, agricull{ﬁfé and biodiversity agp

rny, Céline Bassine, Julien Radoux, Sophie Bontemps,
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m\/ Al from the perspective of our EO fields of application

Three successes

1. Most striking Al contribution to operational large scale application

2. Most local application soon operational till now

3. Leveraging ML capacities and mitigating RF sensitivity to unbalanced training
for full scale NRT operational application

Three questions

°
B UCLouvain
Earth and Life Institute - Geomatics
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Success 1

Make reliable
agricultural decisions
with Al

Get to know the field in seconds and take informed actions
with the OneSoil platform. To make farming simple,

we analyze satellite images with machine learning
technologies. For free.

(Minsk, Belarus)
]

"!

OneSoiIQ

Data for the year 2018, 2017 or 2016

How it works

in USA and Europe-

Total size of fields, ha

393.8M

Total number of fields

62.2M

Countries ranking
# Countrys Fields S, ha+ Number s
1 USA 182.9M 17M
2 Ukraine 38M 2M
3 France 27IM ™
4 Germany 18.3M aMm
5 Poland 15M am
IS 14 QM 6
show all 44 countries
Crops ranking
# Crope Fields S, ha+ LeaderinS»
Maize 88.9M USA
©) Grass 80.5M USA
© wheat 65.4M USA
© soybeans 52.5M USA
© aifalfa 15.9M USA
M oalay 19 1M Hnea

N

crops

Popular crops in largest countries

# Country
1 USA

Crop distribution

o mcpbox Powered by OneSoil

Quite spectacular scaling up of parcel delineation using CNN algo.
at continental scale for whole US and whole of Europe !

Crops - ® All fields - 2018 -

Crops
Average size of fields
Number of fields

Fields score

@

Il UCLouvain

Earth and Life Institute - Geomatics




-\ Y/ A quite impressive Al solution to a simple

Success

but critical availability problem ...
First interactive

possibly enabling better SAR exploitation ! _ map with Al

Oneson@ About Platform Devices Technology Team Blog 2 detected fields
».and crops

R

Allocating field
boundaries

We manually marked tens of thousands of fields, and then
trained an algorithm to allocate boundaries automatically.

We show what happens with fields at any scale, from a whole
region to a particular piece. As a result, any farmer can receive
information about the state of his fields in our platform.

loU 0.85

The accuracy of the automatic
markup model

49 years — the time on

manually mark thes

.ﬁg’ 21,603,849 35,923,503
w A ¥ Fields marked in the USA Fields marked in Europe

Our algorithms allocate field boundaries with a 5-meter
accuracy

2018 2019 2020

The real challenge where most needed : parcel boundaries in
the African agricultural landscapes !

Corn in Europe

Cornin Belarus




Success 2 ¥

=Walo U S Development of an operational and reproductible

Reference data:
buildings from the

PICC database

land-cover and land-use mapping method in Wallonia (

Detection of new build up areas in Wallonia thanks to convolutional
network and a dataset with most of the existing build up areas

High resolution data:
Orthophotos at 25cm

/ Prepararation of \

training and
validation dataset:

- Slippy map
- Pairs of (images,mask)

Klmage Size = 256x256/

t (4 bands : R,G,B,NIR)

= IMAGES

B UCLouvain

Earth and Life Institute - Geomatics



' Detection of new build up areas in Wallonia thanks to convolutional

Z network and a dataset with most of the existing build up areas
3 =WalOUS
Loss function
CNN U-Net
(RoboSat pipeline)
Training & model 1' HH h { Trained model }
performance assessment _H H‘H
datasets i*H [I—I—i '

[ TR A Prediction

(Robosat pipeline)

1 UCLouvaln

rth and Life



Detection of new build up areas in Wallonia thanks to CNNs
QU|te promlsmg results forfour dlfferent Iandscapes o =W2/0US

Success 2 g

M Al detection
PICC reference dataset
PICC + Al detection

B UCLouvain

Earth and Life Institute - Geomatics
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- 0days 00 hours 00 minutes |

- Sentinel-2 constellation:
summer solstice



Success 3

P How to handle such a huge amount of EO data in NRT for agriculture ?

1 Food monitoring is a very sensitive issue for national security / sovereignty
=> governemental willingness to master the information process

d Crop-specific monitoring can have major impacts on the international markets
=> timeliness makes the information value

 Big volume of EO imagery need to be processed continuously to an appropriate level
(Level 4) still to be turned into relevant information:

Country (inTB) | SISLC|S2L1C|L8LIT |S1L2A|S2L2A | L8L2A
Italy 25,43 1,78 1,43 17,57 5,12 0,93
\ Y Y Y
28 TB 23 TB

& sentinel-2 //7////// o

iy

— How to streamline data flow from observation to information ?

Il UCLouvain

Earth and Life Institu



Success 3

J . - - (S
Sen2-Agri open source system to deliver in season “\\&;—:esa

10-m basic products : national cropland/crop t‘i‘ipe maps

, : . , .
r‘..?;-f sentinel-2 . Before the start of | Monitoring period Automatic EO data download
| U MEMETERECE! | Manual in situ data upload

+ AGRICULTURE e —

_____ . gmm——
ts NS S, ts S,
\ . N \
S Y N N,
LS Y N \
AN NN NN Ny
S
> > > (o}
A A A o]
4  , ay; /
2 7’ /2 7’ 2 7’
/, 7 aw v
<. 7L e ’

o L
EO data providers
(= GEOGLAM
t / Global Agricultural Monitoring
& @ :- 8th AMIS RRF — 26 February 2019 — WMO, Geneva
(Defourny et al., RSE2019) ST 3

ZE7 = W o O
. . : e . OperatQfs *&Z>7/&yse o U e £y 7 v IR A PR T uctL 3,
2) waszr epgisat fgoo dciod Jiomismr g, PEPLS WOmR o B8y G4 G wonivyr Beleam 20

»
TERRA 4
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J . - - (S
Sen2-Agri open source system to deliver in season “\\&;—:esa

Success 3

10-m basic products : national cropland/crop t?’pe maps

?‘3“ sentinel-2 . Beforethe startof | Automatic EO data download

IN? . . o e -
. the monitoring period ! Monitoring period

e T e Manual in situ data upload

EoS >

Mid-season crop type

@ GEOGLAM
( / Global Agricultural Monitoring

(Defourny et al., RSE2019)

" - . e L l o , & " Wi f: :;-‘ . ‘.{‘ ‘:‘/ \‘ . . . ucL /i
Z) W SZIF @) gisat AEE'O &cirad JICRimT @ Manobi e E % GEOTERRA {A‘:} {-,Q,‘ AM HCIMMY] b’elca!!; o £y
v ’ . v - W o AN T -

D e ) -t E
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Success 3

s : ;
'?:!‘ SEntlﬂel-Z ' Before the start of

I§y i |
. the monitoring period !

+ AGRICULTURE | —

J . - - (S
Sen2-Agri open source system to deliver in season *\k\?esa

10-m basic products : national cropland/crop t?’pe maps

Automatic EO data download
Manual in situ data upload

No No @ sentinel-2
Data Data

Monitoring period

6M EoS >

@ GEOGLAM
( / Global Agricultural Monitoring

(Defourny et al., RSE2019)

Z) WiSUIF ey gisat fgzo @cirad  Jickisar @ Manobi

Y

Operators = o Ly -

. Mid-season crop type
M__I\

- W R Yy (G
. TR o (¥} (G
FYIE e corenna W N (8




J . - - (S
Sen2-Agri open source system to deliver in season *\k\?esa

Success 3

10-m basic products : national cropland/crop t?’pe maps

> : ; , .
@:‘? sentinel-2 . Before the startof | Automatic EO data download

N7 , | B -
' the monitoring period ! Monitoring period

| the monitoring period . Manual in situ data upload
\\ \\‘\ i % - ‘. e | ; b i 80 5 i N - ‘. e | i 40 a2 AT

Data Data

e -

P

EoS >

Mid-season crop type

End of season

crop type
)
(= GEOGLAM
( ' / Global Agricultural Monitoring
Operators 8th AMIS RRF — 26 February 2019 — WMO, Geneva

(Defourny et al., RSE2019)
'\

L7) muiSZIF ey gisat Meeo dcirad  JicrisT @ Danobt =

. @ ey G Bk e : et 4\
< Z GEOTERRA {Aﬂ‘} ;QJ W HCIMMYT. bBelcam .:'g

IRC = EAR



2018 National crop maps + 2019 NRT demo for 6 EU countries

Success 3

{ .
Q)]
P

-

‘ o
o

+

(@)

3

@)

©

—t

<

©

0

)]

N’

Crop type

[ Alfa-alfa

[ Autumn barley
[ Autumn common wheat
Bl ~utumn rape
[] Bean peas

[ Corn

I Fresh vegetables
B sunflower

[ Permanent crop
[ Grassland

Predicted crop type

Declared crop type N 8

ucL . &3 , ‘
Université /‘g\ e-geos l -
iolgte  KOMANIA L, T o Conformity assessment y,04/2019 | siide 14

@ sivercise @y gisat



[ ] cropland

I N\on-Cropland

0 125 250 500
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Early estimates of sowing areas for Ukraine (2016):

Sen2Agri matching figures of Ministry of Agn_icul’(Ure

...and providing estimates for unaccessible oblasts

@ sEoskaM

2000 2000
Dnipropetrovsk Dniprope é:vsk
Khar] Kharkiv
Polta.va Odessa Poltava Odessa
5FEOV d Wv ¥
= Vinnytsi Zaporizhia = Vinnytsi Zaporizhia
8 1500 vt o P S 1500+ vt 0 P
QL oS ykolaiv o ykolaiv
— I ha
S5 8 0 £ 0
iy herson = erson
52 Cherkagf _ Chernihiv e Cherkasy” chemihiv
O35 Khmelnytskyi & > Khmelnytskyi
o Kiev £
<°E‘°§ 1000 Sgny % 1000 S o
— 0; U; 7 Donetsk
om
o & omyr 5 y Oblasts
. E Tepapil g Terngpil .
=8 Lviv = Lyiv temporarily
a a .
=g Voly o Voly occupied
Q5007 ivhe Q5007 ivhe
lvano-F sk Ivano-Féa sk
oy ‘o
ivtsi C ivtsi
O .
Zakarpattia R2= 0.986 Zakarpzttia R2= 0.956
01 Y= 0.909 x + 98.822 0+ Y=0.905x + 77.228
0 500 1000 1500 2000 0 500 1000 1500 2000
2016 Sen2Agri Area Estimation [ha/1000] 2016 Sen2Agri Area Estimation [ha/1000]

~ebruary 2019 — WMO, Geneva

= R hm = B - ] = = SenAgr) — = = . 11 — == 3 =Sen2Agrilvl 04&&




m\/ Al from the perspective of our EO fields of application

Three questions (to contribute to the problem definition):

4. How to identify current issues where Al could lead to operational solution ?
5. What kind of new unexplored data Al would be able to handle ?

6. What concepts to be developped in our thematic discipline to take advantage of Al ?

°
B UCLouvain
Earth and Life Institute - Geomatics
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f\p Q1. Al for what - Could Al interpret poor quality satellite images ?




Crop type mapping

}";'-'-4 -
}S;@"g & g Growing vegetation indicators
£ b ]

| Grassland mowing detection

Agricultural practices monitoring

UCL v
= S5 egeos &5 senucap

deLouvain
//// common agricultural policy

@ SINERGISE .) gisat

a1. aforwhat - COuld Al use Sentinel-1/2 metrics to map

]
]
1000

sustainable agricultural practices

EBack scatter »w-\WH

-~ 842 .
= =
.
..
LI
g -
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P
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*
g +*
[&] * .
(= o

*
...""‘.‘.'..."5'."' ".o".ﬂ..o"“. AT
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Catch Crop

2017-01 2017-02  2017-03  2017-04  2017-08  2017-06  2017-07 2017-08 2017-09 201741

03.06.2017 20.06.2017 21.06.2017
S2A20170603T33UWR S2A20170620T33UWR  LE720170621T190025

period

Sen4CAP system currently produces
in NRT 130 meaningful metrics
per parcel per month for 7 EU

07.07.2017 22.07.2017 30.07.2017
LE720170707T190025 LC820170722T191025 S2A20170730T33UWR

Harvest — Visual check

countries
Il UCLouvain
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'®o Al for new data Al to exploit faster new kinds of data along EO ?

Millet price modeling for the different markets in Senegal
by merging mobile phone data with EO

Call Data Record (CDR)
Who? When? Where?

14:07 2017-02-02
& duration call

p. _ P
. IC; slx —L—— > TC
P; =200 FCFA/kg \z,g di+ 1
X : Social capital and transaction cost Social capital and transaction
costs in millet markets
‘ ‘ based on calls ———————
intensity bet\x/een Frangois Waldner Julleandnux.FredencG ispart ', Pierre Defour

markets UthITOLt'xam



@- Al for new data Al to exploit faster new kinds of data along EO

Crowdsourcing as new source of training data for not obvious labeling ?

Increasing Quality

v

Expert

Treated Crowd

RomacSa
o]

Remote Sensing of Environment
A Velume 221, February 2019, Pages 235-246
ELSEVIER *
Conflation of expert and crowd reference data to validate global
binary thematic maps

Francois Waldner ®® A B Anne Schucknechi ® ¢ Mvrosiava Lesiv®. Javier Galleao © Linda See ®. Ana Pérez-
Margareth Simdes 9 Pierre Defourny *

Il UCLouvain
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ERIC

Al and new data sources bring changes !
Q3. what new concepts ? - thematic concepts should also evolve
Nature is more complex that its not Only the IT/AI teChnOIOgy !

current scientific description

] Ecotope =
BlOtOpe 80% tree cover ahaalos o,

’- ; \_‘ ! /

Biotope
Edge shrubs

./A

e.g. oak forest

Ecotope
90% tree

———Ecotope
100% open

, ___,_ - Habitat o bats

Food 1 UCLouvaln

rth and Life

Reproduction



I, LEWELch
Moving from regular grid model to ERIC

From land cover to context,
meaningful shape for habitat modeling association and 100+ variables

Gre (6.7 ha) Ecotopes (6.7 ha)}

Il UCLouvain

Earth and Life Institute - Geomatics



Li?e’\/:@t’ch

|
hﬁ = ® Open e-Data : \ ERIC
= Llfe}y‘atch mrpaio diversity Ecosystem dynamics Ecotopes
2006 2015 e Ao @ Thematic legend Variables alone  Mix variables  Query variables
+ 24 - '
: e opon

Land cover variables N i W _:. (Y

> ' M Ecotopes 2015 3 l'

ver, bro Lous ) y =

';l | M Open Street Map
"Er Wallonie orthophotos 2015

BN P
,b

y Le
Souty

A O, Loy
Ay B D el U
TN R

uclouvain.be/lifewatch ( 3 reoenanion

°
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ERIC

Black swift
=Dens«etremne (Apus apus)

Yellowhammer
(Emberiza citrinella)

Western yellow wagtail (Mota

lava)
coelebs) J

m UCLouvain

Earth and Life Institute - Geomatics




PPerspectives

d Recent EO applications concerns the Big Data challenges
[ Al as disruptive technology for EO when put into context

- to handle new unexplored sources of data
» Crowdsourcing
» Mobilephone CDRs

» New space EO
> Internet of Things |

- to define concepts combine of the versality Al while stil
relying on process-based or knowledge-based modelling

°
Il UCLouvain
Earth and Life Institute - Geomatics
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LifeWatch Z GEOGLAM

Global Agricultural Monitoring
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