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Advanced and disruptive loT/Al technologies targeting
the smallholder community for increased resilience
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(\ === Can greatly improve use of resources

DE RECHERCHE

©
nr @® E.g. about 70% of water is used for agriculture activities

@ Digital technologies can help reducing and optimizing use of water,
but...

Ground Sensors )
F——=—======
| Soil, Water, G !.te,:

| Environment, [LORa
| Plant,
I ete.

REAL-TIME DATA

Possible for large farms smallholders!

ut of re for
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570 million farms are
smallholdings

@® Provide about 32% of world
food supply, on about 24%

of agriculture land

Monitoring

Connected
Agriculture

Smallholders - up to 2ha

® Most (84%) of the world’s

EX
REPUBLIQUE

FRANCAISE La France au Panama et aux Bahamas

Smallholder farms produce one-third of the world’s food

The cumulative share of the world’s agricultural land, crop production and food supply, broken down by farm size.
Agricultural land, in hectares Crop production, in kilocalories Food supply, in kilocalories
(used for food, animal feed and fuel) (crops used for human food only)

Smallholder farms (farms less than two hectares)...
Uptolha - 12% 12%
..use 24% of agricultural land - ~.to produce 29% of crops

15%

...providing 32% of the world’s food
32%

Upto2ha

Upto5ha 32% 41%

Ih
&
x
@
aQ
x

51%
Half of crop production comes from farms less than 10 hectares

Upto 10 ha 40%

Half of agricultural land is on farms less than 20 hectares

Farms between 20 to 50 ha produce 4% of world's food [63% - 59%]

65% 69%

o
&
®

Up to100 ha

72% 81%

m
&
®

Up to 200 ha

80%

®
&
R
®
S
R

Up to 500 ha

88%

©
3
®
9
N
*®

Up to 1000 ha

g
g

Allsizes 100%

Source: Vincent Ricciardi et al. (2018). How much of the world's food do smallholders produce? Global Food Security.
OurWorldinData.org - Research and data to make progress against the world's largest problems.

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

~

Licensed under CC-BY by the author Hannah Ritchie.

Too integrated

Highly specialized
Difficult to customize

\_ Difficult to upgrade



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

Ex
REPUBLIQUE
AGRI FUTUR

FRANCAISE  La France au Panama et aux Bahamas
Toward Future Agroecology

(\ ~= Not only the cost barrier...

DE RECHERCHE

Connected
Agriculture

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




b AGRI FUTUR

Toward Future Agroecology

\ PROGRAMME
FRANCE \ Dt RECHERCHE

anr’

EX
REPUBLIQUE
FRANCAISE La France au Panama et aux Bahamas

Literté.

2026: CONVERGENCE OF TECHNOLOGIES!

sSster 17 years later: the incredibly large
microcontroller board ecosystem!

@ EEE802.11ah

RPMA

oNRAMP

LTE-(J)

* sigfo:

@ne-o

10T ANALYTICS

loT Startup Landscape 2024 - 3,000+ companies

July 2024

Your Global loT Market Research Partner

loT Software I NloTt
& iy g

FIRSTMARK =

9/21
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C\ === More and more powerful microcontrolers!
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uPesy ESP32 ePulse Feather Low Power ESP32 FeatherS3 — ESP32-S3

%" Arduino Nicla ) RP2040 DFRobot
XIAO SAMD21 Sense ME zero Beetle QT Py ESP32-C3



> Cost-effective LPWAN!
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RANGE ENERGY
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C\ —. Enabling Do-lt-Yourself loT!

Fraternicé

DE RECHERCHE .9 Mm V' IW

IIIIIIIIE
INTEL—IRRIS g
XX

1 measure / hour by default

LoRa|  ~ 2 year of autonomy on alkaline batteries! 12101
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——— Example: INTEL-IRRIS’s starter-kit
D=
n

©
r https://intel-irris.eu

0 PRI MA « )
This project is part of the PRIMA ? I n te l-
- Euoreninon June 1st, 2021 — May 31st, 2024
TO REALITY!

Small-scale farms,
Smallholder Farmers

NO INTERNET
FULL EDGE
MODE ©

~ 30€

\ SENO0308 Watermark WM200

capacitive sensor Water tension sensor 1 3 l 2 1
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— = Low-cost soil moisture device
&
n

FRANCAISE
Liberté

La France au Panama et aux Bahamas

: PRIMA

= IN THE MEDITERRANEAN AREA
© ;
r ==

S Intel-

a y ]

This project is part of the PRIMA
Programme supported by the
European Union

)
i
g
14
w
Q

SENO0308 Watermark WM200
capacitive sensor Water tension sensor
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SOLAR PANEL controuer/  ((o))  TRADITIONAL APPROACH FOR

B e
DATA LOGGE s sersrs e Sl
APLOSSt . (3G6) MONITORING SYSTEMS 1

il ACCURATE SENSORS BUT O R . St
COSTLY TO DEPLOY > : N ACCURATE BuT ,ﬁw e

FEW MEASURE POINTS & A DEPLOY & DIFFICULT | . CONNECTEDTO
‘ , N TO SCALE; MULTIPLE ; A DATA LOGGER
p 3G/4G ACCESSES
Wired sensors spanning a relatively short distance. Complex NEED TO BE

setting with solar panel and high capacity battery to power the ~PROVIDED
whole system. Cellular connectivity sends data to servers/clouds.

iulité
Fraternicé

Towards “low-tech-nisation”

MORE FLEXIBLE APPROACH WITH RECENT WIRELESS IOT TECHNOLOGIES ((0))

LESS COSTLY SENSORS " B R R B T.z e e

MODEM

BUT ALSO LESS | I _
ACCU RATE 9 MORE 9 STILL ROBUST & ACCURATE
MEASURE POINTS Y THE-BOX DEPLOYMENT 6.

Host devices for sensors are all independent with cost-effective hardware (~25€). Can be MADE POSSIBLE AT LARGE
deployed on a large area and run on AA batteries for several years. Small solar panel on  SCALE! EDGE-ENABLED

device can provide extended autonomy for more power-consuming sensors. loT wireless
connectivity (no charge, 2-8km range) sends data to a single edge-enabled loT gateway. GATEWAY PROVIDES
ADVANCED FEATURES.
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C\ === Going beyond irrigation

DE RECHERCHE

® Use the same approach of cost-
efficiency and out-of-the-box
deployment, expanding the sensor
ecosystem

© Complementarity & Adaptability: high-
end, low-end, innovative, ...

@ Target Agroecology, Nature-Based
Solutions & sustainable agriculture
practices

@®© With the objective to better Qualify &
Quantify the impact of these new
practices

® More data = more correlation in
agroecological system
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— = More Advanced Sensing Systems?
S
an

SENSORS

) 2WATERMARK 6 TEMPERATURE AIR
SENSORS
N

TEMP/HUM

ESP325332-
bit, dual-core,
up to 240 MHz
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Image Sensor? Quite a challenge!

Agriculture  wildlife
Agroecology
Environment
® Low Power Surveillance

@® Plug-and-Sense, out-of-the-b <=
.

© Embedded Al processing
@®@ Versatile Al learning framework
@ Application-specific Al models

©® Robust image encoding against
losses

@® Long-range radio transmissions
@ Efficient usage of radio resources
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Proof-of-concept: LORACAM-AI

UPDATED VERSION IN 2025 FOR THE PEPR AGRIFUTUR PROJECT

Wireless Sensors Made Simple
for agroecology & sustoinable ogriculture

Powsred by chckoges deekged i 5 1o

XIAO ESP32S3-SENSE

EIIIII2

OFF |[ON id:

LoRaCAM-AI-STATS-2EAA
A

- o LnomSmS T .,

mw\-PQmwex:“’c @ oL o,

DEEP SLEEP.* P
(o

LoRaCAM-AI-STATS-2EAA/luminosi

Y 7

loracam_ai_dev_2daa
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O System
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Al
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Yesterday

EMBEDDED
WEB
APPLICATION

loracam_ai_dev_2daa

TinyML, TensorFlow Lite,
CMSIS-NN, Edge Impulse, etc 20/21
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Conclusions

@ There is real need for dedicated working groups addressing
the challenges of “environmental sensing”

©® With multidisciplinary and transdiciplinary contributions!

@® Low-tech-nization is made possible with low-cost hardware

@® Innovative applications can be deployed with open
technologies

@ Collaboration between devices in P2P & mesh

@ Hybrid and continuity of access: multi-radio, terrestrial, non-
terrestrial, ...

@® Ad-hoc deployments with application-specific mechanisms in
agriculture, agroecology, environment, wildlife, ...



