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- Smart/Intelligent Agriculture S

@© increasing productivity & incomes, enhancing resilience of
livelihoods & ecosystems and optimizing usage of resources

©® leverage advanced technology for tracking, monitoring,
automating and analyzing agricultural operations & processes

® to make agriculture a more predictable and efficient process

Cloud and Big Data
Sensor Technologies

Internet of Thing
Remote Data Analysis
Drones & Satellites
Artificial Intelligence
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- "M% 1deal smart agriculture scenario

Sensors

Connected =
Agriculture %
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wwwwwwwwwwwwwwwwwwwww It is always a tradeoff... © Intel

tCost SSSSS, €€€€€ tEfﬁciency

LI

What can
research &
innovation
bring to smart
agriculture?

Connected
Agriculture

Small-scale farms,
Smallholder Farmers

Big Farms
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EEEEEEEEEEEEEEEEEEEEEE Research & Innovation?

@ NEED FOR TRANSDISCIPLINARY RESEARCH &
INNOVATION

® MULTI-ACTOR Yg
APPROACH

Technology

Decision-makers
experts Soao economlc actors

® ADAPTED TO Y2
\. Smart 'ﬁ'
AND NEEDS Agronomist Farmers  Stakeholders

Agencies
® BE INCLUSIVE FOR \3@@% / /

ALL COMMUNITIES
P|Iotf|elds
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~ Focus on Mediterranean Area
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=22 Water resource is precious!

Profondeur
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< "M% Irrigation with soil moisture sensing™*"

&

?Analyse ? Decide

SOIL. SENSN™,




"M Not as simple as it seems ® @ Intel-

BSOL. SENRNT

minia éé? 52

7Demde

Volumetric Water Content, Soil characteristics: bulk Irrigation type: drip,
Water Potential, Water density, soil salinity, soll furrow, sprinkler,...
Tension,... texture & soil type

Plant/Crop varieties
TDR, FDR, capacitance, Evapotranspiration, soil-
resistance, .... plant-atmosphere Relationship with other

continuum,... agriculture inputs 10



& Intel-IrriS

L PEMAINTEL-IRRIS's main objectives

Advanced Autonomous

Low-cost _
technologies Plug-&-Sense

Propose low cost but highly efficient
water control systems for irrigation
optimization

Seamless integration into existing
irrigation system and/or local customs
and practices

Use cutting-edgeA technologies to
propose highly innovative systems yet

simple to deploy and adapted to
smallholders




EEEEEEEEEEEEEEEEEEEEEE

@® At the beginning: an idea...
@ Very simple, "Intelligent Irrigation in-the-box

imn n
)

g Intel-

plug-&-sense”

Small-scale farms,
Smallholder Farmers

NO INTERNET ®
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= "WMY INTEL-IRRIS's starter-kit @ Intel-

® From idea to reality!

13
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A soil temperature
sensor can be added

~ 30€

SENO0308 Watermark WM200
capacitive sensor Water tension sensor

14



S Key to low-cost design

¢ 6\3 .
PCB mount for
1.6mm PCB
SMA female
S Length is 13.56mm
Simple design, g TR

off-the-shelves

components
Low-cost
approach

it
MI5W (868MHz)
MIBW (433MHz)

Easy
integration

Generic
platform,
easy
adaptation

Technology transfer,
Capacity building 15
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RFM96W (433MHz)

12PIN
PCB mount for

1.6mm PCB
SMA female
Length is 13.56mm

-
Simple design, off- »

the-shelves components, gm
100% DIY e

O
, 5»;‘(

Arduino ProMini 3.3V 8MHz

Simple design, off-the-shelves components, low-
cost support for solar panel, some components
already soldered, mixed-DIY

sd-EINle e @@l Y YYY Y Y IrIrY Yy S
P ooooz 800000000000 0089 ‘./\23
. %= TR » 1

Integrated design, off-the-
shelves components, full
support for solar panel, all
components already soldered

16



INTEL-IRRIS

Intelligent Irrigation System for Low-cost Autonomous Water Control
in Small-scale Agriculture

ACCURACY?




PRIMA

wwwwwwwwwwwwwwwwwwwwww Capacitive sensor i ‘

minerals

@®© Capacitive soil moisture sensors usually measure
volumetric water content

® Soil density & soil texture are important parameters

PORE WATER
1%

From METER group

Impact of temperature ?

5 sensors are pIaced ina sand tank at
BN constant water content

IRD in conducting
extentise test on the
Stable conditions is theory... accucary and the Stab"'ty
In reality : strong variations of temperatyre
0.0 very day, when sensor is exposed to sun ligh Of the IOW'COSt SENO308
Wed Thu Fri Sat Sun Mon Tue capacitive sensor 18

Tension (V)
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,,,,,,,,,,,,,,,,,,,,, Water tension sensor

force required to extract water from soil's pores

v
@® Water tension sensor measures the amount of | :g

From METER group
ﬁm* L. BIHeady M Pos: 20.00ms TRIGGER

1 Type

Couplage
]

R S AP YV S 00 P B B0 U O BB S i I O

ST 200% EHE 200y M s CHT 7 254V
e =10Hz

IRD in conducting extensive tests on the stability & suitability of
microcontroller-based usage of the Watermark water tension sensor 20



."
a®p

= HMA Calibration @ Intel-lrri

SEN 0308

e SENQ1 == SEN02 -~ SENO03 SENQO4 = SENO05

©® Soil-specific calibration TR R

2.5

@® Impact of external "noise" 20 -
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Tension (V)

Ambient air emperature has low impact, except...

— WM1 s WM2 o WM3 WM4 s WM5
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INTEL-IRRIS

Intelligent Irrigation System for Low-cost Autonomous Water Control
in Small-scale Agriculture

SMARTER?




<5 Added value: embedded intelligencét™"

. \ Decision
O Support

. aO System

Al
Machine
Learning

Irrigatiof SOl /Geognaphical Crop
technique type area v Weather

> type
‘q 0 ’p \ -
@ " et I i
e mesrcE 000
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- "HMAINTEL-IRRIS: add intelligence @ Intel-
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Support
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More parameters will
be integrated in IWA
during the project

2 Advanced

Moisture
sensor
parameters

Sensor Type
® Capacitive
Tensiometer

(cbar)
Tensiometer (raw)

Soil
parameters

Plant

mAaranandana

Moisture
sensor
parameters

Sensor age
0

Maximum sensor value
800

Minimum sensor value
0

Soil
parameters

parameters

Moisture
sensor
parameters

Soil
parameters

Soil Type
Silty v
Soil Irrigation Type

Submersion
® Furrow
Sprinkler
Drip
Subirrigation

Moisture
sensor
parameters

Soil
parameters

Soil Salinity

empty or -1 for disable

Soil Bulk Density

empty or -1 for disable

Soil Field Capacity

empty or -1 for disable

Moisture
sensor
parameters

Plant
parameters

Plant type

Tomatoes -

Planting Date
01/04/2023 O

Moisture
sensor
parameters

Plant
parameters

Plant category
Vegetable v

Plant Variety

feiza tomatoes

-

Moisture
sensor

Nnosamatare
parameters

Weather
parameters

Region

Semi-Arid

Save configuration

Moisture
sensor

raramateie

Weather
parameters

Weekly evaporation (in
mm) | value in mm

Weekly pluviometry (in
mm) | value in mm

Save configuration



=M% Not only the cost barrier...

Monitoring

- ¥ 7 . ‘] Smart
Connected 8] oooouaan » )
Agriculture P Py =

High acceptability Very low acceptability
of technologies, of technologies
even complex ones because too complex!

31
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PRIMA & Intel-

< M2 More information

© Web site: hitps://intel-irris.eu

AUA: ENSA-Safi: INRA: National IRD: Institute
Agricultural National School Institute of for Research &
University of of Applied Agronomic Development
Athens Sciences - Safi Research

8 ) °
: - : 'ﬁﬁéﬁ \l ij

Greece Morocco Morocco France

INTEL-IRRIS

. : : % University A. University of University of WAZIUP
Intelligent Irrigation System forLow-cost Autonomous Water Control Benbadis Oran 1 Pau & Adour association
in Small-scale Agriculture Country
“ANRZILSY

UMAB: UORAN1: UPPA: WAZIUP eV:

.
e rllvmslrz'

coordinator

@«n‘mr;g;
U

2]

Algeria Algeria France Germany

"

: _ _ “«*»” Intel_lrris
® Twitter: https://twitter.com/Intel_IrriS % @IntelirriS
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http://intel-irris.eu/
https://twitter.com/Intel_IrriS

INTEL-IRRIS

Intelligent Irrigation System for Low-cost Autonomous Water Control
in Small-scale Agriculture

WHAT'S
NEXT?




Smart Agriculture as a whole

@® Integration of multiple technogies solutions
® Remote sensing, satellite data, knowledge base, ...
@ Artificial Intelligence for vertical application silos: rice, viticulture, ...

©® Advanced sensing system, spectrometer, hyperspectral, ...
® ...

@ BUT, to ensure wide dissemination, these technologies MUST

@® be open, be simple, be inclusive for smallholders
@® be accessible at lower cost

@®© take into account weak connectivity areas

@® avoid vendor lock-ins

@® ensure interoperability of software & data

® ...

34



PRIMA

IN THE MEDITERRANEAN AREA

=

Votre culture se porte
bien, pas d'action a mener,
continuez de la surveiller

CAS 2 : Plante en "Zone stressée "

Votre culture se porte mal : il faut agir
immédiatement !

1 Identifiez le type d'attaque : champignons,

insectes, bactéries, virus ...

2 Apportez la bonne solution pour combattre la
pathologie

Reprenez un scan pour controler et savoir si le
probléme est réglé ou non !

Portable spectrometers

SENSEEe

Scanners for the planet

Some examples

Diagram from ekylibre, draft project proposal

elibre
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Centipede
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Towards full interoperable agri software & systems

Agriculture Data & Remote sensing

Management & Exploitation

Administrative

3 fAgSphere0s KDE 1

%m% mmmmmmm 3

menton  Mansgement R

ﬁ&phereos KDE 2

hereOS

Ag Software Package Manager D D . . D .

Whemos KDE 3
Ag Software Catalog

"“?"?i""}

SmartContracl BIockChaln Traceablllty DataBroker

hereOS
KDE a4

0o 0 2 s




Intelligent Irrigation System for Low-cost Autonomous
Water Control

in Small-scale Agriculture

el-IrriS

IN THE MK
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INTEL-IRRIS

Intelligent Irrigation System for Low-cost Autonomous Water Control
in Small-scale Agriculture

PILOTING




Piloting farms, visits, deployment,...""
[ =




INTEL-IRRIS

Intelligent Irrigation System for Low-cost Autonomous Water Control

CAPACITY
BUILDING
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PRIMA

IN THE MEDITERRANEAN AREA

INTELLIGENT IRRIGATION SYSTEM
FOR LOW-COST AUTONOMOUS
WATER CONTROL
IN SMALL-SCALE AGRICULTURE

? Intel-

Building the Intel-IrriS LoRa loT platform
Part 1: soil sensor device
PNAZIUCY

o7 Y s ety

WAZH

Prot. Congdc Pham

I'NIVIA

INTELLIGENT IRRIGATION SYSTEM
FOR LOW-COST AUTONOMOUS
WATER CONTROL
IN SMALL-SCALE AGRICULTURE

1 Intel-

-
T

Building the Intel-IrriS LoRa loT platform
Part 2: edge-enabled gateway (WaziGate)

et oo e [N HAAZIUECA

PRIMA =2l Tty
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N
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Technologies de capteurs de mesure de I'humidité du sol pour le
pilotage de l'irrigation:

Principe de fonctionnement, Calibrations et Performances

EL Aissaoui Abdellah (Ing. PhD)
Institut National de La Recherche Agronomique
Centre Régional de La Recherche Agronomique de Settat
Laboratoire des Agroéquipements et Energie

30 Mars 2022

Tutorial materials

INTELLIGENT IRRIGATION SYSTEM
FOR LOW-COST AUTONOMOUS

WATER CONTROL
IN SMALL-SCALE AGRICULTURE

? Intel-

Building the Intel-IrriS loT platform
Annex-1: ordering PCBs

p rocovsc e [RGN Ll e o
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INTELLIGENT IRRIGATION SYSTEM
FOR LOW-COST AUTONOMOUS

WATER CONTROL
IN SMALL-SCALE AGRICULTURE

i H Intel-

o

Building the Intel-IrriS LoRa loT platform
Part 3: the INTEL-IRRIS starter-kit

LES CAPTEURS FAIBLE COUT POUR
MESURER L'EAU DANS LE SOL:
CONTRAINTES, LIMITATIONS ET

PERSPECTIVES

"
< »
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PRIMA § Intel-

Dr. Christian Hartmann

M. Jean-Frangois Printanier
M. Mamadou Gueye

M. Lotfi Smaili

Institut « Recherche
b w Développement

christian.hartmann@ird.fr
jean-francois.printanier@ird.fr

Unité de Recherche : Systéme

\t
Centre Régional de la Recherche ) {4 2
e de Production en irrigué

Agronomique de Tadla PRIMA Webinaire (1% édition)

Irrigation :

o
< Intel- 5%%

concepts et état
des lieux

L’eau dans le sol et les
contraintes de l’irrigation

Présenté par: Dr. BOU

IAZZAMA Bassou
et Ingénieur en Génie Rural Pr BENKHELIFA Mohammed (UMAB)

Build the LoRa loT microcontroller pl.

atform for the PRIMA IN

T THE

WIRES ACCORDINGLY

he soil humidity sensor and test LoRa transmissions glsoRdevice & WaziGate framewprk f [

Watchon (8 Youlube Watch on (£ Youlube

& Intel-

Watch on @3 YouTube

and Edge-Computing Technologies
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