXe MPU HeyAa4HOW MPUBMEKE, ECA HE MPOU3OLIO CPACTAHMUSA, MHpEKUMA
nacTs & 3A0p TKaHH. , UTO 3ap p T 6bICTPEe Ha TPABAHUCTBIX PACTEHMAX, YeM Ha

nerue Ha MONOABbIX, YEM Ha CTapbIX 3K3EMNNAPEX.
[pocTpaHeHMe MPOMCXOAMT C MOMOWbBIO C3J0BOre WHBEHTAPA: MPMBMBOYHOTO HOXE, CEKAaTopa M HOXHML Npu
06pesKu, Koraa nr ux 1MI0,

paxaeT orypuel, ToMatsl, nepqm Kanycry A6N0HI0, pefuc, KapTodenb, CMOPOAMHY, @ TakKe UBeThl.

lopakeHHble BUPYCOM Ta6auHOM MO3aMKM, CMacTW HEROIMOXHO. B HacTosulee Bpems noKa HeT cpeqcTe,
Junx o36yauTENA MHpEKUMM a3 U HaBceraa.

poTHE GonesHu ABNAIOTCA NPEAYNPEANTENLHBIMK. [NaBHAA 3a4a4a — YKPEMUTL 3aLUMTHBIE CUNbl PACTEHMH, TaK Kak
, PeXAe BCEro, CaMble cnabble N3 HUX. He MeHee paxkHa 60pb6a ¢ BPeANTENAMU-NIEPEHOCUHKAMM BUDYCa.

Ka

€HUM MePBEIX NPU3HAK0E 6e3 NPOME/IeHNs YAanaTk ¢ yyacTka TaK KaK 6bICTPO
a 3/10poBbIe KYCTBI. HaCTHUYHOM 0BPE3KOI GONbHBIX IMCTLER, NOGErOB He CAEPHATE PACTIPOCTPAHEHUE BUPYCa;

b CeMeHa ¢ 6ONbHBIX PACTEHNTT;

on cpokK KYNbTYp W oA LBETOB Ha OfJHOM MecTe — 2-3

€ NNLHKX NOGErOE, NAckIHKOBAHUN TOMATOR O6PaGaTBIBaTE CaAOBbIA HHCTPYMEHT: CEKATOPbI, HOXM — CRHPTOM AW %
apranLoBKH; [annbl ’

http://usrbb.ru/botainika/diseases

Nessage 2

NHdopmaums PacnosHatb [o6aButb
0 NMpoeKkTe 60/1e3Hb $oTo 6onesHu

[MomouYb NpoekTy

[ ® <

- FASCO company with the HoGa application.

- The Plant Care Service from the Russian Agricultural Bank

Several organizations have already been granted test access to our API.

- Andijan Institute of Agriculture and Agrotechnics of the Republic of Uzbekistan

have utilized our APl in their respective applications, which focus on describing

plant diseases and pests.

20



Mobile App

Google play: "DoctorP”. * Only android version is available

10:594 © = Ll Sl o 222080 - Bl Sl @D # Lol 224309852 - B all Sl @4 Lol 243980 ¢ Bl Sl @ #

X DoctorP & PesynbTatbl & HexBaTKa 3/eMeHTOB

MpuBer, a2 DoctorP!
KOPHEBYIO, MO3TOMY CYCTS HEAENIO HYXHO
OGIM,VWI nporHos nposecTyn KopHesyto: 20-30 r MOYEBUHbI Ha BeAPO
B80/bl. BMeCTO a30THOro y06peHns Ans KOPHEBO
NOAKOPMKM MOXHO UCMONb30BaTh KOPOBAK MU
NTUYKII NOMET, pasBeféHHble B paboyeit
KOHUeHTpaumu: 1:10 1 1:20 COOTBETCTBEHHO.
KopoBsik unu1 NoMET ycBanBaloTcA NocTeneHHo, a
MWHepanbHoe yaobpeHue nogencTayeT 6bicTpee,
NO3TOMY, eCNM Npo6nemMa o4eHb CepbésHas, To
CHayana nyJlue UCNonb3oBaTb MUHEpanbHoe
yAo6peHue.
CnepyeT y4ecTb U TO, Kak XOpoLLIO NoAUBatoTCs
orypubi. Ecnv noysa cyxas, To pacTeHUs He CMoryT
MCNONb30BaTb 3aM10KEHHbIe B Helt NUTaTeNbHble
BellecTsa.

£ noMoraio onpeaensTs 60/1e3HN No
dortorpadpusam. Bce 4To BAM HyXHO
caenaTs - choTorpaPpuposaTh
60NbHOE PACTEHME UK BBIBPATL €70

4 U

HexsaTka anemeHToB

U30BPAXEHME C YCTPONCTBA.

Orypub!
Hepocratok docdopa.

Monopbie NMCTbA TeMHO-3eN1EHOrO LiBeTa, a CTapble
NINCTbS NPUOBPETAIOT FPASHYIO CepO-3eNeHyio
oKpacky. BnocneacTeum Ha nnacTuHke nucta
nosBAAIOTCA 6oNbluMe HePaBHOMEPHO

pacnpep XenTo-Kop nAaTHa. OHn
CTaHOBATCA HEKPO3HbIMM U 3aCbIXaloT. JIUCT BeCb
CMOpLUMBAETCA, Kpasi 3a0CTPAIOTCA U 3arubatoTcs
BBepx. Ha nnoaax ocobbix NpusHakos AeduumnTa He

B HacTosiLLee Bpems 1 yuychb,
MO3TOMY: MOTY GHANUBMPOBATL
TONBKO HEKOTOPbIE BUMbI 1 6ONE3HM,
HO CO BPEMEHeM MosiBUTCS Gorblie
PACTEHUIA U 6ONEe3HEN.

Bonblue uHpopmMaumm o npoekTe

HO HaLeM caiTe b = HaBniopaetcs.
HexBaTka aneMeHTOB MepoHocnopos MposieneHus HegocTaTKa docopa:
+ 6ONbIUMHCTBO 3aBA3EN onagaer,
BHHOI’paA * OCTaslwueca nnofbl Menkue, HeBKYCHble, ropyart,

* NUCTBa NPUOGPETAET HACbILEHHO-3ENEHYI0
OKPacKy ¢ 6ypoit KaiMOM Mo KpasM NUCTbeB.

Yetp i1 TKa Ta.

MpuKopHeBble NOAKOPMKM ENCTBYIOT BbicTpee, YeM
ONpbICKMUBaHNA NO AUCTY. KycTbl nonusatoT
MoHodochaTom kanus (15 r Ha 10 1 KUAKOCTH) UK
pacTsopomM cynepdocdarta (5 CT. n Ha BeApO BOAbI).

TyT Bbl MOXETEe HaWTH QAKTyanbHbie
CoBeTbl No yxo[ny

Hepocrartok Kanus.
I'Ipu HexBaTKe Kanua Monojble NUCTbA

S

@ oTNPABUTL Xnopo3 3popoeble

\
- CooblueHue f
Npodpuns Cosetsl A0
UTOre pacnpoCTPaHAETCA Ha MEXOKUIKOBbIE TKaHMU.
= O} < e @ < o O] | = O] <

The user has the opportunity to photo a diseased plant and get a prediction for the disease and treatment suggestions.
It is possible to download images from device store.
The application requires access to the Internet to work.

We can run the model on the mobile device directly (we have tried it) but models changing too often.



Server side

3apaecTByiiTe, ANeKcaHAp VAHHCKHIT

TTons30BaTemE PeromeRanEn

Omcanne/JIeuere:

Kynerypey/Bonezaa

3apaecteyiire, Tarbana Kapéxuna

3anpOCH! HOMBE3BOATENeH

Jobaeuth

T o

Opxiien - AHTPaKHO3

[ B

3anpocm monb30BaTeNeit

Onncanne:

Paragraph v B I @ Z i Z|= =@ ¢ BvBEvy © Q.Source

3adoneBaHHe aHTPAKHOZ OTHOCHTCA K Paspaly HHOEKUHOHHBIX. BozdyauTems — rpuds! poxa Colletorrichum. BeTpedaeTes HECKOIBKO TIOAEE
* Colletotrichum gloeosporioides mopakaeT IPERMYIIECTECHHO HaTeHONCHE:

* Colletotrichum orchidearum u Colletotrichum boninense — KaTTieo;

* Colletotrichum karstii u Colletotrichum crossandrae — Baszy :

* Colletotrichum coccodes n Colletorrichum crassipes — THMOEIHYM.

Ha passeX copTax IIEeTKa 507Ie3Hb NpoABIAeT ceda mo-pasHoMy. CHMITTOMEI 3aBHCAT OT CTPYKTYPEI H TONMITHHEI THCTheE. Ha aHTpakHo3 MO
YKa3hIBATh:

* cyXHe Geneckle IATHA Ha THCTBAX OpXHIeH:

* KOPHYHEERIC IIATHA,

* 9€pHAA IIATHHCTOCTD, NOCTENIEHHO CBETACIOMIAA.

* KpYTUIBIe TIOTYIIedKH criop (Gerble, pOzOBkIe, KeTsle, Gypsle) — HOARIAIOTCA CO BPEMEHEM.

TIATHA aHTPAKHO32 IIOCTENEHHO YBETHIHBAIOTCA H CTHBAOTCA.

AHTPAKHO3 Pa3BHEAeTCA B Pe3yIbTaTe HEQHIHPOBAHHA. CIIOpEI TPHOOE JIeTKO IePeHOCATCA TI0 BO3AYXY, NONATAI0T Ha PYKH, OJEKIY, HHCTPY
paboTe ¢ 33apakeHHEIMH PACTeHHAMH. Hepeako HCTOYHHKOM HHQEKITHH CTAHOBHTCA HETaBHO IPHOOPETeHHBIH KOMHATHEIH IIBETOK.

TIpH HH2KOH BIAKHOCTH EO3IVXA E opamxepee (60 % H MeHbIIe) aHTPAKHO3 MOKET JOIroe EpeMs He IPOIBIATh Cedq.

B YCIIOBHAX MOESIIEHHOH BIAKHOCTH H JKaphl HHKYOAIHOHHEIH MepHOT B CPeTHeM 3aHHMaeT oT 4 70 10 axed. Yame Bcero pacnpocTpaHeHHe G0TesHH
TIPOHCXOIHT NpH Tenmeparype +25 °C u BnaxsH0ocTH 90 %. OZHAKO aHTPAKHO3 CIIOCOOEH Pa3BHBATECA H B T0Pasgo 0oree HeGNaronpHATHOH cpere (IpH
Temmeparype oT 4 °C 1o +30 °C).

{"success™: "true”,

N:51580 (2023-05-18 14:26:20)

TIporsos Mozemn: O6mas Mofeas: HexsaTka 31eMeHTOE, Oor | ToMaThI: B, ¢Topos | mepen: Kyp: b, Mosamuxa |
"cropse]""tomatoes”, "cropse2":"potatoes”, "cropse:
"cropse2_disease3":"Colorado beetle”, "cropse3_diseasel"-"Leaf curl",

'pepper”, "fulll":"Nutrient deficiency”, "full2": "Bum ‘full3":’ "Yello\\ 1ea\es' ‘cmpsel disease]":"Nutrient deficiecy”, "cropsel_disease:

opse3_disease2"-"Mosaic virus”, "cropse3_discase3":"Nutrient deficiency"}

"Healthy", "cropse]_disease3""Leaf miners", "cropse2_disease1"-"Leaf curl’, "cropse2_discase2":"Late blight",

Pacnossanso: Kymtypa
O e F— .
(Onpasnzso KyMETypa, ecIH HeT B CIHCKe Bhile: - 7 T
(O menpasnmsso ‘
Boresss
[ J3anpocirms ao6antesme 5 Gay Heonpeaenero v ‘
4 Toetyerca nposepsa ‘BorTesth, CTH HET B CIIHCKe BhIIe: . = ..
DEp)m. VAATHTE - 7‘

KoM eRTapHi, coi Ryses
/!

DeTs ana Zuccnini, as 1t Can Gestroy a SIZNIIICANT Part oI e Crop.
The dlsease develops as a result of infection. Fungal spores are easily carried through the air and can land on hands, clothes, and tools when working
with infected plants. A recently acquired indoor flower can also become a source of infection.

With low humidity in the greenhouse (60% or less). anthracnose may not manifest itself for a long time. In conditions of high humidity and heat. the
incubation period averages from 4 to 10 days. The spread of the disease is most common at a temperature of =25 °C and a humidity of 90%. However,
anthracnose can also develop in a much more unfavorable environment (at temperatures from ~4 °C to +30 °C).
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What's under the hood

We conducted research in the field of optimizing neural
network architectures for models.

We tested various state-of-the-art neural network
architectures, explored methods for automatically
selecting optimal data augmentation policies (auto-
augmentation), and experimented with different loss
minimization functions (including contrastive, triplet,
arcface, cosface, and sphereface).

We identified the optimal approaches for training the
models

MobileNet/ ConvNeXt + No augmentation + No quantization + Triplet loss

General model -> corpse model -> custom models

Validation accuracy > 97%

23



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.




Salads classification

r
=2

Object detection — 1 class
Classification — 6 classes

Accuracy > 99%

25



Set of images

Data collection was carried out in
automatic mode using raspberry pi 4,
a digital camera with manual focus,
and sonar.

A set of images in 5 days:

> 2 446 images

1656922093.7701 1656922186.3365 1656922208.2808 1656922225.5775
35jpg 576jpg 664.,jpg 263jpg

More than 150 different [@

) o . *
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Yolo v5s

Metrics results

Recall 0.856
Precision 0.723
mAP 0.906

Yolo v6s

Metrics results

Recall 0.805
Precision 0.687
mAP 0.854

Yolo v7

Metrics results

Recall 0.901
Precision 0.845
mAP 0.925

Yolo + Triplet

Metrics results

Recall 0.995

Precision 0.994
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Potatoes disease (Doka-Gennyye Tekhnologii)
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Potatoes disease (Doka-Gennyye Tekhnologii)

Hyperspectral cameras
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Automated analysis of the state of plants in the greenhouse complex

G i
f

https://skoltech.space/greenhouse-robot-the-
first-test-run-turned-successful
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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
to research from the World Health Organization (WHO).

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.




Approaches

Generally, studies are based on the data obtained at the sampling sites in manual or
automatic mode. The collected material is analyzed using various techniques in the
field or in special laboratories. Air quality (AQ) monitoring stations provide
information about regulatory air pollutants such as gaseous pollutants, PMs, and
rarely about heavy metals. To get detailed information samples should be processed
in laboratories.

After collection, the data are aggregated and interpreted, and quite often the results
are ambiguous and require the involvement of experts.

In most cases such kind of researches are limited, both spatially and temporally




Modeling - Motivation & Benefits

Modelling of air pollution can be a good option for overcoming gaps in

the data gathering.
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Figure 1. 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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Modelling allows us to:

- monitor the evaluation of situation when it needed,
- get detailed information about areas of interests,
- check the situation at the cross border areas,

- partly automate the environment control process.
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Differences

Task: Map all change between 2000 — 2010 over a specific forest

Old solution:

* SelectArea of Interest

* Find WRS path/row(s) —assume an area of 4 scenes
Data Prep:

* Download and store all Landsat during growing season (1 GB / zipped scene)
» Extract and layer stack all Landsat (1.75 GB / scene)

* ~48scenes peryear * 11 years = ~528 scenes, or 924 GB
* Apply atmospheric correction (924 more GB)

* Normalize scenes

* Apply FMASK or similar to remove clouds and shadows
* Create composite and mosaic by year

* Generate vegetation index per year (NDVI and/or NBR)
Analysis:

* Build spatial model in ERDAS to compare year pairs

* Generate change layer

* Classify pixels > certain value as “change”

* Build spatial model to apply year attribute to each pixel
* Repeat for each year pair

* Build spatial model to stack all attributed change layers into a single raster image,
with the most recently changed pixel on top

* Apply color ramp visually demonstrating change

Google Earth Engine  Search places and datasets n prree e
= 4 +  Use print(...) to urite to this console.
32 )

Filter scripts

» Private
~ Shared (9)
» stuff
» CommunityExamples
* GLRI-LCMS
» oS

The new method took an experienced geospatial
programmer about an hour and ~100 lines of code to
generate a raster layer showing the extent of landscape
change thematically colored by year of change (in this
case, yellow changed closer to the year 2000 and red
colors changed closer to 2010.

Users can change the AOI very simply and run this same
process anywhere in the world, then export the results to a
raster TIFF image.

This represents an extremely dramatic improvement in
efficiency. In fact, it allows us to ask new questions.



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.



The Earth Engine Data Catalog

Landsat & Sentinel 1, 2 MODIS Vector Data Terrain & Weather & Climate
10-30m, weekly 250m daily WDPA, Tiger Land Cover NOAA NCEP, OMI, ...

... and upload your own vectors and rasters

> 200 public datasets > 4000 hew images every day

> 5 million images

10



Earth Engine Data Catalog

The Earth Engine Data Catalog

Datasets tagged climate in Earth Engine -

Filter list of datasets

Sentinel-5P NRTI CLOUD: Near
Real-Time Cloud

NRTI/L3_CLOUD This dataset provides
near real-time high-resolution imagery of
cloud parameters. The TROPOMI/S5P
cloud properties retrieval is based on
the OCRA and ROCINN algorithms
currently being used in the operational
GOME and GOME-2 products. OCRA
retrieves the cloud fraction using
measurements in the UV/VIS spectral ...

Sentinel-5P OFFL CH4: Offline
Methane

OFFL/L3_CH4 This dataset provides
offline high-resolution imagery of
methane concentrations. Methane
(CH4) is, after carbon dioxide (C02), the
most important contributor to the
anthropogenically enhanced greenhouse
effect. Roughly three-quarters of
methane emissions are anthropogenic
and as such it is important to continue

Sentinel-5P OFFL CLOUD: Near
Real-Time Cloud

OFFL/L3_CLOUD This dataset provides
offline high-resolution imagery of cloud
parameters. The TROPOMI/S5P cloud
properties retrieval is based on the
OCRA and ROCINN algorithms currently
being used in the operational GOME and
GOME-2 products. OCRA retrieves the
cloud fraction using measurements in
the UV/VIS spectral regions ...

Q, Search

Copernicus Atmosphere
Monitoring Service (CAMS)
Global Near-Real-Time

The Copernicus Atmosphere Monitoring
Service provides the capacity to
continuously monitor the composition
of the Earth’'s atmosphere at global and
regional scales. The main global near-
real-time production system is a data
assimilation and forecasting suite
providing two 5-day forecasts per day
for aerosols and chemical ...

@ Pycckun ~

ERAS Daily Aggregates - Latest
Climate Reanalysis Produced by
ECMWEF / Copernicus Climate

S

il

QP ———

ERAS is the fifth generation ECMWF
atmospheric reanalysis of the global
climate. Reanalysis combines model
data with observations from across the
world into a globally complete and
consistent dataset. ERAS replaces its
predecessor, the ERA-Interim reanalysis.
ERAS DAILY provides aggregated values
for each day for ...

Bountmn
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JavaScript code editor https://code.earthengine.google.com/

* Python APl too and also Google colab!
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Example of map

Go gle Earth Engine Q,  Search places and datasets... © 1B :
Scripts [iislT=- C1-7- 5 tutorial (copy) * Get Link -I Save v- Run vl Reset vl Apps E [ =Glgll Console RELS

lndv! . = : o s - Useprint(...) towrite to this console.

I ndvi_calculation 4 Map.setCenter(37.16, 56.73);

B razm?2 5 Map.setZoom(11);

. 6

B razmeri 7

B romania 8

I tutorial 9

B tutorial (copy) 12

Bl 12 ~ function masklL8sr(image) {
~ Writer | 13 // Bit @ - Fill v

. S, -
Layers Kapta CnytHuk "

1
5 )

% ff'

“

- ¥

y o LR 25 N -~ L s .
Bbictpble knasuwn LY Kaprorpaduueckue aantbie ® 2022 Google | 2 KM kel Yenosua UCNonb30BaHNA |
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Cloud free map

GO gle Earth Engine Q, Search places and datasets...

L{a (el Docs Assets tutorial * IHEL = GI Console RET G
= 16

experiment var:gaMask = inage.select( . iseAnd(parseInt('11111', 2)).eq(8); ~ Useprint(...) to write to this console.
B Ivanovo 17 var saturationMask = image.select(’ i
B Poland 18

B Sweden 19 / 4 g
B ndvi 20 var opticalBands image.select ('S ).multip y dd (-

. . 21 var thermalBands = image.select( ').multiply(0.00:3 92) .add(
B ndvi_calculation 22

B razm2 23

= V]

BbicTpble Knasuium Kaprorpaduyeckue fakHbie © 2022 Google Ycnosua UCNonb3osaHnA
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Data Types and Geospatial Processing Functions

Image - band math, clip, convolution, neighborhood, selection ...
Image Collection - map, aggregate, filter, mosaic, sort ...

Feature - buffer, centroid, intersection, union, transform ...
Feature Collection - aggregate, filter, flatten, merge, sort ...
Filter - by bounds, within distance, date, day-of-year, metadata ...
Reducer - mean, linearRegression, percentile, histogram ....

Join - simple, inner, outer, inverted ...

Kernel - square, circle, gaussian, sobel, kirsch ...

Machine Learning - CART, random forests, bayes, SVM, kmeans, cobweb ...

Projection - transform, translate, scale ...

over 1000 data types and operators, and growing!

Google Earth Engine

15



Reduce

Aggregate everything in a collection

"Reduction"

Examples

Summed area over all features
Median-pixel composite
Train a classifier

16
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Alert System for Algal Bloom

Algae blooms occur when certain kinds of algae grow very quickly, forming patches, or "blooms,” in the water. These
blooms can be indicators of water degradation and emit powerful toxins that can endanger human and animal health.

" gr’ Q > @ _ s = Mapa Gray v
AUB. 2015-08-11 Display Image Al aeMA
+ -<t-'|'; r9 .‘-u'guv' .-.»t,\('p
LJ
Maua @ - TO TIETE
NDCI - s A @ BASIN: ALTO TIET
MO -46.727 -23.674 Zoom
0.2 0.15 03
Concentration of Chla Temporal Analysis
| 1 Yy
0 50 100 1 @ Select the year interva 2015 2 2021 2
Bloom 7
. Non-Bloom o ) ) : - :
Bloom @
. - Calculate Time-Series
TSI Classes
.Ollgo Graph Ana ente fer ale - e
Meso E @ 1 30
. Eutrophic
St DrawTime Seres [l Rectangle A Polygon ¥ Point
. Hyper Inspector

Download Chi-a D

load NDCI Download Bloom Class Download TSI Class @

@ lon: -46.727 lat: -23.675

Chla: 13.50 NDCI: -0.08

(@)

Show mean Chla Show monthly TSI Show daily TSI

Show mean NDCI Show Video
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Trends.Earth

Through this project, we will develop a cloud-based platform dedicated to mapping land degradation which
identifies potential land restoration opportunities at national to regional scale, allowing communities to prioritize
areas to protect, manage, and restore in order to achieve land degradation neutrality.

.EARTH

tracking land change
7 ’ » .
LAYERS < exig 3~ MAURITANIA

‘DOMINICAN
Jamaica WaRERUBHC o,
 LAND DEGRADATION (SDG INDICATOR BEUIZE -
G UATEMAASSR
! ‘

15.3.1, 2001-2015)

SDG Indicator 15.3.1
(combining productivity, land
cover and soil organic
carbon)

CHANGES IN PRIMARY
PRODUCTIVITY
€ Productivity (7 classes)

SUB-INDICATORS

CHANGES IN LAND COVER

CHANGES IN SOIL ORGANIC CARBON

> OTHER LAYERS

> BASEMAP

LEGEND v &

i Productivity (7 classes)

STABLE HIGH
PERFORMANCE

I EARLY SIGNS OF DECLINE Bl EARLY SIGNS OF INCREASE

STABLE LOW
PERFORMANCE

I DECLINING PRODUCTIVITY

I INCREASING PRODUCTIVITY

STABLE MODERATE
PERFORMANCE




Essential Biodiversity Variables - ScaleUp

We implemented a workflow for species distribution modelling in GEE that includes importing species occurrence data
into the GEE platform, selecting and preparing predictor variables, and performing model fitting with spatial or
temporal split-block cross-validation techniques.

_ Potential distribution

@ Occurence locations

Habitat Suitability

0 250 500 750 km
_ High ]

|| Absence

Bl Presence




The determination of different gaseous and PMs based on satellite imagery

Tongshu Zheng, Michael H. Bergin, Shijia Hu, Joshua Miller, David E. Carlson.
(2020). Estimating ground-level PM2.5 using micro-satellite images by a
convolutional neural network and random forest approach. Atmospheric
Environment, Volume 230, 117451, ISSN 1352-2310,
https://doi.org/10.1016/j.atmosenv.2020.117451.

Ibrahim, S.; Landa, M.; Pesek, O.; Brodsky, L.; Halounova, L. Machine Learning-
Based Approach Using Open Data to Estimate PM2.5 over Europe. Remote
Sens. 2022, 14, 3392. https://doi.org/10.3390/rs14143392

Elshorbany, Y.F.; Kapper, H.C.; Ziemke, J.R.; Parr, S.A. The Status of Air Quality in
the United States During the COVID-i19 Pandemic: A Remote Sensing
Perspective. Remote Sens. 2021, 13, 369. https://doi.org/10.3390/rs13030369

Seham S. Al-Alola, Ibtesam I. Alkadi, Haya M. Alogayell, Soha A. Mohamed,
Ismail Y. Ismail, Air quality estimation using remote sensing and GIS-spatial
technologies along Al-Shamal train pathway, Al-Qurayyat City in Saudi Arabia,

Environmental and Sustainability Indicators, Volume 15,

2022, 100184, ISSN 2665-9727, https://doi.org/10.1016/j.indic.2022.100184.
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|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 39 countries of Europe and Asia. Mosses are collected at
thousands of sites
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Examples of distribution maps in old Atlas

Heavy metals and nitrogen
in mosses: spatial patterns
in 2010/2011 and long-term

| temporal trends in Europe

Centre for

Ecology & Hydrology

NATURAL ENVIRONSS

Since 2014 the JINR Frank Laboratory of Neutron
Physics sector of neutron activation analysis is the
coordinator of the ICP Vegetation program
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Moss biomonitor

Annual segments
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installed
Each sample changer
consists of:
< two axes liner movement
device M202A
(DriveSet, Germany)
+» Rotated disk with 40 cells
for samples (JINR)
s Three axes Xemo Motion
controller with software
and cables
(Systec GmbH, Germany)




Scanning electron microscope images of captured particles
on the moss surface and corresponding spectrograms
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1 - Fe particle with Mg impurity; 2 - Spherule of pure iron;
3 - Al-Fe cluster particle with impurities of Zn, Cu, and Ti; 4 - Diatomic alga



|ICP Vegetation (Past)

The UNECE ICP Vegetation program had a serious
drawback related to its weak adoption of modern
informational technologies. Information on collecting
and processing of samples was carried out manually or
with minimum automation.

Until 2016, data mostly was stored in Excel files. It was
aggregated and processed in different packages
(ArcGIS, MATLAB, etc.) manually by the coordinator.

Files from respondents were usually passed to the
coordinator by email. There were no common
standards in data transfer, storing and processing
software.

Such a situation does not meeat the modern standards for quality, effectiveness, and speed of research and
demands developing a single platform to provides a comprehensive solution for biological monitoring and

forecasting tasks



|ICP Vegetation (First steps)

to more complicated one:
e optimization of the sample collection

The idea was to create a cloud platform for data spatial distribution

management to facilitate IT aspects of all biological e advanced mathematical methods for
monitoring stages starting from a choice of collection multi-level intelligent statistical analysis,
places and finishing with generation of pollution e geostatistical analyses,

maps of a particular area or state-of-environment e atlases and reports creation

forecast in the long term e and others.

We was going to move from simple tasks:
e storing and manipulating with data,
e processing of data,

e calculation of basic statistics,

e creation of simple maps

* etc.



The platform now

Samples collection Samples analysis Data analysis Data presentation Prediction/Controle

.Ill_.l
A

Google Earth Engine

?/.
b

% 4
»

P p U t h on ensorlow Microservices {Q}

Keras | HvbrilIT

®ongo NGINX
(I\)Iel:?lr}lq @ Qm} gm}

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.




WHY IT’S USEFULL

Fast verification of data structure and it completeness
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MossMet data

! Export sampling sites metadata
-

..

Add sampling site manually

U ;f

Export concentrations data Export MossMet data

St A B —

LONGITUDE

2019-7-30

LATITUDE MOSSMET OPERATIONS

2019-7-30

* Nice tool to analyze data. ® Access to yours data from anywhere. ® Online processing and results.

* Ability to store historical data and analyze trends
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Workflow

1. Collecting samples 2. Processing samples

Samples HM concentrations

metadata

3. Filling in the information

5. Reports
about the concentrations

Site names

W

‘ T o T = .1_”»
MOSSES AS BIOMONITORS OF AIR POLLUTION:

2015/ 2016 sarvey on heavy melals,
nitrogen asd POPs In Eerope and beyend

HM concentrations

4. Analysis

— RS e lr

p— L
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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

Centre for
Ecology & Hydrology

JlN R NATURAL ENVIRONMENT RESEARCH COUNCIL

‘Mosses as biomonitors of air pollution: 2015/2016 survey on heavy
metals, nitrogen and POPs in Europe and beyond’

Naturally-occurring mosses have been sampled across Europe and beyond to monitor the deposition of
heavy metals, nitrogen and persistent organic pollutants (POPs) from the air. Since 1990, the moss
survey has been repeated at five-yearly intervals for heavy metals. Since 2005 and 2010, nitrogen and
POPs respectively were included too in some countries. In 2015/2016, mosses were collected at
approximately 5,100 sites in 34 countries for heavy metals, 1,500 sites in 12 countries for nitrogen and at
selected sites in eight countries for POPs. In 2015/16, participation in the moss survey has greatly
increased in countries in Eastern Europe, Caucasus and Central Asia (EECCAregion). The highest
concentrations of heavy metals were often observed in South-Eastern Europe and the EECCAregion,
whereas the highest concentrations of nitrogen were found in parts of central Europe. In countries that
have participated in atleast four out of the six surveys, the concentration of lead and cadmium in mosses
has declined the most (81% and 64% respectively since 1990) and the concentration of mercury has

hanged (2% decline since 1995). The nitrogen concentration in mosses has hardly changed too

82005 (5% decline

makers and others with an inte inair pollution.

Centre for
Ecology & Hydrology
T COUNCIL JINR Long-ange Transboundary Air Pollution

MOSSES AS BIOMONITORS OF AIR POLLUTION:

2015/ 2016 survey on heavy metals,
nitrogen and POPs in Europe and heyond

&% ICP VEGETATION Y

W e Working Group on Effects
of the

Convention on Long-range Transboundary Air Pollution
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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 MOD11A2 V6 average 8-day
land surface temperature (LST) in a

Go g[e Earth Engine Search places and datasets. m (70 : | ; R R
_ EE = e s e e —— 1200 x 2200 kilometer grid.

~ Image Collection 4 14 , - int(...) to write to this
le pe nnnnn t ld ' “

& Iva 15 ~object (12 properties)

|p°| d 16 var co 1T") B1: 12064.047964113175

B Sweden 17 ) 810: 29936.131469979286

& ndvi ;g B11: 26370.662957211858

R - : ; : :

e oo e Specify program and time-period to get a collection of images,

B5: 15921.292788129738

[ romania B6: 14681.751035196681

e oo : % =S for example, program — “MODIS/006/MODogA1" from 2013-06-
o | - — : 15 to 2013-08-15 (the period relevant for in situ biomonitoring).
g9~va i ¥ 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)
sum of the median image, we execute some mathematical functions
i (max, min, median, etc.) and get the numerical values.

CONCEPTUAL SCHEMA OF INDEX CALCULATION

s deaauhd

1&?!“:23; 14 6 5 8
oo R e EE———
3 i".", g;«z %ﬂg 7“{¥ K ertain area band values

Image of the satellite program
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Schema

We use satellite imagery data and the artificial neural network to predict concentration. The general idea is to use data
that we can get from satellite images together with sampling data from DMS to learn NN and then use only data from
satellite images to predict concentration.

Training ]—>[ Learned model ]

~"—>[Learned model] = [ Prediction ]

i

Google Earth Engine
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Results on the regional level
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Urban Level (Belgrade)

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)



Urban Level (Belgrade)
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Figure 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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Figure 5. Concentration of Cu in Belgrade: a) biomonitoring measurements in the summer of 2013, and b) prediction for 2018
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Machine learning and neural networks

s o : We use the information on 73, 53, and 156 samples from the
(e oy Vladimir, Yaroslavl, and Moscow regions gathered in 2018 -
' I 2019.
: The indices are gathered based on data from 13 programs for
e % £ > . . - - ] .

R SR % oid 281 sampling sites, and their linkage with the concentration of
cteut e s 0L st o0+ 18 heavy metals is verified. Altogether g HMs, i.e., Al, Fe, Sb,
R L e e e o Na, Sc, Sm, Tb, Th, and U, look very prospective for modeling.
Sn A S N We examine three approaches: Gradient Boosting, Multilayer

o TRyt o perceptron, and Siamese network.

Embeddings
Input feature vector 1 MmLP &

0.853371685135157,182.0,155.5,170.5,142.0,118.0;1
24.0/437.0;88.5;135.0,0. 500082184505 1453 0. 485375

Acc si Acc ai Acc si Acc ai Acc si Acc ai

hl

Y

[ N Y Iy

0.91 0.92 0.92 0.93 0.94 0.94 = == L Similarity layer Activation  Similarity

Euclidean distance Sigmoid || 0.95
Shared weights (h1.h2)
0.89 0.91 0.92 0.92 0.89 0.92
MLP L4 Embeddings
Input feature vector 2
“ 0.92 0.93 0.93 0.93 0.93 0.94 o

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.

Y

h2

e & »

Siamese network architecture
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Results (2019 — 2020)
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B>oss

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)

reveals,

information

there are about 12.5 million habitants in
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the population is increasing at a fast

pace.

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
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Sergiyev Posad to the north direction,

the contamination

is rather low,

level

©
(@)
c
~
| -
(@]
s
Q
<
-+
Q
| -
Q
<
s
|:M
>
+
O ©
n v
© o
T on
Y.I
>
+— O
o o
&.m
g
X
o Y

o0 ‘2% cegpe ®eE o6 06 o e @
.Wo 30 dee
€ o :9 I es boesss ce00es 005 o 0 »

cee “o uo”o " ” % omuuuo omuuu&%n"”“ uo mommo (]

es
0000 $0000000000000000000000000000000 00000000 00000000000000 0000000000000000000000
0000 0000000000000 0000000000000000000000 00000000000000000000000000000000000000000000

o000 o0 v

e

“ “w..

°o ¢o oce o0 o °
2900500 00 00 o0

e eooo

A 2

Po000E 90000000 o ¢ &

ese o eoees

s0e o0 L L L]

Sb (ug/g)

B <000

0.17 - 0.22

0.22 -0.26
0.26 - 0.32

I 032-041

L1 (L 11]
eoe soo0s
o9 o o0

ece oo ee o
Ty (0
00 o0
o
° ° °
L ] LR L ]
° ° ce
oo °
° ° o0
®
eecoe -0
eg 00 T co
e w L3
€ 00 ®0eecence o o e
9 /60 00 35°0 5 0 600 & -0ecee o0 b
= 60 ¢ »e ece ¢ @ ook
5 -u“o.- €9 9 o800 o @ e 2«5
L, Ceees = e6ceess 000 o °
J e Heedpes aeete eon e 90 o oo
Loa B W ®® o ;8 o o009 200 Be [ 1)
eee 680 o0 0P8 woese B 08
W C0000EReRs 2 00  es¥ e soe o © 8o o0 Jef
3 (eceesde MV 90 00 Bd 09 00 oo ® 00y e
e pessedee 0o e 09 doee o W
(s

Boas1-053

B>os3

High spatial resolution of the SNN model prediction of Sb contamination

chemical,

i

I.e

I/

metallurgical, and machine-building, besides several large thermal power plants. Huge transport nodes and federal

The Tula region stands out on the map. There is a multitude of industrial enterprises located in the region
freeways are seen, rather clearly, on the map.
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Sentinel-g

Sentinel-5 is focused on air quality and
composition-climate interaction with the main
data products being O, NO,, SO, HCHO,
CHOCHO and aerosols. Additionally Sentinel-5 will
also deliver quality parameters for CO, CH,, and
stratospheric O, with daily global coverage for
climate, air quality, and ozone/surface UV
applications.

The Sentinel-5 mission is part of the European Earth Observation
Programme "Copernicus" which is a coordinated and managed by the
European Commission (EC). The space component of the Copernicus
observation infrastructure is developed under the aegis of the
European Space Agency (ESA).
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T

Sentinel-g

February 2019

B

Nitrogen dioxide tropospheric column
B
F) pmol/m? 250

contains modified Copernicus Sentinel data (2019-21), processed by ESA

Resolution ~1114 m,
Orbital cycle 16 days.

Sentinel 7 (CO2M - Copernicus Anthropogenic
Carbon Dioxide Monitoring) 2025 - 2026

The Sentinel-5 mission consists of high
resolution spectrometer system operating
in the ultraviolet to shortwave infrared
range with 7 different spectral bands: UV-1
(270-300nm), UV-2 (300-370nm), VIS (370-
soonm), NIR-1 (685-720nm), NIR-2 (745-
773nm), SWIR-1 (1590-1675nm) and SWIR-3
(2305-2385nm).

Nitrogen dioxide worldwide 12/03/2019



Commercial programs - www.planet.com

Formula 1 Miami Grand Prix

| 2019

Daily, lessthan 3m resolution, 4 spectral channels
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PlanetScope
Always-on Monitoring

~200

Carall+:
Sateliies

3.7 m (3.0 NIIRS)

elds)
oaU

Not required

Tacki
1asKing

Commercial programs - www.planet.com

SkySat
High-Resolution Tasking

21

Satellites

0.5 m (4.0-5.0 NIIRS)

GSD

RGB, Pan and NIR

Spectral Bands

Sub-daily

Tasking

.

Pelican
Very High Resolution

Up to 12 revisits/day

Tasking

Now

Hyperspectral
Broad Spectral Range

N

A
7]
'
(0
[11]
n

400-2500nm
(5nm spacing)

Spectral Bands

Tasking Required
Tasking
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Commercial programs - maxar.com

1999
~ 3 days, 3mresolution, 3

spectral channels
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Commercial programs - maxar.com

WORLDVIEW-1

® Electro-Optical
" 50 cm resolution
= <5.0m CESO

Download datasheet

From 2007
~ 2 days
1 spectral channel

L
GEOEYE-1

® Electro-Optical
" 41 cm resolution
= <5.0m CESOD

Download datasheet

ON ORBIT

From 2008
< 2 day

5 spectral channels

-—
WORLDVIEW-2

® Electro-Optical
= 41 cm resolution
= <5.0m CESO

Download datasheet

From 2009
~1.2 day

9 spectral channels

==
EI
WORLDVIEW-3

® Electro-Optical
® 31 cm resolution
= <50mCESO

Download datasheet

From 2014
<1day

29 spectral channels




Commercial programs - Airbus
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Commercial programs - Airbus

Pléiades Neo

Q 30 cm

Revisit capacity
Dady, anyv c
Dady acquisition Caf
1,000,000 km

Pléiades

& s0cm
Revisit cap
Dady. ar
Daily acq
700,000 kmy

1A/1B

SHoN Capatitly

Vision-1 -

ng on latitude ¢

partngr satelites

Dady acquisition ¢apa

3,000,000 kmy

RADAR
Constellation

Q From 25cm to 40 m
= t ¢

Dady for r
Daidy acquisition capacity’
5,400,000 kmy

DMC
Constellation

0 from12to24 m
Revisit 3-5 days anywhere

Dady acquisition capacity:
10,000,000 kny




The total number of Al
publications doubled, growing
from 162,444 in 2010 to
334,497 in 2021.

A
[

Google Earth Engine

More than
80 Pb of data

According to UCS, there are 4,852 active
artificial satellites orbiting the Earth as of
January 1, 2022,

2,944 belong to the United States.

> gy SRS L3 £ R EAL R :} % . -

- o LN R = S

Monitoring is the first step to control, so | look in the future with
optimism and believe that Earth will become clearer and safer.
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email: auzhiskiy@jinr.ru
https://t.me/bigzmey
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