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Communicating	Objects
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Home/consumer	IoT	products

Pictures from WiThing, https://www.withings.com/eu/fr/products/body
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Monitoring	the	physical	world
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Monitor,	Optimize	&	Control	!

APPLICATION DOMAINS

Sensing

Monitoring

DATA ANALYSIS, 
OPTIMIZATION & CONTROL
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One	of	the	most	promising	market	
is	IoT!
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Example	1:	Cities

http://www.libelium.com/top_50_iot_sensor_applications_ranking/#show_infographic
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Example	2:	Farming	&	Agriculture
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IoT	in	agriculture=	smart	agriculture

The adoption of IoT solutions for agriculture is 
constantly growing. Namely, BI Intelligence predicts 
that the number of agriculture IoT device 
installations will hit 75 million by 2020, growing 20% 
annually.
At the same time, the global smart agriculture 
market size is expected to triple by 2025, reaching 
$15.3 billion (compared to being slightly over $5 
billion back in 2016).

• Climate conditions
• Greenhouse automation
• Plant & soil monitoring
• Fertilizer optimization 
• Crop management
• Livestock monitoring
• End-to-end farm mngt
• …



Needs, cost, design approach, constraints & control mechanisms

Challenge: Bridging the digital divide

Most of existing system are not adapted
for small holders





Feb2016-Jan2019
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IoT	in	developing	countries	and	rural	areas

q Developing countries/rural areas are still far from 
being ready to enjoy the smallest benefit of IoT
q lack of infrastructure
q high cost of hardware
q complexity in deployment
q lack of technological eco-system and background

q to deploy IoT in developing countries, it is 
necessary to target three major issues
q reduce cost of infrastructures, hardware and services
q limit dependancy to proprietary infrastructures and 

provide local interaction models
q target technology appropriation, push for local 

business models
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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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Generic	IoT	v.s.	highly	specialized

q Build low-cost, low-power, generic IoT platform
q Methodology for low-cost platform design
q 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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1st issue:	collect	data?

APPLICATION DOMAINS

Sensing

Monitoring

DATA ANALYSIS, 
OPTIMIZATION & CONTROL

? ?
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Telemetry	and	Transmission	cost

10-15kmsSoil moisture 
monitoring

200-500mA 500-1000mA 100-300mA
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Energy	consideration

0.005mA

500mA 8s

3600s

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

2500mA

2500/1.11=2252h = 93 days

200-500mA 500-1000mA 100-300mA
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Low-power	&	long-range	radio	technologies

Energy

Energy-Range dilemma

L
P
W
A
N

5G?
2G/3G/4G

Long-range
Low-power

Low throughput
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Energy	consumption	comparaison
Ta

bl
es

 fr
om

 S
em

te
ch

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

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

2500/0.027=92592h = 3858 days = 10 years

18mA 18mA-40mA
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Increasing	range?

q Increase TX power and improve RX sensitivity
q Generally, robustness and RX sensitivity can be 

increased when transmitting (much) slower
q LoRa increases transmission time (spreading 

factor) as longer range is needed. 200bps-
37.5kbps
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The	price	to	pay!
R

an
ge

 

Throughput 

LoRa%
mode BW CR SF 5%bytes 55%bytes

105%
bytes

155%
Bytes

205%
Bytes

255%
Bytes

max%thr.%for%
255B%in%bps

1 125 %4/5 12 0.95846 2.59686 4.23526 5.87366 7.51206 9.15046 223
2 250 %4/5 12 0.47923 1.21651 1.87187 2.52723 3.26451 3.91987 520
3 125 %4/5 10 0.28058 0.69018 1.09978 1.50938 1.91898 2.32858 876
4 500 %4/5 12 0.23962 0.60826 0.93594 1.26362 1.63226 1.95994 1041
5 250 %4/5 10 0.14029 0.34509 0.54989 0.75469 0.95949 1.16429 1752
6 500 %4/5 11 0.11981 0.30413 0.50893 0.69325 0.87757 1.06189 1921
7 250 %4/5 9 0.07014 0.18278 0.29542 0.40806 0.5207 0.63334 3221
8 500 %4/5 9 0.03507 0.09139 0.14771 0.20403 0.26035 0.31667 6442
9 500 %4/5 8 0.01754 0.05082 0.08154 0.11482 0.14554 0.17882 11408
10 500 %4/5 7 0.00877 0.02797 0.04589 0.06381 0.08301 0.10093 20212

time%on%air%in%second%for%payload%size%of

Very low throughput: 200bps is 0.0002Mbps! WiFi is 54Mbps
Transmission time can be several seconds

Transmitting: TC/22.5/HUM/67.7 ; about 20 bytes with packet header
Time on air is 1.44s  
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2nd issue:	low-cost	hardware
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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

Large	ecosystem,	still growing…
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… stimulating	worldwide
"Do-it-Yourself"	projects

q DIY usually means
q More open-source software from larger community
q More flexibility
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Full	Do-It-Yourself	approach
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Still DIY	but	simple	PCBs make it
much easier for	developers

5€

https://github.com/FabienFerrero/UCA_Board
1.5€

<1€
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Ready-to-use	IoT	kits	

q 1 Arduino Pro Mini + FTDI breakout + 1 Arduino Nano
q RFM95 w/breakout + ¼ wave antenna
q 1 PCB w/integrated antenna (tunable)
q 0.96" OLED screen
q Jumpers+battery pack+case+breadboard
q Some sensors (LM35DZ, TMP36, DHT22, …) TMP36

DHT22

RFM95

Arduino Pro Mini @3.3V Arduino Nano
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Using	the	IoT	kit

q For both training (knowledge dissemination) and 
device integration (startup, entrepreneurs)
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Physical 
sensor

Physical 
sensor 
mgmt

Long-range 
transmission

Activity 
duty-cycle, 
low power

Logical 
sensor 
mgmt

AES 
encryption

3rd issue:	simple	development	cycle

setup

measure

(encrypt)

transmit

sleep

wake-up

xxxxxx

Physical 
sensor

Physical 
sensor

Arduino Pro Mini @3.3V

10-15kmsSoil moisture 
monitoring



31

100%	open-source	code	templates

LowCostLoRaGw github has latest general distribution: 
https://github.com/CongducPham/LowCostLoRaGw 
Many examples using various temp/hum sensors
https://github.com/CongducPham/LowCostLoRaGw/tree/master/Arduino
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Large	variety	of	examples	to	learn	and	adapt
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Tutorials/docs	and	videos

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

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
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Soil moisture

Buoy for water quality
Weather Station Waste Mngt
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Image sensors

From	generic	to	specific	agri-domain…

GPS collar

Soil Moisture
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…to	capture	specific	parametrs

7 parameters
• SH: Soil Humidity
• TP: Temperature
• HD: Humidity
• WD: Wind Direction
• WS: Wind Speed
• WG: Wind Gust
• RA: Rain Amount

Different types of crops

Turbidity

From WAZIUP project







From Unparallel for WAZIUP
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Deployment	for	Nestlé's	
WaterSense	project
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TO
GND

TO
GND VCC

MOSFET
2N7000

GPS uBlox
6M/7M/M8N

TO
D8

TX
RX

2 AA batteries

DIY	GPS	collar	for	Cattle	Rustling

Use an Arduino Pro 
Mini 3.3v at 8MHz

Then you need a water-
proof box       , 2 small 
cable gland       , 1 male 
connector (MC)       and 1 
female connector (FC)

2 AA batteries      
will power the board 
with an autonomy of 
several months 1

1

4

4 6

6

7

7

8
9

8

9

A GPS module can 
be added 5

5

Radio module is an 
RFM95W 2

2

A PCB with integrated 
antenna will be used 3

3

It is possible to use 
a standard banana 
cable
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Building	the	GPS	collar

q A dedicated tutorial addresses the open, DIY 
GPS collar design

Enlarge the existing holes to pass a belt or a strap 

You use a commercial cow collar such as this one from Agro Direct:
https://www.agrodirect.fr/collier-numeros/1475-collier-pour-identification-
bleu.html, for less than 5€.

µC pin 8

µC GND

GPS GND

The GPS VCC is directly connected to one 
of the PCB's VCC that will deliver 3.3v

In acquisition mode, 
the device consumes 
about 55mA (NEO 
7M/M8N) and about 
75mA (NEO 6M). In 
sleep mode with GPS 
off, it consumes only 
5µA! 

Connect the VCC from the battery pack to the first end 
of the cable       , through the cable gland. Connect 
GND from battery pack to GND on the Pro Mini.

Insert strongly the female connector in the cable gland, 
put some glue if necessary       . Then connect the wire 
to the other VCC pin on the PCB.

When plugging the male connector to the female 
connector       , the system will be powered.

1

1

2

1

2

2

3

3

Again use double-side 
tape, those used to fix 
mirror on walls, to fix the 
GPS module to the box. 
Do the same for the 
antenna. Add tape if 
necessary, to secure the 
GPS antenna.
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Web	interface	for	viewing	GPS	collar	
devices

q a web interface is embedded 
on the gateway and can be 
displayed from a smartphone 
or tablet

q fast visualization of each collar 
device’s distance to the 
gateway

q direct access to each collar 
device GPS and last received 
transmission data

q definition of a safe zone where 
collar devices will be displayed 
in green

q definition of a maximum time 
window for the last GPS 
reception from a collar 
device: those collars that 
exceed the time window will 
be displayed in black

q can work offline with no 
Internet connection in which 
case the background map is 
not displayed (unless a map is 
downloaded on the gateway 
beforehand)

q the distance indication, as well 
as safe area indication, are 
always available Link to a short demo video of the collar web 

interface: https://youtu.be/meFDav1SLPI
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Impact	analysis

Agriculture: waziup benefit to users

Mr. Douglas Ansah –
Chief Farmer –
Peace and Love 
Farms, Ghana

What do you think about technology to help you?
We were very happy to have the soil moisture sensors in 
our farm”.
How do you feel the benefit that  WAZIUP 
technology can bring to you?
“Water is a very essential component of our operations. 
And with the soil moisture sensors, we will be able to 
know how much water we should use to irrigate the 
vegetable beds. This will help us save water as we will 
not be over irrigating the farm”
Do you see already indirect or direct benefit? 
“There is already a direct benefit because by knowing the 
moisture in the soil, we are able to use energy efficiently 
since we use manual means to do everything on the farm. 
Also, we will be conserving water which means we can 
have water all year round.”

It’s all about saving
water, fertiliser 
&labour costs

Aquaculture: waziup benefit to users

¨ What do you think about technology to help you? 
“In the past, we have researchers who bring their sensors when they 
are conducting research and then the sensors are taken away. 
Having an automatic sensor to measure the water quality of our 
ponds is welcome technology. And we are able to know what the 
water quality is and what measures we can take to resolve issues.”
¨ How do you feel the benefit that WAZIUP technology can 

bring to you? 
“With these sensors in our pond, we know the DO mostly goes very 
low between dawn and morning which made us reduce the quantity 
of fish in the pond in order to reduce the stress level. We are also 
working on getting a very low-cost aerator to install to help us 
increase the DO in the early mornings.”
¨ Do you see already indirect or direct benefit? 
“There is already a direct benefit because by knowing the challenge 
of the fish getting stress in the morning, we have taken measures to 
reduce the mortality rate which will increase our harvest.”
¨ What global statement can you make? 
“I believe the sensor is of immense benefit to we the fish farmers and 
I will always recommend it to my other farmers to get some. The 
project is good and it was interesting to see improvement in the 
sensors during the project phase.”

Nana Siaw, Managing 
Director, Kumah Farms

It’s all about to 
improve production 
thus revenue

Aquaculture : waziup impact

¨ Emilie Vital Coly, Manager of Agriculture organisation 
of Ndiawdoune, Senegal : « Per season, I have a 
turnover of 2,5 to 3 Millions CFA. The benefice is about 
1 million CFA. I could be ready to give 1/5 ( = 200 000 
CFA, approx. 300 euros) for renting on 6 months ( 
duration of the season)”

¨ Ibrahima Khalil & Seydina Kane, Management of fish 
farm, St Louis, Senegal « On each season we observed a 
loss of 50000 CFA (about 80 euros) due to mortality. I 
am ready to invest 300 000 CFA ( approx. 457 euros) 
for a device if data would be reliable »

Cattle rustling: benefit to users

¨ this is not a direct production benefit but an 
insurance to economic and physical risks (ie with
violence) Interested by collar: Yes

Is 50 euros an acceptable 
price? No
Acceptable price : 30 to 40 euros
Cow cost : local cow 450 euros 
for a female and 750 to 900 
euros for a male

Mor Sène, 20 years old

It’s all about securing
investment (the cattle)From WAZIUP project
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4th	issue:	dealing	with		
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Analyse	the	data

q What is the meaning of the collected data?
q Example with farming

q What is interesting for farmers? 
• Fertility detection
• Eating/Ruminating time for welfare

q What data can be easily obtained?
• accelerometer data with neck-mounted collar

q How to detect relevant event from these data?

Advanced	data	analysis

Need	of	experts	from	the	
domain!
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The	Big	Data	landscape
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Visualize	and	managing	the	data
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IoT	cloud	and	visualization	tools
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Create	customized	IoT	dashboard	
for	agriculture	domain

q WAZIFARM
q https://www.wazifarm.com
q platform & framework for realization of advanced visualization, data 

analytics applications for various agriculture use cases, targeting a small-
holder's profile

q Web-based framework for creating your own agriculture 
application
q Easy to use framework based

on the concept of visualization 
templates, workspaces, and
panels.

q Allows much higher customiza-
tions than what is possible in
existing products (Kibana,
Grafana, Freeboard)
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WAZIFarm	architecture

WAZIUP Data
Platform

ElasticSearch

Regular User 
(Farmer, 

Agronomist)
Views visualizations
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IVIS Web portal

React

Advisor
Creates visualizations by 
instantiating visualization 

templates

Technical Contractor
Creates visualization 

templates for the given 
domain

Definition
of visualization

templates & panels

MySQL

Analytics plugins

Spark

High-level vis API
server-side
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SciPy/NumPy

Analytics
definition & settings

Use-case specific UI

IVIS-based
visualisation
(in IFRAME)

Regular User(Startup)
Views visualizations

Application 
Platform

From WAZIUP project
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Beyond	visualization:	management
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Open	IoT	gateway

Raspberry PI: lots of libraries, lots 
of software, lots of hardware, lots 
of shields,…



54

Versatile	gateway
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Large	customization	possibilities

q The flexible gateway architecture 
offers high versatility by 
customization

q There are 4 alternatives for 
customization

q The geek way
q Modify/extend post-processing block

q The "smarter" way
q Add "cloud" scripts

• On packet reception
q Add low rate periodic tasks

• Independant from packet reception
q Add fast rate statistic-oriented tasks

radio 
bridge 

program

stdout

stdin

post
processing

post-processing

Incoming data	
parsing block

Handle
downlink
data

user/app-specific

Monitor	
gateway

temperature

LoRaWAN
interoperability

Handle data	
from other

radio	interfaces

stdout

AES
encryption
decryption

Periodic	task

cloud_script_1 cloud_script_2 cloud_script_n
local database

Cloud definition
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"Branding"	your	IoT	gateway

q Develop/Add project/company specific 
features on top of the general distribution

GENERAL DISTRIBUTION

ADDITIONAL FEATURES SET 1

ADDITIONAL FEATURES SET 2

radio 
bridge 

program

stdout

stdin

post
processing

post-processing

Incoming data	
parsing block

Handle
downlink
data

user/app-specific

Monitor	
gateway

temperature

LoRaWAN
interoperability

Handle data	
from other

radio	interfaces

stdout

AES
encryption
decryption

Periodic	task
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Some	research	we	are	doing

q Activity sharing to leverage radio time limitations 
under duty-cycle regulations

q Efficient channel access control to limit packet 
collisions

q Performance & reliability study of LoRa channel 
activity detection mechanism

q Smart and transparent 2-hop LoRa mechanism
q 2-hop LoRa extension with inter-device similarity 

detection
q RSSI-distance dynamic mapping for real time 

localization using minimum number of GPS nodes
q Low-power data encryption algorithms (vs AES)
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R&D	with	WAZIUP

q The WAZIUP framework is good test-bed 
framework for fast implementation, performance 
evaluation and validation of research 
propositions

Raspberry PI: lots of libraries, lots 
of software, lots of hardware, lots 
of shields,…

LowCostLoRaGw github has latest general distribution: 
https://github.com/CongducPham/LowCostLoRaGw 
Many examples using various temp/hum sensors
https://github.com/CongducPham/LowCostLoRaGw/tree/master/Arduino
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Conclusions

q ICT/IoT awareness is high
q But lack of technological background makes IoT-based 

innovation low
q ICT/IoT for agriculture is not new concept

q But taking into account smallholders profiles, needs 
and constraints is not always considered

q Low-cost, "do-it-yourself" IoT has ability to
q Propose adapted solutions to smallholders in terms of 

costs and complexity
q Increase technology competencies and capacity 

building of local actors
q Engage user community with stakeholders
q Acceralerate innovation and local entrepreneurship
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Scaling	up!

Feb 2016 - 2019

May 2018 - 2021


