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Most of existing systems are not adapted
for developing countries, rural areas, smallholders




GNAZILTY

Making real loT happening! AZH

Innovative loT loT infrastructures
technologies ‘ and use cases

Knowledge
dissemination &
training

Exploitation plan and Communication & Sustainable & long-
innovation hubs community building term innovation
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GNAZILTY

Generic 10T v.s. highly specialized . azi 0y

@®© Build low-cost, low-power, generic loT platform
© Methodology for low-cost platform design

® Technology transfers to user communities, economic
actors, stakeholders,...
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0O00 Arduino_LoRa_temp | Arduino 1.6.6

Arduino_LoRa_ternp

e
* temperature sensor on analog § to test the LoRa gateway
*

*  Copyright (C) 2015 Congduc Pham, University of Pau, France
+

* This program is free software: you can redistribute it and/or modify
* it under the terms of the GNU General Public License as published by
* the Free Software Foundation, either version 3 of the License, or

+ (b your OpEION) Gy Hemmseiiesmsem oo o oo o e e
Arduino 1.6.6 Teensyduino 1.27

* This program is distr
*but WITHOUT ANY WARRA!

* MERCHANTABILITY or FI™ - -
© G enerel PuSLic Lic % +o]v] -]
N Genuino

* You should have receir
ARDUINO

* along with the prograr

BT

*

/ AN OPEN PROJECT WRITTEN, DEBUGGED,
AND SUPPORTED BY ARDUINO.CC AND

// Include the 5X1272 THE ARDUINO COMMUNITY WORLDWIDE

#include "SX1272.h"

LEARN MORE ABOUT THE CONTRIBUTORS
// IMPORTANT oF [CLIIEILII on arduino.cc/credits
izzana

// please uncoment only :

Y

// it seems that both Hop
// boards we set the init
7

// uncomment if your radio is an HopeRF RFMO2W or RFMOSW

#define RADIO_RFH92_95

// uncoment if your radio is a Modtronix inAir98 (the one with +20dEm features), if inAir9, leave comment
//#define RADIO_INATROB

Y urriuuiuiuupirrerarad

77 TupARTANT

av

2 /3.1, Serial, 72 MHz optimized, US English on /dev/cu.usbmodem143

WAZIUP provides 100% open-soureeaziucy
code templates

“NAZEN U DY

[J CongducPham / LowCostLoRaGw @unwatchv 62  Yunstar 397  YFork 213
<> Code Issues 161 1) Pull requests 2 1"l Projects 0 Wiki 1 Insights ¥ Settings
Branch: masterv  LowCostLoRaGw / Arduino / Create new file  Upload files  Find file  History

Congduc Pham update SX1272.cpp

B Arduino_Encrypt_LSC_v2

8 Arduino_GPS_Parser_GGA
8 Arduino_LoRa_Demo_Sensor
8 Arduino_LoRa_GPS

8 Arduino_LoRa_Gateway

8 Arduino_LoRa_Gateway_ 14

8 Arduino_LoRa_Generic_DHT

8 Arduino_LoRa_Generic_Simple_Mu...

8 Arduino_LoRa_InteractiveDevice
8 Arduino_LoRa_Ping_Pong

B Arduino_LoRa_Ping_Pong_LCD

8 Arduino_LoRa_Radiohead_Example
8 Arduino_LoRa_Simple_DHT

8 Arduino_LoRa_Simple_temp

8 Arduino_LoRa_temp

B Arduino_LoRa_ucamll

Latest commit 114deed 7 days ago

update LSC lib and related examples 2 months ago
update Arduino examples a month ago
update Arduino examples a month ago
update Arduino examples amonth ago
update lora_gateway.cpp and SX1272.cpp 26 days ago
improve management of transmission power, add channels in 863-865 2 years ago
update Arduino examples a month ago
update Arduino examples a month ago
update Arduino InteractiveDevice amonth ago
update Arduino examples a month ago
update Arduino examples a month ago
update README and example sketch for RadioHead lib a year ago
update Arduino examples a month ago
update Arduino examples a month ago
update Arduino examples a month ago

2 years ago

update image support

Many examples using various temp/hum sensors

https://github.com/CongducPham/LowCostLoRaGw/tree/master/Arduino
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Open, versatile 0T gateway

Soil moisture
monitoring

y A B

I?@Ra"

Latest distribution

https://github.com/CongducPham/LowCostLoRaGw

Raspberry Pl lots of libraries, lots of software,

lots of hardware, lots of shields, ...
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= = Deployment in rural areas CNAZICEY
" no Internet ® NAZHNU D))

H O Rl

@deploying loT in very isolated areas...
@®... where internet and electricity are not stable!
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= WAZIUP: deploying loT in Africa

Autonomous gateway - no Internet scenario

| A web itrtce disgays e poston of e guteway fose of e remcle GPS dnvices

==

v E
4y |

o -0
~ | InAfrica, the practice of animal husbandry has Q_v:.'
. always been and still remain farmers'livelihood ' - "
and incomes - .

= { Their main problem in this activity remainthe

7 cattie rustling and some families are put in

dramattic situation after a theft (reported 2
billions CFA losses)

Access to the data from MongoDB

xport data 10 csv

ENAZIUTY)
“NAZH )

Display data: ©RSSI TC  DEF
Display sources: @ node 3 @ node 6 @ node_10

Zoom to:  Whole period Last month Current month Last seven days
Current day

TracherOFs
« C @ D 192.168.200.1:508 0 (ol -3 no =
O Les s visibs © Détuter avec Fiowton bW WAZR®'
m @ List of devices
» B8 »
Fiald Value
aw 0000002TEBSAT1F7
wc »n
nara wazup_UPPA_Sensord
g 134
be 1
et 4180
active yes
sor 7
time 2019-03-02T14:59:00
087383
™ 59
gt 6365204
distance 0.3063
state actve
o

Link to a short demo video of the collar webl

interface: https://youtu.be/meFDav1SLPI

15



= : ENAZILTY)
™ Tutorials/resources WAZINUbY

https://qgithub.com/CongducPham/tutorials

@NAZILLY

Low-cost LoRa loT devices and gateway FAQ

1) Whatis Internet-of-Thing (1oT)?

e FUTORIAL ON HARDWARE & e AN ot et on
‘| SOFTWARE FOR LOW-COST LONG- - .
RANGE IOT Lgvs"T‘ég_s;Y':gfé‘;?I_%E;ff' OUTDOOR USAGE:
A STEP-BY-STEP TUTORIAL

& (NAZIUEY

human-to-human or human-to-computer nfraction.”

P .| (NAZIULY NAZIUCH

“““ ) T proF CONGDUC PHAM ::;EI e s.;g
LOW-COST LORA IOT DEVICE: LoOw-CcOST LORA GATEWAY: . Low-cOST LORA IOT:
SUPPORTED PHYSICAL SENSORS A STEP-BY-STEP TUTORIAL || USING THE WAZIUP DEMO KIT ||

“NAZIUTY CNAZIUCY “NAZIUCY

. = () . .
: s . tH ) H
The generic hardware platform lonGDUC PHAM .'.'L(]IVERSITE ;..\/ PROF. CONGDUC PHAM = & IVERSITE Tt PROF. CONGDUC PHAM  _u =
" . [UNIV-PAU.FR/-CPHAM L1 [DE PAU ET DES d HTTP://WWW.UNIV-PAU.FR/-CPHAM Ll DE ET DES d HTTP://WWW.UNIV-PAU.FR/~-CPHAM L L
The Arduino Pro Mini ...' PaYs DE LADOUR UNIVERSITE DE PAU, FRANCE L PAYS DE LADOUR UNIVERSITE DE PAU, FRANCE e
o

€ DE PAU, FRANCE

10T DEPLOYMENT WITH WAZIUP
LOW-COST LORA GATEWAY: LOW-COST LORA IOT ANTENNA * %k

WEB ADMIN INTERFACE TUTORIAL FOR GATEWAY GUIDELINES, BEST PRACTICES,
TROUBLESHOOTING AND FAQ

CNAZIUCY “NAZIUCY) CNAZIUCY

LIUPP " = LIupP

= =
s H
Taiteam PROF. CONGDUC PHAM = & Tattoam PROF. CONGDUC PHAM = = v
HHHHH //NWW.UNIV-PAU.FR/-CPHAM mEn 4 HTTP://WWW.UNIV-PAU.FR/-CPHAM  — man ot 7
UNIVERSITE DE PAU, FRANCE " UNIVERSITE DE PAU, FRANCE .

= =
H
PROF. CONGDUC PHAM " I
HTTE://WWW.UNIV-PAU.FR/-CPHAM  ~ s o
a
]

UNIVERSITE DE PAU, FRANCE

o} ] =
'y
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= . CNAZIUTY
YouTube videos Az o )

Low-cost LoRa loT Low-cost LoRa loT
device 1 gateway

+92000 views
Dec2020

+21000 views

Dec2020

+4300 views
Dec2020

Setting up a
gateway in 5mins

Dec2020

https://www.youtube.com/watch?v=2_VQpcCwdd8 https://www.youtube.com/watch?v=CJbUFXLpSok
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" Community building for sustainable innovatigp, i 1,

Workshop at the European Conference
on Networks & Cmmunications
(Greece, CNET)

loTWeek2014 (Belgrade, EGM)

loTBigData2016
(Italy, EGM)

| WAZIUP Workshop on loT (Togo,

ldfriqaine d'Architesgy
ST TER II

S

www.ehealth360.0rg eHealthasoe o

loTCareConference (Budapest, CNET) . : ‘ -
Credit: C. Vavasseur, CTIC Dakar Workshop af the RESSACS 2016 (France, UPPA) 18



= . GNAZILTY
g™ Training & hackathons WNAZINUDY

@® Technical training sessions
® Hackathons, ...

ted with sensors

)5 C @ @ diywaziup.iofindex.html B - ¥ | | Q Rechercher Y iInD @ =

Lt Les plus visités ) Débuter avec Firefox Wi WAZIUP

. ON-LINE ARDUINO SENSORS AND DIY LORA
CANAZIUT) TUTORIAL

Online Arduino & loT step-by-step tutorial
https://diy.waziup.io

Introduction to Arduino IDE

This online tutorial on Arduino, Sensors, and LoRa technologies has been developed by University of Pau, France,
in the context of the WAZIUP and WAZIHUB projects funded by the European Union in the H2020 research

Measuring temperature program. The main objective of this online tutorial is to provide comprehensive and guided training materials to be

used in training, hackathons, bootcamps, entrepreneur's days,... that are organized by WAZIUP/WAZIHUB across

Measuring distance < Africa. The main contributors are Mamour Diop, Muhammad Ehsan and Congduc Pham. Our main current
research focus is on LoRa networks and loT but this tutorial first start with basic of Arduino and sensor

. programming to understand sensing systems that are the foundation of so-called Internet-of-Things (loT)
Measuring humidity N . . 1 "
concepts. Then in a second step, we will introduce LoRa radio technologies and show how to build low-cost, long-

range and energy-efficient loT devices.
Detecting motion

WAZIUP is a technology-driven EU-Africa project

developing a fully open source loT end-to-end (sensors,
Measuring Light . -~
networking and software) platform, specialized to meet

African needs/applications in terms of cost, energy,
internet connectivity and simplicity. Congduc Pham is the
scientific leader of the "Open loT sensing and

Measuring Sound Level

Using GPS communication platform" workpackage which tasks are

to develop an open, low-cost and long-range LoRa loT

Connecting an OLED screen framework. Interested readers can find many resources from our github on the low-cost LoRa loT framework and

from Congduc Pham's tutorial/talks web page.

Lisa Roard with WiEi < [ _— 1 [ YT S 2018 7010 3 " 1




P " Scaling up!

Feb 2016 - 2019

CANAZIUTH)

ENAZIUTY)

«NAZH
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p_wm WAZIUP & WAZIHUB articulation  ymmi i

Feb 2016 - 2019 May 2018 - 2021e

“NAZILS) ((WNAZE
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= : GNAZILTY
e WAZIUP Online Course NAZINUD)Y)

WAZIUP loT Courses

For users who wants to gain knowledge on IoT in a step-by-step lecture mode, we have defined the fc

* |Fundamentals of loT

® http://diy.waziup.io

= Quick introduction to loT - NAZIED
= |oT and Big Data Platform - NAZIES
= Intel loT -- What Does The Internet of Things Mean? - YouTube

Getting started with sensors X

® Edureka -- Internet of Things (loT) | What is loT | How it Works? - YouTube
< C @ O /4 diywaziup.iofindex.html B mox 9% = Geospatial oT - I0T- What is Internet of Things? - YouTube

® |BM Think Academy -- How It Works: Internet of Things? - YouTube
2. F-I0T-1b: Introduction to Basic Electronics
= Introduction To Basic Electronics - NAZIED

FU e ¢ o tecvone e+ [Fundamentals of o]
o ON-LINE ARDUINO SENSORS AND DIY LORA TUTORIAL . [Fundamentas o o1}

. ® Introducing physical sensors, | 1. F-I0T-1a: What is loT
((‘NQZ| ")) = Introducing physical sensors, | s 0t . .
» Quick introduction to loT - NAZIER

3. F-I0T-2a: Understanding loT Devices
((:Ngzi-.' )\ ) 4. F-I0T-2b: Introduction to loT hardwa ® loT and Big Data Platform - “AZID
5. F-I0T-3: Introduction to Arduino IDE = Intel loT -- What Does The Internet of Things Mean? - YouTube
Forewords = Introduction to Arduino IDE - Y . . .
niroductionto Arauino = Edureka -- Internet of Things (loT) | What is loT | How it Works? - YouTube
# Home = Presentation of the Arduino ID

= Setting up the Arduino IDE - W = Geospatial 0T - 10T- What is Internet of Things? - YouTube

6. F-IOT-4: WAZIUP Open Technologies = |BM Think Academy -- How It Works: Internet of Things? - YouTube

This online tutorial on Arduino, Sensors, and LoRa technologies has been developed by University of Pau, France, in th

Introduction to Arduino IDE and WAZIHUB projects funded by the European Union in the H2020 research program. The main objective of this onlit
compr ive and guided training materials to be used in training, hackathons, bootcamps, entrepreneur’s days,... th * | Prototyping and testing: Gem.ng star?ec 2. F-I0T-1b: Introduction to Basic Electronics
< WAZIUP/WAZIHUB across Africa. The main contributors are Mamour Diop, Muhammad Ehsan and Congduc Pham. Ou 1. D-10T-1: Getting started with WaziDe

Measuring temperature = Introduction To Basic Electronics - \WNAZIED

= Overview of WaziDev and Nan
= The WaziDev board in more d¢ = Introduction To Basic Electronics - MakerSpaces
= Resources on github repositor.
= Installing WAZIUP software an|

focus is on LoRa networks and loT but this tutorial first start with basic of Arduino and sensor programming to unders

that are the foundation of so-called Internet-of-Things (IoT) concepts. Then in a second step, we will introduce LoRa ra
Measuring distance

show how to build low-cost, long-range and energy-efficient loT devices. = Basic Electronics - Instructables

eastnin's DI < : s WAZIUP is a technology-driven EU-Africa projec « Installing WaziDev and NanoL( = Introducing physical sensors, part 1 - NAZIED
open source loT end-to-end {sensars, network] « | Prototyping and Testing: Getting startec = Introducing physical sensors, part 2 - WAZIi 53
platform, specialized to meet African needs/ap GW-1- Buil " N . :
Detecting motion g ) i, - 1. D-GW-1: Building & Configuring a W/ 3. F-I0T-2a: Understanding loT Devices, Architecture & Ecosystem - WAZi 5
Livsstach faming Fush farmng & suacuiwe. | COSL €NeTgY, internet connectivity and simplicit = Quick overview of WAZIUP gat )
scientific leader of the "Open loT sensing and ¢ » Installing gateway software on 4. F-|0T-2b: Introduction to loT hardware - NAZI 73
il i < " 'y : "
TG platform” workpackage which tasks are to devs = Connecting to Gateway and Bz 5. F-10T-3: Introduction to Arduino IDE
and long-range LoRa loT framework. Interestec = Configuring Gateway and Setti = Introduction to Arduino IDE - YouTube
Measuring Sound Level S Storage &logistc resources from our github on the low-cost LoR 5. D-GW-2: Building an Outdoor Gatew. ) _ , i
Agriculture Environment from Congduc Pham's tutorial/talks web page. 6. D-GW-3: Antenna Tutorlal for Gatewl = Presentation of the Arduino IDE - NAZIE

RFID < r Feb2010-2019 ey 2015 2021 7. D-GW-4: Gateway Web Admin Interf: = Setting up the Arduino IDE - WAZI 53
% 1 . £ "
e s CANAZIUTY ((‘ NQZ 8. D-GW-5: Migrating & Using WaziGatg 6. F-IOT-4: WAZIUP Open Technologies for Low-cost IoT - WNAZIi 53
Using GPS Vg B o|p ing and Testing: Depk |
,*j g 1. D-I0T-2: WAZIUP loT and Gateway Deployment Guidelines - WAZI &3
c olED “J . IPrototyping and Testing: Introduction to WAZIUP loT cloud Platfoﬂl
onnecting an screen 2

1. D-CLOUD-1: Introduction to WAZIUP cloud dashboard - NAZIE
2. D-CLOUD-2: Create your app with WAZIUP - NAZIE)

.
1. A-IOT-1: LoRa & LoRaWAN explained - \WAZI =3

2. A[10T-2: LoRaWAN with WAZIUP - NAZi ) 22
3. A-CLOUD-1: WAZIUP cloud API reference - NAZI@



P " \WAZIDev board HARZIUPD

«NAZH

@ Fully integrated development board: WAZIDev

® Integrated MCU (ATMega328P, 3.3V & 8MHz)
® On-board FTDI chip

@® Features

@ All pins of MCU will be exposed
® 2 MOSFET transistors to control energy-consuming sensors (e.g. GPS)

ard

+

External Power
source (max 12v)

w.wazihub.com

2
-
c
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€
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i
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<
=

+
— High current device
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NAZIUTY)

P c.g. WAZIGate NAZINUDY)

® Based on the general distribution

® Enhanced with more specific web Ul

® Enhanced with Docker environment

@® Provides ready-to-use WAZIUP gateway distribution

24



"Branding" your loT gateway

@ Develop/Add project/company specific features on top of the

general distribution

[T T [ 8

MO
SETh. —eT

= o | o ADDITIONAL FEATURES SET 2 N —— — =

GENERAL DISTRIBUTION

Access to the data from MongoDB

[ =] v ] e | o |
Gateway configurat
= a
- a
— a

CNAZIUTY
«WNAZH

25
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= @AAZIUTY
™8 Emergence of an ecosystem! NAZENU DY

EU AFRICA\\\ EUROPE

AFRICA INNOVATION PARTNERSHIP

S AR T

N CUIB AT O R

STRATEGY

WITH AFRICA

ADNE ‘SOrFT
AR a0 r
AFRICAN DIASPORA ({7 )}, 212U
NETWORK EUROPE \9 AdvancmgEuropethroughco-llabor;\uonmAl L A N D I N G
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P ™ Beyonds state-of-the-art!

Jan 2021 - May24

HUB touiTous &
PROJECT CONCEPT ﬂ,@ i)Q e

[ ) \) D E o
[ 1\
( AGRIBOX ‘ ) ACCELERATION COMMUNITY.  spane WiTH
L 1 MEETHUB

NE
[ cl TYLSO)( > /C FIND parTneng
(:TED\)STRY ROX ) AND TALENTS
e — /? PROMOTE }

[—ckew ROX @ )

] 11

qH@EALTHBos @} g

HI\RD‘MRE TRNU\HG BJS\MES!
+SoFTWARE  TECH+BIZ  SUPPORT

5 COUNTRIES
g E N AFRICA
J 2 CONTINENTS Q

S HARE
KN°WNLEDGE

30 AFRICAN LOCAL
DIGITAL INNOVATION HUB

(%

CNAZIUTHY
(NAZH )

Widen the scope of technologies to
prepare for the next 10 years of
innovation in loT, Al & BigData

NT PROg, aATOR pp
* R & %%,

APPLICATION
BUSINESS

SOLUTION LAB

Feb 2016 - 2019

CNAZIUSY) ((«NQ 4 )

May 2018 - 2021 ®

27



ENAZIUTY)
«WNAZH )

Create vertical
solutions with go-to-
market objectives

P " 3 |Innovation Enablers

AGRIBOX

INDUSTRYBOX

| Solution Lab infrastructure |

HEALTHBOX

Create synergies
amongs innovation

Search Partners
Search DIHs, Start-up, Incubators for partnership

Search Talent
Search African Talents for collaboration

Test bed and experiments

GREENBOX

Hardware Communication Mobile Gateway and Cloud platforms
Networks Edge computing APIs and Open Data acto rs, DIHS,
w @m o 'm platforms
g ® M\ (o)
: . | ©C %  stakeholders,...

Ei :; =% é‘%@

Rapid prototyping Kit; Mobile Development Kit; Training/Courses/Documentation

il *
Al development tools and platforms (Al Hardware, Embedded Al, Al accelerators) % _; / @

MeetHub l &.
Platform
Make d iS ru ptive Pt 2y ‘ 0 Promote Innovation
. . *,, X \ For DIH, Startup to promote services to ecosystem
technologies accessible

to entrepreneurs!
Access HUBbiquitous Digital Resources
Access digital resources related to innovation enablers,
programs, course and training materials 28
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AAIS webminar — Presented on Dec 16t

: NAZIUCY

Prof. Congduc Pham

g
= . i i
http://www.univ-pau.fr/~cpham l.l lj !)\E/E}?TIIEES loT ~from idea to reallty
. . o l .
A P F PAYS DE ADOUR
Université de Pau, France m = (((NQZ':‘! ) U b ’))



