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Googling	for	« Internet	of	Things »…
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typically	shows	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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IoT	&	physical	world
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Local	interaction	is	possible
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But	IoT	usually	means	cloud	data
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General	public	IoT	architecture

Pictures from ArchitectCorner
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Dedicated	IoT	cloud

q Most of them use HTTP POST/GET



11

Using

19.6

Node 10
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Using	
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One	of	the	most	promising	market	
is	IoT!
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Monitor,	Optimize	&	Control	!

APPLICATION DOMAINS

Sensing

Monitoring

DATA ANALYSIS, 
OPTIMIZATION & CONTROL
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Large	variety	of	sensoring	needs

infographic made by Postscapes in collaboration with Harbor Research
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Example	1:	Smart	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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Example	2:	Farming	&	Agriculture



The	IoT	ecosystem
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1st issue:	collect	data?

APPLICATION DOMAINS

Sensing

Monitoring

DATA ANALYSIS, 
OPTIMIZATION & CONTROL

? ?
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Wireless	Communication	made	easy
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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
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om
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em
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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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LoRa	modules	from	Semtech’s	
SX127x	chips

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
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LPWAN	networks	roll-out

News taken from scoop.it (N. Ayuso)
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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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3rd issue:	get	the	information

q Searching for information is a tough issue
q Web search engine: Google,…

q Most IoT clouds uses HTTP request (GET, POST, 
PUT, …) to push/store data to web 
platforms/servers

q If you need an information, for instance the 
temperature in room A of ENSA JADIDA, then 
you have to go to the right web page

q When there can be millions of IoT
nodes providing large variety of data, 
it is difficult to find your way!
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From	search	for	info to	get	the	info

q Use the PUBLISH/SUBSCRIBE model

Temperature of room A
in ENSA JADIDA

22.5

22.522.522.5
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MQTT
Message	Queue	Telemetry	Transport

q Use broker nodes to manage topics
q ENSAJ/room/A/temp, ENSAJ/room/A/hum

EN
SA

J/
ro

om
/A

/te
m

p



35

MQTT+smartphone=

q Towards open data
q ENSAJ/room/#
q ELJADIDA/CITY/WEATHER/#
q ELJADIDA/CITY/TRAFFIC/#
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4th issue:	make	it	simpler?

q End-users are not necessarily computer science 
experts nor high-skilled programmers

q Use graphical tools to build data processing 
flows, allowing intuivive connection from data 
producers to data consumers
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Node-Red

q Node-RED is a programming tool for wiring 
together hardware devices, APIs and online 
services, e.g. clouds of various types

q provides a browser-based flow editor to wire 
together flows with a wide range of nodes
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Node-red	enabled	IoT	gateway

q Messages received on the IoT gateway can be 
injected into a Node-Red flow, allowing complex 
data processing to be defined

21.65
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Global	picture	of	long-range	IoT	
ecosystem

10-15kms User-
friendly 

interface



The	IoT	BackOffice
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IoT	usually	means	
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But	also	how	to	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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Analysis	techniques

q Traditional statistic methods still valid, and useful!

¡ Definition
Grouping unlabeled data into clusters, for the purpose of 
inference of hidden structures or information

¡ Dissimilarity measurement
§ Distance : Euclidean(L2), Manhattan(L1), …
§ Angle : Inner product, …
§ Non-metric : Rank, Intensity, …

¡ Types of Clustering
§ Hierarchical 
▪ Agglomerative or divisive

§ Partitioning
▪ K-means, VQ, MDS, …

8
(Matlab helppage)

From Jong Youl Choi
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Analysis	techniques

q Traditional statistic methods still valid, and useful!

¡ Definition
Grouping unlabeled data into clusters, for the purpose of 
inference of hidden structures or information

¡ Dissimilarity measurement
§ Distance : Euclidean(L2), Manhattan(L1), …
§ Angle : Inner product, …
§ Non-metric : Rank, Intensity, …

¡ Types of Clustering
§ Hierarchical 
▪ Agglomerative or divisive

§ Partitioning
▪ K-means, VQ, MDS, …

8
(Matlab helppage)

From Jong Youl Choi

Going old
school ?
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Machine	Learning	Techniques

• Classification
• Logic
• SVM
• Random Forest
• HiddenMarkov
• …

• 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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Use	the	full	power	of	the	Internet!

q IoT data are pushed on 
Internet data clouds

q Computing resources 
using Virtual Machines are 
obtained from Internet 
Computing clouds

q Parallel processing
q Optimized libraries
q Web tools to orchestrate
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The	Big	Data	landscape
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Example:	the	APACHE	ecosystem

Advanced & customized data management

Google
Amazon
Microsoft
IBM
…
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Beyonds	Machine	Learning?
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Deep	Learning	is	essentially	NN

Voice/Face/Patterns 
recognition on many platforms
- Facebook
- Google Photos
- Twitter
- Siri
- …

Multilayer Perceptron
Covolutional Neural Nets
Long Short-TermMemory
Restricted Boltzmann Machine

(Jain, 1996)



51

Machine/Deep	Learning	for	
scientists

q Large variety of supported languages
q Python, R, C++, Java, Scala, Javascript, Go, …

q Many statistical methods/algorithms are implemented in 
libraries

q Examples
q Scikit-learn
q Google TensorFlow
q Microsoft Distributed

Machine Learning Toolkit
q Apache Mahout
q …

q But, beware
q There are hundredth of tools…
q …and new tools every months!



IoT	for	Development

Irrigation Livestock farming Fish farming & aquaculture  

Storage & logistic Agriculture Environment
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IoT4D:	development	for	rural	areas

Irrigation Livestock farming Fish farming & aquaculture  

Storage & logistic Agriculture Environment
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Example:	IoT	in	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
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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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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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Physical 
sensor

Physical 
sensor 
mgmt

Long-range 
transmission

Activity 
duty-cycle, 
low power

Logical 
sensor 
mgmt

AES 
encryption

Reduce	development	cost	&	time

setup

measure

(encrypt)

transmit

sleep

wake-up

xxxxxx

Physical 
sensor

Physical 
sensor

Arduino Pro Mini @3.3V

10-15kmsMoisture/
Temperature of 
storage areas
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Large	variety	of	examples	to	learn	and	adapt
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Simple	PCBs make it much easier
for	developers

5€

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

<1€
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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.
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Generic	sensing	IoT	device	v.s.
Highly	specialized
q Build low-cost, low-power, long-range enabled 

generic 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



64

Low-cost	buoy for	fish farming MVP

Kuma Farm 
Complex

Physical 
sensor 

management 

Long-range 
transmission 

Activity duty-
cycle, low 

power 

Logical sensor 
management Security 

Physical 
sensor 
reading 

C
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t: 

EG
M
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Soil	humidity	sensors	for	agri	MVP

Physical 
sensor 

management

Long-range 
transmission

Activity duty-
cycle, low 

power

Logical sensor 
managementSecurity
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Deployment	for	Nestlé's	
WaterSense	project
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Local	weather	station	for	AGRI	MVP
Ph
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Get local weather
measuments

https://openweathermap.org/

Combine with open weather data to
get more accurate predictions
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Collar	for	Cattle	Rustling	MVP

A web interface displays the position of the gateway those of the remote GPS devices
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Scaling	up!

Feb 2016 - 2019

May 2018 - 2021



Thanks.
Let’s keep in touch

facebook.com/waziupIoT

twitter.com/waziupIoT

linkedin.com/groups/8156933

github.com/waziup

Soukeyna Wilma SOKENG
Communication & Event Manager

wilma.sokeng@cticdakar.com
www.cticdakar.com 

contact@cticdakar.com


