
Designing and deploying
low-cost IoT: digital 

agriculture opportunity for 
smallholders

Prof. Congduc Pham
http://www.univ-pau.fr/~cpham
Université de Pau, France

IoT – from idea to reality

Presented on May 26th, 2021
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Googling for « Internet of Things »
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…shows communicating objects
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Googling for "Smart Agriculture"
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Smart Agriculture, a mature technology
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Sense, Monitor, Optimize & Control

APPLICATION DOMAINS

Sensing
Physical world interaction

Monitoring

DATA ANALYSIS, 
OPTIMIZATION & CONTROL
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⊙ IoT device can be viewed as a simple Embedded System

IoT device

Physical Sensor

Processing 

Microcontroller

Radio
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Smart Agriculture Sensors
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Smallholders & Smart Agriculture?

Too expensive
Too integrated

Highly specialized
Difficult to customize
Difficult to upgrade
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Smallholders: the next decade challenge!
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Challenges: 
Low-cost, adaptation, digital inclusion, local economy

Many commercial 
systems are not 
adapted
for developing 
countries, rural 
areas, smallholders

Smart Agriculture for Smallholder?
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: Low-cost IoT!
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IoT device

Processing Radio
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Low-cost microcontroller boards

http://blog.atmel.com/2015/12/16/rewind-
50-of-the-best-boards-from-2015/ 

http://blog.atmel.com/2015/04/09/25-dev-
boards-to-help-you-get-started-on-your-
next-iot-project/ 

Theairboard
Teensy 3.2

Arduino Pro Mini

STM32 Nucleo-32

Tinyduino
Tessel

LoPy

Expressif ESP32

Adafruit Feather
Sparkfun ESP32
Thing

LinkIt
Smart7688 duo

SodaqOnev2

Heltec ESP32 + OLED

Processing Radio
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Low-power & long-range radios

EnergyEnergy-Range dilemma

L
P
W
A
N

5G?
NB-IoT

2G/3G/4G

Long-range
Low-power
LPWAN

(Very) Low throughput
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Energy consumption comparaison

200-500mA      500-1000mA      100-300mA

TX power: 40mA. Mean consumption: (2sx40+3598sx0.005)/3600=0.027mA

2500/0.027=92592h = 3858 days = 10 y. J

18mA 18mA-40mA

EnergyEnergy-Range dilemma

L
P
W
A
N

5G?
NB-IoT

2G/3G/4G

Long-range
Low-power

(Very) Low throughput

TX power: 500mA. Mean consumption: (8sx500+3592sx0.005)/3600=1.11mA

2500/1.11=2252h = 93 days = 3 months L
2500mA

In most cellular networks, the device 
is still maintaining communication 

with BS even if it is inactive

LPWAN does not need to maintain 
connection if not in used
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Low-power, long-range radios

DORJI DRF1278DM is 
based on Semtech 
SX1278 LoRa 433MHz

Multi-Tech 
MultiConnect mDot

LinkLabs 
Symphony module

habSupplies

Adeunis ARF8030AA- Lo868 

AMIHO AM093

Microship RN2483

Froggy Factory LoRa 
module (Arduino)

Libelium LoRa is based on 
Semtech SX1272 LoRa 
863-870 MHz for Europe

IMST IM880A-L is based on 
Semtech SX1272 LoRa 
863-870 MHz for Europe

HopeRF 
RFM 
series Embit LoRa

SODAQ LoRaBee
RN2483

SODAQ LoRaBee
Embit

HopeRF HM-
TRLR-D 

ARM-Nano N8 LoRa 
module from ATIM

inAir9 based 
on SX1276

Processing Radio
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Last but not least: low-cost sensors!

Processing Radio
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IoT-for-All can become reality!
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Do-It-Yourself IoT

Physical 
sensor 
mgmt

Long-range 
transmission

Activity 
duty-cycle, 
low power

Logical 
sensor 
mgmt

AES 
encryption

Arduino Pro Mini @3.3V

VC
C

M
O
SI

M
ISO

C
LK

C
S

G
N
D

IoT – from idea to reality
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Generic IoT v.s. highly specialized
⊙ Build low-cost, low-power, generic IoT platform
⊙ Methodology for low-cost platform design
⊙ Technology transfers to user communities, economic 

actors, stakeholders,…

Physical 
sensor 
mgmt

Long-range 
transmission

Activity 
duty-cycle, 
low power

Logical 
sensor 
mgmt

AES 
encryption

Arduino Pro Mini @3.3V
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A simple temperature sensor example

Modtronix inAir9

Arduino Pro Mini @3.3V

TMP36

Wakes-up every 10min, take 
a measure (temp) and send 
to gateway

5μA in deep sleep 
mode, about 40mA 
when active and 
sending

More than 1 year with 1 
measure/10min

Can run several years 
with 1 measure/1h
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A soil humidity sensor example

Physical 
sensor 

management

Long-range 
transmission

Activity duty-
cycle, low 

power

Logical sensor 
managementSecurity
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Open, versatile IoT gateway

Visualize locally stored data

Embed web applications
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Deployment for Nestlé's WaterSense
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Minimum Viable Products (MVP)
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29

Minimum Viable Products (MVP)
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30

Minimum Viable Products (MVP)
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Making IoT happening!

Innovative	IoT	
technologies

"IoT	for	All"
paradigm

IoT	infrastructures	
and	use	cases

Users/Developers	
engagement

Innovative	solutions	
adapted	to	local	

needs	

Communication	&	
community	building

Knowledge	
dissemination	&	

training

Exploitation	plan	and	
innovation	hubs

Sustainable	&	long-
term	innovation
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100% open-source code templates

Many examples using various temp/hum sensors
https://github.com/CongducPham/LowCostLoRaGw/tree/master/Arduino
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Launch event (Senegal, CTIC Dakar)

IoTCareConference (Budapest, CNET)

Launch event (Ghana, iSpace)

Workshop at the European Conference
on Networks & Cmmunications

(Greece, CNET)

WAZIUP Workshop on IoT (Togo, 
L'Africaine d'Architecture)

IoTBigData2016 
(Italy, EGM)

Workshop at the RESSACS 2016 (France, UPPA)

IoTWeek2016 (Belgrade, EGM)

Community building for sustainable innovation

Credit: C. Vavasseur, CTIC Dakar



34

Pr
of

. C
on

gd
uc

 P
ha

m
ht

tp
://

w
w

w
.u

ni
v-

pa
u.

fr/
~c

ph
am

WAZIUP Online Course

⊙ http://diy.waziup.io
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Training & hackathons

⊙ Technical training sessions
⊙ Hackathons, …

Online Arduino & IoT step-by-step tutorial
https://diy.waziup.io
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Tutorials/resources

Author : Congduc Pham, University of Pau, France page  
Last update : 07.09.2016 

1"

EU"H2020"grant"agreement"number"687607"

Low-cost LoRa IoT devices and gateway FAQ 

1) What is Internet-of-Thing (IoT)? 

From IERC (European Research Cluster on the Internet of Thing)  

The IERC definition states that IoT is "A dynamic global network infrastructure with 
self-configuring capabilities based on standard and interoperable communication 
protocols where physical and virtual “things” have identities, physical attributes, and 
virtual personalities and use intelligent interfaces, and are seamlessly integrated 
into the information network." 

From http://www.gartner.com/it-glossary/internet-of-things/ 

"The Internet of Things (IoT) is the network of physical objects that contain 
embedded technology to communicate and sense or interact with their internal 
states or the external environment." 

From http://internetofthingsagenda.techtarget.com/definition/Internet-of-Things-IoT 

"The Internet of Things (IoT) is a system of interrelated computing devices, 
mechanical and digital machines, objects, animals or people that are provided with 
unique identifiers and the ability to transfer data over a network without requiring 
human-to-human or human-to-computer interaction." 

2) What is WAZIUP? 

The EU H2020 WAZIUP project, namely the Open Innovation Platform for IoT-Big 
Data in Sub-Saharan Africa is a collaborative research project using cutting edge 
technology applying IoT and Big Data to improve the working conditions in the rural 
ecosystem of Sub-Saharan Africa. First, WAZIUP operates by involving farmers and 
breeders in order to define the platform specifications in focused validation cases. 
Second, while tackling challenges which are specific to the rural ecosystem, it also 
engages the flourishing ICT ecosystem in those countries by fostering new tools 
and good practices, entrepreneurship and start-ups. Aimed at boosting the ICT 
sector, WAZIUP proposes solutions aiming at long term sustainability. 

WAZIUP will deliver a communication and big data application platform and 
generate locally the know how by training by use case and examples. The use of 
standards will help to create an interoperable platform, fully open source, oriented 
to radically new paradigms for innovative application/services delivery. WAZIUP is 
driven by the following visions: 

1. Empower the African Rural Economy. Develop new technological enablers to 
empower the African rural economy now threatened by the concurrent action 
of rapid urbanization and of climate change. WAZIUP technologies can 
support the necessary services and infrastructures to launch agriculture and 
breeding on a new scale; 
 

Low-cost LoRa IoT device:!
a step-by-step tutorial!

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

Université de Pau, France!
!

Building an IoT device for 
outdoor usage:!

a step-by-step tutorial!

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

Université de Pau, France!
!Low-cost LoRa IoT:!

using the WAZIUP demo kit!

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

Université de Pau, France!
!

Tutorial on hardware & 
software for low-cost long-

range IoT!

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

Université de Pau, France!
!

https://github.com/CongducPham/tutorials

Low-cost LoRa IoT device:!
supported physical sensors!

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

Université de Pau, France!
!

The generic hardware platform
The Arduino Pro Mini
The Arduino Pro Mini is a compact form factor Arduino board based on the ATmega328P microcontroller 
Use the 3.3v and 8MHz version of the Arduino Pro Mini for lower power consumption

There are various LoRa radio modules that are all based on the Semtech SX1272/1276 chips family

The LoRa radio module

Connect the LoRa radio module

Congduc Pham, http://cpham.perso.univ-pau.fr
http://www.waziup.eu

You can get the original board designed by Sparkfun or get one of 
the various clones available mainly from Chinese manufacturer. The 
last solution is very cost-effective as the Pro Mini board can be 
purchased for a bit more than 1€ a piece.

Depending on how many sensors you want 
to connect, the number of ground (GND) 
pins may be limited. You can extend a GND 
pin with a header pin where all pins are 
soldered together.

Libelium LoRaHopeRF RFM92W/95W  Modtronix inAir4/9/9B
Fully tested LoRa 
radio modules NiceRF LoRa1276

Most of SPI-based LoRa radio modules are supported. We recommend the 
Modtronix inAir model if you don't have delicate soldering experience as this 
module can come with header pins ready to be connected with Dupont wires.

The RFM95W can be found assembled (Adafruit) or an adapter can be 
purchased (from Ideetron for instance)

Connect the corresponding SPI pins of the radio 
module to the SPI pins on the Pro Mini board. MOSI 
(blue) is pin 11, MISO (green) is pin 12, CS (white) is 
pin 10 and CLK (orange) is pin 13 (right picture). 
Then connect also the VCC (red) and the GND (black) 
of the radio module to the VCC and the GND of the 
board (right picture). The VCC of the Pro Mini board 
gets 3.3v from the on-board voltage regulator.

VC
C

M
O
SI

M
ISO

C
LK

C
S

G
N
D

VC
C

M
O
SI

M
ISO

C
LK

C
S

GND

Low-cost LoRa gateway:!
a step-by-step tutorial!

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

Université de Pau, France!
!

Low-cost LoRa gateway:
web admin interface

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

Université de Pau, France

Low-cost LoRa IoT antenna
tutorial for gateway

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

Université de Pau, France

IoT Deployment with WAZIUP
* * *

Guidelines, Best practices, 
Troubleshooting and FAQ

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

Université de Pau, France
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YouTube videos

https://www.youtube.com/watch?v=YsKbJeeav_M https://www.youtube.com/watch?v=mj8ItKA14PY

Low-cost LoRa IoT
device

Low-cost LoRa IoT
gateway

+94000 views +22000 views

Extreme low-power 
LoRa IoT

Setting up a 
gateway in 5mins

https://www.youtube.com/watch?v=2_VQpcCwdd8 https://www.youtube.com/watch?v=CJbUFXLpSok

May2021 May2021

+9000 views
May2021

+4600 views
May2021
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Is it enough?

Needs, cost, design approach, constraints & control mechanisms

Challenges: 
Low-cost, adaptation, digital inclusion, local economy

Q: what's missing?

Accuracy? Simplicity?
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: Intelligent Irrigation-in-a-box 

Farm/Field

Sensors

Starter-kit

Starter-kit

LPWAN

Starter-kit
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AI+Smart Agriculture=Win-Win!
Decision
Support
System

AI
Machine	Learning
Deep	Learning

Knowledge
Database

Irrigation
technique

Soil	
type	 WeatherCrop	

type
Geographical
area

Decision
Support
System

AI
Machine	Learning
Deep	Learning

Knowledge
Database

Starter-kit

Intel-Irris	will	provide	seamless	
integration	into	existing	irrigation	system	
and/or	local	customs	and	practices

Low-cost system based on low-cost sensors and 
advanced water-soil-plants-climate interaction models for 
higher accuracy of collected measures
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Low-cost sensors: accuracy?
Sensor	part

⊙ Build on low-cost, low-power 
IoT expertise

⊙ Increase accuracy of low-cost 
sensors by advanced 
calibration

⊙ Enable deployment of several 
complementary low-cost 
sensors: soil conductivity, 
volumetric water content, …

⊙ Include agricultural models / 
knowledge with corrective & 
predictive analytics
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Understanding soil water

⊙ Low-cost sensors usually measure soil water content
⊙ Soil = a pile of aggregates➡3 phases: solid + air & water

Saturated soil

Geometry of the 
aggregates & pores

Schematical view of 
the 3 phases

volume weight

water volume capacitive sensors

Decagon EC5
120 euros

Gravity SEN193
6 euros

accurate under test

Source: Christian Hartmann, IRD
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⊙ in the soil, the water is UNDER TENSION 
= it is hold by CAPILLARY FORCES

⊙ Water tension is also needed!

weight

SDEC
100 euros

WATERMARK
40 euros

IRD
< 5 euros?

Soil water? Not enough!
Source: Christian Hartmann, IRD
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Smart embedded control 

Embedded
Database

Embedded	User
Interface

Software	updates

Control	part
⊙ Build on low-cost embedded  

& open IoT gateway expertise
⊙ Implement the “Itelligent 

Irrigation in-the-box” vision
⊙ Model complex interactions: 

water-soil-plant interaction, 
evapotranspiration,…

⊙ Embed Decision Support 
System (DSS) and disruptive 
Artificial Intelligence (AI)

⊙ Integration of multiple 
knowledge streams

⊙ Fully autonomous
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Edge-AI for fully autonomous system

⊙ Embed every thing on the IoT gateway to provide a fully 
autonomous system for the "Intelligent Irrigation-in-the-box"

Tensor Flow

Python

Jupyter-Lab XGBoost Scikit-LearnConda-
Forge

LoRa GW AI Notebooks

Raspberry Pi OS 64-bit

Docker

Raspberry Pi 4

Pandas

Artificial Intelligence Container

Visualize locally stored data

Embed web applications

Irrigation
technique

Soil	
type	 WeatherCrop	

type
Geographical
area

Decision
Support
System

AI
Machine	Learning
Deep	Learning

Knowledge
Database

Starter-kit

IoT – from idea to reality

Integration of multiple 
knowledge streams

Fully
autonomous
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Machine Learning Techniques
• Classification

• Logic
• SVM
• Random Forest
• Hidden Markov
• …

• Regression
• Lasso
• Ridge
• Loes
• KNN
• Spline
• XGBoost
• …

Representation
Evaluation
Optimization

Optimize a
performance criterion
using example data or
past experience

Role of Statistics: 
Inference from a
sample

Role of Computer science: 
Efficient algorithms to (i) 
solve the optimization
problem (ii) represent and
evaluate the model for
inference

A lot of 
statistic 
methods
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Supervised Learning

⊙ ML model is presented with input data which is labeled
⊙ Each input data is tagged with the correct label.

⊙ The goal is to approximate math operations in the ML model so
well that when presented with new input data, the ML model can
predict the output variables for that input data.



50

Pr
of

. C
on

gd
uc

 P
ha

m
ht

tp
://

w
w

w
.u

ni
v-

pa
u.

fr/
~c

ph
am

Spam Mail Example

⊙ On the left side of the image, 
some data is marked as ‘Spam’ 
or ‘Not Spam’. This is labeled
data. This data is used to train 
the supervised model, the 
intelligent program (at center 
of the image).

⊙ Trained model is tested with
new mails (on the top of the 
image) and checking if the 
output of the supervised model 
is correct (on the right side of 
the image).
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Types of Supervised Learning

⊙ Classification: A classification problem is when the output is a 
category, such as “red” or “blue” or “disease” and “no disease”.

⊙ Regression: A regression problem is when the output is a real 
number, such as “dollars” or “weight”.
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Regression

⊙ Dependent variables: the main event or factor to understand or 
predict. Also known as explanatory variable.

⊙ Independent variables: the events or factors suspected to have 
an impact on the dependent variable. Also known as response
variable.
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Types of Regression

⊙ Simple regression: single independent
variable for a single dependent
variable. It is very common to name
the independent variable as x and Y as 
the dependent variable
x: number of cricket chirps
Y: temperature

⊙ Multivariable regression: multiple 
independent variables, x1, x2, x3, for a 
dependent variable Y.
x1: number of cricket chirps
x2: rainfall
x3: automobile traffic
Y: temperature
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It is NOT ONLY about technology!

Use	cutting-edge	technologies	to	
propose	highly	innovative	systems	yet	
simple	to	deploy	and	adapted	to	
smallholders

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

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

Improve	farmer's	knowledge	on	water-related	
issues,	foster	local	adaptation	of	technologies,	
increase	local	innovation	capacity	and	
facilitate	technology	appropriation

Large-scale	adoption	of	low	cost	smart	
irrigation	system	by	smallholders,	
stimulating	synergies	between	various	
local	actors

1
2
3
4
5
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Technological	possibilities
&	constraints

Smallholders
participation
&	analysis
of	needs

Feedback
analysis	&
technical
evaluation

Smallholders	
engagement

Plant/crop	
selection	&	
evaluation	
methodology

Smallholders,
Entrepreneurs	&
Innovation	hubs

Local	and	
international	
market	

Socio-economic	actors
&	sustainability	studies

Technical,	social,
environmental
benefits	&
impacts

Smallholders
training	
& capacity	
building	

Decision-makers	&
Stakeholders	involvement

Agronomic	knowledge
Region/Crop
specific
parameters
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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

⊙ Will run for 30 months to ensure that the 
proposed irrigation systems are well tailored 
for the specificities of the regional context

⊙ 9 farms already enrolled to participate in the 
Piloting Program

⊙ Scale-up to involve at least 20 small-scale 
farms

Starter-kit
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Farmer Training Program

⊙ Run in parallel to the Smallholder Piloting 
Program

⊙ Increase smallholders’ knowledge so that 
they can familiarize with the proposed 
technologies, tools and practices

⊙ Specific training materials will be created for 
that purpose and dedicated training sessions 
will be organized in coordination with the 
Smallholder Piloting Program

⊙ Increase engagement of final users
⊙ Recruit for Smallholder Piloting Program and 

distribution of starter-kits

Starter-kit
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Conclusions

⊙ Internet-of-Things provides the unique feature to make things 
"talk" to us: localisation, surrounding environmental conditions,…

⊙ It has unique capabilities in helping humanity to
reach more sustainable development

⊙ Adapting IoT solution for smallholders is
the next decade challenge!

⊙ Next generation sensors such as cameras,
spectrometers, hyperspectral cameras,…
will provide possibilities to further
optimize a number of complex processes

⊙ We have more than 8 years expertise in
developping & deploying low-cost IoT
in Africa with 4 EU H2020/PRIMA projects 
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