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Uttrasonic fil level sensor
10+ years battery life
IP 66, [-40°, +85°)




BEster Also on YouTube:
loT teaser & tutorial videos

Intel loT - What Does The Internet of Things Mean?

591 kvues +ilya8ans

@ Intel @

Fun, animated video answers: What does the Internet of Things mean? The Internet of Things (IoT) is an evolution of mobile, home ...

- Intro | What is |oT | Transform our lives | Big picture | Example | Big Possibilities | Intelligent Traffic ... 9 chapitres

IOT Tutorial | 10T Tutorial For Beginners | IOT - Internet Of Things | 10T Course |

Simplilearn
25kvues +ilya1an

“ Simplilearn @

This loT tutorial video introduces you to loT Technology and how it is revolutionizing the world today. Internet of things or loT ...

simplilearn

10T

TUTORIAL

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

Internet of Things (IoT) | What is loT | How it Works | loT Explained | Edureka

2,1Mdevues *ilya4ans

@ edureka! @

Subscribe to our channel to get video updates. Hit the subscribe button above. #Edureka #EdurekaloT #InternetOfThings ...

Sous-titres

edurekal

s
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teractions with physical world
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Interaction: Sensors

Ultrasonic fill level sensor
10+ years battery life
IP 66, [-40°, +85°]
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Interaction: RFID, NFC

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

MUSTER ‘ 22222

GERRY WEBER

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham
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Interaction: RFID, NFC

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

10
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Interaction: always complex?

"UDPY L Src 18.243.0.1 o—  Dst 1824301 ™ Port 80 7

(10 O 0 L R T R D T

UDP header

IP header

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

11



B&ster

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

Home/consumer loT products
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Pictures from WiThing, https://www.withings.com/eu/fr/products/body
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Local interaction is possible...

13



BSster . .but loT added-values come from
interactions & linked datal

4World's Air Pollution: Real-time Air Quality Index
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Hourly forecast 8-day forecast
St Feb25 2 e

Sun, Feb 26 s/0c

Mon,Fob 27 & aac

Ma météo de I'électricité pour une
consommation plus responsable

ccowart @ R

Je sais en temps réel
si la consommation
d'électricité est trop
élevée dans ma région

Ultrasonic fill level sensor
10+ years battery life
1P 66, [40°, +857)
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Clouds for loT

'S
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Google Drive

facebook i
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Sense, Monitor, Optimize & Control

S Firebase C&FIL

AX e da 3 iﬁdge*

. L 10 your FREE dasht
G FREE Dashbow... No wbrcription regived!
—— =
»-m- - .
_= onitoring

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham
—

APPLICATION DOMAINS
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Top loT applications, 2020

o Insights that empower you to understand loT markets
O/%o 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 loT 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 IoT 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 loT projects from Enterprise & Finance sectors. Source: loT Analytics Research - July 2020

@

17
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loT: 2020 vs 2018

0/083 10T ANALYTICS

o,
° ‘Y‘ Manufacturing / Industrial

Insights that empower you to understand loT markets

Top 10 loT Application areas 2020

Global share of Enterprise loT projects! Trend?
22%

I

(2 F=-

Transportation / Mobility 15%

|

O

Energy 14%

|

0= reta! [ > @
0.5 cies [ - ®
o Heattncere | -~ @
0Q supply chai | ©)
- e @&
° ” Agriculture_4% @
o HHHE Buildings-3% @
o *x oer: I ¢ ®

Note: 1. Based on 1,414 publically known loT projects (not including consumer IoT 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 loT projects from Enterprise & Finance sectors. Source: loT Analytics Research - July 2020

» 10T ANALYT S

loT Segment Global share of IoT projects! Details

@ i
@A
Of |
()
G &
(6) <
Q] +]
®&
(9) v
@

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
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
Analytics 2018 Global overview of 1,600 enterprise loT use cases (fan 2018)

Source: loT Analytics, Jan 2018

Americas Europe

Smart City
Connected Industry
Connected Building

Connected Car

Smart Enerdy

Other
Connected Health

Smart Supply Chain

Smart Agriculture N = 1,600 global, publicly
announced loT projects

W Americas I Europe [l APAC 1T MEA [T N/A

Smart Retail

Insights that empower you to understand loT markets

APAC  Trend?

&: What happen to Smart City?

18
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loT in industry

@ Infrastructure monitoring,

Security & Safety
@ Continuous process Industrial Internet of Things
improvement, Process
. aut.orr?ati(.)n, Process S Proceie.iing Analytics Connectivity
5 optimization .- '. e
3 © Smart logistics ;Y:_S — = User
= management, remote  machines Sw i
: management, tracking, & Sensors ik'l

Pr. Congduc Pham

® Connectivity to back-end /
system, integration of
smart tools,
Interoperability

1,101
JOH’
(\‘ l"]]‘(

@ Data analysis, Supply
Chain Optimization,
Predictive maintenance

19
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loT for Smart Agriculture

Monitoring

wster
Soil

o)
O

weydo~/iy' ned-Alun mmm//:dny

weyd anpbuo) "id

B



BSster |s 0T the solution for your
problem?
Q: How get real-time position
of all city buses?

niv-pau.fr/~cpham

A: Install a GPS + 4G
electronic box in each bus

to turn the bus into a
connected bus!

Pr. Congduc Pham

http://www.u




BSZster |s |oT the solution for your

Pr. Congduc Pham
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problem?

"GPS + 4G"
Hum, looks like a
smartphone...

LIEU DE PRISE EN CHARGE
Gare du Nord France

La Chapelle @

COMMANDER ICI @
)Gare du Nord [*) == Magenta
W8 a Magenla@
PQ?e saint

vincent de paul 3
oNe
\of o
aue

«chouart @

Chateau-Landon @
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Gare de I'Est @@

® uberX BERLINE VAN

b @

]

Q
8

Q: How get real-time position
of all city buses?

-_ O\\\»“ @_:‘“\
; . ¢
it AV N
O b by L —
e
oL w?a“ma
_ L
Choose your drop-off above

]

Standard Taxi G rapCar (Econ

GrabHitch  GrabCar (Prem.
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B&ster |s 0T the solution for your
problem?

Q: How to enable municipal street
sweepers to report illegal dumgi.ng,
leaking pipes and emergenciest

| khow! | know !

A: Give them a
smartphone and they can
use it for reporting!

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

23



BSster |s 0T the solution for your
problem?
Q: How to enable municipal street

sweepers to report illegal dumging,
leaking pipes and emergenciest

Pr. Congduc Pham
http://lwww pau.fr/~cpham

"smartphone”
Hum, they only B
have 2 hands...

ITU Telecom World 2018
Phathwa Senene at MTN booth
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Typical loT device

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

Physical Sensor

-— Radio
I0 Controller
Power unit

Q: uprocessor vs ucontroller?



B&ster _
Microprocessors & Microcontrollers

® 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
i Timer | COM
port ot
Address bus

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

@ A ucontroller can be standalone...

CPU| RAM |ROM

http://www.univ-pau.fr/~cpham

I/ ] Serial
po(:t Timer (r:)ch
(Single chip)
BLK
. ]
@® But, it is usually mounted on i:%"
: " 8 -
a board with additional o1 b P rogramming
electronics parts o1 i
@® Leds, Voltage regulators ‘ O"& ©0 6 00>
® Easy access to pins 3.3V regulated ) Raw input voltage

©® Reset button voltage Ground
© Serial-USB interface 78



BSster Arduino's success story

Pr. Congduc Pham

http://www.univ-pau.fr/~cpham

starting in 2005

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.

©.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.

void setup () {

}

void loop () {
1

ARDUINO SOFTWARE

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

development environment.

29



BSster 17 years later: the incredibly large
microcontroller board ecosystem!

STM32 Nucleo 32

ARDUINO

€
8
£ § S . - - 3 :
¢ § Adafruit Feather
5 § I LFsedecooecdbopcod
S : UG P
oo | h
D_ E I \§.’; I
|
: I
: ePulse Feather Low Power ESP32 FeatherS3 — ESP32-S3 I

ndl ¥ Arduino Nicla ¥ RP2040 DFRobot
XIAO SAMD21 Sense ME 2ero Beetle QT Py ESP32-C3 30



B&ster

@ Taking the simple analog sensors example

Interacting with the real world?

® Analog sensors provides a voltage output that varies according
to a physical parameter, e.g. temperature, humidity,

luminosity,...

€

2
£ 8
© L
2 E
5 8
2z LM35DZ TO-92
> 2 PINOUT DIAGRAM
S g
-5 Vee
o =

Analog OUT *
10mv=1°C

|—> <—GND

DMM READOUT (mV)

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

1500
1250
1000

g &

250

250
500
-750

-50

-25

0

25 50 75 100 125 150
TEMPERATURE (°C)

31
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DMM READOUT vs. TEMPERATURE (10mV/°C SCALE)
LM35DZ TO-92 l
PINOUT DIAGRAM 1500
1250
Vee 1000 ®
§ 750
"4 2
Analog OUT * 7 § Z‘:;
10mV=1°C _ £ ]
4 g -250 ° . , \ !
77 -l w10 8% So lE @
Y ]
"4"" y 4__ GND 750-50 25 0 25 50 75 100 125 150 OO . . ‘ . . . ' ‘ . . GRN
- TEMPER

ATURE (°C) T

Microcontrollers have Analog/Digital (A/D) converter to map a voltage to a numerical value. A/D
with 10-bit resolution give numerical values in [0, 21%-1] = [0, 1023]

http://www.univ-pau.fr/~cpham

Vcc usually refers to the operating voltage of a given microcontroller. Vcc is typically 3.3V.
If 0=0V and 1023=3300mV then 3300mV/1024=3.22mV is the granularity of the measure

Reading 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

29
JL
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How to collect data?

MONITORING

Pr. Congduc Pham

5
§ { Sensor(s) ‘
g APPLICATION DOMAINS
= ADC
I0 Controller

Power unit

Microcontroller
33



B&ster | . L .
Wireless (radio) transmission basics

Q: Can we have G'bps i wireless?,,



B&ster _
Low-power & long-range radios

LPWAN

WWAN

Long-range: 5-30kms
Low-power: 15-40mA

Energy-Range dilemma Energy

2G/3G/4G

Zigce %02.15.3

802.15.4 Bruetooth 802.15.3a
802.15.1 802.15.3¢

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

0.01 0.1 1 10 100 1000
Very low throughput! Data Rate (Mbps)

35



Energy consumption comparison

Energy-Range dilemma

Energy

A
Long-range
- Lo Power
& =_ O: 300m 0O: 90m Same as
3 ; I 30m I 30m 2GI3G
802.15.4 Biyetooth
802.15.1
2 3mA 3.5mA NC 0.003mA 0.001TmA

0.01 0.1 1 10 100 1000
(Very) Low throughput Data Rate (Mbps)

S-S

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

In most cellular networks, the device

2500/1.11=2252h = 93 days = 3 months ® is still maintaining communication
2500mA with BS even if it is inactive

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

2500/0.027=92592h = 3858 days =10y. © LPWAN does not need to maintain

connection if not in used
36
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LPWAN expected range?

Scalability o— Sigfox

- -~

- LORa

~@-—=NB-loT

Bluetooth: about 20m
WiFi: about 300m-500m

3G/4G: about 2km-4km

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

10km (urban)
40km (rural)

5km (urban)
20km (rural)

1km (urban)
10km (rural)

37




B&ster _ _
1st challenge: signal attenuation

BS

\

?°?

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

38
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Attenuation limits the range!

© Depends mainly on distance

P.=P,d™

® with ;

= P, =transmitted power
= P.=received power
= d = distance between antennas

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

= xfrom2to4

39



B&ster _ . .
Attenuation in practice

® For an ideal antenna (theoretic)

P, (@ndf (4nfd}
Pr B }\2 - 02

= P, =transmitted power

= P.=received power

= P./P.is highwhen P,is small — high attenuation
= d =distance between antennas

= ¢ =light speed in space 3.108m/s

= A= wave length of the signal=c/f

= Higher frequencies f means higher attenuation!

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham



B&ster _ _
Attenuation, values in watts

® Free Space Path Loss model

BS P, (4ndf (4nfd}
A P[" }\'2 02

S

£ 25mW 2 2
£ 8 Psc . 0.025 X 300000000 _
Dc“j = r=Gnrag b= (12.56 x 2.4 x 109(Hz)X 1(m))?2 0.0025mW at 1m
S § (0.0000025W)
‘? ‘?
°3 "I
o =

>
im 2m 4m 8m 16em Destance im
0.0025mW 0.00062mW 0.0000099526mMW
x10,000 smaller! x39,810 smaller! x2,511,886 smaller!

41
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Pprx=Prx+ Grx — Lrx —Lgs — Ly + Grx — Lgx

Adapted from Peter R. Egli, INDIGOO.COM

Link budget in wireless system - (simplified)

Py = Received power (d Bm)

Pyy = Sender output power (dBm)

Gry = Sender antenna gain (dBi)

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

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

. G l Lyx Lyy = Receiver losses (’conrgector_'s etc. )(dB)
| /N’ > \ Ex: 25mW Spx = Receiver sensitivity (d Bm)
P | / \
s | I \
! :
a2 | | = | _, Transmission
o = \
O < \ I
N Lu
- Lo
At 1m: 0.002 . —~J
Receiver sensitivity 1s a measure
of how well the receiver
At 1000m ? performs. It is the power of the
SR : weakest signal the receiver can

detect

How low can you go? ”
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Attenuation, in decibel (dB)

@® Since attenuation is high, received power P, is very small compared
to transmitted power P, : from 25mW to 0.0025mW

@ Decibel uses logarithmic scale to express attenuation in a more
"simple" way: P,/P,=1098/10
® An attenuation of 40dB means P,/P.= 104919 =10,000

@® To simplify even more it would be great to easily add or substract
transmitted power with attenuation=25mW — 40dB?

© We need to also express transmitted power in logarithmic scale. We
use dBm to express power relatively to 1mW

® P(mW) = 10d8m/10
® A transmit power of 14dBm means P,= 101410 ~ 25mW

® Now, we can do 14dBm-40dB=-26dBm — P,= 10-2%/10 =0.0025mW
43
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Attenuation and how far can we go?

http://www.univ-pau.fr/~cpham

H 5GHz EIRP = 14dBm
-32 2
npltude & KEY PRODUCT FEATURES =
(dBm)
¢ | oRa® Modem 4 8
-b0 16
¢ 168 dB maximum link budget . 5
¢ +20 dBm - 100 mW constant RF output vs. V supply 62 64
¢ +14 dBm high efficiency PA 68 128
-74 256
¢ Programmable bit rate up to 300 kbps 80 512
14-47 = -33dBm ¢ High sensitivity: down to -148 dBm -86 1024
: -92 2048
-98 4096
-104 8192
-110 16384
-45dBm -116 32768
-51dBm -122 65536
' . : -57dBm
: : : : : -128 131072
: -6dB : -6dB : -6dB E -6dB E
? - s b B -134 262144
0 m 2m 4m 8m 16m -140 524288
-146 1048576

-152 2097152
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How can we increase range?

-3 ’”’! '

@® Increase TX power and/or improve RX sensitivity

®© Generally, RX sensitivity (~robustness) can be increased |
when transmitting (much) slower (like speaking slower!) S

©® 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)

<4

I'mnot fluent in idiot
could you please speak
SR

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

\\'.‘!

- WiFi 802.11n: 450 000 000 bps (450Mbps)

< Range

12 1 10 9 8 7870 -  Spreading factor (SF) - WiFi 802119 54 000 000 bpS (54MbpS)
125 2 125 2025 28500 Lo Bandwidth BW)bps) - Bluetooth3&4: 25 000 000 bps (25Mbps)
P oo R - Bluetooth BLE: 2 000 000 bps (2Mbps)
5488 - 4G : 20Mbps-200Mbps

o e A8 reaenaien - |LORa|: 200bps-37500bps (0.0002-0.0375Mbps)
- 3GILoRa ratio: 20,000,000bps/200bps=100000!

-136 -13308 132 e Time-on-air and consumption
TJ




The buttered toast example

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

® Assuming you could get back ALL your butter, how much butter
did you loose?

@ This is the idea behind "spread spectrum" techniques: the more
you "spread", the more it is robust to interferences
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LoRa modules with Semtech’s SX12xx

RAK3172 Ce

DevE Ul: ACTFOIFFFED52!

o UK
~58 CA

inAir9 based

on SX1276 Froggy Factory LoRa

module (Arduino)

Microship
WLRO089

S @ o - 2 3
. ‘
Embit LoRa
A LoRa™ Long-Range Sub-GHz Module
Sy (Part # RN2483)

Adeunis ARF8030AA- Lo868 Microship RN2483

LinkLabs
Symphony module

HopeRF HM-
TRLR-D

RFM
series

habSupplies
AMIHO AM093

*

Multi-Tech = .. 8 = i . ‘
MultiConnect mDot ST ST U ARM-Nano N8 LoRa 225&6@ LoRaBee SODAQ LoRaBee
= module from ATIM RN2483
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Line-of-Sight & Fresnel zone

@® LoS means clear Fresnel zone

® Football (american) shape
@© Acceptable = 60% of zone 1 + 3m

Zone 2 Vi

Zone 3 Zone 1

http://www.univ-pau.fr/~cpham

Pr. Congduc Pham

Fresnel Zones

?°?

RF Essentials from Digi



B&ster Clearing the Fresnel zone?

Pr. Congduc Pham

http://www.univ-pau.fr/~cpham

Raise antennas!

900 MHz Modems

2.4 GHz Modems

DRange Required Fresnel Zone Required Fresnel Zone
SEHes Diameter Diameter

1000 ft. (300 m) 16 ft. (5 m) 11 ft. (3.4 m)

1 Mile (1.6 km) 32 ft. (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

49



BSster Clearing the Fresnel zone?
Let's use satellite!

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

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

Low-cost, simple and reliable global
connections to sensors and mobile
equipment. It just works everywhere,
and all the time, so you can focus on
using your data.

https://lacuna.spaceffirst-successful-lacunasat-launch-in-2021/
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March 21-22, 2019

© LoRaWAN gateway on top of Danang's DSP building by Fabien, U. Danang
and DSP team. Almost 26kms! Congrats Fabien!

% irssi: -118dBm

nr.0.8dB
-diStante. 25300m
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LPWAN=star topology, gateway centric

Gateways ﬁ End points \

] Gateway —rural environment Ve \ Smart meter

(@ ‘\ Smart car

Et Y/ Gateway —urban environment \ /
T f
) Smart home

["w)] Repeater (e.g. femto gateway))
-—

S

7N Smart clothing

Smart bike (e.g. track@

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

Figure from Siradel
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LoRaWAN loT networks

©® LoRaWAN specifications/protocols run on top of LoRa physical

networks. It is defined and managed by the LoRa Alliance

© Make possible to run large-scale, public LoRa networks

End Nodes

I
Concentrator Network Application
/Gateway Server Server

pet
tracking

smoke alarm

water
meter

trash container

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

vending B = 2
machine |

gas monitoring

3G/
Ethernet
Backhaul

=
=

nnnnnn
"""""""""""""

ThingsBoard
53


https://www.lora-alliance.org/

B&ster

LoRaWAN in France

Couverture LoRa® Orange

Meétropole v Rechercher une adresse Légende

ME-UNI r "‘. ——— Couverture
[} LoRa indoor o LoRa outdoor

.Prague
Nornber;
o B

Stuttgart
e

Pr. Congduc Pham
http://www.univ-pau.fr/~cpham

2¥

Bilbao® F¥ Ll
Pampelune "'§ N
Ry EEy

T
Ourense Andorr "’f JS
.

e ESPAGNE

Valladolid Saragosse

. .

200 km i = Barcelone =
Yoo

https://www.orange-business.com/fr/reseau-iot
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TheThingNetwork network

© Community-based, ¢ 0 gl
more than 98000 gw . :

Display gateways:
The Things Stack Community Edition B .o b

Interconnected private networks

fa=
= Data buckets

L. iﬁH

THE THINGS

NETWORK

. g O oO=n ERdBsi
Devices Gateways Intengtlon S En points

Plugin

Thi A
<t GAIER o i veshboarss
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LoRaWAN coverage from Semtech

Today’s LoRaWAN® Coverage Availability

www.semtech.com

LPWAN19 Conference

113+ LoRaWAN network
operators

74 countries with LoRaWAN
networks

300K deployed LoRa®-
based gateways

97M deployed LoRa-based
endpoints

4
SEMTECH
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loT becomes reality!

BSster 17 years later: the incredibly large
microcontroller board ecosystem!

STM32 Nucleo-32
4

s : a1 5 o
2 s ' - s S i

ARDUINO

§
]
Qg
S :
°3
o= Anything
Any Device
1
| UPeSYESP32 _ _ePulso Feather Low Power ESP32 _Featherss MY B N
Arduino Nicla RP2040 DFRob
XIAO SAMD21 Sense ME zero Beetle The
Any Place Of TH I N GS Any Service
Anywhere Any Business
BSster
. )
LoRa modules with Semtech’s S
2 BORI DRF1278DM s
¥ based on Semtech
€ 78 LoRa 433MHz
a3 Microship
3% LinkLabs WLR089
5 HopeRF HM- Symphony module
2 | TRLRD
L g s

Microship RN2483

|

Adeunis ARF8030AA- Lo868

habSupplies
AMIHO

Multi-Tech

ARM-NanoN8LoRa  SODAQ LoRaBee
MultiConnect mDot SODAQ LoRaBee

module from ATIM ~ Embit RN2483 51

L S Firebase

v ANCOD  rdge

& FILUARE

Connect things.

10+ yoar
1P 66, [40°, +85')
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loT for everybody?

o35 Monitoring
‘a2 BN

A\\‘\ R
»’ \
7 \‘\T "‘.‘

00 expensive A

00 integrated
Highly specialized

Difficult to customize

Difficult to upgrade
\_ PITaTE

58
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BSster 17 years later: the incredibly large

nnnnnnn

Linkit

Pr. Congduc Pham
hitp://www.univ-pau. fri~cph

BN
) o
1953
193

> Arduino Nicla

XIAO SAMD21 Sense ME  zero

microcontroller board eco

5 STM32Nucleo-32  H

i Z
RP2040  DFRobot

system!

oa

Beetle QT Py ESP32-C3 33

Too expensive
Too integrated
Highly specialized
Difficult to customize
\__Difficult to upgrade

Convergence of technologies

BSster

LoRa modules with Semtech’s SX12xx

ORJI DRF1278DM is

LoR:
ased on Semtech ore

inAir9 based
on SX1276

L] RAK Wireless 3172
ol 0

5 Nel278 LoRa 433MHz Froggy Factory LoRa
£%5 module (Arduino)
83 T
gl g =Lace o Microship g
33 Linklabs WLR08S s
§ g HopeRF | HopeRF HM- Symphony module i R4Sl
5 RFM TRLRD Embit LoRa

= Seres — LoRa LongGange ot s ockle

Adeunis ARF8030AA- L0868 Microship RN2483
£
habSupplies e |

AVIHO AMog3 (I R

8 ARM-NanoN8LoRa  SODAQLoRaBee gopng| opapee
module from ATIM  Embit RN2483

Multi-Tech
MultiConnect mDot
b oMt

51

Off-the-shelves parts
Generic platform
Open-source
Modular design

Do-It-Yourself (DIY) Io'I)

%
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WNAZIUS) :

(« NQZf D) ABOUT»  TECHNOLOGIES »

Low-cost |oT since 2016!

COMMUNITY NEWS&EVENT» DOWNLOADS DEVKIT FAQ CONTACT

T ECH ‘xo LOGIES

N OWL:
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NAZIUC)

Low-cost buoy for f

D Kuma Farm
hy Complex

Farmerline

Physical
sensor
reading

Physical
sensor
management

Long-range

Securi s
iy transmission

Activity duty-
cycle, low
power

Logical sensor
management

: EGM

Cred

S

farming MVP

pH

7 Minimum =6.770

6.500
- I
30Jan 31Jan 1Feb 2Feb 3Feb 4Feb SFeb 6Feb 7Feb 8Feb 9Feb

DissolvedOxygen

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

WaterTemperature

1Feb 2Feb 3Feb 4Feb SFeb 6Feb 7Feb 8Feb
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HATCHERY EXPERIMENT, BURKINA FASO

1 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

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

KUMAH FARM, GHANA

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

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

[ 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

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

O 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.

Q The water in the pond is changed every 10 days
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Collar for Cattle Rustling MVP

Pr. Congduc Pham
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PRIMA & Intel-

f IN THE MEDITERRANEAN AREA

Intelligent Irrigation System for Low-cost

June 2021 — May 2024

Autonomous Water Control in Small-scale Agriculture

PORE WATER
10%

SOIL
MINERALS
55%

PORE WATER
%

/AUA: A /ENSA-Saﬁ: A /INRA: National\ /IRD: Institute
Agricultural National School Institute of for Research &
University of of Applied Agronomic Development
Athens Sciences — Safi Research

[
e » D)
ENSA
St —
Greece Morocco Morocco France

/UMAB: A /UORAN1: A (UPPA: \ /WAZIUP eV:
University A. University of University of WAZIUP
Benbadis Oran 1 Pau & Adour association

( M . Country
N .
e @ " GNAZIUCY
Tt g Gmals 2 : ~
Universjté = B
Univerg]) U
& \ coordinator /
Algeria France Germany

Algeria




2 "EMAINTEL-IRRIS starter-kit ® Intel

©® "Intelligent Irrigation in-the-box", "plug-&-sense”, fully autonomous
® From idea to reality!
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rriva Soil sensor: electronic parts & Intel-
starter-Kkit version

RFM95W (868MHz)
RFM96W (433MHz)

12PIN

PCB mount for
1.6mm PCB

®

........... SMA female

9 gg§ Length is 13.56mm
o BD

< 5E

L Ew

E ’ {K?;”

= s ;. W

_———— S OOCOOOOOOOO0O0O A A ‘-(
4 &

&

v & Lo

el

B
, THO RO VO GND

. e

Arduino ProMini 3.3V 8MHz 66



~ Simple & Modular design

']
\J

@® Simple integration on PCB of off-the-shelves components




< "HMS What is a PCB?

© PCB=Printed Circuit Board
© Copper paths replace Dupont wires

Removing copper to
create wire path

~0C0000000QOE :
=== \‘)"Q/C,;,
(=)

& p //./_;7.3
-

Qo000
(®

INTEL-IRRIS

]
o
=)
|
T
=
>
o
e
Q.

Breadboard Stripboard

<
a
a
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=

o
L
a
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PERIMA A gene rncC sensor D latform @ Intel

® Low-cost: < 20€
@© Off-the-shelves composants
@ Easily duplicated

® Assembling by local
partners

@® Can connect several
Sensors

®@ Can be adapted by local : : ‘ - ;
partners R R S

il
=St R

@ Can be improved by local
entrepreneurs

@ Can increase capacity-
building for local innovation
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<MY L ow-cost soil moisture device ¥ "H

-

A soil temperature
sensor can be added

SENO0308 Watermark WM200
capacitive sensor Water tension sensor

71
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INTEL-IRRIS intelligence part

WaziGate
loT Gateway
INTEL-IRRIS

2 Intel-

aQ
a?®y

INTEL-IRRIS Irrigation WaziApp (IIWA)

Active device: SOIL-AREA-1
(62¢7¢657127dbd00011540a6)

Active sensor: Soil Humidity Sensor/Raw value
from SEN0308 (temperatureSensor_0)

Sensor Type: capacitive

Last soil moisture value: 406.5

| Soil type is clay
Pl |

“_* |Soll condition is very dry
Colors on graph are only indicative

Sensor values ®0 =

g Intel-

72



PRIMA

wwwwwwwwwwwwwwwwwwwwww Capacitive sensor i ‘

minerals

@®© Capacitive soil moisture sensors usually measure
volumetric water content

® Soil density & soil texture are important parameters

PORE WATER
1%

From METER group

Impact of temperature ?

5 sensors are pIaced ina sand tank at
BN constant water content

IRD in conducting
extentise test on the
Stable conditions is theory... accucary and the Stab"'ty
In reality : strong variations of temperatyre
0.0 very day, when sensor is exposed to sun ligh Of the IOW'COSt SENO308
Wed Thu Fri Sat Sun Mon Tue capacitive sensor 73

Tension (V)




[ 4

,,,,,,,,,,,,,,,,,,,,, Water tension sensor

force required to extract water from soil's pores

v
@® Water tension sensor measures the amount of | :g

From METER group
ﬁm* L. BIHeady M Pos: 20.00ms TRIGGER

1 Type

Couplage
]

R S AP YV S 00 P B B0 U O BB S i I O

ST 200% EHE 200y M s CHT 7 254V
e =10Hz

IRD in conducting extensive tests on the stability & suitability of
microcontroller-based usage of the Watermark water tension sensor 74
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= HMA Calibration @ Intel-lrri

SEN 0308

e SENQ1 == SEN02 -~ SENO03 SENQO4 = SENO05

©® Soil-specific calibration TR R

2.5

@® Impact of external "noise" 20 -

1.5

10 - /_/
40°c

054 20°C] 30°C

00 "l — ! - 1

Tension (V)

Ambient air emperature has low impact, except...

— WM1 s WM2 o WM3 WM4 s WM5

30

CLAY LOAM

- A
[=2)}
o o
o o
| |

20

10 SANDY LOAM 500

LOAMY
SAND  SAND

32 % % 3

0 - 1 1

| | 1 ! | Il
L AN L LR I AL L AL L DL LN B L DL B |

Feb17 Feb18 Feb19 Feb20 Feb21 Feb22 Feb23 Feb24
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Adapt the solution to end-user

EO0IOOAa 3 © W4 i 09:04
= Tableau de bord

Passerel

® "Intelligent Irrigation in-the-box" =
@® User interface is critical for smallholders

. . - T
® Visual components for summarizing

Important parameters B v
@ Translation when possible — ,.

SOTL -AREA-1

- = . ! 231'.5 @
| JINTEL-IRRIS WaziG ate .

| |SOIL-AREA-1
18h3

vale
Il Isol e

 SESERRETRETEIIS
JAZIGATE_B827EBD18238

%‘E -‘:‘ﬂwﬁ“ : ' SOIL-AREA-1
oragatewa:
O]

‘ 231.5
= | 18h50
wet

Qu—— ey
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Conclusions

@® Internet-of-Things provides the
unique feature to make things Now what?
"talk" to us: localisation,

Data analysis::
wsammwData management

surro.u.ndlng enylron mental Data analysis
conditions, particular events, ... N OETR AR r
SR NS==ata managements
® Next gen sensors such as = 2eCUNIty&ETIVacy
Artificial Intelligence?: =
cameras, Interoperability
Data analysis
spectrometers, hyperspectral el

http://www.univ-pau.fr/~cpham

Ca.‘lrlneras.a“ s 1o furth |OT _2: Unleash the
WIII proviae possIoiites 1o rturtner power Of IOT datal

optimize a number of complex
processes

S0, loT: Technology or Concept?

77



|OT_2: Unleash the power of loT data

protocols, analysis, artificial intelligence, machine learning,...

Capsule Booster — 2022

Horizon 2020

PI’Of CongdUC Pham = Europe_an. | European Union funding
= Commission for Research & Innovation
http://www.univ-pau.fr/~cpham . i
. T WNAZIUT) ~4|HUB
x [ il /\M/ loT -~ from idea torealty  paying for the next 10 years
(“NﬂZl’hU %) of innovation in loT and Al

4
© PRIMA
X5

3 IN THE MEDITERRANEAN AREA

@ Intel-IrriS RESIGDLINK

Advanced and disruptive loT/Al technologies targeting
the smallholder community for increased resilience



