|OT_1: Understanding loT technologies

sensors, radios, clouds,...

BWster

Booster Pau — Learning Capsule — 2021

Prof. Congduc Pham

http://cpham.perso.univ-pau.fr

" =
L] 5
.-.'l r]IVERSITE
ST 1] DE PAU ET DES
aE PAYS DE UADOUR
[ ]

CNAZIVCY < HUB QPRIMA

loT - from idea to reality Paving for the next 10 years

((‘Nﬂzm U b’)) of innovation in loT and Al 9 Intel-IrriS




ENAZIUTY

= wm BoosterPau program NAZENU DY)



. . “AAZIUTY
Googling for « Internet of Things »azir oy
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...Sshows communicating objects wiazir oy
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P ™ [oT=interactions with physical wort[ghoi
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P ™4 Interaction: Sensors (WNAZENUDY)

Ultrasonic fill level sensor
10+ years battery life
IP 66, [-40°, +85°]
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P " |nteraction: RFID, NFC ANAZHNUDY

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

MUSTER 22222

GERRY WEBER



ENAZIUTY)

P " |nteraction: RFID, NFC ANAZHNUDY

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

10
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Interaction: always complex? NAZINUDY
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Home/consumer loT products NAZFNUDY
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™ ... but loT usually means cloud dataazi

Lot's of data !
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interactions and linked data! Rz

¢

I,YouTuhe
?

facebook. b . u

15



S . . ((t.alQZlL; '))
General public loT architecture  yazir oy
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Google Drive

Local Network The Internet

Wired/wireless
Power line
BAN, PAN, LAN

Pictures from ArchitectCorner
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P ™ Sense, Monitor, Optimize & Contrq(sﬂszz,'w'»,,

S Firebase & FILUARE

AX e da 3 iﬁdge*

w— FREE Dagkbowrdl... No fubrcription regired:
\m—., ":_‘ ) .
o) - Monitoring

APPLICATION DOMAINS
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P " Top loT applications, 2020
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0%83 IOT ANALYTICS

O,
0 ‘ ha Manufacturing / Industrial

Top 10 loT Application areas 2020

Global share of Enterprise loT projects!

Insights that empower you to understand loT markets

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

19
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“ﬁg loT: 2020 vs 2018 wAazH )

0/08) 10T ANALYTICS Insights that empower you to understand loT markets 10T ANALYT S Insights that empower you to understand oT markets
Top 10 loT Application areas 2020 " .
loT Segment Global share of loT projects Details
Global share of Enterprise loT projects! Trend? S, A —

Americas Europe APAC Trend?

o,
° ‘Y‘ Manufacturing / Industrial 22%

I

@ @ ﬂ Smart City
15% _@ @ q Connected Industry
14% @ ® ﬁ Connected Building

12% @ @ — Connected Car
12% (: --- ) ------- @ " Smart Energdy
9% @ __________ @ 4 Other
= @ B comectedheatth

.@ ______ @ Smart Supply Chain

4% @ ______ @ m Smart Adriculture

E Smart Retail

° a‘ Transportation / Mobility
° \Q‘\ Energy
o E Retail
0.i.
° w Healthcare
a @ Supply Chain
Qi)
° ” Agriculture

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

Q * Other® 3% ,414 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 IoT projects (not including consumer loT projects eg smart home, wearables, etc.) 2. Trend based on relative comparison with % of projects in the 2018 IoT Analytics loT project lst e.g, 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 IoT projects from Enterprise & Finance sectors. Source: loT Analytics Research - July 2020 Source: loT Analytics, Jan 2018
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N = 1,600 global, publicly
announced loT projects
W Americas Il Europe [l APAC 1 MEA 1T N/A
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n
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&: What happen to Smart City?

20
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P "™ |oT in industry

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

® Smart logistics _i _S

management, remote Machines

management, tracking, & Sensors

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

@ Data analysis, Supply
Chain Optimization,
Predictive maintenance

21
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P " |oT for Smart Agriculture NAZENUDY

Soil
Monitoring

Connected =
Agriculture %
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"™ loT for development! WAZINUDY

e TS 7."..?55";‘ =
Water saving Livestock farming Fish farming &
Y R aquaculture

Logistic, Storage, AN TN e
Asset Tracking y 4 Smallholder Water quality & Health

Agriculture 4



p=ww |5 10T the solution for your (NAZILE
~ problem? WNAZENUDY)

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

A: Install a GPS + 4G
electronic box in each bus
to turn the bus into a
connected bus!




- — Is 10T the solution for your
problem?

CNAZIUTY
«WNAZH )

Q: How get real-time position

of all city buses?

Gare du Nord France
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=__Is 10T the solution for your CNAZIUEY

= = problem? «NAZH )
Q: How to enable municipal street

sweepers to report illegal dumgi.ng,

leaking pipes and emergencies

| khow! | know !

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

27



=___Is loT the solution for your WNAZIUSY

prOblem? “WNAZH )
Q: How ko enable municipal street
sweepers to report illegal dumging,

leaking pipes and emergencies

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

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

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

Ib Microcontroller

! Sensor(s)
B S Processin Radio eam
o+ roce =

Physical Sensor

- Radio
I0 Controller
Power unit

Q: uprocessor vs ucontroller?

30
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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
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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P "8 From pcontroller to pcontroller boagdi- -,

@ A ucontroller can be standalone...

CPU| RAM |ROM

I/ ] Serial
po(:t Timer (r:)ch
(Single chip)
BLK
. ]
@® But, it is usually mounted on 2-80
. - (ZE g_J R
a board with additional oS Il =504 0gromming
i et ~ W - A - 4
electronics parts a o o)
? AL~A2 A3 UCERSTTBNDRAN @) |
@® Leds, Voltage regulators 000 ) 3 ©0 6 00
® Easy access to pins 3.3V regulated Raw input voltage
® Reset button voltage Ground

© Serial-USB interface 32



P " Understanding simple analog sen

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

luminosity,...

LM35DZ TO-92
PINOUT DIAGRAM

Vee

Analog OUT *
10mv=1°C

|—> <—GND

DMM READOUT (mV)

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

1500

1250

1000

750

500

250

0

250 e

500
-750

-50 -25 0 25 50 75 100 125 150
TEMPERATURE (°C)

GANAZIUTY

SORzH

33
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P " Digitalizing the physical world!

LM35DZ TO-92

PINOUT DIAGRAM

Analog OUT
10mv=1°C

Vee

I y
."‘
. .
> o

¥ «—GND

N o N 3 N D
g8 8 & 8 8 8

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

ATURE (°C

)

CNAZIUTHY
«WAZH

° :
: ul.."&*\\\Qa 1@ DS

AB AlgA2 A

000000000066

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]

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 .

A
JT

)
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g " How to collect data? WNAZINUDY)

S

MONITORING

{ Sensor(s) ‘
APPLICATION DOMAINS
ADC
I0 Controller

Power unit

Microcontroller
35
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" Wireless (radio) transmission basicsazi iy

Q&: Can we have G'bps . wireless?,
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Low-power & long-range radios azioy

Energy-Range dilemma Energy
Long-range: 5-30kms '

2G/3G/4G

21 ee %02.15.3

802.15.4 Bruetooth 802.15.3a
802.15.1 802.15.3¢

0.01 0.1 1 10 100 1000
(Very) Low throughput: bps pata Rate (Mbps)

37



CNAZIUTY
Energy consumption comparaisongiazi- oy

Energy-Range dilemma

Energy

A
Long-range
- Lo Power
g WMA o= O: 300m O: 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)

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

=)
c
B
m
(3

J1IDVING

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 =10 y. © LPWAN does not need to maintain

connection if not in used

38



WNAZIUVTY
LPWAN expected range? NAZHN U

Scalability

" -~

—&— Sigfox

- LORa

~-—=NB-loT

10km (urban)
g 40km (rural)

Skm (urban)
20km (rural)

1km (urban)
10km (rural)

39
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P " 1st challenge: signal attenuation szt

BS

S

?°?

40
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g " Attenuation limits the range! pfpoiipmr

© Depends mainly on distance

P. =P,d™

® with ;

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

= xfrom2to4

41 41
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B " Attenuation in practice WNAZH

® For an ideal antenna (theoretic)

P, (@nd} (Anfd)

P, N C

= 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!

42 42



P " Attenuation, value in watts ANAZH

y

NAZI

® Free Space Path Loss model

P, (@nd} (4nfd)

P, N C

P, c? 0.025 x 3000000002

b= (47 f d)? - B = (12.56 X 2.4 X 109 X 1)2 ~0.0025mW
| |
>
m 2 3~ g n Destance im

0.0025mW  0.00062mW

43
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P " Attenuation in decibel (dB)

(NAZILE
«HNAZH

@ Decibel uses logarithmic scale as attenuation values can be very

large

® Attenuation in dB: 10log10(P./P,), P, and P, in watts

® So P/P,=10dB/10

@ Difference of 3dB~half (divided by 2) as P/P,=10%10=1003=1.99526. ..

© = Gain = 10log10(P /P,)

® We can add various sections with attenuation or gain

— -

A00mW  5=16dB  g=20dB a=10dB

—)

77?

-16dB + 20dB - 10dB = -6dB, so it is an attenuation
P./P.=1001=1006=3.98 » P. = P_/3.98 ~ 100mW

44
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EEE dB, dBm, e «WAZH )

* Total net output power of transmitter
* Typically measured in dBm or mW

C—

\
°'m \W . milliwatts are a measurement of power (1000 mW = 1 Watt).
W dB . decibel is a unit for expressing the ratio of two amounts of signal power equal to 10 times the
common logarithm of this ratio. So, a power measurement in dB has to be relative to something.
¥ dBm dB(mW) is power relative to 1 milliwatt (mW to dBm = 10Log,,(mW/1000) + 30).
P(dBm) = 10 - log10( P(mW) / 1mW)
°

dBl. dB(isotropic) is the forward gain of an antenna compared to the hypothetical isotropic antenna,
which uniformly distributes energy in all directions.

RF Essentials from Digi 45 45



= "% dBm to mW conversion

P(dBm)=10.logo(P(mW)/1mW)

P(dBm)
P(mW) =10 10

Ex:

14dBm

P(mW) =10 10

= 101* = 25.118mW

RF Essentials from Digi

dBm Watts
0 1.0mwW
1 1.3 mwW
2 1.6 mW
3 2.0 mWw
4 2.5 mW
5 3.2mwW
6 4mW
7 5mW
8 6 mW
9 8 mW
10 10 mW
1 13 mW
12 16 mW
13 20 mw
14 25 mW
15 32 mW

dBm Watts
16 40mW
17 50mW
18 63mwW
19 79mwW
20 100 mwW
21 126 mW
22 158 mW
23 200mwW
24 250 mW
25 316mwW
26 398 mW
27 500 mw
28 630 mwW
29 800mW
30 1.0W
31 13W
46

NAZI

“«NAZ+
dBm Watts
32 16W
33 20w
34 25W
35 32w
36 40W
37 50w
38 6.3W
39 80w
40 10w
41 13W
42 16W
43 20W
4 25W
45 32W
46 40W
47 50w

% )))

46

1))



GNAZIUTY

m n u n
" Attenuation in image WNAZINUDY
H 5GHz EIRP = 14dBm
Amplitude & 14dBm ~ 25mW ® Free Space Path Loss model
L(dB)= 20'09(24GHZ)
+ 20log(1m) Pe _ (475d)2 _ (4nfd)2
-147,56 - 2 - 2
= 40dB Fr N c
— P, =P,/10000!
0.0025mW @ Decibel: using log operator simplifies equation
14-47=-33dBm  (0.0005mW
' Ligg) =10 log(%] =20 Iog(%) - 20 Iog( 47?")
r
Jodsm Ligg) = 20 log(f )+ 20 log(d )- 147,56 dB
—45(.iBm
-51dBm
' " -57dBm
! 6dB i edB | -6dB -6dB
0 1r!n 2r!n 4:11 8:n 16:n Distance (m)
—26dBm —32dBm .
1010 10710 Additional advantage of log scale: very large and
— 10—2.6 — 10—3.2

— 0.0025118mW = 0.00063mW very small values can be plotted on the same graph 47
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P " Link budget in wireless system  «aziooy

it ; Py = Received power (d Bm)
Ppx = Prx+ Grx — Lyx —Lps — Ly + Grx — Lpx Py - Sender output power (dBm)
Gry = Sender antenna gain (dBi)
Ly = Sender losses (connectors etc. ) (dB)

Adapted from Peter R. Egli, INDIGOO.COM ,f:‘:f,f:: :ﬁiﬁi:ﬁimemwﬂ]
dnx = Receiver antenna gain (dB!)
+d? Gre I B o~ Lyyx = Receiver losses (connectors etc.)(dB)
[dBi) | [aB] ’ \ 14dBm EIRP ~ 25mW Spx = Receiver sensitivity (d Bm)
Py . / \
|
| : -40dB "
| | = | _ Transmission
0dB | (@8] - -~
I Path

| Prx

\ ! [dBm]

\ /

\ / ‘ Lea o
/L el e '
v - dE] Loss
dB sl -26dBm ~ 0.0 . s
Receiver sensitivity 1s a measure
of how well the receiver
_50dBm ? performs and is defined as the

power of the weakest signal the
receiver can detect

Ligg) = 20 log(f )+ 20 log(d )- 147,56 dB "
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«NAZH ")

I'mnot fluent in idiot
could you please speak
S e

P " How can we increase range?

7
T I

@® 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)

o4+

< : < P - WiFi 802.11n: 450 000 000 bps (450Mbps)
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)
G oo b - Bluetooth BLE: 2 000 000 bps (2Mbps)
5488 - 4G : 20Mbps-200Mbps
'I_ oo sansiviym) = |LORa|: 200bps-37500bps (0.0002-0.0375Mbps)
o myeey 3G/LoRa ratio: 20,000,000bps/200bps=100000!




modules with Semtech’s SXIW%”)»}

Libelium LoRa is based o
Semtech SX1272 LoRa
863-870 MHz for Europe

inAir9 based
on SX1276

ggy Factory LoRa
module (Arduino)

£
e = =
i . ' v
: ~
3 B - -

S

e |E
¢ LoRa® Modem
168 dB maximum link budget
‘_ ¢ +20 dBm - 100 mW constant RF output vs. V supply
BN * +14 dBm high efficiency PA

¢ Programmable bit rate up to 300 kbps
| ® High sensitivity: down to -148 d

LoRa™ Long-Range Sub-GHz Module
(Part # RN2483)

Microship RN2483

Bm

ks T e L 7]
7 ISR SR st wh v:
ARM-NanoN8 LoRa ~ SODAQLoRaBee ¢p )| (RaBee

N module from ATIM Embit RN2483 50

Multi-Tech
MultiConnect mDot

a01e



P ™ \What distance for -148dBm?

Amplitude
(dBm)

NAZI

HNAZH
H 5GHz EIRP = 14dBm 32
A KEY PRODUCT FEATURES e
¢ | oRa® Modem 4
-50
¢ 168 dB maximum link budget 5
¢ +20 dBm - 100 mW constant RF output vs. V supply 62
¢ +14 dBm high efficiency PA 68
74
¢ Programmable bit rate up to 300 kbps 80
14-47 = -33dBm ¢ High sensitivity: down to -148 dBm _86
: -92
-98
-104
' -110
é ~45QBn1 -116
E i -51dBm -122
. i E : -57dBm 128
i 6d8 | -6dB | -6dB “6dB i
— 7 i ‘ =
0 m 25 4m 8m 16m -140
-146
-152

S

2

4

8

16

32

64

128
256
512
1024
2048
4096
8192
16384
32768
65536
131072
262144
524288
1048576
2097152

~/ 4

\ ,))



o1 : . ENAZIUTY)
Line-of-Sight & Fresnel zone NAZINU DY

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

Zone 2 l ; ;

Zone 3 Zone 1 u .

Fresnel Zones

RF Essentials from Digi 52



=___ Clearing the Fresnel zone?

Raise antennas!

R 900 MHz Modems 2.4 GHz Modems
Lanse Required Fresnel Zone Required Fresnel Zone
Distance 5 2
Diameter Diameter
1000 ft. (300 m) 16 ft. (5 m) 111t. (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

ENAZIUTY)

«NAZH

53
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= Clearing the Fresnel zone? NAZIU;

Let's use satellite! (HNAZI

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

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/

54



. ENAZILTY
loT becomes reality! WAZINUbY

> BFirebase (& FILARE

LoRa v AXCOI  GHricge
NB-LTE 8 = - . Connect things.
WE IGHTLE A hlngspeak ()) GroveSireams
. DASH7 B sorCloud”
%. R Faster Analytics 'J\
€)Bluetooth'4.0 C

The
INTERNET
ofTHINGS

56



= : WNAZIUVTY
e ™ A reality for everybody? NAZINUDY

k< i 00 expensive B
00 integrated
Highly specialized
it | Difficult to customize
KDifﬁcuIt to upgrade y

57



= : : : @WNAZIUTY
e Adapting technological solutions azioo.

GPS in Agriculture
A

Many commercial
systems are not
adapted for ;
developing countries,™ 0"
rural areas,
smallholders, ...

b N

. MR LY

3t, design approach, constraints & control mechanisms

- Challenges:
B, Low-cost, adaptation, digital i

B AP e oo

e~

>4 ~ o PR R P = el 3
o et b ~ ;4 »‘& VR AR e - o _,_vw‘r""d,g

58



GNAZIUTY

EEE ((‘NﬂZl 52 "’)) Low-cost loT! WNAZH L )

(@ HQZ{‘ ) ABOUT»  TECHNOLOGIES» COMMUNITY  NEWS&EVENT » NLOADS DEVKIT FAQ CONTACT

AFFORDABLE
.TECHNOLOGIES

"EMTOWE:

RURAL ECONOMIES

59



Arduino’s success story (NAZILE
starting in 2005 (NAZINUOY

void setup () {

}

ARDUINO

void loop () {
1

WHAT IS ARDUINO? ARDUINO BOARD ARDUINO SOFTWARE

Arduino is an open-source electronics Arduino senses the environment by You can tell your Arduino what to do by
platform based on easy-to-use hardware receiving inputs from many sensors, and writing code in the Arduino programming
and software. It's intended for anyone affects its surroundings by controlling language and using the Arduino

making interactive projects. lights, motors, and other actuators. development environment.

PR a T

i ARDUINO MICRO ( pUT " ARDUINO NANO

60



e . “AAZIUTY
g™ L ow-cost microcontroller boards gz

http://blog.atmel.com/2015/12/16/rewind-

50-of-the-best-boards-from-2015/ %

http://blog.atmel.com/2015/04/09/25-dev- ARDUINO
boards-to-help-you-get-started-on-your-
next-iot-project/ 0000000000000

Arduino Pro Mini

v 58 OO TR

Expressif ESP32

@3 ReT MM o
@27 )

Heltec ESP32 +
OLE

SN Ty

Thing 0 61


http://blog.atmel.com/2015/12/16/rewind-50-of-the-best-boards-from-2015/
http://blog.atmel.com/2015/04/09/25-dev-boards-to-help-you-get-started-on-your-next-iot-project/

- ENAZIUTY)
Do-It-Yourself loT WNAZHNUDY

lb

_'Mm
]
Flash

ADC Memory
. Radio
I0 \ Controller
| Power unit |

: voeo 'vrufw
Physical e IR Activity
sensor g i duty-cycle,

i) low power

-VERY -
IMPORTANT

Logical
sensor
mgmt

Long-range
transmission




= : . .- ENAZIUTY)
Generic loT v.s. highly specializedyazi 0

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

@® Technology transfers to user communities, economic
actors, stakeholders,...

¥ Physical :
i sensor
i mgmt

VIE?J

\T
AES

encryption

Logical
sensor
mgmt

64



(('.al ZIU"’))
P " A simple temperature sensor examplée:

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

Arduino Pro Mini @3.3V ‘ to gateway

Temp for sensor 10

3
|

=
S
o 225
5
2
§ 20
08:00 12:00 16:00
Date
ThingSpeak. ¢

5 CNAZV )
i g T

E
s

v Y3400

Modtrnix inAirg SMA in deep sleep
mode, about 40mA
when active and

sending

TMP36

More than 1 year with 1
measure/10min

=}
c
3
m
r

Can run several years
with 1 measure/1h
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= : . “AAZIUTY
= " Towards loT vertical domain AZINLbY

PRIMA 9 Intel- June 2021 — May 2024

= N THE MEDITERRANEAN AREA

Intelligent Irrigation System for Low-cost Autonomous
Water Control in Small-scale Agriculture

®©

Use cutting-edge technologies to -
propose highly innovative systems yet o p Decision
@ 2 simple to deploy and adapted to ) 2:&2‘?

smallholders @

s . s o Knowledge
Seamless integration into existing b t“; ¢ Machlne Learning _—
.. q atabase Deep Learning o
irrigation system and/or local customs
and practices

Improve farmer's knowledge on water-relatec Yg*
issues, foster local adaptation oftechnologies, , \
|nc!'(.ease local innovation cap:f\afy and Decision-makers Technology I
facilitate technology appropriation Socio- econom,cactors % experts %%*
Large-scale adoption of low cost smart Tﬁiﬂ 'ﬁ' ‘ 9 Intel-
5 irrigation system by smallholders, Zt;ekr’fl‘_zlders Agronomist Pilot fields
]

stimulating synergies between various \ \ Q /
local actors 66

Farmers




<°

<MY L ow-cost soil moisture device ¥ "H

-

A soil temperature
sensor can be added

SENO0308 Watermark WM200
capacitive sensor Water tension sensor

67



2 "HIMAINTEL-IRRIS starter-kit P el

©® "Intelligent Irrigation in-the-box", "plug-&-sense”

® From idea to reality!




@ : “AAZIUTY
e ™ Conclusions NAZENUDY
@® Internet-of-Things provides the
unique feature to make things Now what?
"talk" to us: localisation, s
. . wsmmData management i
surro.u.ndlng enylronmental ““"" Data analysis
conditions, particular events, ... N OETR AR
o Dteroperability, . Data managgmgrltn
® Next gen sensors such as = 2eCUNIty&ETIVacy
Artificial Intelligence: =
cameras, Interoperability
Data analysis
spectrometers, hyperspectral el

Ca.‘lrlneras.a“ s 1o furth |OT_2: Unleash the
WIII proviae possIoiites 1o rturtner power Of IOT data'

optimize a number of complex
processes

S0, loT: Technology or Concept?

69



|IOT _1: Understanding Internet-of-
Thing technologies

Booster Pau - Learning Capsule — 2021

. T
Prof. Congduc Pham . ((‘AQZIL/V’))
http://www.univ-pau.fr/~cpham .::I loT - from lde.a to reality
Université de Pau, France = ((‘Ngzm U b’))




