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Googling for "Smart Agriculture" = ™"
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“HME Smart Agriculture, a mature technology'*"
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GPS in Agriculture
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- "M% Sense, Monitor, Optimize & Control "
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2 PRIMA loT device v Intel

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

Physical Sensor

Memory

-— Radio
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| | |

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




=M% Smallholders: the next decade challeige!

Agrltulture and Development

'SMALLHOLDERS“?}?
& AND FAMILY
SRARMERS . .

- 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

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.

T SRSTRONErS PTOvE U 10 S0 Tere TPy T T " ——

Eighty percent of the farmland in sub-Saharan Afnca 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
many rustic and climate-resilient varieties and breeds alive.
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Smallholder ecologies
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Smart Agriculture for Smallholder?”

Many commercial
systems are not
adapted

for developing
countries, rural
areas, smallholders

e

approach, constraints & control mechanisms
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CAAZILTY) Low-cost loT! &6

(((NQZ}- ) ABOUT» TECHNOLOGIES» COMMUNITY NEWS&EVENT» DOWNLOADS DEVKIT FAQ CONTACT

A FORD "E %
" TECHNOLOGIES

"EMTONE:

RURAL ECONOMIES
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- "HMA ] ow-cost microcontroller boards

o~

Processing + Radio

Moisture Sensor vl

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/

ARDUINO

¢S

¥~ Heltec ESP32 + OLED

SodaqOnev2

0000000000

Aafruit Feather

b
3N

Sparkfun ESP32
Thing Tessel

Tinyduino



fffffffffffffffffffffff Low-power & long-range radios © "

Energy-Range dilemma

Energy
Long-range
Low-power
LPWAN
2G/3G/4G
o>
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802.15.3
i 1:’9’5'2"’1"5‘”1" 802.15.3a
-~ 802.15.3¢
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(Very) Low throughput Data Rate (Mbps)
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“ Energy consumption comparalsonv el

Energy-Range dilemma

802.15.4 Biyetooth
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2500mA

Energy

1000

T Lo Power
O: 300m O: 90m Same as
- 30m - 30m 2G/3G

2.3mA 3.5mA NC 0.003mA 0.001TmA

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

2500/1.11=2252h = 93 days = 3 months ®

In most cellular networks, the device
is still maintaining communication
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

16
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Low-power, long-range radios

Processing + Radio

Sensor v1.2

Capacitive Soil
Moisture

Libelium LoRa'is based o
Semtech SX1272LoRa
863-870 MHz for Europe

inAird based

gnSX126 @09y Factory LoRa

module (Arduino)

15 Semtech SX1272LoRa L n]
LinkLabs 863-870 MHz for Europe
Symphony module

e

HopeRF HM-
TRLR-D

HopeRF
RFM

! Embit LoRa
series e LoRa"™ Long Range Sub-GHz Module
Adeunis ARF8030AA- Lo868 Microship RN2483

Multi-Tech

ARM-NanoNg LoRa ~ SODAQ LoReBee '
MultiConnect mDot SODAQ LoRaBee

module from ATIM Embit RN2483

a

°
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Last but not least: low-cost sensors

Capacitive Soil
Moisture Sensor vi
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Do-Ilt-Yourself loT
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JPRMA Generic loT v.s. highly specialized® """

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

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

Physical e :
sensor duty-cycle,
mgmt KN low power

lMl’l]RTAﬂ ¥ T
arsriss g |
. sensor |

encryption transmission :
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YA A simple temperature sensor examplé”

Arduino Pro Mini @3.3V

]
c
3
m
r

5 NAZV )

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

Field 2 Chart

Temp for sensor 10

3
8

£
S
o 225
H
a
E 20
08:00 12:00 16:00
Date
ThingSp

E
s

: ”BGOO

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

More than 1 year with 1
measure/10min

Can run several years
with 1 measure/1h
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WNAZILDH)

A soil humidity sensor example

Activity duty-
cycle, low
power

Physical
sensor
management

Long-range Logical sensor
transmission management

Security
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< "% Open, versatile 1oT gateway

CJThingSpeak
[ ’ HIVEMQ

T THE THINGS

() mosauvitto NETWORK

test.mosquitto.org

Access to the data from MongoDB

set topic and payload (<4

export data Yo csv
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Deployment for Nestlé's WaterSense'"*"

Pakistan

~
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Minimum Viable Products (MVP)

Soil moisture solutions

L
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Minimum Viable Products (MVP) § Intel-

Fish farming solutions
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mum Viable Products (MVP)
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e rusting and location monitoring

Responsive ¥ 360 x 743 100% ¥ Online ¥

6
6.15 km

Forét
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Bastard

2
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10 bl 168
Lons Q 1.72km ¢ 1.8 km
18 u 7858 m 17
R e
~ 19
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s

YAENCEnng

(N1 A
Leaflet | Map data © OpenStreetMap contributors, CC-BY-SA,
Imagery © Mapbox

km

List of devices

2 6 16 17 18
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£ Making loT happening! @ Intel-

Innovative loT loT infrastructures
technologies | a and use cases

Knowledge
dissemination &
training

Exploitation plan and Communication & Sustainable & long-
innovation hubs community building term innovation
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L0 Arduino_LoRa_temp | Arduino 1.6.6
[ CongducPham / LowCostLoRaGw @unwatchv 62  Yunstar 397  YFork 213
Arduino_LoRa_temp
7% : o) ] " A I q N
© et sentor on analen § o test the Lot gatenay <> Code Issues 161 1 Pull requests 2 1"l Projects 0 = Wiki I Insights ¥ Settings
.
* Copyright (C) 2015 Congduc Pham, University of Pau, France
.
*+ This program is free software: you can redistribute it and/or modify Branch: master~  LowCostLoRaGw / Arduino / Create new file  Upload files  Find file  History
* it under the terms of the GNU General Public License as published by
* the Free Software Foundation, either version 3 of the License, or
5 (Gt your option) any bekmsiesmdesame oo sn et oot eeceeemoe e e .
Arduino 1.6.6 Teensyduino 1.27 Congduc Pham update SX1272.cpp Latest commit 114deed 7 days ago
* This program is distr
* but WITHOUT ANY WARRAM
* MERCHANTABILITY FI™ - -
© G enerel PuSLic Lic +o]v] -] -
N Genuino . )
* You should have receit ARDUINO 8 Arduino_Encrypt_LSC_v2 update LSC lib and related examples 2 months ago
* along with the prograr
.
FRREEERREE LR 8 Arduino_GPS_Parser_GGA update Arduino examples a month ago
o AN OPEN PROJECT WRITTEN, DEBUGGED,
7/ Tnclude the sx1272 T e Ty o e 8 Arduino_LoRa_Demo_Sensor update Arduino examples a month ago
#include "SX1272.h"
) THPORTANT o ICLIXELTIETA on arduino.cc/cradits 8 Arduino_LoRa_GPS update Arduino examples a month ago
SILILILLLLSLL L1101 17115 v
44 please wncoment only 3 8 Arduino_LoRa_Gateway update lora_gateway.cpp and SX1272.cpp 26 days ago
// it seems that both Hops
j; boards we set the init 8 Arduino_LoRa_Gateway_1_4 improve management of transmission power, add channels in 863-865 2 years ago
// unconment if your radio is an HopeRF RFM92W or RFMOSW
#idefine RADIO_RFMO2_95 8 Arduino_LoRa_Generic_DHT update Arduino examples a month ago
// unconment if your radio is a Modtronix inAir9B (the one with +20dBm features), if inAir9, leave comment
//#define RADIO_INAIROB R L .
Y 8 Arduino_LoRa_Generic_Simple_Mu... update Arduino examples a month ago
£/ TupnoTaNT
. - 8 Arduino_LoRa_InteractiveDevice update Arduino InteractiveDevice amonth ago
8 Arduino_LoRa_Ping_Pong update Arduino examples a month ago
B Arduino_LoRa_Ping_Pong_LCD update Arduino examples amonth ago
2120 B3t} 7 T2 ) (B Bl AR CE 8 Arduino_LoRa_Radiohead_Example  update README and example sketch for RadioHead lib a year ago
8 Arduino_LoRa_Simple_DHT update Arduino examples a month ago
i Arduino_LoRa_Simple_temp update Arduino examples a month ago
i Arduino_LoRa_temp update Arduino examples a month ago
8 Arduino_LoRa_ucamll update image support 2 years ago

Many examples using various temp/hum sensors

https://github.com/CongducPham/LowCostLoRaGw/tree/master/Arduino

32



PRIMA

= N THE MEDITERRANEAN AREA

loTCareConference (Budapest, CNET)

Community building for sustainable innovation" "

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 &

Credit: C. Vavasseur, CTIC Dakar Workshop af the RESSACS 2016 (France, UPPA)
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< YA WAZIUP Online Course

WAZIUP loT Courses

. . .
]
@ h tt p .//d I y .Waz I u p . I O For users who wants to gain knowledge on IoT in a step-by-step lecture mode, we have defined the fc

* |Fundamentals of loT

1. F-I0T-1a: What is loT
e — X = Quick introduction to loT - NAZIED
= |oT and Big Data Platform - NAZIE
= Intel loT -- What Does The Internet of Things Mean? - YouTube
® Edureka -- Internet of Things (loT) | What is IoT | How it Works? - YouTube
= Geospatial IoT - oT- What is Internet of Things? - YouTube

Getting start

<« cC @ © # diywaziup.io/index.htm B 1% @@

= IBM Think Academy -- How It Works: Internet of Things? - YouTube
2. F-I0T-1b: Introduction t¢ =~~~

L R ON-LINE ARDUINO SENSORS AND DIY LORA TUTORIAL - wrosvonton] |

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

((‘NQZ| ")) = Basic Electronics -|
= Introducing physic = Quick introduction to 10T - WNAZIES
L. ® Introducing physic . N
( al ) . oy
“WNAZEN ) 3. FIOT-2a: Understanding loT and Big Data Platform - \NAZIED
4, F-I0T-2b: Introduction tq = |ntel IoT -- What Does The Internet of Things Mean? - YouTube
Forewords 5. F-I0T-3: Introduction to // " N .
a = Edureka -- Internet of Things (loT) | What is loT | How it Works? - YouTube
s = Introduction to Ar¢
This online tutorial on Arduino, Sensors, and LoRa technologies has been developed by University of Pau, France, in the context o ® Presentation of th n GEOSPaUa' IoT -- loT- What is Internet of Th'ngS? - YouTube
Introduction to Arduino IDE and WAZIHUB projects funded by the European Union in the H2020 research program. The main objective of this online tutorial i = Setting up the Ard = |BM Think Academy -- How It Works: Internet of Things? - YouTube
ive and guided training materials to be used in training, hackathons, bootcamps, entrepreneur’s days,... that are org: 6. F-10T-4: WAZIUP Open T . . .
o g 2ining mate ) & ha P P vs e Org .Ir PR T——— 2. F-I0T-1b: Introduction to Basic Electronics
Measuring temperature < WAZIUP/WAZIHUB across Africa. The main contributors are Mamour Diop, Muhammad Ehsan and Congduc Pham. Our main curr rototyping and Testing: Get
focus is on LoRa networks and loT but this tutorial first start with basic of Arduino and sensor programming to understand sensir 1. DHOT-1: Getting started | = Introduction To Basic Electronics - NAZIED

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

Measuring distance . . . = The WaziDev boar,
e show how to build low-cost, long-range and energy-efficient loT devices.

= |ntroduction To Basic Electronics - MakerSpaces

= Resources on githi = Basic Electronics - Instructables
Measuring humidity < : - WAZIUP is a technology-driven EU-Africa proJeAct developir = Installing WAZIUP = Introducing physical sensors, part 1 - wAZIES
open source |oT end-to-end (sensors, networking and soft w Installing WaziDev, )
. platform, specialized to meet African r cations il o |Pr ing and Testing: Ge ® Introducing physical sensors, part 2 - WAZI 2]
Detecting motion ) o o - 1 ; ) . "
J Livestock farming Fish farming & aquaculre | COST @NETBY, internet connectivity and simplicity. Congduc 1. D-GW-1: Bullding & Confl 3. F-I0T-2a: Understanding loT Devices, Architecture & Ecosystem - WAZI 5]
scientific leader of the "Open loT sensing and communica ® Quick overview of | . :
B < p & « Installi 4. F-I0T-2b: Introduction to loT hardware - \NAZI =]
Measuring Light platform" workpackage which tasks are to develop an ope nstalling gateway
and long-range LoRa loT framework. Interested readers c: ® Connecting to Gat 5. F-I0T-3: Introduction to Arduino IDE

= Configuring Gatew

resources from our github on the low-cost LoRa loT frame

Measuring Sound Level = |ntroduction to Arduino IDE - YouTube

Storage & logistic 5. D-GW-2: Building an Out
Agriculture Environment from Congduc Pham's tutorial/talks web page. . . :
& PoE 6. D-GW-3: Antenna Tutorig = Presentation of the Arduino IDE - NAZIE)
RFID < - Feb2016- 2019 20210 7. D-GW-4: G; Web A . : n
ool Medesis Ty T = aeway We = Setting up the Arduino IDE - WAZi 53
WeoTe CANAZIUTY ((( Ng 2 f‘ 8. D-GW-5: Migrating & Usi )
Using GPS y. = . [p,omypi,‘ga,,d Testing: Dey 6. F-I0T-4: WAZIUP Open Technologies for Low-cost loT - WNAZI =3
P A b 1. D-I0T-2: WAZIUP loT and Gateway Deployment Guidelines - WAZI 3
"J . . [Prototyping and Testing: Introduction to WAZIUP loT cloud Platfoﬂ]
Connecting an OLED screen (# =~

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. A10T-2: LoRaWAN with WAZIUP - NAZI [
3, A-CLOUD-1: WAZIUP cloud API reference - NAZI@ 3 4



<M Training & hackathons

@® Technical training sessions
® Hackathons, ...

ted with sensors

)5 C @ @ diywaziup.iofindex.html B - @ 1  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 . ) ) §
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 < [ p—ry 1 [ YT 201020210 3 " 1
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@NAZILLY

Low-cost LoRa loT devices and gateway FAQ

1) Whatis Internet-of-Thing (1oT)?
From ERC (European Research Giuster on the Interetof Thing)
s

Tutorials/resources

https://qgithub.com/CongducPham/tutorials

TUTORIAL ON HARDWARE &

‘l SOFTWARE FOR LOW-COST LONG-
RANGE |IOT

“WNAZIUC)

LIUPPA

‘‘‘‘‘‘

LOW-COST LORA IOT DEVICE:
A STEP-BY-STEP TUTORIAL

CNAZIUCY)

BUILDING AN IOT DEVICE FOR
OUTDOOR USAGE:
A STEP-BY-STEP TUTORIAL

CNAZIUCY

.
PROF. CONGDUC PHAM _-:=I IVERSITE
wrs - aiall ) Pocios

Low-COST LORA IOT DEVICE:
SUPPORTED PHYSICAL SENSORS

“NAZIUC)

it/ wwwaziup eu

The generic hardware platform
The Arduino Pro Mini

GNAZIUCY)

LIUPPA
loNGDUC PHAM Taitoam
JunIv-PAU FR/-CPHAM 4
£ DE PAU, FRANCE

. =
CH .
_-.-l}f]wsnsmz
o oavs o thooun
.

LOwW-COST LORA GATEWAY:
A STEP-BY-STEP TUTORIAL

ITE
ot

CNAZIUCY)

PROF. CONGDUC PHAM
HTTR://WWW.UNIV-PAU.FR/-CPHAM
UNIVERSITE DE PAU, FRANCE

= =
-'=lJr]|v SITE
O
5 oavs o tabouR
0

LOwW-COST LORA IOT:
USING THE WAZIUP DEMO KIT

“NAZIUTY

LIUPPA
PROF. CONGDUC PHAM
HTTR://WWW.UNIV-PAU.FR/~-CPHAM
UNIVERSITE DE PAU, FRANCE

LOW-COST LORA GATEWAY:
WEB ADMIN INTERFACE

CNAZIUCY

LIUPPA
Tateam PROF. CONGDUC PHAM
4 HTTR://WWW.UNIV-PAU.FR/-CPHAM
UNIVERSITE DE PAU, FRANCE
Soara

" .
-'=Lf]|VER E
w"s
2" oavs O Lapoun
0

LOW-COST LORA IOT ANTENNA
TUTORIAL FOR GATEWAY

“NAZIUTY

LIUPPA

.

Taiteam PROF. CONGDUC PHAM
HHHHH /TWWW.UNIV-PAU.FR/-CPHAM

UNIVERSITE DE PAU, FRANCE "

10T DEPLOYMENT WITH WAZIUP
* %k

GUIDELINES, BEST PRACTICES,
TROUBLESHOOTING AND FAQ

CNAZIUCY

PROF. CONGDUC PHAM
HTTR://WWW.UNIV-PAU.FR/-CPHAM
UNIVERSITE DE PAU, FRANCE

. .
-'=Lf]|v

as

25 oavs
»

o} ] =
- ALY
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="MM% YouTube videos @ Intel-

Low-cost LoRa loT
1 gateway

+22000 views

May2021

Low-cost LoRa loT

device

+94000 views
May2021

—
=
W— .

+4600 views
May2021

Setting up a
gateway in 5mins

+9000 views

May2021

https://www.youtube.com/watch?v=2_VQpcCwdd8 https://www.youtube.com/watch?v=CJbUFXLpSok
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ERIMA Is 1t enou g h? S Intel-

B -

gn 8 proach constraints & control mechanisms

Challenges
ALow-cost adaptatlon d|g|ta in

Q: wkad:’s mnssc.ug?

Accurac\j? Sin«\puct!:j?

38



PRIMA & Intel-IrriS

>IN THE MEDITERRANEAN AREA

3, Intel-rri5: Intelligent Irrigation-in-a-box

Sensors

4 AL

39



Support |
System ey

I Knowledge
Database Al

Machine Learning
Deep Learning

Low-cost system based on low-cost sensors and
advanced water-soil-plants-climate interaction models for
higher accuracy of collected measures

and/or local customs and practices

/ “ y {
e \ A “\
Y W 3 | 47
y vy 55 o T N 5
nse \
Intel-Irris will provide seamless T~
integration into existing irrigation system
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3

gggggggggggggggggggggg Low-cost sensors: accuracy? v

S0OIL. SENSN™,

L4
°

fiﬂ, Intel-

.
A )

a

® Build on low-cost, low-power
loT expertise ANAZILUT))

@®@ Increase accuracy of low-cost
sensors by advanced
calibration

® Enable deployment of several
complementary low-cost
sensors: soil conductivity,
volumetric water content, ...

@ Include agricultural models /
knowledge with corrective &
predictive analytics
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Understanding soil water

Source: Christian Hartmann, IRD

® Low-cost sensors usually measure soil water content

@ Soil = a pile of aggregates=3 phases: solid + air & water

Geometry of the Schematical view of water volume capacitive sensors
aggregates & pores the 3 phases
volume

A

S
<—E<—>\<~m<~>1

.
»

Decagon EC5 Gravity SEN193
120 euros 6 euros
Y Y v ‘S S
- accurate under test
Saturated soil

44



.
9
A ]

Y e Soil water? Not enough! @ Intel-

Source: Christian Hartmann, IRD

@ in the soil, the wateris UNDER TENSION
=it is hold by CAPILLARY FORCES

® Water tension is also needed!

A Pressure
gage
tube Unsaturated
zone
1 B
: Porous cup

|

:

WATERMARK
40 euros
IRD
< 5 euros?
SDEC
100 euros
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P Smart embedded control @ Intel-

. . m@ Build on low-cost embedded
ARZIVED o open loT gateway expertise

@ Implement the “Itelligent
Irrigation in-the-box” vision

® Model complex interactions:
water-soil-plant interaction,
evapotranspiration,...

©® Embed Decision Support
System (DSS) and disruptive
Artificial Intelligence (Al)

@ Integration of multiple
knowledge streams

Embedded
Database

GATEWARY

Embedded User :
Interface I

@®@ Fully autonomous



PRIMA

NNNNNNNNNNNNNNNNNNNNN Edge-Al for fully autonomous system™"

® Embed every thing on the loT gateway to provide a fully
autonomous system forthe "Intelligent Irrigation-in-the-box"

,,,,,,,,,,,,

HE THINGS LoRa GW Al Notebooks
ooooooooooooooo

loT - from idea to reality g

WAZINUD)Y)

Integration of multiple I ./son
techniuue type
knowledge streams NI



<MY Machine Learning Techniques

Optimize a . .

performance criterion MaChlne Leal‘nlng BUbblEGh'ar‘T T~ °
using example data or P - . N
past experience ,° 'S

~leaningful
Compression

Structure 7 : Image

i _ma Customer Retention N\
Discovery + Classification

.

A lot of
statistic v @=at=-@ " ,'lldegiyc;rﬁiﬂ Classification g JEIES
methods Representatio

Unsupervised Evaluation Supervised ST

Learning ® QN Learning Weather

Forecasting

Recommender
Systems

Clustering Regression
Targetted

Marketing

Machine e

Growth
Prediction

Market

Customer L Estimating .
M | carning s .
[ )
Role of Statistics: S _-
Inference from a S rm i =
sample
Role of Computer science: el ST Game Al
Efficient algorithms to (i)
solve the optimization Reinforcement
problem (ii) represent and Learning
fevaluate the model for Robot Navigation Siill Acquisition
inference
Learning Tasks MACT (J RES

Data Science Team

.
Forecasting /7

-

/

a ¢ 2
a?®y

2 Intel-

Classification

Logic
SVM
Random Forest
Hidden Markov

Regression
* Lasso
e Ridge
* Loes
* KNN
* Spline
* XGBoost
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Supervised Learning

®© ML model is presented with input data which is labeled
®© Each input datais tagged with the correct label.
@® The goal is to approximate math operations in the ML model so

well that when presented with new input data, the ML model can
predict the output variables for that /input data.

TRAINING (__—_—_> To build the system

—

TESTING
DATA

DATA

To check the
correctness of the
system

I
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= % Spam Mail Example

®@ On the left side of the image,
some data is marked as ‘Spam’
or ‘Not Spam’. This is /abeled
data. This data is used to train
the supervised model, the
intelligent program (at center
of the image).

® Trained model is tested with
new mails (on the top of the
image) and checking if the
output of the supervised model
is correct (on the right side of
the image).

(-31

Not

©
=" I

Learns
®

Spam

New Mail

into some class

\

Categorical Not
Separation SPam

®

Spam

\ Enables the machine to be trained to classify observations /
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' Types of Supervised Learning ¢

@ Classification: A classification problem is when the output is a
category, such as “red” or “blue” or “disease” and “no disease”.

@© Regression: A regression problem is when the output is a real
number, such as “dollars” or “weight”.

Classification Regression
\\ .
. T 4 o ®
R |- (Y
\\\++ — g ./”
\\ + . ,.'
.f‘.. x\\ ' ‘ ”’
°®, . % *° ¢
.e. . \\\ f,‘..
e *a” .
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Regression

© Dependent variables: the main event or factor to understand or
predict. Also known as explanatory variable.

@ Independent variables: the events or factors suspected to have
an impact on the dependent variable. Also known as response
variable.

INDEPENDENT VARIABLE DEPENDENT VARIABLE

VARIABLE THAT IS CHANGED VARIABLE AFFECTED BY THE CHANGE

Size of Plant
Amount of Water Number of Leaves
Living or Dead?

o wr
—A
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= =% Types of Regression

@ Simple regression: single independent
variable for a single dependent
variable. It is very common to name
the independent variable asx and Y as
the dependent variable

x: number of cricket chirps
Y: temperature

® Multivariable regression: multiple
independent variables, x,, x,, x5 for a
dependent variable Y.
x4- humber of cricket chirps
X,: rainfall
X5: automobile traffic ,,
Y: temperature 53
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< "M% It is NOT ONLY about technology! * "<

Improve farmer's knowledge on water-relatec
issues, foster local adaptation oftechnologies,

increase local innovation capacity and
facilitate technology appropriation

Farmer Training Program_

Smallhoder Piloting Plomam ‘

Starter-Kits...

e el Stake holders- e S

international | ‘(‘JU[\ Agenues t ke h O I d e rSr rmer Training Program

A St altel—Klts Starter KItS Create Sy nergies

of needs

Innovation hubs specific
parameter, F Dlsscmmdtlon Events -l- P U;)Ln source software
Socio-economicactors g Technological possibiliti a ral n I g r g C > S
A S ner Piloting Program Stakchoiders O, Cete e "’Gov AgenCIes
/ \[ 1k lelg ers Shkchnldus to\ Ager \UL ® Starter-Kits
Starter-Kits
Decision-makers & PN Starter-Kits I Ot I n rO r a I I It |m:u \\l:v-lz es
Stakeholders involvement lﬁ. i .
Competltlon & Challenges Farmer Trammg Program Startups, Entreprenelirs

C Stakeholders o Create Syr & C h I | Dissemination Events
echnical, social, . G Ag S

:nv';m""l‘emall evaluation ()\'” wU“ :‘( m O p t l t I O n a e ge S Stdlt(l Klt\
::;’:::'::& R N . GOV AgenCIGS s C nm;u tmun & Challenges Gov. Agencies

Smallholders

ol =N <. “%'<Fh0'd0'*DISSGmInatI “Events

evaluation

. 3 Competition & Challenges ¢
s (JpEN-SOUFCe software |
; Startups, Entrepreneurs “Asencies
Large-scale adoption of low cost smart Opersole sopes P

irrigation system by smallholders,

stimulating synergies between various
local actors
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Smallholder Piloting Program 9

@© Participatory approach to co-design & test
the innovative solutions in fields

@® Take into account region-dependent
technical, agricultural, social, climatic and
environmental aspects

@ Will run for 30 months to ensure that the
proposed irrigation systems are well tailored
for the specificities of the regional context

@ 9 farms already enrolled to participate in the
Piloting Program

® Scale-up to involve at least 20 small-scale
farms




Farmer Training Program

@® Run in parallel to the Smallholder Piloting
Program

@ Increase smallholders’ knowledge so that
they can familiarize with the proposed
technologies, tools and practices

® Specific training materials will be created for
that purpose and dedicated training sessions
will be organized in coordination with the
Smallholder Piloting Program

@ Increase engagement of final users

® Recruit for Smallholder Piloting Program and
distribution of starter-kits




PRIMA & Intel-

ﬂﬂﬂﬂﬂﬂ Conclusions

@ Internet-of-Things provides the unique feature to make things
"talk" to us: localisation, surrounding environmental conditions,...

@ It has unique capabilities in helping humanity to

reach more sustainable development
. . . )y SUSTAINABLE :‘"’ ALS
® Adapting loT solution for smallholdersis DE"ELOP
| i ol =
the next decade challenge! /e | i
©® Next generation sensors such as cameras, —
spectrometers, hyperspectral cameras,. . Y
. : S e I
will provide possibilities to further T
optimize a number of complex processes ;:‘:, | . E
®@ We have more than 8 years expertise in el 17 e
developping & deploying low-cost |oT . . 333!?5%?#5
in Africa with 4 EU H2020/PRIMA projects



DESIGNING AND DEPLOYING
LOW-COST IOT: DIGITAL

AGRICULTURE OPPORTUNITY FOR
SMALLHOLDERS
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