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1)) Foreword

loT, or ‘Internet of Things’, is an on-going revolution that
is changing the way innovation is being made around
the world. Startups, innovators and tech enthusiasts
can now create their prototypes, with very little initial
investment. Africa is taking part of this loT movement,
and great innovation opportunities lie there.

Furthermore, more and more startups and companies
need to transition from the analog setup of operations
to smart seamless operations. The COVID-19 situation
has caused many innovators, developers, and compa-
nies to return to the drawing board. They need to quick-
ly hack together solutions to continue operations and
reach their customers efficiently. The ability to manage
processes remotely with higher impact is what most or-
ganisations in various sectors scratch their heads about.

The Waziup (in Swahili “Open-Up”) initiative funded by
the European Commission under the H2020 frame-
work program started in 2015 with a vision to offer ful-
ly open source Internet of things (loT) technologies to
African Tech Hubs, Start-ups and young communities
(see page 11). The objective of this initiative is to pro-
vide a highly cost-effective and affordable loT solution
based on low power and long range LoRa communi-
cations. It is co-designed and co-developed by the Af-
rican entrepreneurs in order to empower the social en-
trepreneurs and to foster the industrial loT application.

Abdur Rahim

The initiative expanded and enriched its activities un-
der the H2020 WaziHub project. WaziHub’s target is
to support, at large-scale, innovative users and us-
age of the Waziup technologies, with a goal towards
sustainability and Pan-African impact of the proposed
solutions. Our aim is to enable the creation of Open
loT Hubs throughout Africa where loT technology
solutions can then be adapted to match local service
needs.

Within WaziHub, we have organized more than 100
loT training sessions, trained more than 1000 African
young talents, distributed more than 200 loT develop-
ment kits, and supported 80+ startups to prototype
their loT solutions. WaziHub is building an African loT
open platform and ecosystem in collaboration with
more than 10 TechHubs (see page 21).

| am thankful to the European Commission for funding
this initiative and also our European and African part-
ners, allowing us to realize this highly ambitious vision. |
thank our Tech Hubs, startup communities for support-
ing us in realizing this vision. This initiative will transform
into a new phase under European Commission funded
project called HUBIquitous, in which we want to devel-
op a joint European and African innovation ecosystem
through the Tech Hubs network

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa ‘“
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1)) 50 loT affplloatlons

Africa is adopting more and more 0T applications
and technologies, and looking out to adopt more. But
which ones? To answer this question, we surveyed the
loT applications proposed by Africa-based startups
and also collected loT applications developed during
several Africa-based loT competitions and hackathons.

Agriculture

Agriculture is one of the main economic activities in
Africa, making up most of the exportations. So, it is no
surprise that most of the current 10T initiatives in Africa
are about agriculture! 10T has the potential to revolu-
tionize Agriculture in Africa, allowing a better control on
processes, better crop yields, optimized water usage,
and reduced wastes.

. For instance, our startup AgriTechs
. in Tanzania (see page 30) proposes
. a Smart Hydroponic infrastructure

. for growing indoor vegetables,

. without needing to be physically

. present to monitor them every day.

Another of our startups, FarmSens, proposes a dig-
ital platform helping smallholder farmers who cannot
afford soil testing services and extension services. In
the following, we propose a list of 20 agriculture loT
applications currently being developed in Africa:

1. Automatic Irrigation: Improve the efficiency of
irrigation in crop production.

2. Livestock theft prevention: Prevent theft of an-
imals, e.g. with a collar for cattles with a GPS to
keep track of lost/stolen animals.

3. Livestock health: Monitor the health such as
stress, diseases of cows and pigs.

4. Livestock pregnancy: Monitor the pregnancy of
animals, such as cows, and give early warnings.

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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11.

12.

13.

14.

15.

16.

17.

18.

. Automated feeding: Automatic feeding systems

for animals, managing storage, feeding time and
food quantity.

. Grain storage: Monitor the status and quantity of

grain in storage.

. Hydroponics Monitoring: Remote monitoring of

hydroponic cultures for homeowners or small pro-
ductions.

. Greenhouse monitoring: Monitor the conditions

in the greenhouse, such as temperature and hu-
midity.

. Fish pond monitoring: Monitor the health and

status of the fish pond, such as temperature, pH,
dissolved oxygen to optimize fish growth.

Bio-fertilizer management: Manage fertilizer
deliveries. For example an automated agrovet-
er machine can perform fast and safe delivery of
bio-pesticide.

Farming logistics: Keep track of the operations
in the farm, such as field work.

Soil monitoring: Monitor the health of the soils,
such as pH and nutrients in order to optimize plant
growth.

Beehive: Monitor the Beehive especially the tem-
perature, humidity, weight of beehive.

Mushroom farming: Monitor the mushroom farm
(internal temperature, humidity, weather condition).

Pest monitoring: Monitor the plants to detect
pests and give recommendations how to prevent
pests, such as cassava.

Locust swarming prevention: Detect the locust
larvae in the ground, in order to prevent future
swarming of locusts.

Aquaponics: Monitor aquaponic basins, where
fish and plants are cultivated in symbiosis.

Egg incubators: The eggs incubators are fitted
with loT sensors to monitor the humidity and tem-
perature during egg incubation.
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19. Dairy farming: Monitor the quality and quantity of
milk produced daily.

20. Weather monitoring: Monitor the atmosphere
and contribute to improved weather predictions.

Smart cities

Cities in Sub-Saharan Africa are experiencing rapid
population growth that comes up with well known
negative effects: intense traffic, degraded air quality,
deficient waste management... Authorities struggle
to provide solutions and impose changes to citizens.
loT for smart cities in Africa proposes a different
model: a “bottom-up” model, where the citizens are
given the freedom to think up initiatives to create their
own city.

: As an example, our startup

. “Sterling Solutions” in Ghana (see

. the Magazine “WaziHub: Unlocking
. loT Startups in Africa”) proposes

: @ Smart Bin that helps educate

. Citizens about waste collection.

In the following list, we show some of the main loT
applications and initiatives currently being developed
in cities around Africa:

21. Smart Parking: Detect free parking spots and
guide the driver to them. Help the driver in the
parking manouver.

22. Water management: Monitor city water quality,
leak prevention and detection, drought prevention.

23. Home security: Detect and prevent intrusions in
houses.

24. Appliance monitoring: Monitor the energetic
performance of home appliances.

25. Smart energy meters: Monitor the household
energy consumption, smart billing and pay as you
go.

26. Septic tanks: Brown water level monitoring in the
septic tank, alerts.

27. Traffic monitoring: Monitor the city traffic for an-
alysing traffic patterns and give recommendations
to optimize traffic.

50 loT applications in Africa

28. Air quality: Monitoring the quality of air in order to
give alerts and advices.

29. Road accidents: Contribute to the prevention of
road accidents, such as a vehicular alcohol detec-
tion system.

30. Waste management: Optimize waste collection,
transport and processing, for example Smart Bins
able to alert the user when they are full.

31. Smart street lighting: Optimize street lighting
in order to save energy and provide better/more
comfortable lighting.

32. Fire detection: Early fire detection and warning.

Industry

The term “Industrie 4.0” has been heralding the com-
ing of a new industrial revolution through smart man-
ufacturing. The Industrial Internet of Things or “lloT” is
defined as “machines, computers and people enabling
intelligent industrial operations using advanced data
analytics for transformational business outcomes”.
Many industries in Africa are looking towards the ben-
efits provided by loT applications.

. For example, our startup

. “TrackTile” (see the Magazine

. “WaziHub: Unlocking loT Startups
. in Africa”) is creating a device that
: can track the curing of cement.

In the following, we show several use cases for lloT in
Africa:

33. Transport & logistics: Monitor logistics, such the
position of trucks or the quantity of goods trans-
ported.

34. Construction: Monitor construction processes
and quality. E.g. monitor the curing of concrete.

35. Predictive maintenance: Use sensors and mod-
els to predict the failure of equipment, in order to
maintain them on time.

36. Renewable energies: Monitor and optimize the
production and consumption of off-grid renewable
energy system.

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa



50 loT applications in Africa

37. Emergency locator: Quickly locate a person in
distress.

38. Biogas production monitoring: Monitor biogas
production especially amount of gas, pressure,
temperature.

39. Off-grid energy production/consumption: En-
ergy production and consumption optimisation,
payment systems and fault detection.

40. Worker safety: Accident prevention and safety of
the worker in process industries and mines.

Health

loT is also revolutionizing the way African people are ac-
cessing healthcare. In Africa it is common for instance,
that patients in remote places have to travel hundreds
of kilometers to visit a doctor. The ongoing Covid-19
pandemic is also placing new demands on healthcare
and creating the need for solutions that can aid in pro-
viding care remotely, far from a healthcare institution.

: As an example, our startup

. “PregCare” (see page 28) is

. providing a bracelet that pregnant
: women can wear, providing them

. with vital information that can also
: be sent to their doctor.

In the following, we list several Healthcare loT applica-
tions being developed in Africa:

41. Covid & health tracking: Monitor the health of
persons, e.g. the temperature of persons entering
a facility.

42. Pregnancy monitoring: Monitor the health pa-
rameters of pregnant women, doctor remote mon-
itoring and consultancy.

43. Mobility old persons: Assist old people move
around, with personalized advice and interactions.

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa

A\ \ azinub)|

44. Child nutrition monitoring: Monitor child nutri-
tion, weight and growth.

45. Clean cooking: Monitor the safety of the cooking
process, e.g. a smart stove that doesn’t produce
fumes.

46. Hospital asset/bed tracking: Monitor the
availability of hospital assets and beds, making
sure that patients are addressed to the correct
hospital.

Wildlife

Africa has a renowned Wildlife, and e.g. safaris are a
significant source of income in several countries. This
precious resource has to be monitored and protect-
ed from poachers. Another problem are the “conflicts”
that arise between humans and wildlife.

. For example, the startup “N’Vodu
. Care” is providing a device to

. warn villagers that an elephant

. Is approaching, thus preventing

. accidents.

In the following, we list several applications related to
wildlife in Africa:

47. Remote wildlife monitoring: Monitor the health
status and location of wild animals, such as Rhi-
nos and elephants remotely.

48. lllegal poaching activity: Timely warning of ille-
gal poaching activities.

49. Human-Wildlife conflict prevention: Prevent
conflicts arising between humans and wildlife, for
example detection of elephants getting close to
villages.

50. Bird tracking: Track the birds for study of bird
health and population.
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The Waziup platform is a suite of ready-to-use
loT components designed for startups and entrepreneurs

Which loT technologies are the most promis-
ing for the African market? In this dossier we
will present the Waziup technologies, which
has been developed specifically keeping in
mind the challenges faced by entrepreneurs
in the African continent. The first important
factor to enable the adoption and rapid pro-
totyping with loT technologies is the cost. Our
low cost toolchain allows any tech enthusiast
to tinker and learn, with a very low initial in-
vestment.

Waziup technology supports easy
. prototyping at a low cost, for
. startups.

Interoperability is also a key ingredient for a
platform, in order to work easily with other
systems at present or in the future. Waziup
uses standard technologies such as Arduino

Authors:

Corentin Dupont, PhD,
is Technical Director of Waziup e.V

Mojtaba Eskandari, PhD,
is Product Manager at Waziup e.V

IDE, LoRaWAN and Raspberry PI. It is com-
patible with all Cloud platforms.

The Waziup platform focuses on long-dis-
tance, low cost and low energy, using the
technology LoRaWAN. This technology is
particularly well-suited for the African coun-
tryside, where the internet is not always avail-
able. Since the internet is not always avail-
able, your applications cannot always live in
the ‘Cloud’: they need to live in the “Edge”.
The WaziGate has Edge computing capacity
for your applications: No Internet needed!

To achieve this, the Waziup platform com-
bines 3 components: the WaziDev, the Wazi-
Gate and the WaziCloud. Together, they al-
low developers and startups to create great
loT embedded solutions. In this dossier, we’ll
discover how you can create great prototypes
easily with Waziup, using all those technolo-
gies.

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa ‘“
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Fast prototyping with Waziup

By Corentin Dupont

The first step in your prototyping journey is to build the
hardware part of your product. For this, we have creat-
ed the “WaziDev”, an easily programmable and custo-
misable prototyping board using inexpensive Arduino
technology.

The WaziDev sensing and Actuation platform fits all
applications specific to applications focused on the In-
ternet of Things, Artificial intelligence. Data can be sent
up to 7Km using the LoRa technology.

The WaziDev is anide-
al solution for startups
and entrepreneurs
who want to transi-
tion and work with
smart solutions. Rap-
id prototyping for IoT
products is the new
norm and making real
MVPs (Minimal Viable
Products) requires
up to date and easy
to use platforms that
guide you to create
your solution.
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WaziDev was created
to ensure compatibili-
ty with all sensors and
LoRa or Arduino soft-
wares and sensors.

The WaziDev

WaziDev features include:

e A compatible pro Mini arduino CPU;

* RFM95W LoRa module;

* Embedded Lipo battery for solar panels and low
power options;

e Two pins with high current support (500mA);

o All fully compatible with the arduino development en-
vironment.

Thanks to the proliferation of mobile devices, sensors
are now remarkably affordable, meaning that you can
combine inexpensive sensors and microcontroller
boards to make your own devices with WaziDev.

Some sensors that can be connected to WaziDev

Any sensor can be plugged into WaziDev. Once your
sensors are plugged in, it's time to program! Open
your Arduino IDE and start coding. The website
www.waziup.io is full of program examples to help you
through. Once your program is ready, you can flash it
onto the board. It's enough to connect the WaziDev to
your PC using a USB cable, and press “upload”.

File Edit Sketch Tools Help

sketch_aprl6a

1 void setup() { =
2 // put your setup code here, to run once:

void loop() {

’/ put your main code here, to run repeatedly:

Arduino Pro or Pro Mini, ATmega328P (3.3V, 8 MHz) on /dev/ttyUSBO

WaziDev can be programed with Arduino IDE

The Waziup.io website contains a number of links that
provide you with the Arduino IDE as well as the direc-
tories.

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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LoRa and LoRaWAN: enabling startups in Africa

LoRa and LoRaWAN radio technologies are driving

the loT revolution in Africa

By Corentin Dupont

LoRa (acronym for “Long Range”) and LoRaWAN
(Long Range Wide Area Network) are relatively new
radio technologies that are having a tremendous im-
pact on loT deployment worldwide. They currently use
unlicensed frequency bands and the innovative physi-
cal modulation technique allows for a more than 10km
range in rural areas. Its low power consumption makes
it ideal for businesses to jump into the loT world.
LoRaWAN technology is widely available, affordable
and easily accessible as it offers a choice of connectiv-
ity within public or private networks.

: LoRa and LoRaWAN radio
: technologies are huge enablers for
. uptake of loT in rural Africa.

What is the difference between LoRa and LoRaWAN?
LoRa is only the “radio” part: how to transmit the mes-
sages over the air. LoRaWAN adds, on top of it, the
“networking” part: how the messages will be delivered
to the final user.

Energy-Range dilemma

Long-range

Low-power IEEE 802.22

WMAN

WiMax

Range

WLAN

ZigBee
802.15.4 | Bluetooth

WPAN

0.01 0.1

IEEE 802.20

IEEE 802.16

There are many radio technologies out there. You al-
ready know many of them: 3G/4G, WiFi, Bluetooth...
LoRa focuses on long range and low energy consump-
tion. This comes at a cost: a very low bandwidth. You
will not watch a film through LoRal Each packet is only
256 bytes maximum (like a SMS).

Furthermore, if you want to reach far (several kilome-
ters), you need to speak slowly: your message may
use several seconds to be sent “on the air”. After send-
ing, your device will need to avoid speaking for some
time: this is called the “fair use policy”. For unlicensed
frequency bands, a common policy is 1%. So, after
sending your message, your device might need to
switch off for several minutes. Not great for multimedia
applications, but for a sensor-based 10T application,
this is fine! For example, sending the soil humidity ev-
ery 10 minutes, and go to sleep in-between sendings.
This will also help save battery file.

LoRaWAN, on its side, will take care of delivering the
messages to the final user: the LoRaWAN gateway for-
wards the messages to a “Network Server” which will
then forward the messages to an “Application server”

802.15.3
802 15.3a
802 15.3¢

Energy

1000

V' N

2G/3G/4G

802 11

(Very) Low
throughput

Data Rate
(Mbps)

LoRa vs other radio systems

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa ‘“
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for the final user. LoRaWAN includes an end-to-end en-
cryption scheme therefore data privacy is guaranteed.
Waziup technology is equipped with end-to-end
LoRaWAN with the innovative possibility to locally de-
crypt loT data on the Waziup gateway. No Cloud need-
ed!

The WaziGate is LoRa gateway ideal for all remote 10T
applications up to a radius of 7km. It is able to cover
over 100 sensors and actuator nodes through LoRa
radio network. It spreads through a number of solu-
tions and sensors that it can listen to when connected.
The low cost gateway can even work with low internet
modes or reception and still gives data to its end-users
through its embedded database and web-based visu-
alization module.

It has a ton of features that give a broad range of ad-
vantages to its users:

* Edge capacity to host your applications;

e LoRa communication up to 10-12 Km;

* Permanent Wifi hotspot;

* Wifi/3G/Ethernet internet connection;

e Data upload with HTTP, MQTT or even SMS;

* Low power consumption;

e Automation;

* Remote management.

Do you own a Raspberry PI? If yes, you're just one
step away from getting a WaziGate! Just head on to
www.waziup.io and download the latest version of the
WaziGate software. Then, flash it onto the Raspberry
SD card.

Configuring your WaziGate is simple and easy. First,
you’ll need to connect to your newly flashed WaziGate.
You can use:

o S =ELE

loT technology for Africa

The WaziGate loT
gateway

Network server Application
Join server Server
WaziGate

The WaziGate: a
LoRaWAN gateway

- e

* The WaziGate Hotspot;

* An ethernet cable;

* An HDMI screen.

You then need to configure the basics: WiFi and Cloud
synchronization.

Your LoRaWAN gateway is now ready. It can commu-
nicate with any LoRaWAN-enabled devices, including
but not limited to the WaziDev.

nmrsse =

Dashboard

My Gateviay 4 test
[ 02425¢1200026606 J D 6024058078452400
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Edge computing loT gateway

By Mojtaba Eskandari

Your WaziGate is autonomous: it doesn’t need the In-
ternet to function. You can upload your applications
directly on the gateway. Everything will be processed
locally: your data is safe!

Wazigate uses a microservice architecture based on
docker to manage its Apps. This architecture allows
each application to operate independently in isolation
which makes the development and maintenance much
simpler than a monoalithic architecture.

As a developper, you need to develop or adapt your busi-
ness application for the WaziGate. This application will
access all the necessary information from the WaziGate
open APls. For instance, you will get the latest update
from the sensors connected to the WaziGate. From this,
the application will display the information to the final user.

Apps

W)

Logout

waziup. helo-world-go

waziup/hello-world-go;dev

* INSTALL

WAZIUP. Wazi-on-Sensors
H l)) waziup/wazi-on-

sensors:beta

User Profile

2 INSTALL

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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Your business application, living on the WaziGate, will
display its own User Interface, which is automatically
integrated in the WaziGate dashboard. That is to say,
your application will show up in the WaziGate menu
entries and be accessible to your clients, locally. Your
client will just need to connect to the gateway hotspot
and open the interface.

The WaziGate allows you to not only collect data from
sensors, but also to trigger actuators. An actuator can
be a motor, a light, a buzzer: anything that can per-
form an action. The distant actuators will be triggered
through the LoRaWAN protocol. The actuators con-
nected to the gateway can also be triggered through
the API; that means they are accessible to your appli-
cations.

waziup. hello-world-python
1ziu pihello-world
python:dey

waziup.hello-world-js

W)

waziuphello-world-js:latest

3 INSTALL 3 |NSTALL

i R Install & Custom App
waziup wazigate-lora

waziup/wazigate-lora:latest

Install a custom App using docker
image name

* INSTALL * |NSTALL

©
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Create your own apps and great visualizations

By Corentin Dupont

The WaziCloud enables you to manage your sensors,
actuators and the loT data. The wazicloud will support
a developer with everything they need for their appli-
cation and provide a bed of advantages among others:

* Remote connection of your sensors and actuators;

e Send, receive, collect, store and analyze the data
they generate;

* Manage your users and their privacy;

e Turn that data into actionable insights, in real time;

e Using SMS or mobile application for notification;

e Standard loT protocols (HTTP and MQTT);

e Open REST API for application development;

e Control your gateways from remote.

Control your sensors and actuators

The WaziCloud collaborates with the WaziGate to
give you full control over your sensors and actuators.

LoRaWAN devices connected on your WaziGate will
also appear on the WaziCloud. Your sensors values
will be displayed live on the Cloud dashboard. Fur-
thermore, the dashboard allows you to control your
actuators: you can use the Ul to send direct com-
mands to your loT devices, such as “open the door”.
The WaziCloud also allows you to program simple
automations directly from the Ul, such as “if the tem-
perature is more than 50 Degrees, then close the
doors”.

Control your gateways

Once you have deployed your gateways in remote plac-
es, you can still access them! No need to drive there to
gain access. The WaziCloud dashboard shows all your
gateways and their statuses. You can access them re-
motely through a dedicated private “tunnel” created for
your gateway.

WaziCloud dashboard

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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Visualize your data

A lot of sensors means a lot of data. And by a lot,
we mean a /ot. A single sensor can generate hundreds
of datapoints per second. How to make sense of this
huge amount of information? Waziup’s visualizations
help you understand what’s going on.

The Cloud dashboard provides its own graphics show-
ing the historical data for your project. Furthermore, Wa-
ziCloud is compatible with the most popular data anal-
ysis platforms out there. For instance, you can connect
WaziCloud with Graphana to produce custom graphics.

A\ \ azinub)|

Create your own apps

Your own business, your own app. For offering a tai-
lor-made experience to your customers, WaziCloud
allows you to develop a specific application for your
business. Your application will connect to the Wazi-
Cloud API to collect your sensors’ data in a secured
way. The API gives you full control on all the loT as-
pects: devices, sensors, actuators, notifications, us-
ers...

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa

Data visualization on WaziCloud
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Exclusive preview: new Waziup loT hardware

By Mojtaba Eskandari

Initially Waziup had a DIY approach where a user
should purchase various pieces of hardware and wire
them together in order to make, for example, a sensor
node. However, there were challenges for the users as
there are so many hardware components in the market
and they did not know which one to choose. Moreover,
a DIY device is mostly used for prototyping or hobby
projects and is not reliable for real world applications.
In order to resolve these issues, we decided to pro-
duce a proper set of hardware for users which can be
used for serious use cases.

Waziup hardware products

Certain hardware components are required for devel-
opment of an loT product from prototype to the final
product.

WaziDev is a Sensing and Actuation platform for loT
applications. It transmits data up to 7Km using the
LoRa technology. It is easily programmable and cus-
tomizable, using Arduino technology. It is an ideal solu-
tion for start-ups and entrepreneurs who want to rap-
idly prototype loT applications.

Its key features include:

* Arduino Pro Mini compatible CPU;

* RFM95W LoRa module with an embedded LoRa an-
tenna;

e Fully compatible with the Arduino development envi-
ronment;

° Embedded Lipo battery charger for solar panels and
low power options;

e Two pins with high current support (500mA);

* On board temperature and relative humidity sensor.

More information can be found here:
https://www.waziup.io/documentation/wazidev/

Once a startup prepares and tests their prototype, they
can rapidly move to a product using WaziSense and Wa-
ziAct which are designed to be used as final products.

WaziSense is a battery-less LoRa sensor board with
energy harvesting capability. WaziSense has a tem-
perature and relative humidity sensor on board. It uses
supercapacitor technology to store energy for data
transmissions and exposes a number of terminals for
external sensors and is designed to be fit into standard
cases.
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WaziAct

WaziAct is a LoRa actuation board designed for pro-
duction. It has an embedded relay and provides a
number of terminals for other actuation devices and
sensors. It is designed to be fit into standard cases.
On the gateway side, Waziup has developed two
Raspberry Pi HATs in order to add more capabilities to
the board including LoRa connectivity, control buttons,
smart fan, OLED display and a blackout protection cir-
cuit.

A combination of a WaziHAT, a raspberry pi and Wa-
zigate Firmware is called WaziGate. In fact WaziGate is
an loT LoRa Gateway, ideal for a wide range of remote
loT applications. The Gateway can cover up to 100
loT Sensors and actuator nodes using a single channel

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa

WaziHAT for single channel LoRa gateway

WaziHAT and a lot more with multichannel WaziHAT:

Weather stations, soil monitoring, GPS applications,

live stock tracking, fish farm, etc. The possibilities are

endless! WaziGate can also control actuators, such as

electro-valves. Since Wazigate is modular and edge

computing capable startups can develop and host their

own applications directly in the gateway, and connect

to it through WiFi or Ethernet. WaziGate is designed

to be able to work without Internet connectivity and

still provides data to end-users through its embedded

database and web-based visualization module. The

WaziGate features:

* Edge capacity to host your applications;

* L.oRa communication up to 10-12 Km (even more
with a high quality antenna and good mounting site)

* Permanent WiFi hotspot;

o Wifi/Ethernet internet connection;

e Data upload with HTTP, MQTT or even SMS;

* Low power consumption;

* Automation;

* Remote management.

More information can be found here:
https://www.waziup.io/documentation/wazigate/

WaziHAT for multichannel LoRa with blackout protection circuit
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WaziHub is deploying loT gateways in several
countries to enable loT entrepreneurs

WaziHub is deploying loT connectivity in sev-
eral countries in Africa and supporting loT
startups. Our strategy rests on a network
of “TechHubs”: local associations promot-
ing technologies. TechHubs are sometimes
called “MakerSpaces”, “Fablab”, “Hacker-
Space”... They are an expanding phenome-
non in Africa. This is where young (and not so
young!) entrepreneurs gather and can exper-
iment with new technologies, receive training
and coaching.

Within the TechHubs, WaziHub strategy has
been to deploy loT infrastructure, and to per-
form loT capacity building. Regarding IoT in-
frastructure, we deployed our permanent loT
gateways called “WaziGates” in each Tech-
Hub. Those gateways are deployed in an el-
evated place, such as a mast (see picture).

Authors:

Prince Banini,
technical and training lead at Kumasi Hive,
a “Tech Hub” locatedin Kumasi, Ghana.

Wilma Sokeng
is Operation Manager for
Innotech21 GmbH.

Babacar Diop, PhD,

is an expert in the Internet of Things,
leading the Smart Village initiative

in Senegal.

We also provided the “WaziKits”: a box with
all the equipment a startup needs to build its
first loT prototype! This includes a WaziDev
board based on Arduino, a set of sensors
and actuators, an access to WaziCloud and
tutorials. In parallel with the infrastructure de-
ployment, WaziHub performed many different
“capacity building” actions. This range from
loT courses, Hackathons, Webinars, startup
support, lIoT competitions... The objective is
to improve the loT knowledge and capacity
for the local entrepreneurs.

WaziHub TechHubs are located a bit every-
where in Africa: in Ghana, Tanzania, Sene-
gal, Kenya, South Africa and Uganada. In this
dossier, we will present one of our TechHubs:
Kumasi Hive in Ghana. Our journey will then
take us to Senegal, where the “Smart Village”
experiment is taking place. Finally, two excit-
ing startups will tell us about their experience:
PregCare and Agrilechs!

py

deployed in
Senegal

k Waziup gateway

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa ‘“



L nazinuo) /[

WaziHub loT deployments

Waziup in Ghana: the Kumasi Hive tech hub

Kumasi Hive is a Tech Hub in the heart of Ghana, where makers
and startups can interact and learn about loT

By Prince Banini

Kumasi Hive is a tech innovation space that is focused
on providing access to technology, skills and equip-
ment for sustainable job creation and employment. We
are very passionate about young people because they
are the future. They will grow up to become tomor-
row’s leaders in this digital age and will need the skills
required for the digital opportunities available. For this,
we organize capacity building programs especially in
the field of emerging technologies, business develop-
ment and entrepreneurship.

Within Kumasi Hive, the Waziup gateway (WaziGate)
at has over time served a lot of makers, clients and
entrepreneurs from testing of their solutions to piloting
of Minimum Viable Products and deployment of func-
tional prototypes.

The latest use of Waziup technologies at Kumasi Hive
is with the Smart Bin as shown in the image below. The
Smart Bin team are bringing out a solution that is not
just a sustainable and effective way of keeping Ghana
clean, but also an attempt to socially re-engineering
the Ghanaian people, to be conscious about their en-
vironment. It pushes people to be conscious about the
positive or negative effects of their day-to-day actions
on the environment.

The Waziup gateway serves as the central node that relays
the bins refuse state, gps location, solar panel and bat-
tery charging stats to WaziCloud. The communication be-
tween the smartbin and the gateway is done via lora tech-
nologies by means of a wazidev sensor node that serves
as the heart for controlling all the electronics in the bin.

Two Kumasi Hive tech-
nical team members
working on the smart-
bin’s opening mech-
anism

m WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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Testing of sensors and opening mechanism in smartbin with Waziup WaziDev board

Moreover, the Waziup technologies are used to mon-
itor the temperature and humidity of some offices at
the Kumasi Hive Tech Hub to get a fair idea of which
offices are warmer or need air conditioning.

WaziGate “Edge computing” is very promising and grow-
ing rapidly. If you look at many smart home 0T solutions
today, you can see the central hubs increasingly now
have the power to process complex sensor data, man-
age devices and disseminate information among nodes.
Later, the results are uploaded to the Cloud for further
computations. Edge computing is the next step for us.

Another technology which is not mainstream yet,
but could save us on the security aspects of 10T is
blockchain for loT. Just like how blockchain works
in the crypto world, 10T devices can communicate
in a more secure and certified way using blockchain
technologies. Hacking of 10T devices will disappear
over time and will become a thing of the past. It will
be extremely difficult or perhaps impossible to hack,
falsify data or infest an loT device or network with
malware.

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa m
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WaziHub loT deployments

The Smart Village initiative brings services based on IoT to local

citizens, far from big cities!

By Babacar Diop

The Smart Village is an initiative of the WaziHub project,
led by Université Gaston Berger and hosted in a village
located in the suburban environment of Saint-Louis in
Senegal.

The objective is to deploy a wide 0T infrastructure of-
fered as a service to citizens and local entrepreneurs,
in order to support a large range of loT applications.
Our objectives are threefold:

* set up a wide technical infrastructure;

e target large-scale deployment of loT applications;

* create new services from the large collected dataset.

In order to achieve such objectives, the Smart Village
has been modelled under the concept of a living lab.
We organized round tables with relevant stakeholders
in order to identify together potential issues standing
as obstacles for farmers, breeders and people around.
On field visits were also conducted to meet the local
population and trigger future collaboration and en-
gagement. These meetings and exchanges facilitated
agreement of specific areas of focus, among others:
soil quality, water quality, livestock management,
air quality, weather and climate.

"1\

Our technical infrastructure

The Smart Village infrastructure leverages the ad-
vantages and resources granted by the Waziup, but
WaziCloud and WaziDev technologies to set up a com-
plete infrastructure. In accordance with this vision, the
technical infrastructure is presented as an open in-
frastructure intended to support various applications.
From then on, project leaders as well as developers
and entrepreneurs, focus on developing the logic of
their solutions and spend less effort in setting up a
technical infrastructure. The infrastructure consists of
the following elements:

* Deployed LoRa gateways that allow data collection
from several devices deployed around the village;

* The WaziCloud platform, tightly connected to the
gateways and allows the storage, analysis and resti-
tution of data to the user through an integrated web
dashboard;

* Open-source technologies made available by
Waziup consortium including WaziDev, board series,
PCB, etc;
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Technical
infrastructure

I

Large
scale deployment

Service creation
using data

Smart Village activities
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Smart Village applications

* Detailed source code and free documentation for
prototyping loT devices;

¢ Technical support and follow-up in collaboration
with the local incubator and the IT computing center.

Use cases and applications
According to the area of focus previously identified, we

develop proof of concepts for each one of the targeted
applications.

Air quality monitoring

According to the WHO, 91% of the world population
was living in places where proper air quality standards
were not met. With the number of premature deaths
worldwide reaching 4.2 million caused by outdoor air
pollution, it becomes crucial to monitor air quality both
in rural areas and cities.

As a suburban area, air quality is one big issue in
the Smart village as well as nearby towns. While the
air quality index is getting worse every day world-
wide, the amount of deployed AQ deployed sta-

P2.5 Pio
Sensor

Near Field ozone
Sensor
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tions is very low in Africa, contrasting with what is
noted outside. In the whole country of Senegal, we
account for around less than 10 public air quality
monitoring stations.

Broadly speaking, 4 air quality monitoring stations are
scattered around the village. Daily collection of data is
undergoing. The deployed sensors are of two types:
the Nova Pm Sensor, and one purple air sensor which
provides better precision but at a higher price.

Water quality monitoring

Water quality requires the use of sensors to monitor
several parameters like: temperature, turbidity, dis-
solved oxygen, electrical conductivity and pH. For
fishing activities, the range of parameters can be split
into two: physical and chemical parameters. The first
class refers to the presence of fine solid particles
measured as turbidity, and chemical parameters.
This later consists of parameters such as dissolved
oxygen (DO), acidity measured through pH, salinity
measured as electrical conductivity and NPK param-
eters.

Water quality devices have been deployed since 4
years, and preliminary results have been output with
regard to the end-users fishing activities. Interesting
insights have been assessed. In the Smart Village, de-
vices able to collect these daily parameters have been
used these last months for giving recommendations
about the water quality of some fish ponds.

Water Sensors
Seil Quality Sensers
Pouiltry farm Sensors

Alr Quality sensors

N\

Gataways

This map provides a global view of the deployment of
gateways, sensors around the village. Five deployed
gateways enabled proper radio coverage to collect
data from several sensors around the village.

In addition to the applications being developed by the
Smart Village, the infrastructure is opened for every
project bearer in the field of loT and data analysis. The
living lab space helps in following up technical activities

Our gateways ready to be deployed
(Single channel low-cost LoRa gateway)

m’ WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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and leverage potentials made available by the ecosys- ~ With the support of the incubator, the IT computing
tem. Today, the Smart Village is working with around  center and our partners, it is possible to achieve our
10 startups located in Saint-Louis, and outside, which ~ core objectives by the end of the year which is large-
are actively accompanied by the Smart Village team to  scale deployment and data collection to allow for the
plan future deployment. creation of new services.

WaziGate deployment
on top of UGB tower

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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Focus on our champion... PregCare!
PregCare is a startup in Uganda focusing on pregnant

women health

By Wilma Sokeng

The WaziHub project launched two editions of its In-
novation Competition in 6 countries: Kenya, Ghana,
Senegal, Tanzania, Uganda and South Africa. The ob-
jective was to give the opportunity to young Africans to
build innovative and effective loT solutions.

PregCare is a startup based in Uganda and is working
on a wrist device to monitor health vitals and location
of expectant mothers.

PregCare founder Sedrick Otolo answers to our ques-
tion:

Why did you choose this idea?

We envision a world where all expectant mothers sur-
vive childbirth. The goal is to make pregnancy moni-
toring simple and accessible to expectant mothers in
the last-mile.

In the latest United Nations estimate, 800 women die
everyday from preventable pregnancy related compli-
cations. Unfortunately, 99% of it occurs in developing
countries. The consequences of pregnancy related
complications are tragic, expectant mothers struggle
with preeclampsia failing to receive timely care. Mid-
wives and doctors struggle in the rural and hard-to-
reach areas unable to monitor health vitals of pregnant
women sometimes postponing or cancelling critical
procedures.

Research by the World Health Organization shows that
timely monitoring of health vitals can help save the lives
of women and their unborn babies. Maternal mortali-
ty in developing countries is associated with delays in
reaching healthcare facilities in time and receiving treat-
ment due to inadequate equipment. Uganda’s Mater-
nal Mortality Ratio is at 336 per 100,000 live births and
is one of the highest in the world. Direct causes are
estimated to be responsible for 75 to 80 percent of all
maternal deaths resulting from preventable pregnancy
complications.

How does your solution works?

PregCare is an loT device that helps health workers
remotely monitor health vitals of pregnant mothers in
real time.

The solution works in four steps:

PregCare

e Step 1: the expectant mother wears the hand wrist
device which tracks temperature, heart-beat, pres-
sure and gives GPS location;

e Step 2: The data is then sent remotely to the Doc-
tor’s dashboard where they can monitor each patient
and see real time data from the device;

e Step 3: The expectant mother can as well visual-
ize her health vitals on the App or get SMS on her
phone;

e Step 4: The expectant mother can then do a Phone
chat with the Doctor who can advise her on what
she can do based on the data received from the de-
vice.

What makes you different?
We have seen lots of different existing solutions that
are out there trying to track health information from the
expectant mothers. But we have seen a great differ-
ence in the fact that our system and the device will be
able to track informa-
tion from them even
in  remote  areas.
Another interesting
feature is that it
has the capability
to track offline.

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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What did you gain from the pilot phase with Wa-

ziHub?

* We gained a lot of experience in using the WaziHub
technologies during the pilot phase;

* The business support that was offered to us was
amazing;

¢ The financial support that was given to us at the first
phase of the project was helpful.

Connecting devices to the dashboard was pretty fun
and learning it was interesting. | would anyway love to
learn more and how to work best with the WaziHub
technologies.

beta tests then seek funders and high volume man-
ufacturers.

If your startup succeeds, what additional areas
might you be able to expand into?

If we are fortunate enough to succeed, we shall ex-
pand to three East African countries, to begin with,
Uganda’s immediate neighbour South Sudan which
has the highest maternal mortality in the world, then
Tanzania and Kenya whose populations are quite high.

About the founder

How big is the market - how many potential cus-
tomers can you have?

According to UNFPA, there are approximately
1,700,000 live births and 13,140 maternal deaths an-
nually. This therefore means, we have nearly 1,713,140
potential customers and out of this number, we are tar-
geting 10 percent, about 171,314 expectant mothers
at the initial stage.

We will sell our devices to professional maternal health
workers / organisations who will pay a monthly sub-
scription fee for every expectant mother being moni-
tored by our system.

What is your distribution strategy? How will you
grow?

We have defined plans to partner with health workers
/ facilities or organisations who will make our devices
available to expectant mothers. To facilitate our growth,
we shall provide routine device maintenance and focus
on marketing our product through various channels.

What are you going to do next?

We want to refine our product design and build a more
complete prototype by the end of 2021, at which point
we will transition into in-house testing, perform final

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa m
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Focus on our champion... AgriTechs!
AgriTechs is a startup in Tanzania focusing on Hydroponics:

off-the-ground crops

By Wilma Sokeng

AgriTechs is a startup building cutting-edge Hydroponic
structures and the winner of the first edition of the Wazi-
Hub Innovation Competition and is one of our Champi-
ons. We met Praygod Japhet, their Managing Director.

AGRITECHS COMPANY LIMITED

@AgriTechs

“Defining the future of farming”

The Horticulture industry in Tanzania is the fastest
growing subsector within the agricultural sector, with
an annual average growth of 10 to 12% which is far

above the 3% growth of the overall agricultural sec-
tor. Vegetable production accounts for 61% of the total
horticulture production. These vegetables include let-
tuces, spinach, amaranths, chives, mint, kale, cabbag-
es, Swiss chard, peppers, cauliffower, baby marrow,
eggplants, leeks, onions, carrots, leeks, onions, toma-
toes to name a few.

In 2018, AgriTechs Company Limited started to ex-
plore the world of smart hydroponics. Smart hydro-
ponics is a product that combines soil-less farming
and Internet of Things (loT) technologies, aiming to
make climate-smart farming and urban farming afford-
able, profitable and convenient. With this product, our
company looks to enable more horticultural farmers to
farm independently of the climatic condition by creat-
ing a specific environment that a specific crop requires
in order to perform well.

AgriTechs’ Smart Hydroponics

m’ WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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The AgriTechs team

Further, the product enables farming on small spac-
es with up to 300% vyield increase, reduces water use
by 90% and saves hundreds of hours that could be
used to monitor the farm manually through irrigation
automation, and remote and real time monitoring of
the farm through a web or mobile phone application.
Additionally, the product helps to shorten crop growth
periods by 25%, promotes growth of herbicides-free
food, encourages precision in management to avoid
losses, and undoubtedly enables farming throughout
the year hence ensuring a consistent supply of healthy
food to the market. So far, since August 2018, Agri-
Techs Company Limited has done six successful pilot
projects, three at a household/small scale and three at
commercial scales.

We interviewed the founder of AgriTech, Praygod
Japhet:

What domain expertise do you have?

Right from its humble beginning, the company is
structured to operate on a success note. The initial
management team in the operations function of the
company almost entirely hinges on the founders them-

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa

selves, with minimal back-up requirements. However,
as the company grows, it will take on board more pro-
fessionals to be part of the management team. The
team understands its strengths and limitations. We
work hard to capitalize our strengths, and partner with
highly experienced industry leaders to complement our
limitations in order to meet the challenges of business
dynamics.

What makes you different? What motivates you?
Helping our farmers succeed by practising controlled
environment agriculture (CEA) is what motivates us.
We also obtain our differentiation from having a diverse
and motivated team. This helps to have much exten-
sive yet inclusive approaches in our operations. The
diversity helps us to crosscheck approaches and avoid
to work in silos.

What did you gain from the pilot phase with
WaziHub?

We joined WaziHub back in 2018. By the time we only
had the basic hydroponics aspect of our product. Af-
ter understanding how loT works, we realized it could
really complement our product. We therefore adopt-
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AgriTechs demonstrator

ed loT as a package to our product. Fast forward, we
have come to realize that the loT aspect is one of the
things that interest customers most, hence giving us a
key differentiation from our competitors. So we were
lucky to have joined WaziHub, through which we found
an interesting synergy between basic hydroponics and
the internet of things.

How big is the market - how many potential cus-
tomers can you have?

The market niche we are currently focusing on is ded-
icated to commercial vegetable farmers. The Total Ad-
dressable market in Tanzania alone is worth US$5.14
Billion, among which 34% comes from dedicated
commercial vegetable farmers. Such farmers are sen-
sitive to challenges imposed by climate changes, and
are willing to employ modern technologies.

How will you make money?

We have three basic revenue models:

e The first model is to fabricate and sell the smart hy-
droponics to farmers, where we charge a certain
percentage as the technical charge.

* The second revenue model is through selling fresh
products from our small scale and commercial

demonstration farms. Such fresh products include
different vegetables as mentioned earlier, and are
sold to outlets in the city.

* The revenue model is through after-sales-services,
which includes selling products and services that
a farmer with smart hydroponics needs in order to
keep performing well. These may include growing
supplies like fertilizers, and even consultation.

What is your distribution strategy? How will you
grow?

For the past two years, we relied much on targeted
marketing. With this model, we were only able to serve
people of whom we knew they would buy. But as we
look to grow, we are actively exploring different ca-
pacities that can help us to reach a higher number
of farmers in and outside Tanzania. This involves hav-
ing readymade packages that potential customers can
order from different online stores, including our own
website.

What are you going to do next?

Technically, the biggest assignment right now is to
engineer scalable product packages. Specifically, this
will focus much on breaking the technical barriers that

m WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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limit sales, starting from how products are fabricated
(it takes time to fabricate), post fabrication function-
ality limitation, and all irregular patterns influenced by
technical issues. The goal is to create an environment
where the team can now focus on selling in order to
ensure sustainability of the company.

After the proof-of-concept and finding reasonable de-
grees of product-market-fit, the company is now fund-
raising in order to focus on growth. Specifically, the
company is looking to increase the team, establish a
commercial scale smart hydroponics farm for custom-
er attraction, and to establish a capacitated workshop
for fabrication of the products. The company is there-
fore raising US$100,000.00 to accelerate its efforts in
promoting and practising climate smart agriculture.

If your startup succeeds, what additional areas
might you be able to expand?

Assuming success of the current projects, the com-
pany will be interested to expand its involvement in
into exploring how much further can the integration
between agriculture and the internet of things go, es-
pecially the use of the internet in monitoring and man-
aging crops.

Hydroponics

About the founder

AgriTechs prototype architecture

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa ‘m
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future directions

The future of IoT in Africa looks bright. Among
up-and-coming technologies for loT, we will
focus on two that we see as most important
for Africa: LoRa-by-satellite and Edge Artificial
Intelligence.

Over 70% of the globe is not reachable via
ground network infrastructure, and that is
particularly true in remote zones in Africa.
In the countryside, the internet is simply not
always available for connecting an loT gate-
way. This is where the satellites come into
the picture. Very recent technologies such as
LoRa-by-satellite could provide an economi-

Authors:

Congduc Pham
is Professor at the University of Pau,
France.

Mojtaba Eskandari, PhD,
is Product Manager at Waziup e.V.

Servane Crave
is Research & Innovation Manager
at Orange Labs, France

cally efficient way to provide loT communica-
tions. The first test satellites have just been
launched!

Al is also a particularly important topic in the
face of the huge amount of data produced
by loT. Without proper analytics, this data can
have limited value. For instance, optimizing
irrigation in Smart Agriculture can be per-
formed using machine learning algorithms.
However, Al needs to be brought closer to
the user, especially when there is no Internet
connection available! This is why we propose
in our second article.

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa m
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LoRa by satellite: the next frontier
As the first “LoRa satellites” are being launched, it is time to explore

the new possibilities

By Mojtaba Eskandari

Over 70% of the globe is not reachable via ground
network infrastructure. Therefore, it is not possible to
deploy IoT applications in remote areas. A suitable
solution would be using satellite connectivity. However,
satellite devices are usually expensive and consume a
significant amount of energy to transmit data; thus, not
desirable for the loT world.

LoRa has received significant attention in recent years
as it is low powered and able to transmit data to a long
distance. There were a number of challenges where
a LoRa gateway was put into a balloon and went up
to the sky in order to have a long horizontal sight and
then it could receive LoRa messages from a very long
distance (~700 km).

WaziGate

The successful LoRa message transmission in long
distance was the beginning of LoRa in space adven-
ture. FossaSat-1' was the first LoRa satellite to be in
low earth orbit.

In fact a LoRa satellite is a small satellite which orbits at
about 500K km around the earth. With many low-orbit
satellites, global coverage can be achieved and this is
the objective of many LoRa satellite projects and ini-
tiatives. With the appropriate hardware, an loT LoRa
device can send/receive data to/from satellites. The
picture shows the specific antenna for satellite com-
munications.

' https://fossa.systems/fossasat-1/
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FossaSat-1: The first LoRa satellite

LoRa satellite with Waziup

In Waziup the idea is to equip the gateway (WaziGate)
with the latest LoRa chip enabling both terrestrial and
satellite LoRa. As can be see in the figure, it is possi-
ble to have LoRa nodes transmitting their data to the
satellite directly, however in Waziup we transmit data
to WaziGate and after processing it on the gateway
(WaziEdge), the aggregated data will be transmitted to
the satellite and then from satellite to the ground sta-
tion for further processing. The entire architecture is
LoRaWAN compliant.
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As an example, in a field there might be a number of
soil moisture sensors, light sensors, and weather sta-
tion modules. They all transmit their data to WaziGate,
then WaziGate processes them locally in order to get
one value for the entire field per sensor type, then it
transfers it to the satellite. This scheme saves a lot of
the satellite budget link and reduces the power con-
sumption.
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Edge Al: Artificial Intelligence brought
closer to you

New techniques and hardware can now bring Al even closer
to the users

By Congduc Pham
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Artificial Intelligence (Al) deals with the creation of sys-
tems that can learn to emulate human tasks using their
prior experience and without any manual intervention,
such as data analytics.

loT and Al are both unique technologies on their own, but
what makes them even more interesting is where they
intersect. Without proper analytics, the huge amount of
data produced by loT devices can have limited value.
This is where Al comes into the picture with specific tech-
nologies such as Machine Learning or Deep Learning.

Optimizing irrigation in Smart Agriculture is a good illus-
tration of what loT and Al can realize when combined
together. From real-time acquisition on the soil humidity
condition, advanced analytics can propose contextual
recommendations for controling the amount of water,
taking into account multiple knowledge streams such
as soil and crop types, agro-ecological, environmental
& meteorological data to provide deeper analysis that
would allow water savings and higher efficiency in the
use of water.

With the generalization of Cloud architectures where
remote servers accessible from the Internet will realize
the heavy computations, the traditional loT & Al archi-
tecture will upload loT data to distant servers for the
Al analysis & prediction processing. While this archi-
tecture offers the maximum flexibility and transparency
to applications, it requires a good and stable Internet
connectivity in addition to a subscription to remote ser-
vices from service providers.

“In the context of WaziHub where cutting-edge tech-
nologies such as loT and Al must be adapted to the
African context and especially to African smallholders
and end-users, this traditional Cloud-based architec-
ture has many constraints and limitations” says Pr.
Congduc Pham.

With the advances on small Single-Board Computers
(SBC), more processing power is made available for
embedded devices than ever. For instance, the latest
RaspberryPI 4 released in May 2020 can provide a 1.5
GHz 64-bit quad-core ARM Cortex-A72 processor
with 8GB of RAM memory!
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The WaziGate LoRa gateway using the RPI4 will there-
fore be able to locally run advanced and heavy Al data
analytics, implementing the so-called Edge-Al architec-
ture to bring intelligence closer to the end-users. With
Edge-Al, full control on loT data and Al processing can
be realized to build a fully autonomous and intelligent
system offering plug-&-sense-&-predict features for
deploying out-of-the-box complex loT applications in a
large variety of loT verticals.

Technical partners in WaziHub and especially the UPPA
team led by Pr Congduc Pham are therefore paving
the way to the next generation of loT with Edge-Al ca-
pabilities by extending the WaziGate architecture to
integrate advanced Al frameworks as illustrated in the
figure below.

GW Al Notehook

Conda | Jupiter XG Scikit Pandas Tensor
Forge Lab Boost Leam Flow
Python
Docker

Raspberry Pi 0S 64-hit
Raspberry Pi 4

Our software stack

WaziGate Edge-Al gateways can then be shipped
pre-configured to support a number of selected ad-
vanced Al techniques and algorithms depending on
the final loT application.

As he WaziHub project also strongly addresses the
dissemination and capacity building dimension, the
loT course programme on the loT & LoRa online tutori-
al (http://diy.waziup.io/#waziup iot courses) has been
extended with chapters on Al technologies to devel-
op these competencies in digital Innovation Hubs and
tech & entrepreneur communities.
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loT infrastructure and solutions for tomorrow

By Servane Crave

The major obstacle to innovation in disruptive technol-
ogies in Africa resides in the lack of access to devel-
opment & testing infrastructures. There is a need to
develop a solution which will provide the capacity to
learn, develop, test, experiment, pilot and innovate in
disruptive loT, Al and BigData technologies. Thanks to
this approach, entrepreneurs in their ideation and pro-
totyping phase (MVP prototyping and solution-oriented
capacity building for instance) will get access to state-
of-the-art platforms for development & extensive test-
ing. In parallel, bringing ready-to-use bundles to the
developers’ and entrepreneurs’ communities is also of
high importance to let them design and successfully
market agriculture, health, industry, smart cities, and
“green” related services.

[t is with this aim in mind that the HUBIquitous proj-
ect has been proposed to the European Commission
and will start at beginning of May 2021. Its objective is
to pave the Foundation for Disruptive Technologies in
Tomorrow’s Digital Innovation Hubs and to empower
start-up ecosystems through sustainable collaboration
of African & European Digital Innovation Hubs.

It is commonly agreed that emerging economies, in-
stead of working through all previous iterations of a
technology, are able to jump straight to the most cur-
rent version: this is the leapfrog effect. However, tech-
nology per se is not sufficient to guarantee that the
leap will occur: an loT sensor does not by itself engen-
der leapfrogging.

This is where the HUBIquitous project, with its Solu-
tion Lab (delivering a development & test infrastruc-
ture, and building local technical skills & competenc-
es) and Application Business Box (a “ready to use”
integrated technical and business support package)
shows its real added value. Indeed, the project will
provide efficient tools to support and trigger the leap-
frogging effect, by increasing technological knowl-
edge, developing entrepreneurship skills and creating
a vibrant collaborative environment for DIHs and digital
entrepreneurs across Europe and Africa.

The Solution Lab is primarily a physical infrastructure
proposing a number of resources as depicted in figure

above: loT, BigData/Cloud, Mobile/Edge, Al, Training
and Computing resources. These resources can be
hardware, software and contents/courses resources,
and will be packaged in an integrated and consistent
way to enable the entire infrastructure to scale-up.
For instance, hardware resources will include specif-
ic state-of-the-art hardware for loT and Al prototyping
(microcontroller boards, sensors, Al accelerators, radio
communication modules, etc.) while software resourc-
es will include all the software, tools, platforms, APIs
required for prototyping and testing in loT, big data &
Al technologies. It is expected that once defined and
packaged, the deployment of a Solution Lab can be
realized in less than a month and in an incremental way.

Taking into account the African context, the Solution
Lab facility seeks to provide local resources for ad-
dressing both the problem of specific hardware avail-
ability and the problem of limited or no internet avail-
ability. It will include at least the following loT, Al and
BigData technologies components:

* Open source loT hardware/software and rap-
id prototyping kits, such as a selection of Ardu-
ino-compatible microcontroller boards (Arduino,
Teensy, STM32, ...) including WaziDev (Arduino+loT
LoRa development board) developed from Wazi-
up project, and a selection of sensors & electronic
components for various application verticals. Ready-
to-use software templates will be developed, orga-
nized, structured and made available to enable quick
starting of prototyping according to application verti-
cals.

e Communication Networks: Solution Lab provides
a selection of radio technology modules which are
used by the sensor-nodes as well as gateways in or-
der to transmit data amongst them. Depending on
the business application requirements the commu-
nication modules can include LoRa, NB-loT, Blue-
tooth, WiFi, Zigbee, etc.

* Open loT cloud platforms for data, device and
user management, including data analytic and
visualization tools. We will include the WaziCloud

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa
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platform from Waziup e.V. which communicates
with WaziGate in order to collect data from sensor
nodes. WaziCloud provides an extensive set of APls
and support of the MQTT protocol. It can be used by
a wide range of data visualization and Al tools.

* Mobile application development platforms with
a selection of Android/loS platforms (smartphones &
tablets) with their software development platforms.
Link with loT Cloud Platforms will enable fast pro-
totyping of mobile applications taking advantage of
loT clouds. (e.g.Telco APIs https://developer.orange.
com/products/)

* Development tools, libraries and platforms for
Al, such as Machine Learning and Deep Learning
frameworks as well as specific hardware (e.g. Al ac-
celerators: Intel Neural Stick, Google USB Coral),
libraries and possibly datasets to experiment on Al
training processes.

Edge Computing Platforms for developing local
data processing applications with no or limited In-
ternet connectivity. The Edge Platform (WaziEdge)
can be hosted in single-board computers such as
RaspberryPI or BeagleBone platforms and will come

WaziHub: Empowering Open Source and Affordable IoT Technologies in Africa

with a selection of extension shields (camera, au-
dio/sound, prototyping boards, displays, ADC,) and
communication technologies such as LoRa, NB-loT,
Bluetooth, WiFi, Zigbee, etc to be able to address
various application verticals. The Edge Computing
Platform will also be able to embed Al-based pro-
cessing modules for developing cutting-edge inno-
vative applications.

Big data tools are needed in a significant number
of loT applications which collect massive amounts
of data and are required to extract meaningful in-
formation out of it. Solution Labs will provide con-
nectivity from loT end-devices up to open loT cloud
platforms. The cloud platforms, in question, need
to provide device and user management, including
data analysis and visualization tools. We will include
the WaziCloud platform which will be integrated with
an advanced visualization and data analysis tool. We
have identified a number of these tools such as R,
Kibana, Grafana, Tabular, and IVIS Framework which
is developed by IT21.

Open data portal and infrastructure: Various

open data sources and streams such as ESA open
satellite data, national open data portal, Open GIS
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data, agriculture open data and WaziHub open data
from deployed pilots will be leveraged by the Solu-
tion Lab to raise awareness on efficient integration of
open data in cutting-edge loT, Al and BigData appli-
cations.

* Test-bed and experimental infrastructure, through
the deployment of Solution Labs in DIHs across Afri-
ca, HUBiquitous will initiate the deployment of open
test-bed infrastructures at the continent ecosystem
level so that all the DIHs and ecosystem actors can
use it. Solution Labs will also link with existing open
test-beds and infrastructures such as the Smart Vil-
lage infrastructure developed in Saint-Louis, Senegal
in WaziHub project to provide larger scale experimen-
tations. It is important to mention that the availability of
test infrastructures is very important for startups and
entrepreneurs to test innovative solutions.
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Application Business Boxes
Simultaneously, the project will develop the Applica-

tion Business Box which is the application-oriented
business instance of the Solution Lab. The objec-
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tive of the Application Business Box concept is to pro-
vide the “ready-to-use” technical and business support
to entrepreneurs and startups on 5 vertical domains
(agriculture, smart cities, industry, health and environ-
mental preservation). The idea is to propose an innova-
tive technological & business package composed of 3
essential support elements: hardware prototyping kits
& software templates, training contents (both technical
and business oriented contents) and business support
templates.

Each of the 5 Application Business Box will include a
specific set of tools, recommendations and guidelines:

Technical kits: Application domain specific integrat-
ed hardware and software prototyping kit and ded-
icated APIs for emerging technologies such as loT,
Al and Big Data. The kits will maximize the usage
of open-source resources. These technical kits will
include, for instance, specific hardware development
boards with on board microcontroller, electronic
components & sensors, and radio communication
modules. The kit also includes the edge devices &
gateways configured for specific edge/cloud plat-
forms and API.

Training & capacity building: Support training as
well as online courses for the technical as well as en-
trepreneurial skills development to make use of the Ap-
plication Business Boxes.

Business templates: Business components such as
business plans, business acceleration support/pro-
grammes, business partnerships, networking, match-
making with the African and European ecosystem
through MeetHub. Business Templates will allow the
Application Business Box to deliver valuable resources
and advice to entrepreneurs/Startups.
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More on our websites:

www.waziup.io
www.wazihub.com
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