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P ™8 Googling for « Internet of Things »azi oy
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: What is IoT for you? :
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Utrasonic fill level sensor
10+ years battery life
1P 66, [-40°, +85°)
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e All communicati ' *HAZIUDS
unicating objects? NAZINUDY
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P""m |oT=interactions with physical wor| )
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P ™ Sensing the physical world IAZINLDY
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Ultrasonic fill level sensor
10+ years battery life
IP 66, [-40°, +85°]
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B ™ RFID, NFC, active, passive? MAZINLD)

@® Radio-Frequency Identification (RFID)
® Near Field Contact (NFC)

MUSTER A 22222

GERRY WEBER
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P ™ RFID, NFC, active, passive? i

@® Radio-Frequency Identification (RFID)
® Near Field Contact (NFC)
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Need sophisticated communicationdazi o

UDP header

IP header




e WNAZIUTY
Home/consumer loT products NAZEN LY

Poids (kg) Sy

TAEKWONDO
79,6kg >

NOUVEAU TRAV..
72,2kg >

Pictures from WiThing, https Ilwww.withings.com/eu/fr/products/body 10



e . : : : WNAZIUTY
Local interaction is possible... NAZEN U

Q: Where is the real power of dakq?



GNAZIUTY)
g™ .. but loT usually means cloud datas=zi

Lot's of data !

>

01010100101010101010101000010101110010100101

010101001010101010104 - 40010100101
010101001010100101010103. " 7_51001010101010
0101010101010010101001001:  0101010000101010
1001000101010101000101010: 0001010101010100)

Ultrasonic fill level sensor

10+ years battery life
1P 66, [-40°, +85°) 1 !



loT added-values come from NAZIUCY

P HNAZIVDY
interactions and linked data! HAZIE
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e : : WNAZIUTY
™4 General public lIoT architecture  aziro0

o4y 2N
Local Network The Internet 3

Dropbox Google Drive

e

Wired/wireless
Power line
BAN, PAN, LAN

Pictures from ArchitectCorner

14



e : . . ENAZIUTY)
™4 |oT cloud and visualization tools gz

Support Commercial Use  HowtoBuy  Account

g Firebase ‘b, Fl i @0 Fiid 2 cour T oo
‘@da e |

Connect things.
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P " Sense, Monitor, Optimize & Controlia—i i,

& Firebase & FIAR
caT | Axeda e
I rove
[J

T FREE Darhboard... No fubfeription reguired:
— e .
E : o

APPLICATION DOMAINS

16
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P ™ Top loT applications, 2020 WNAZH

o 8 Insights that empower you to understand loT markets
5 IOT ANALYTICS . .
Top 10 loT Application areas 2020
Global share of Enterprise loT projects! Trend?

O,
0 “’ ha Manufacturing / Industrial

N = 1,414 projects

Note: 1. Based on 1,414 publically known IoT projects (not including consumer loT projects eg smart home, wearables, etc.) 2. Trend based on relative comparison with % of projects in the 2018 loT Analytics loT project list e.g., a downward arrow means the relative
share of all projects has declined, not the overall number of projects. 3. Other includes IoT projects from Enterprise & Finance sectors. Source: loT Analytics Research - July 2020

®

17
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= ENAZIUTY)

™ [oT: 2020 vs 2018 NAZINUD)

O/o% 10T ANALYTICS Insights that empower you to understand loT markets I0OT ANALYTICS Insights that empower you to understand loT markets
Top 10 loT Application areas 2020 TS . Global share of toT projects? Detail
ol Segmen obal share ot 10 rojects etalls
Global share of Enterprise loT projects! Trend? g proj

Americas Europe APAC Trend?

o,
© £ wanutacuring /inosro (2
e o < @ﬁ Smart City
° onre - @q Connected Industry
CRN cversy N -~ @ | |OF cweonions
()= e | - @ | [@= emoe

o );@q;, Cities 12% @ " Smart Enerdy

I

ov Heattncor | -~ ©<
——
-3%

@ ﬁ Connected Health
° @ Supply Chain
rouTe)

° ” Agriculture
v
q T
o HHE Buildings

g@ Smart Supply Chain
__________ @ m Smart Adriculture
‘E Smart Retail

1.8ased on 1,600 publicly known enterprise loT projects (Not including consumer loT projects e.g., Wearables, Smart Home). 2.Trend based on comparison with % of projects in the 2016 loT Analytics

@ * Other® N 14 projects
Enterprise loT Projects List. A downward arrow means the relative share of all projects has declined, not the overall number of projects 3. Not including Consumer Smart Home Solutions. Source: loT

Note: 1. Based on 1,414 publically known oT projects (not including consumer loT projects eg smart home, wearables, etc.) 2. Trend based on relative comparison with % of projects n the 2018 IoT Analytics loT project st .8, a downward arrow means the relative. Analytics 2018 Global overview of 1,600 enterprise loT use cases (Jan 2018)
share of all projects has declined, not the overall number of projects. 3. Other includes loT projects i i . Source: loT Analytics R h - July 2020 Source: loT Analytics, Jan 2018

: Where are the differences?

N = 1,600 global, publicly
announced loT projects
W Americas Il Europe [l APAC 1 MEA 1 N/A

¢ ¥ Y I EEDR N

@®

18
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= ™ |oT in industry

«NAZH )
@ Infrastructure monitoring,
Security & Safety
© Continuous process Industrial Internet of Things
improvement, Process
automation, Process Processing : Connectivit
Anal y
optimization Soos i

® Smart logistics E_S

management, remote Machines

management, tracking, & Sensors

© Connectivity to back-end 2
system, integration of
smart tools,
Interoperability -=

@ Data analysis, Supply
Chain Optimization,
Predictive maintenance

19



= ENAZIUTY)
" |oT for development! WNAZINUDY

Irrigation

Logistic, Storage, = S
Asset Tracking '/ Agriculture Fresh water

20
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P " e.g. Smart Agriculture UNAZINUD)
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. Is 10T the solution for your

CNAZIUTY)
problem?

«NAZH ")

Q: How would ?ou i Fle.me.\a!: a

real-time posifioning system of
city buses?
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I — Is 10T the solution for your CNAZIUEC
problem? (WAZINUOY

& How ko enable municipal
street sweepers to report illegal
dumping, leaking pipes and
emerqgencies o -

f sweepers
report llegal

ITU Telecom World 2018 23
Phathwa Senene at MTN booth




CNAZIUTHY

P " Typical loT device WNAZINUDY

@ |loT device can be viewed as a simple Embedded System

“ivg
lb Microcontroller

Sensor(s)

h Processin Radio s
b+ 9 — 1

l

Physical Sensor

- Radio
I0 Controller
Power unit

Q uprocessor vs uconkroller?

24



= . . CNAZILTY
g " Microprocessors & Microcontrollers oz

® A microprocessor unit (MPU) is a processor on one silicon chip

® A microcontroller unit (MCU) is a microprocessor with some
added circuitry on one silicon chip

@® Microcontrollers are used in embedded computing and
most loT devices are based on microcontrollers

Data bus
CPU | RAM |ROM
Serial
General /o
. Purpose RAM ROM port Timer COM VS
Microprocessor port
I/o Serial
s ort Timer | COM
P port
Address bus

From "An Embedded System Overview" by Dr. Eng. Amr T. Abdel-Hamid (Single chip)



- CANAZIUTY)
= "™ From pcontroller to pcontroller bogighi- -,

@ A ucontroller can be standalone...

CPU| RAM |ROM

/o Serial
Timer | COM
port Dot

(Single chip)

@ But, it is usually mounted on
a board with additional

Programming

: Header
electronics parts \‘% =
Q= Q |
@© Leds, Voltage regulators 4 %‘8 3 ‘f’ ] “’g‘m
® Easy access to pins 3.3V regulated Raw input voltage

@® Reset button voltage Ground
@® Serial-USB interface 26



P ™4 Understanding simple analog sen

CNAZIU;

SORzH

® Analog sensors provides a voltage output that varies according

to a physical parameter, e.g. temperature, humidity, luminosity,...

LM35DZ TO-92
PINOUT DIAGRAM

Analog OUT
10mvV=1°C

Vee

b

\—» <«—GND

DMM READOUT (mV)

DMM READOUT vs. TEMPERATURE (10mV/°C SCALE)

1500
1250
1000

2

500
250
0
250
500
-750

-50

-25

0

25 50 75
TEMPERATURE (°C)

100

125

150

27
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e .. _ ENAZIUTY)
™4 Digitalizing the real world! AZHNLUDbY

LM35DZ TO-92
PINOUT DIAGRAM

DMM READOUT vs. TEMPERATURE (10mV/°C SCALE)

Vee

N oo N 3 N B
g 8 &8 8 &8 8

Analog OUT ¢ 7
10mvV=1°C

\

&%
8 o

»& " «—GND

Vcc is typically 3.3V. Microcontrollers have Analog/Digital (A/D) converter to map a voltage to a
numerical value. A/D with 10-bit resolution give values in [0, 29-1] = [0, 1023]

If 0=0V and 1023=3300mV then 3300mV/1024=3.22mV is the granularity of the measure

A digital value of 100 means 100*3.22mV=322mV
If the sensor output is 10mV/1°C then the physical temperature is 322mV/10mV=32.2°C

28



P "= How to collect data?

S

MONITORING

APPLICATION DOMAINS

Sensor(s) |

ENAZIUTY)

«NAZH

Controller

)

|

Power unit

Microcontroller

29
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"™ Wireless (radio) transmission basicsazii




P " The real limitation in wireless

10-15kms é T

GPRS |

Moisture/ y
Temperature of
storage areas

Range O: 300m
(I=Indoor, O=0utdoor) I: 30m

Tx current
consumption
Standby current 2.3mA 3.5mA NC

WNAZIVC

«HNAZH

31
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P " Energy consideration

NAZIUTY)
«NAZH ")

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

500mA

0.005mA

8s ‘
+
g 2 2500/1.11=2252h = 93 days
2 =
:
In most cellular networks, the device is still maintaining
communication with BS even if it is inactive
3600s
ﬂn-
Range O: 300m
(I=Indoor, O=0utdoor) I 30m
consumption

Standby current 2 3mA 3.5mA NC 32



- . GAZIUTY)
Low-power & long-range radios yazio0

Energy-Range dilemma

Energy
Long-range
Low-power
LPWAN
2G/3G/4G
o>
o0
=
3
“ «».
802.15.3
i 1:’9’5'2"’1"5‘”1" 802.15.3a
-~ 802.15.3¢
0.01 0.1 1 10 100 1000

(Very) Low throughput Data Rate (Mbps) .



£ : . @AAZIUTY
| caiiac:o Energy consumption comparalsonyqazi )

Energy-Range dilemma

Energy
Long-range : 4
Low-power S IEEE 802. Zi gB ee Lo Power
1.2 QIGEOY: IEEE 302. 2G/3G/4G WAN
1) WM ; - Wil O: 300m O: 90m Same as
5 E 802.1¢ I 30m I: 30m 2G/3G
802.15.4 Biyetooth °NY 15 2.
802.15.1 s02 o
. , PSea—— 2.3mA 3.5mA NC 0.003mA 0.001mA

(Very) Low throughput Data Rate (Mbps)

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

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

34



= WNAZIUTY
= ™ L PWAN Expected range? NAZE U

Scalability

. -

—&— Sigfox

- LORa

== NB-loT

10km (urban)
g 40km (rural)

5km (urban)
20km (rural)

1km (urban)
10km (rural)

35



P ™ Attenuation in general

©® Depends mainly on distance

P. =P,d™

@® with :

= P_=transmitted power

= P.=received power

= d =distance between antennas
= afrom2to4d

36

(NAZILE

HWARZE

36
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= . . . WNAZIUTY)
="M Attenuation in practice iy

® For an ideal antenna (theoretic)

P, (4nd} (4nfdy

P, N C

P. = transmitted power

= P,=received power

d = distance between antennas

¢ = light speed in space 3.108 m/s
A= wave length of the signal=c/f

37 37



P " Attenuation
H 5GHz EIRP = 14dBm

Amplitude
(dBm)

>

14-47 =-33dBm

-39dBm

-45dBm

1 1
Pedt Lol

I 6dB |  -6dB | -6dB
™

NAZIUTY)

In Image (WNAZH )

® Free Space Path Loss model

Fe _ (4md )2 _ (4nfd )2
r % c?
Ligg) =10 /og(%] =20 Iog(%) - 20 /Og( 4y;fd)

L) = 20 log(f )+ 20 log(d )- 147,56 dB

-51dBm
. -57dBm

-6dB

' '
Pt »
[l

Q: who ldnow what is

16m

dB?

Distance (m)

38



Link budget in wireless system

Ppx=Prx+ Grx — Ltx —Lps — Ly + Ggpx — Lgx

Adapted from Peter R. Egli, INDIGOO.COM

GNAZILTY
«NAZH D)

Pgy = Received power (d Bm)

Py = Sender output power (dBm)

Gry = Sender antenna gain (dBi)

Lyx = Sender losses (connectors etc. ) (dB)
Lgg = Free space loss (dB)

Ly = Misc. losses (multipathetc.)(dB)
Gy = Receiver antenna gain (dBi)

*",? Lyy = Receiver losses (connectors etc. )(dB)
7S Spx = Receiver sensitivity (d Bm)
\
\
\
I 1
Ly 1 Transmission
0dB |
| [dB] I Path
| P
1 [dBm]
\ ]
/ [
\ o [Ouin |
v
dB d Loss '

Lgg) = 20 log(f )+ 20 log(d )- 147,56 dB

Receiver sensitivity is a measure
of how well the receiver
performs and is defined as the
power of the weakest signal the
receiver can detect

39



(NAZIUTY)
«NAZH )

I'mnot fluent in idiot
could you please speak

P ™8 How can we increase range?

TN
a ® l

@ Increase TX power and/or improve RX sensitivity

® Generally, RX sensitivity (~robustness) can be increased
when transmitting (much) slower (like speaking slower!) 5 8t
® LoRa uses spread spectrum approach to increase RX sensitivity

@® Spreading Factor defines how many chips will be used to code a symbol.
More chip/symbol=longer transmission time "» more robustness

@® The price to pay for LPWAN
® LoRa has very low throughput: 200bps-37500bps (0.2-37.5kbps)

o4

\\!!

- WiFi 802.11n: 450 000 000 bps (450Mbps)
. ... o1 - WiFi802.11g: 54 000 000 bps (54Mbps)
T e oo - Bluetooth384: 25000 000 bps (25Mbps)

P | - - Bluetooth BLE: 2 000 000 bps (2Mbps)
] - 3G/4G : 20Mbps-200Mbps
ot 7 A i - [teRra]: 200bps-37500bps (0.0002-0.0375Mbps)

- ; 173 Receive sensi tivity (dBm)
o> 5. o [ - 3G/CoRa ratio: 20,000,000bps/200bps=100000!

I~ = Time-on-air and consumption
TV

<« Range

~136 -133




P " | oRa modules with Semtech’s Slef;%'»,»

Semtech SX1272 LoRa
863-870 MHz for Europe

inAir9 based
on SX1276

gy Factory LoRa
module (Arduino)

Semtech SX1272 LoRa
863-870 MHz for Europe |
Symphony module i % . RN
._%Hm! Embit LoRa
A — 1 LoRa™ Lon(g—altta;gRestlig-s?Hz Module

Adeunis ARF8030AA- L0868 Microship RN2483

habSupplies ik .
AMIHO AM093 RS

s

ARM-NanoN8 LoRa  SODAQLORaBee 50| oRaBee
module from ATIM Embit RN2483 41

Multi-Tech
MultiConnect mDot




: : WNAZIUTY
Line-of-Sight & Fresnel zone NAZENUDY

® LoS means clear Fresnel zone
® Football (american) shape
® Acceptable = 60% of zone 1 + 3m

y

Zone 1

Zone 2
Zone 3

Fresnel Zones

RF Essentials from Digi 42



=___ Clearing the Fresnel zone?

Raise antennas!

R 900 MHz Modems 2.4 GHz Modems
Di at:ge Required Fresnel Zone Required Fresnel Zone
istance Diameter Diameter
1000 ft. (300 m) 16 ft. (5 m) 11 ft. (3.4 m)
1 Mile (1.6 km) 321t.(10 m) 21 ft. (6.4 m)
5 Miles (8 km) 68 ft. (21 m) 43 ft. (13 m)
10 Miles (16 km) 95 ft. (29 m) 59 ft. (18 m)

RF Essentials from Digi

ENAZIUTY)

«NAZH

43
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p=my Cl€aring the Fresnel zone? UNAZIUEY
| Let's use satellite! WAZE

@© Low-orbit, low-cost; compact satellite for global coverage




ENAZIUTY

P " General LPWAN loT architecture . imwit o

© LPWAN architecture is gateway-centric

@ |oT gateways are connected to Internet

@® They forward data from [oT device to Internet Servers
)

S

L. e
Smart Metering /$\

End devices Gateways Network Servers Application Servers
——— TCP/P Links
------ LoRa RF Links 45




&2 : WNAZIUTY
loT becomes reality! NAZINUDY

nu-ave % SFirebase (& FILARE
7/ SIGFOX — . o
/77 one network A billion dreams L6Ra~ LTE.M Dropbox eda IOBndgei
NB-'.TE 8 - Connec! t things.
MJEIGHTLE '/‘\ hingSpeak ()) GroveStreams
. DASH7 R sorCloud”’
%‘ a— Anv‘hiq: Faster Analytics
Zoviig 5 3
€)Bluetooth'4.0 -

Th
INTERNET
- O THINGS

AAAAA

46



_—T - . GAZIUTY)
™ A reality for everybody? EAZINUBY

...........

75 i\ s s : s o
Vi A
7 s
7 y RI ;
Vnt] ~_ : B <
f 55 S
¥\t - AN
Ak g SR
it A ALGHMA =
I’!ih% o _L'uln \1
7 * e SRR .. AR -
iy % SAUDI .
o AL DI
/ i P o\
cHaD y
v i
Nlpumems,
e/ oA o 4
P, o
AZ)I L
%
$2 2 ,‘»‘
LN Dinhad
pe
1 6o
¥ 05
ik
R
; =
AN T A RS T iG =
¥ {all ereitoria e are b i
3 = sbeysnce e the 1467 Antacte Troty)
“»‘_ - v )
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= : : : WNAZIUTY
loT in developing countries? NAZENUDY

Too expensive A
Too integrated
Highly specialized
Difficult to customize
Difficult to upgrade
- T

48



Smallholders: the next decade chall&agel’,

| SMALLHOLDERS =
AND FAMILY o 35V Connecting
RMERS... .. % s

Agriculture and Development

WFp for agricultural

- Smallholders are small-scale farmers, pastoralists, forest keepers,fishers who manage
DID YOU KNOW? areas varying fro an one hectare to 10 hectares, Smallholders are characterized by

family-focused m ch as favouring the stability of the farm household system, using
mainly family labour for production and using part of the produce for family consumption

x' Eighty percent of the farmland in sub-Saharan Africa and Asia is managed by
smallholders (working on up to 10 hectares). While 75 percent of the world's food is
generated from only 12 plants and 5 animal species, making the global food system

highly vulnerable to shocks, biodiversity is key to smallholder systems who keep ANERNGE SIZE OF MARICTLTDRAL ROLBNRS (he

“:is..v".

Smallholders are small-scale farmers, pastoralists, forest keepers, fishers who manage
areas varying from less than one hectare to 10 hectares. Smallholders are characterized by
family-focused motives such as favouring the stability of the farm household system, using
mainly family labour for production and using part of the produce for family consumption.

Rnrgmger wriae

AGRICULTURE

T STTSROErS PTOve U Y0 B0 TeTeentor TPy TS T T T - —

Eighty percent of the farmland in sub-Saharan Africa and Asia is managed by (W) worta rooa programme Ls
smallholders (working on up to 10 hectares). While 75 percent of the world’s food is i marnte] S

generated from only 12 plants and 5 animal species, making the global food system
highly vulnerable to shocks, biodiversity is key to smallholder systems who keep
many rustic and climate-resilient varieties and breeds alive.

GsMa F | ‘

Linking , / &/ = .
; Inclusive Digital
Smallholders AGRONOMIC PRACTICES FOR WATER MANAGEMENT Agrlculture!?
'to Mquets o ) = UNDER SMALLHOLDER RAINFED AGRICULTURE Making vale C.hains
Rpaiasl b i ) Smallholder ecologies » , Work for Farmers

| Program for Vegetable with.Disabilities
i Farmers in Lesotho Api20

Nile Basin Initiative - NELSAP

Regional Agricultural T Producti roject (RATP).

Training Manual 4

@’ THE WORLD BANK




= . . : GAZIUTY)
™ Adapting technological solutions azi oy

Many commercial
systems are not
adapted

for developing
countries, rural
areas, smallholders

- esign approach, constraints & control mechanisms

ML Y

i Challenges:
@ |Low-cost, adaptation, digital i

TN Yo G e e

AN T IT Aty 7 i i

50



EAAZIUTY) Low-cost 1oT!

(« NQZ{’ ) ABOUT» TECHNOLOGIES» COMMUNITY NEWS&EVENT» DOWNLOADS DEVKIT FAQ CONTACT

MFFORDE "‘

B BLOGIES

"EMTONL:

RURAL ECONOMIES

NAZIVT
«NAZH

51



= . ENAZIUTY)
"™ Low-cost microcontroller boards azi

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

Arduino Pro Mini

..Q@.QO.. s

PR /’zmﬁﬁ ise

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

next-iot-project/ B 0000000000
: oo @ .[ﬂg] T IE[E'].

“IQO

Heltec ESP32 +
OLEIg

ONE

Adafrui Feather iy ks ‘ LT : .
Sparkfun ESP32 EETrrrErryy] | nyduin
Thing Tessel 0 52



in

WHAT IS ARDUINO?

Arduino is an open-source electronics
platform based on easy-to-use hardware
and software. It's intended for anyone

making interactive projects.

L
LA XN

Arduino's success story
starting in 2005

©.0

ARDUINO

ARDUINO BOARD

Arduino senses the environment by
receiving inputs from many sensors, and
affects its surroundings by controlling

lights, motors, and other actuators.

= g A J

ARDUINO MEGA 2560 ARDUINO ZERO

=

ENAZIUTY)
“NAZH )

void setup () {

}

void loop () {
}

ARDUINO SOFTWARE

You can tell your Arduino what to do by
writing code in the Arduino programming
language and using the Arduino

development environment.

53



WNAZIUTY

[ i ] . P s
™ Why go for Arduino? NAZINUDY

I B /Francais/ EUR Q Liste d'envies 2 Compte
A ‘E YTF Technology :9
ll Xpress 96.6% 2374 Abonnés °
cccccc | boutique produi m Meill
Pi
1 Q: How
&
b
(d (d i
‘much is L
L]
EX|
S
¢ ’

® Cheap, open, and easy to use/program
® Huge developer communities
® Hardware is not the main important issue

® Hardware is nothing without software libraries!
54



GNAZILTY

Do-lt-Yourself loT ANAZHNU DY

lb

AES Long-range Sensor

mgmt

Sensor(s)
®
ADC "\
—— Radio
I0 Controller 7

| Power unit |
"""""""""""" Aéﬂi;;klo'&i;fé;f{v'""'"'"""""'"‘\
: . ecceee - VERY "} v \
| Physical m,: o S © BTN Activity !
1 N !
. sensor O K E duty-cycle, [
: (/ \ |
| mgmt .LIL‘..%@} 391; . low power M
| . 000 |
| -vmw?| ~~~~~ |
| IMPORTANT s : |
| ' Ll o Logical |

encryption transmission




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,...

: SRl i-wmﬁi -
| Physical - d WITTIN Activity !

sensor 7 duty-cycle,

mgmt i) low power

: -vmw7| !
: INPORTANT L ogical !
! AES Long-range 9 !
| : o sensor |
l encryption transmission !
i mgmt ]
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(G ZIU"»))
P ™ A simple temperature sensor exampﬁ )

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

Field 2 Chart Osx

Temp for sensor 10

Arduino Pro Mini @3.3V

3
8

H
o 225
5 (NIAZV ) - ‘/M,/f\"""
:E - 08:00 12:00 16:00
- Date

E
s

: ”BGOO

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

More than 1 year with 1
measure/10min

]
c
3
m
r

Can run several years
with 1 measure/1h
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(o] . . . @AAZIL S5
P " WaziDev kit: 10T in-a-box! AZINUBY

®© WaziDev
' ® ATMega328P, 8MHz, 3.3v
@ FTDI chip
© RFM95W LoRa module
@® Integrated antenna

2. Regulator Activation

3. Analog pins

1. ON/OFF switch

10. Micro USB Port

CWNAZIVOY

WAZIDEY
VER 1.3

°
=
o
o
o
-
<
o
E
a
o
3
>
[
o
~
P
o
=
>
w
(=]
~N
<
=

€
o
b
o
2
=
N
L3
b/
>
>
>

9. Lipo/regular
battery (max 6v)

Wazros

oT Lofa m,
el I3 Prototyping Kee
I ey Sl s

o

r [ ,.
7. Digital pins i i —
8.VCC (3.3v) gital pi 6. High current pins (max 500mA) = %
ey

=X

® Included \(@Nggm =
@ LiPo battery regulator accepting e

solar panel input

@© Battery level monitor
@® 2 high-current control pin
© GND rail

Soil moisture



ENAZIUTY)

P ™ Generic loT v.s. highly specialized . azi -y

loT platform
design

WAZIUP PROJECT

Minimum Viable Product
‘ &) WP1
5"‘@’ ‘[ TI c m Farmer (\,,,'J") WP2
WGZiUp : ' - WP3
Advisory Waziup Bocce s InnoTece ‘ e WpP4

Community
Board Community | WP5
e @ W m Hi (& wes

¥  Physical
i sensor f \/ \/
i mgmt Seel 1)

- OOXITIYYYET Y
MVP 2

<V mw?|
INPORTANT

MVP 1 MVP 4

Long-range
encryption transmission
Water

Fish Farming

Cattle
Rustling

Logistic

AGRI Transport

RICAINI

Credit: P. Cousin, EGM

e 1§57 . crearea? ) maotece IS
T Farmer ~oders N ==
CcO 'era afr ca (oragy)
afrtca i/

o)
-



AZIUTY)

. (%
sh farming MVEL o,

Low-cost buoy for f

pH

N Kuma Farm

. Complex

Farmerline

7 Minimum=6.770
6.500

30Jan  31Jan 1Feb 2Feb 3Feb 4Feb SFeb 6Feb 7Feb 8Feb 9Feb

DissolvedOxygen

20

15

mg/L %

30Jan  31Jan 1Feb 2Feb 3Feb 4Feb SFeb 6Feb 7Feb 8Feb 9Feb

WaterTemperature

EGM

1Feb 2Feb 3Feb 4Feb SFeb 6Feb 7Feb 8Feb 9Fed

=)

WNAZIUTY

Cred

Physical
sensor
reading

Physical Activity duty-
sensor cycle, low
management D power

CNRZIUC)

Long-range Logical sensor
transmission management

Security
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HATCHERY EXPERIMENT, BURKINA FASO

U Laboratory named Laboratoire
d’Etudes des Ressources Naturelles et
des Sciences de I'Environnement
(LERNSE)

1 NAZI BONI University ina small village
of Bobo-Dioulasso city

U Sensors are placed in a hatchery and
the box is placed outside of the
building

O The Kwame Nkrumah University of
Science and Technology (KNUST)

O Located on the campus of the Kwame
Nkrumah University of Science and *©
Technology in Kumasi, Ghana.

Q The farm comprises 30 constructed fish
ponds, a farm house, a recirculating
aquaculture system (RAS) laboratory and
store houses.

LOW-COST BUOY FOR FISH FARMING

Pipe fixed at the bottom of
the pond

Solar Panel

Water-proof box with 2 sensors
inside (temperature, humidity)

Buoy

3 Water Sensors (pH, Dissolved
Oxygen, Temperature) 30 cm
below surface

Mesh tube to protect the sensors %5

“NAZIUTH

In Sub-Saharian Africa, the volume of natural captured fish doesn't
meet half of the population demand

Increasing production of aquaculture will help reduce the quantity of
imported fishes in Africa

The aim is to monitor in real-time different parameters to control

water quality and prevent some diseases that could affect fish in
order to improve the quality and quantity of the production

SANAR FARM, SENEGAL

Q) Farm located at less than 2 km from UGB.

 One pond is dedicated for the Waziup
application : 50x25m, average depth of 0.5
meters, populated by 4000 individuals of
saltwater tilapia.

0 The basin is irrigated via a water supply system
fed by a riverin proximity.

 The water in the pond is changed every 10 days




W Collar for Cattle Rustling MVP

GNAZILTY

“NAZEN U DY

| D2

417 | A £ /»(// ’
Lons ' 3§ ",‘" i
\ s %" omﬁ
L3 o
ron N

Search your device.

)
S, B
Le Hameau ’5.|7
a5 , . illére
it 3.14 km
ok
/ \w
3 o217
i

773

16

List of devices
17

=
; T
Leaflet | Map data © Oy
18

124

10
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NAZIUTY

P ™ Soil humidity sensors for agri MVP, azi oy

Physical o Activity duty-
sensor i cycle, low
management TR power i

: . Long-range
: Securit .

Logical sensor

management

(NAZIUC)

|
|

1

1

1

|

|

|

|

1

|

|

|

1

/
/
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UBG FARM, SENEGAL SOIL HUMIDITY SENSOR FOR AGRICULTURE

Monitoring soil moisture and other
parameters to provide insightful
recommendations and notifications to
farmers, and advisors



CNAZIUTY)

P " Deployment for Nestlé's WaterSens@azi -»

Pakistan

67



P " Deployment for Nestlé's WaterSen

B  waziup Dashboard

(- @ watersense.waziup.io/sensors/WS_FARM1_Sensor2

(3] Les plus visités ~ @ Débuter avec Firef.

WATer) Sense

x \ +

. [EYAlaune -

Historical Data

c Q Rechercher

Period View

MONTH

Over Irrigation Zone

WEEK

-o- SM1 (20cm)
-o- SM2 (40cm)

e

Optimal Moisture Zone

Over Dry Zone

0

boocoscoccocoocoss

June

* ' t * T * t
June June June June July July  July

WATEer) Sense

MR YN

* * t *
July July July July

Code licensed under Apache 2 © 2016 Waziup.io

ENAZIUTY)

20AzH
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= Deployment in rural areas CAAZILOY
HAZIVE)
no Internet ® NAZINUDY

@deploying loT in very isolated areas...
@®... where internet and electricity are not stable!
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p==wm Deploying 0T in Africa CNAZILC)

Autonomous gateway - no Internet - Edge loT

«NAZH D)

Access to the data from MongoDB

€xport data 1o csv

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

Zoom 10:  Whole period Last month Current month Last seven days

Current day
<« ¢ @ D 192.68.200.1:508 wx e @ Y Q Recherche no =
HESSRESE
I T o . S
'
+ . f - A

e
s 7 N
e 2019-03-02T14:58:00
poesooy (1ot s SOttt i
) '.‘ 7 - List of devices
g In Africa, the practice of animal husbandry has Q.
" always been and still remain farmers'livelihood " - - ot ! N
and incomes " —r— distance 0.2063 P
Their main problem in this activity remain the sate active

. cattle rustlingand some families are put in
dramattic situation after a theft (reported 2
billions CFA losses) =

Link to a short demo video of the collar web
interface: https://youtu.be/meFDav1SLPI 71




GNAZILTY

Making loT happening! NAZH

Innovative loT loT infrastructures
technologies | a and use cases

Knowledge
dissemination &
training

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

72
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@ . L : . CNAZIUTY
" 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) 73



@ http://diy.waziup.io

Getting started with sensors X

<« C @

§ g Te
.,))

“NAZI

WNAZENUbY)

# Home

Introduction to Arduino IDE

© # diywaziup.io/index.html

B % e @

ON-LINE ARDUINO SENSORS AND DIY LORA TUTORIAL

Forewords

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

and WAZIHUB projects funded by the European Union in the H2020 research program. The main objective of this online tutorial i

Measuring temperature

compr

and guided training materials to be used in training, hackathons, bootcamps, entrepreneur’s days,... that are org:

< WAZIUP/WAZIHUB across Africa. The main contributors are Mamour Diop, Muhammad Ehsan and Congduc Pham. Our main curr

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

Measuring distance

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

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

Measuring humidity

Detecting motion < ]
Livestock farming

Measuring Light S

Measuring Sound Level

Storage & logistic Agricuture

RFID

Fish farming & aquaculture

Environment

WAZIUP is a technology-driven EU-Africa project developir
open source |oT end-to-end (sensors, networking and soft

WAZIUP Online Course

WAZIUP loT Courses

* |Fundamentals of loT

1. F-I0T-1a: What is loT

GNAZILTY
«NAZH D)

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

= Quick introduction to loT - NAZIED
= |oT and Big Data Platform - WAZIE®

= Intel loT -- What Does The Internet of Things Mean? - YouTube

= Edureka - Internet of Things (IoT) | What is IoT | How it Works? - YouTube

= Geospatial IoT - oT- What is Internet of Things? - YouTube

= IBM Think Academy - How It Works: Internet of Things? - YouTube

2. F-I0T-1b: Introduction tc
= Introduction To Bz
= Introduction To Bz
® Basic Electronics -
= Introducing physic
® Introducing physic

3. F-I0T-2a: Understanding

4. F-I0T-2b: Introduction tc

5. F-I0T-3: Introduction to /!
= Introduction to Ar¢
= Presentation of th
= Setting up the Ard

6. F-IOT-4: WAZIUP Open T‘

* | Prototyping and Testing: Get

1. D-10T-1: Getting started
= Overview of Wazil)
= The WaziDev boar
= Resources on githi
= Installing WAZIUP

® |nstalling WaziDev.

platform, specialized to meet African r pplications il
cost, energy, internet connectivity and simplicity. Congduc
scientific leader of the "Open loT sensing and communica
platform" workpackage which tasks are to develop an ope
and long-range LoRa loT framework. Interested readers c:
resources from our github on the low-cost LoRa loT frame

from Congduc Pham's tutorial/talks web page.

Using GPS

ool
W;g&

§ Opensource & low-
cost T

Connecting an OLED screen

Fob 2016 - 2019 May 2018 - 2021

waAZive) (WAZH

Ve
l*i. a .

e |Pr ing and Testing: Get
1. D-GW-1: Building & Conf|

= Quick overview of |

= Installing gateway

= Connecting to Gat

= Configuring Gatew

5. D-GW-2: Building an Out)

6. D-GW-3: Antenna Tutoriy

7. D-GW-4: Gateway Web A

8. D-GW-5: Migrating & Usi

* | Prototyping and Testing: De|

e |Fundamentals of loT

1. F-I0T-1a: What is loT
= Quick introduction to 10T - WNAZIES
= |oT and Big Data Platform - \WAZIED
= |ntel IoT -- What Does The Internet of Things Mean? - YouTube
= Edureka -- Internet of Things (loT) | What is loT | How it Works? - YouTube
= Geospatial loT -- 1oT- What is Internet of Things? - YouTube
= |BM Think Academy -- How It Works: Internet of Things? - YouTube
2. F-I0T-1b: Introduction to Basic Electronics
= |ntroduction To Basic Electronics - NAZIED
= |ntroduction To Basic Electronics - MakerSpaces
= Basic Electronics - Instructables
= Introducing physical sensors, part 1 - NAZIED
» Introducing physical sensors, part 2 - WAZi 53
3. F-I0T-2a: Understanding loT Devices, Architecture & Ecosystem - WAZi 53
4. F-I0T-2b: Introduction to loT hardware - \WNAZi[F)
5. F-I0T-3: Introduction to Arduino IDE
= |ntroduction to Arduino IDE - YouTube
= Presentation of the Arduino IDE - NAZIE)
= Setting up the Arduino IDE - WAZi 53
6. F-I0T-4: WAZIUP Open Technologies for Low-cost loT - WAZi [

1. D-I0T-2: WAZIUP loT and Gateway Deployment Guidelines - WAZI 3

. [Prototyping and Testing: Introduction to WAZIUP loT cloud Platfoﬂ]

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

* |Advanced understanding

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

2. A-10T-2: LoRaWAN with WAZIUP - WNAZI 53
3. A-CLOUD-1: WAZIUP cloud API reference - m

74



= . 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




= : 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
1 gateway

+22000 views

May2021

Low-cost LoRa loT
device

+94000 views
May2021

+4600 views
May2021

Setting up a
gateway in 5mins

May2021

https://www.youtube.com/watch?v=2_VQpcCwdd8 https://www.youtube.com/watch?v=CJbUFXLpSok
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£a . ENAZIUTY)
Scaling-up! (WNAZENUD)

May 2018 — July 2021
Feb 2016 - 2019 °

UNAZIUSY ((WNARZE LU O)
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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 ®
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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 8 1




Now what?

nte

Daté anaIysns

Gateways ecurny&Prlvacy Be

InteropéfébllltyData m a n a g e m e nt

Interoperability Artificial Intelligence

- Data analysis

ey T Lo d nGTOpETabY ,SeCU”tY&PrlvaCY Data analysis ;% “*Q“:’?E?i?f

T Data analysis
Se‘c:tl’r:\g'&:f"vl'lmcy . - at nalysi
Artificial Intelligence ~ Interoperability, Data manaqement
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@ Internet-of-Things provides the unique feature to make things
"talk" to us: localisation, surrounding environmental conditions,
particular events, ...

@ It has huge potential in industrial applications but has also
unique capabilities in helping humanity to (@) SUSTAINABLE w’ALS
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reach more sustainable development
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