
Digital platforms and embedded AI to 
target the smallholder communities

Prof. Congduc Pham
http://www.univ-pau.fr/~cpham

IoT – from idea to reality Paving for the next 10 years

of innovation in IoT and AI

Advanced and disruptive IoT/AI technologies targeting

the smallholder community for increased resilience

Transdisciplinary research for a healthy planet
March 30-31 mars 2023 – Université de Reims
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Healthy planet?
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2 transdisciplinary projects

https://resilink.eu

June 2022-26

https://intel-irris.eu

June 2021-24

Optimize irrigation in 

small-scale agriculture 

farms

Resource sharing in 

smallholder 

communities

IRD: Institute 
for Research & 
Development

ENSA-Safi: 
National School
of Applied 

Sciences – Safi

INRA: National 
Institute of 
Agronomic 

Research 
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University of 
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Sultan Moulay 
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University 
Mohammed-
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Souk-Ahras 
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Company for 
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Water resource is precious!

Semi-arid Arid !



5

P
ro

f.
 C

o
n
g

d
u
c
 P

h
a
m

h
tt

p
:/

/w
w

w
.u

n
iv

-p
a

u
.f

r/
~

c
p
h
a
m

Optimizing irrigation in agriculture

◉ About 70% of water is used for agriculture activities

◉ Digital technologies can help reducing and optimizing usage of 
water, but…

Connected
Agriculture

Soil 
Monitoring

Possible for large farms
Out of reach for  

smallholders!



6

P
ro

f.
 C

o
n
g

d
u
c
 P

h
a
m

h
tt

p
:/

/w
w

w
.u

n
iv

-p
a

u
.f

r/
~

c
p
h
a
m

Smallholders – up to 2ha

◉ Most (84%) of the world’s
570 million farms are
smallholdings

◉ Provide about 32% of world
food supply, on about 24%
of agriculture land

Connected
Agriculture

Soil 
Monitoring

Too expensive

Too integrated

Highly specialized

Difficult to customize

Difficult to upgrade

Technologies

https://ourworldindata.org/smallholder-food-production

https://ourworldindata.org/smallholder-food-production
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Towards more frequent crisis?
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Smallholders are more vulnerable!

◉ Smallholder farmers: first to be impacted by climate change, 
unexpected crises. They are very economically fragile!
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Irrigation with soil moisture sensing
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Propose low cost but highly efficient 
water control systems for irrigation 
optimization

Not as simple as it seems 

Volumetric Water Content, 

Water Potential, Water 

Tension,…

TDR, FDR, capacitance, 

resistance, ….

Low-cost sensor less accurate

Soil characteristics: bulk 

density, soil salinity, soil 

texture & soil type

Evapotranspiration, soil-

plant-atmosphere 

continuum,…

Irrigation type: drip, furrow, 

sprinkler,…

Plant/Crop varieties

Relationship with other 

agriculture inputs
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Connected
Agriculture

Soil 
Monitoring

High acceptability 

of technologies, 

even complex ones

Very low acceptability 

of technologies 

because too complex!

Not only the cost barrier…
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INTEL-IRRIS starter-kit

◉ "Intelligent Irrigation in-the-box", "plug-&-sense"

◉ From idea to reality!

Starter-kit

< 90€

SEN0308 
capacitive sensor

Watermark WM200
Water tension sensor

~ 30€ ~ 60€
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Calibration for more accuracy

◉ Working with low-cost sensor 
means more calibration!

◉ Soil-specific calibration with 
soil specialist!

◉ Impact of external "noise"
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Capacitive sensor

◉ Capacitive soil moisture sensors usually measure 
volumetric water content

◉ Soil density & soil texture are important parameters

IRD in conducting 

extentise test on the 

accucary and the stability 

of the low-cost SEN0308 

capacitive sensor

From METER group
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◉ Water tension sensor measures the amount of 
force required to extract water from soil's pores

Water tension sensor

IRD in conducting extensive tests on the stability & suitability of 

microcontroller-based usage of the Watermark water tension sensor

From METER group
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Complex technologies 

made simpler! 

(hopefully)
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INTEL-IRRIS: embedded intelligence

Embedded 

Intelligence

Multiple 

kwnowledge 

streams

AI/ML

Soil	
type	 WeatherCrop	

type

Geographical
area

Decision
Support
System

AI
Machine
Learning

Knowledge
Database

Irrigation
technique

Pilot fields

Technology
experts

Agronomist

Build 

datasets

Prediction models
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How to build irrigation datasets?

◉ Soil type, plant type, evaporation, weather condition,…

◉ Where to apply IA, how to handle irrigation cycles, …?
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Increase smallholder's resilience?

◉ will increase smallholder’s resilience by providing
continuity of access to both resources and markets in crisis situations
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RESILINK's objectives

RESILINK
Digital

Resource
Mngt	

Platform

RES ILINK

RESILINK
Mobile	App

RESILINK
API

3rd-party	
platform	
RESILINK	

API

Existing
3rd-party	
platform

3rd-party	IoT	
infrastructure

RESILINK	Edge-IoT

RESILINK
wrapper

MQTT

RESILINK	Framework

RESILINK
Edge-ML
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RESILINK digital platform

◉ will enable real-time exchange of information
on territorial resources and supplies & 
demands; connecting smallholders to new 
supply, sharing opportunities and distribution 
channels

◉ will provide an open architecture and API to 
seamlessly integrate third-party platforms into 
comprehensive dashboards/portfolios

◉ The open API will enable the platform-of-
platforms approach for promoting a much 
wider and appealing ecosystem

◉ Incrementally add disruptive technologies such 
as Internet-of-Thing (IoT), Edge Computing, 
Linked-Data and AI-based clustering & 
recommendation system

RESILINK
Digital

Resource
Mngt	

Platform

RES ILINK

RESILINK
Mobile	App

RESILINK
API

3rd-party	
platform	
RESILINK	

API

Existing
3rd-party	
platform

3rd-party	IoT	
infrastructure

RESILINK	Edge-IoT

RESILINK
wrapper

MQTT

RESILINK	Framework

RESILINK
Edge-ML

RESILINK

OtherApp

OtherApp
OtherApp
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RESILINK & Orange ODEP platform

RESILIN K

RESILINK
Mobile App

First step

From Orange ODEP presentation. Salma Bradai, Sofrecom
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RESILINK & Orange ODEP platform

RESILIN K

RESILINK
Mobile App

RESILINK
Digital

Resource
Mngt 

Platform

Sharing

Su
pply

 &
 D

em
and

Com
m

unication Paym
ent

RESILINK
API

3rd-party 
platform 
RESILINK 

API

Existing
3rd-party 
platform

3rd-party IoT 
infrastructure

RESILINK
wrapper

MQTT

Second step

Lightweight platform 

to be run on Single-

Computer-Board 

that could be locally 

hosted
From Orange ODEP presentation. Salma Bradai, Sofrecom
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Beyond technology!
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Farmers

Technology
experts

Agronomist

Decision-makers
Socio-economic	actors

Stakeholders
Agencies

Collaboration with local actors

◉ INSID (Institut National des Sols et de l’Irrigation et du Drainage, 
Algeria)

◉ INRAA (Institut National de la Recherche Agronomique, Algeria)

◉ National Institute of Vegetable Protection (Institut National de la 
protection des végétaux, Algeria) 

◉ Direction of Agricultural Services of Oran  (Direction des Services 
Agricoles d'Oran, Algeria)

◉ Direction of Agricultural Services of Mostaganem  (Direction des 
Services Agricoles de Mostaganem, Algeria)

◉ Chamber of Agriculture of Mostaganem (Chambre d'Agriculture de 
Mostaganem, Algeria)

◉ National council of vegetable crop farmers (Conseil National 
Interprofessionnel de la Filière des Cultures Maraîchères, Algeria)

◉ ORMVAT (Office Régional de Mise en Valeur Agricole du Tadla, 
Morocco)

◉ ONCA (Office National du conseil Agricole, Morocco)

◉ Association of Irrigation Water Users (AUEA, Association d’Usagers 
de l'Eau Agricole, Morocco)
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Smallholder Piloting Program

◉ Participatory approach to co-design 
& test the innovative solutions in 
fields

◉ Take into account region-
dependent technical, agricultural, 
social, climatic and environmental 
aspects

◉ Runs for 24 months to ensure that 
the proposed irrigation systems are 
well tailored for the specificities of 
the regional context

◉ 13 farms already enrolled to 
participate in the Piloting Program

Bousfer farm, Algeria UMAB farm #1, Algeria

INRA farm #1, Morocco INRA farm #2, Morocco

Starter-kit
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Living-Lab piloting program

◉ RESILINK’s approach is a major change in 
smallholder’s traditional agri-food chain

◉ The RESILINK "living-lab" piloting
program will maximize
smallholder’s acceptability
of these new technologies
that may imply radically new
practices & interaction model

◉ The sharing principle & the RESILINK mobile 
app user interface will be extensively tested
for more than 2 years

Piloting	&	Evaluation

Smallholders
Communities

Technology
experts

Agriculture/Farming/
Agri-Food	Chain
Experts

Agri-food	value	chain	actors
RESILINK

RESILINK

RESILINK
D ig ital

Reso u rce
M n g t	

Platfo rm
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Conclusions

◉ 2 projects targeting smallholder farmer communities with digital 
platforms and embedded AI

◉ Although different objectives, some issues are recurrent
◉ Technology readiness

◉ Technology cost

◉ Technology simplicity

◉ Technology acceptability & trust

◉ Transdisciplinary research needs a lot of meetings & discussion!
◉ May be obvious remarks but was definitely taking much more time than 

expected!

◉ Transdisciplinary research may lead to frustration!
◉ Tradeoff in complexity & accuracy

◉ Tradeoff in results & impacts

Transdisciplinary research for a healthy planet
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