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Home/consumer loT products =
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Monitoring the physical world EE'@
ENAZILE)

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

Cuperting, o
Cupertiy

10,CA




Monitor, Optimize & Control !
UNAZIUC)

MONITORING

7 2189 | 23.10
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Example 1: Cities

Libelium Smart World o
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Example 2: Farming & Agriculture ,
WNAZIUC)
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loT in agriculture= smart agriculture E-"3
NAZIUCY

loT in Agriculture: 5 Technology Use Cases for

Smart Farming (and 4 Challenges to Consider) ~ The adoption of loT solutions for agriculture is
constantly growing. Namely, Bl Intelligence predicts

that the number of agriculture loT device
installations will hit 75 million by 2020, growing 20%
WAYS THE IOT annually.
et At the same time, the global smart agriculture
market size is expected to triple by 2025, reaching
$15.3 billion (compared to being slightly over $5
billion back in 2016).

A Eastern Peak

* Data, tons of data, collected by smart agriculture sensors, e.g. weather conditions,
soil quality, crop’s growth progress or cattle’s health. This data can be used to track the

state of your business in general as well as staff performance, equipment efficiency, etc. i CI | mate Cond |t|0ns

* Better control over the internal processes and, as a result, lower production risks. L] G reen h ouse a uto m at| on
The ability to foresee the output of your production allows you to plan for better product . . .
distribution. If you know exactly how much crops you are going to harvest, you can make ¢ Plant & SOII mon Ito rl ng
sure your product won't lie around unsold. ° Fert|||zer Opt|m|zat|on

° Cost management and waste reduction thanks to the increased control over the ° r man m nt
production. Being able to see any anomalies in the crop growth or livestock health, you |I C Op a age €

will be able to mitigate the risks of losing your yield.

 Livestock monitoring
° Increased business efficiency through process automation. By using smart devices, ° E ] d _to_e N d fa rm mn g‘t

you can automate multiple processes across your production cycle, e.g. irrigation,
fertilizing, or pest control.

° Enhanced product quality and volumes. Achieve better control over the production
process and maintain higher standards of crop quality and growth capacity through
automation. 9



Most of existing system are not adapted
for small holders

GPS in Agriculture
A

afimilk

Manage your farm smarter

s

Soil Moisture
Measured at
Multiple depths
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42 SMALLHOLDERS =

k,.. AND FI\M"-Y
“BARMERS .

2 - Smallholders are small-scale farmers, pastoralists, forest keepers, fishers who manage
DID YOU KNOW? 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.

ENVIRONMENT | Eighty percent of the farmland in sub-Saharan Africa and Asia is managed by

i 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 AVERAGE SIZE OF AGRICULTURAL HOLDINGS (ha)
many rustic and climate-resilient varieties and breeds alive. 2500

b

economy  Out of the 2.5 billion people in poor countries living directly from the food and
agriculture sector, 1.5 billion people live in smallholder households. Many of those
households are extremely poor: overall, the highest incidence of workers living with
their families below the poverty line is associated with employment in agriculture.

sociL - Women comprise an average of 43 percent of the agricultural labour force of
X P ) developing countries up to almost 50 percent in Eastern and Southeastern Asia and
h ¢%  sub-Saharan Africa. Should women farmers have the same access to productive
resources as men, they could increase yields on their farms by 20-30 percent,
lifting 100-150 million people out of hunger. Women are the quiet drivers of change
towards more sustainable production systems and a more varied and healthier diet.

covernance  Smallholders provide up to 80 percent of the food supply in Asian and sub-Saharan
Africa. Their economic viability and contributions to diversified landscape and culture
is threatened by competitive pressure from globalization and integration into common
economic areas; their fate is either to disappear and become purely self-subsistence
producers, or to grow into larger units that can compete with large industrialized farms.

\\v/ Food and Agriculture Organization

of the United Nations

«e€
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B
loT in developing countries and rural areas calc: o
ARZILTY)

d Developing countries/rural areas are still far from
being ready to enjoy the smallest benefit of |oT
A lack of infrastructure
d high cost of hardware
d complexity in deployment
d lack of technological eco-system and background

 to deploy loT in developing countries, it is
necessary to target three major issues
[ reduce cost of infrastructures, hardware and services

A limit dependancy to proprietary infrastructures and
provide local interaction models

A target technology appropriation, push for local
business models
13



Making loT happening! —
CNAZIUEY)

loT infrastructures
and use cases

Innovative loT
technologies

Knowledge
dissemination &
training

Exploitation plan and Communication & Sustainable & long-

community building term innovation

innovation hubs

14



0
CANRZIUT)
4 Build low-cost, low-power, generic |loT platform

d Methodology for low-cost platform design

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

Generic loT v.s. highly specialized

/’ rauin
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i INPORTANT Logical !
i AES Long-range [ 9 !
| . o sensor |
M encryption transmission !
' mgmt ;

LK -mw"l -
TR Activity

duty-cycle,
low power




15t issue: collect data?
ANRZILUTY)

MONITORING

2189 | 23.10




Telemetry and Transmission cost

CNAZIUTY)

Soil moisture

monitoring "
D

GPRS

x t:_:

R R .

Range O: 300m

(I=Indoor, O=0utdoor) I 30m
Tx current
consumption

Standby current 2.3mA 3.5mA NC
17



Energy consideration i

CNAZIUTY)
TX power: 500mA. Mean consumption: (8sx500+3592sx0.005)/3600=1.11mA
500mA 8s
| | B
: Eg ;§ 4 2500/1.11=2252h = 93 days
2500mA
0.005mA
3600s
eem || L
Range O: 300m
(I=Indoor, O=0utdoor) I: 30m

Tx current
consumption

Standby current 2.3mA 3.5mA NC




L]
Low-power & long-range radio technologies o
CANRAZIUCY)
Energy-Range dilemma
Energy
Long-range
Low-power
2G/3G/4G
o WM
=1 )
=
&
WLA
802.15.3
802.15.4 Bluetooth 802 15 3
WPAN 802.15.1 15.3a
- 802.15.3¢
0.01 0.1 1 10 100 1000

Low throughput pata Rate (Mbps)

19



Tables from Semtech

Energy consumption comparaison E-T%

ARZIUTY)
Lo Power
Range N/A O: 300m O: 90m Same as
(I=Indoor, O=0utdoor) I: 30m I: 30m 2G/3G
consumption
Standby current 2.3mA 3.5mA NC 0.003mA 0.001mA
Energy harvesting No No No Possible Possible
(solar, other)
Battery 4-8 2-4 50 120
60hours SR .
2000mAh hours(com) hours(com) hours(com) (com) hours{com)
(LRG battery) 36 days(idle) X hours(idle) X hours(idle) 10 year(idle)

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

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

20



Increasing range? callec:
GNAZILE)

d Increase TX power and improve RX sensitivity

d Generally, robustness and RX sensifivity can be
Increased when transmitting (much) slower

d LoRa increases tfransmission time (spreading
factor) as longer range is needed. 200bps-

37.9kbps

LoRa Demodulator

SpreadingFactor Spreading Factor

<€ Range
(RegModulationCfg) (Chips / symbol) SNR
- 6 64 -5dB
125 125 125" 2500 - Bandwidth (BW)(bps) 7 128 -7.5dB
10)23% Bitrate (BR)(bps) 8 256 -10dB
e e 9 512 12.5dB
5,468 10 1024 -15dB
31125 _108 11 2048 -17.5dB
9761 757 20 Receive sensitivity (dBm) 12 4096 -20dB
292 537
2129 —
-136 —133 ~132 Time-on-air and consumption 2 1




The price to pay!

[ 4]
QR £ o)
—_rm

WANAZIUTY)

Ra>ge

mduﬁr@ul

Very low throughput: 200bps is 0.0002Mbps! WiFi is 54Mbps
Transmission time can be several seconds

time on air in second for payload size of

LoRa 105 155 205 255 max thr. for
bytes Bytes Bytes 255B in bps
3 1.09978 | 1.50938 | 1.91898 | 2.32858
4 500 4/5 12 | 0.23962 ‘ 0.60826 | 0.93594 | 1.26362 | 1.63226 | 1.95994 1041
5 250 4/5 10 | 0.14029 ‘ 0.34509 | 0.54989 | 0.75469 | 0.95949 | 1.16429 1752
6 500 4/5 11 | 0.11981 ‘ 0.30413 | 0.50893 | 0.69325 | 0.87757 | 1.06189 1921
7 250 4/5 9 0.07014 ‘ 0.18278 | 0.29542 | 0.40806 | 0.5207 | 0.63334 3221
8 500 4/5 9 0.03507 ‘ 0.09139 | 0.14771 | 0.20403 | 0.26035 | 0.31667 6442
9 500 4/5 8 0.01754 ‘ 0.05082 | 0.08154 | 0.11482 | 0.14554 | 0.17882 11408
10 500 4/5 7 0.00877 ‘ 0.02797 | 0.04589 | 0.06381 | 0.08301 | 0.10093 20212

Transmitting: TC/22.5/HUM/67.7 ; about 20 bytes with packet header
Time on air is 1.44s

22




2"d jssue: low-cost hardware ,
WNRZIUTY

void setup () {

}

ARDUINO

void loop () {

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.

GO-L p
,,@ ARDUINO MEGA 2560

e ARDUINO MICRO
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Large ecosystem, still growing... <P
viRAZIUTY)

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

Arduino Pro M|n|
@.0@@0@00000.".“

GND RST
e \\J [_i_ﬁ
N g

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

next-iot-project/ 0000000000000 0
.-. @ .. HRIHHTTHTHE IE-.

= ﬂ.
e *
fitti ms-IL_
0.... @9
Teensy 3.2

STM32 Nucleo-32

s e obubb\/\)wb-bhyh‘« k

208 000

Adafrmt Feather L r / LT L —
Sparkfun ESP32 R TS Ter rrraxy |inyduino
Thing Tessel 24



... stimulating worldwide
"Do-it-Yourself" projects

d DIY usually means

¢ ]

CNAZIUTY)

d More open-source software from larger community

d More flexibility

E Projets DIY

Impression3De ArduinoePieloT

Domotique | loT ¥ Arduino | ESP8266 | ESP32 v Raspberry Pi| Orange Pi ¥ Impression3D  Projets BonsPlans v Forums v

N

s plans et codes promo

ood de Novembre 2017.

EleksMaker, Doogee, Xiaomi,
EAchine

-

B et todes promo

earbest de Novembre 2017.
QOnePlus 5, Xiaomi, Chuwi,
Creality3D et bien d’autres

@ rinterest

Bricolage et artisanat > Arduin

Arduino

s 1o tomps d'aller 3u

BREADBOARD ARDUINO

&

Solar Powered

WiFi Weather Station

ARDUINO
PROJECTS

ARDUINO:
INSTALLATION

Simple

—_ Electronic




Full Do-I1t-Yourself approach Ef'@
GNAZIUS)

\

CNAZVEFTY
U e

26



Still DIY but simple PCBs make it

much easier for developers CNAZIUCY

E\¥4/7

©60090000000000 *

O 205000009923298
55000000

00000000 6606060
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Ready-to-use loT Kkits i
CNAZIUTY)

d 1 Arduino Pro Mini + FTDI breakout + 1 Ardumo Nono
O RFM95 w/breakout + V4 wave antenna X 1
d 1 PCB w/integrated antenna (tunable)

d 0.96" OLED screen

d Jumpers+battery pack+case+breadboard
d Some sensors (LM35DZ, TMP36, DHT22, ...)

Arduino Pro Mini @3.3V Arduino Nano

7 \1, ZGNDnTngj).(o
e b
lel g S
<x® 87, \\‘QQE, 1:
..Q.......




Using the loT kit oy

NAZIUT)

d For both training (knowledge dissemination) and
device integration (startup, entrepreneurs)




39 issue: simple development cycle E™
ANRZILUTY)

Soil moisture
monitoring

10-15kms é\
|L§ﬁ?a'

Physical Physical Physical
sensor sensor sensor

______________________________________________________________________________

- ceccecccccce WAL "'l
Physical ?,,?‘ RN ,‘!*"@C]’ IMPORTANT

:DQC
Sensor

Activity |
duty-cycle, &
low power &

mgmt

-vmw'l'l
INPORTANT

Logical
sensor
mgmt

Long-range
transmission

encryption

Bl

______________________________________________________________________________




100% open-source code templates

CNAZIUCY)

Arduino_LoRa_temp | Arduino 1.6.6

* temperature sensor on andlog 8 to test the LoRa gateway

N

* Copyright (C) 2015 Congduc Pham, University of Pau, France

.

* This program is free software: you can redistribute it and/or modify

* it under the terms of the GNU General Public License as published by

* the Free Software Foundation, either version 3 of the License, o

*(at your option) any betmesemodien... -
Arduino 1.6.6 Teensyduino 1.27

* This program is distri

*  but WITHOUT ANY WARRAM

* MERCHANTABILITY or FIT * ua:'

* GNU General Public Lic "

: Genuino

*  You should have receir

* along with the progran ARDUINO

.

[

v AN OPEN PROJECT WRITTEN, DEBUGGED,
AND SUPPORTED BY ARDUINO.CC AND
// Include the $X1272 THE ARDUINO COMMUNITY WORLDWIDE
#include "SX1272.h"
LEARN MORE ABOUT THE CONTRIBUTORS
// TMPORTANT oF on arduino.cc/cradits
SILLLIILILLIIILI 1111777 s v
/7 please uncomment only
Ve
// it seems that both He
// boards we set the in’
Ve
// uncomment if your radio is an HopeRF RFMO2W or RFMOSW
#define RADIO_RFM92_95
// unconment if your radio is a Modtronix inAir9B Cthe one with 420dBm features), if inAiro, leave comment
//#define RADIO_INAIR9B
N e e e L e s ey

77 TupDnDTANT

av o

/ 3.1, Serial, 72 MHz optimized, US English on /dev/cu.usbmodem1433801

L] CongducPham / LowCostLoRaGw

<> Code (@ Issues 161

Branch: master v

Congduc Pham update SX1272.cpp

@ Arduino_Encrypt_LSC_v2

8 Arduino_GPS_Parser_GGA
8 Arduino_LoRa_Demo_Sensor
8 Arduino_LoRa_GPS

8 Arduino_LoRa_Gateway

8 Arduino_LoRa_Gateway_ 1_4

8 Arduino_LoRa_Generic_DHT

8 Arduino_LoRa_Generic_Simple_Mu...

8 Arduino_LoRa_InteractiveDevice
8 Arduino_LoRa_Ping_Pong

8 Arduino_LoRa_Ping_Pong_LCD

8 Arduino_LoRa_Radiohead_Example

8 Arduino_LoRa_Simple_DHT

I Pull requests 2

1" Projects 0 [ Wiki

LowCostLoRaGw / Arduino /

update LSC lib and related examples
update Arduino examples
update Arduino examples
update Arduino examples

update lora_gateway.cpp and SX1272.cpp

improve management of transmission power, add channels in 863-865

update Arduino examples

update Arduino examples

update Arduino InteractiveDevice

update Arduino examples

update Arduino examples

update README and example sketch for RadioHead lib

update Arduino examples

LowCostLoRaGw github has latest general distribution:
https://github.com/CongducPham/LowCostLoRaGw

Many examples using various temp/hum sensors
https://github.com/CongducPham/LowCostLoRaGw/tree/master/Arduino

© Unwatch~ 62

L1 Insights

W Unstar 397 YFork 213

4 Settings

Create new file = Upload files = Find file = History

Latest commit 114deed 7 days ago

2 months ago
a month ago
a month ago
a month ago
26 days ago

2 years ago
a month ago
a month ago
a month ago
a month ago
a month ago

a year ago

a month ago




Large variety of examples to learn and adapt

[ CongducPham / LowCostLoRaGw

<> Code Issues 96

Branch: master v

Congduc Pham update README files, fix MD5 digest computation of gw id, always use ...

s Arduino_LoRa_GPS

i Arduino_LoRa_Gateway

8 Arduino_LoRa_Gateway_1_4

8 Arduino_LoRa_Generic_Sensor
8 Arduino_LoRa_InteractiveDevice

i Arduino_LoRa_Ping_Pong

B Arduino_LoRa_Simple_BeaconCol...

B Arduino_LoRa_Simple_SoilHum

8 Arduino_LoRa_Simple_temp

@ Arduino_LoRa_SoilHum

8 Arduino_LoRa_temp

a Arduino_LoRa_ucamll
i libraries

[E) README.md

Pull requests 2

LowCostLoRaGw / Arduino /

Projects 0

@® Unwatch~v 49 Y Unstar 216

Wiki

update README

update gateway r
improve managen
update Arduino e
update Arduino e
update Arduino e
update Arduino e
update Arduino e
update Arduino e
update Arduino e
update Arduino e

update image sup

update README f

Arduino_LoRa_Demo_Sensor is a very simple demo sketch for training purpose. The main program, i.e.
Arduino_LoRa_Demo_Sensor can be left unchanged by the students. They just have to add/modify code in
my_demo_sensor_code.h and my_demo_sensor_code.cpp to adapt the code for a given physical sensor. The provided example
reads from either an LM35DZ or a TMP36 analog temperature sensor. The sensor is connected on pin AO and is powered
with digital pin 9.

Arduino_LoRa_Simple_temp uses the same simple structure than Arduino_LoRa_Demo_Sensor where my_temp_sensor_code.cpp
contains the code to read values from the physical sensor (which is still either an LM35DZ or a TMP36 analog temperature
sensor). Additionally, this example illustrates how to implement periodic sensing with low-power mode to run on battery for
years. The sensor is connected on pin A0 and is powered with digital pin 9.

Arduino_LoRa_Simple_DHT shows how a more elaborated digital sensor such as the DHT22 (also known as AM2302) can be
used. Code for DHT sensor is provided by the DHT library by Adafruit. This example therefore shows how you can use
libraries provided by third-parties which is most likely the approach that you will use if you need to support a new physical
sensor. Note that the DHT code can also be used for the AM2305 sensor. One advantage of the AM2305 is that it usually
comes in an outdoor casing which make it suitable for outdoor and real-world deployment scenarios. Note that as it is a
very simple example, only one physical measure is provided. In the example, it is the temperature even if the DHT22 sensor
can provide both temperature and humidity. The sensor is connected on pin AO and is powered with digital pin 9.

Arduino_LoRa_temp ends the simple temperature example serie. It illustrates a more complex example with AES encryption
and the possibility to send LoRaWAN packet. It can also open a receive window after every transmission to wait for
downlink message coming from the gateway (to do so, uncomment #define WTH_RCVW ). The template shows for instance
how an '/@Ax#' command from the gateway can be parsed to set the node's address to 'x'. It can serve as a template for a
more complex LoRa loT device with actuation capability on downlink packets from the gateway. The sensor is connected on
pin AO and is powered with digital pin 9.

update README

T =4 T =4 T 7 ra =4

19 days ago
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Tutorials/docs and videos

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

UNAZIUTY

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

' r‘IVERSITE'
DE PAU ET DES
PAYS DE LADOUR

CANAZIUTY)

.
Congduc Pham, http://cpham.perso.univ-pau.fr
http://www.waziup.eu

The generic hardware platform
The Arduino Pro Mini

The Arduino Pro Mini is a compact form factor Arduino board based on the ATmega328P microcontroller
Use the 3.3v and 8MHz version of the Arduino Pro Mini for lower power consumption

You can get the original board designed by Sparkfun or get one of Depending on how many sensors you want
the various clones available mainly from Chinese manufacturer. The to connect, the number of ground (GND)
last solution is very cost-effective as the Pro Mini board can be pins may be limited. You can extend a GND
purchased for a bit more than 1€ a piece. pin with a header pin where all pins are

soldered together.
The LoRa radio module

There are various LoRa radio modules that are all based on the Semtech SX1272/1276 chips family

@
—

LoRa
=

Fully tested LoRa LoRat276

radio modules HopeRF RFM92W/95W Libelium LoRa Modtronix inAir4/9/98 NiceRF LoRa1276

Most of SPI-based LoRa radio modules are supported. We recommend the
Modtronix inAir model if you don't have delicate soldering experience as this
module can come with header pins ready to be connected with Dupont wires.

The RFM95W can be found assembled (Adafruit) or an adapter can be
purchased (from Ideetron for instance)

Connect the corresponding SPI pins of the radio
module to the SPI pins on the Pro Mini board. MOSI
(blue) is pin 11, MISO (green) is pin 12, CS (white) is
pin 10 and CLK (orange) is pin 13 (right picture).
Then connect also the VCC (red) and the GND (black)
of the radio module to the VCC and the GND of the
board (right picture). The VCC of the Pro Mini board
gets 3.3v from the on-board voltage regulator.

Uz ARZIUT)
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From generic to specific agri-domain... E- S
CNAZIUS)

%

Bin presented at Woelab

Photo from EGM
Photo from UnparaIIeI,



..to capture specific parametrs callec:
UNAZIUTY

Different types of crops

X
Y/
\‘_,‘
L WA
%
[ )
A

7 parameters

* SH: Soil Humidity ‘
+ TP: Temperature e
* HD: Humidity - | mm
« WD: Wind Direction| ;4 ‘

. U W -
* WS: Wind Speed | —
* WG: Wind Gust

 RA: Rain Amount

Turbidity

From WAZIUP project 35
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In Africa, the practice of animal hu baﬁdry ham&Q %
- always been and still remain farmers’livelihood " -~
. and incomes =

List of devices

2 0 e e e e

- Their main problem in this activity remain the
- cattle rustling and some families are put in
 dramatic situation after a theft (reported 2
billions CFA losses)

KUMAH FARM, GHANA

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

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

1 The farm comprises 30 constructed fish
ponds, a farm house, a recirculating g
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 y
inside (temperature, humidity) >

Buoy j‘

_ L

3 Water Sensors (pH, Dissolved ¥
Oxygen, Temperature) 30 cm ;" g

below surface

Mesh tube to protect the sensors =

“NAZIUCY

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

O Farm located at less than 2 km from UGB.

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

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

O The water in the pond is changed every 10 days




UBG FARM, SENEGAL

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

Mﬂf 1 * oy




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

3
°
o
°
©
©
©
©
s
©
)

From Unparallel for WAZIUP

LOCAL WEATHER STATION FOR AGRICULTURE

In agriculture, different factors can be monitored. Having the ability to control those factors is the
key to increase the productivity.

Agriculture MVP requirements:

Obtain and produce weather related
information which will be used to advise the

farmers!
httpsi//openweathermap.org/ Combine with
=
> open weather
s data to
= a get more
-
accurate

. predictions

Get local weather
measurements

Weather Web App

Pilot sites: Senegal, Togo, Ghana, Burkina Faso




Deployment for .Nestle S "
WaterSense project CNAZIUECH

- U

Ly ) WAZIUP Dashboard x |\ +

é @ watersense.waziup.io/sensors/WS_FARM1_Sensor2 c Q, Rechercher

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

%@3 WATer) Sense

Historical Data

Period View
MONTH WEEK

-o- SM1 (20cm)

Over Irrigation Zone -o- SM2 (40cm)

oo

e

Optimal Moisture Zone

Over Dry Zone

b oo

G T T T T T T T T T T T
June June June June June July July July July July July July

WATer)Sense Code licensed under Apache 2 ©® 2016 Waziup.io
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DIY GPS collar for Cattle Rustling
WNAZIUCY

] ; It is possible to use
2 AA batteries | a standard banana

will power the board ; cable
with an autonomy of
several months

Use an Arduino Pro

o T | Then you need a water-
LIS e ' C ——— proof box Bl , 2 small
\ . cable gland K@, 1 male
connector (MC) [l and 1
female connector (FC)




Building the GPS collar
NAZIUS)

d A dedicated tutorial addresses the open, DIY
GPS collar design

GPS GND

N-Channel ' In acquisition mode,

3 the device consumes
about 55mA (NEO
7M/M8N) and about
75mA (NEO 6M). In
sleep mode with GPS
off, it consumes only Connect the VCC from the battery pack to the first end
5uAl 1 of the cable [ P through the cable gland. Connect

\ GND from battery pack to GND on the Pro Mini.

Insert strongly the female connector in the cable gland,
put some glue if necessary [El. Then connect the wire
to the other VCC pin on the PCB.

The GPS VCC is directly connecte g ‘ N When plugging the male connector to the female
of the PCB's VCC that will deliver 3.3v ‘o @Y connector [El, the system will be powered.

Again use double-side

tape, those used to fix

mirror on walls, to fix the

GPS module to the box.

Do the same for the

antenna. Add tape if

necessary, to secure the ( You use a commercial cow ¢

GPS antenna. 4 https://www.agrodirect.fr/coll meros/1475-collier-pour-id
[ bleu.html, for less than 5€
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Web interface for viewing GPS collar

devices

a web interface is embedded
on the gateway and can be
displayed from a smartphone
or tablet

fast visualization of each collar
device's distance fo the
gateway

direct access to each collar
device GPS and last received
transmission data

definition of a safe zone where
collar devices will be displayed
in green

definition of a maximum time
window for the last GPS
reception from a collar
device: those collars that
exceed the time window will
be displayed in black

can work offline with no
Infernet connection in which
case the background map is
not displayed (unless a map is
downloaded on the gateway
beforehand)

the distance indication, as well
as safe area indication, are
always available

<« C o

£¥ Les plus visités @ Débuter avec Firefox W) WAZIUP

@ 192.168.200.1:8080

90 %

Refresh

@ %

L]
ooz
R Lzl )

NAZILSY

-

Q_ Rechercher

N @ =

Search

lat : 16.087383

dist : 337.06 m

C

Igt : -16.365204

List of devices

30 31

32 33

Field

agw

src

name

distance

state

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

Value
00000027EBSA71F7
31
waziup_UPPA_Sensor31

134

sssss

(N 9 \
Loaflet | Map data © OpenStroethap contributors, CC-BY-SA,
imagery © Mapbox

List of devices




Impact analysis

CNAZIUTY)

From WAZIUP project

Agriculture: waziup benefit to users
-

What do you think about technology to help you?
We were very happy to have the soil moisture sensors in
our farm”.

How do you feel the benefit that WAZIUP
technology can bring to you?

“Water is a very essential component of our operations.
And with the soil moisture sensors, we will be able to
know how much water we should use to irrigate the
vegetable beds. This will help us save water as we will

Mr. Douglas Ansah —
Chief Farmer —

not be over irrigating the farm”

Do you see already indirect or direct benefit?

“There is already a direct benefit because by knowing the
moisture in the soil, we are able to use energy efficiently
since we use manual means to do everything on the farm.
Also, we will be conserving water which means we can
have water all year round.”

Peace and Love

Farms, Ghana (NAZIIOY

It's all about saving
water, fertiliser

J

Cattle rustling: benefit to users
—

0 this is not a direct production benefit but an
insurance to economic and physical risks (ie with

Interested by collar: Yes

Is 50 euros an acceptable

price? No

Acceptable price : 30 to 40 euros
Cow cost : local cow 450 euros
for a female and 750 to 900
euros for a male

violence)

Mor Séne, 20 years old

NAZEIDY
It's all about securing

investment (the cattle)

Aquaculture: waziup benefit to users

. What do you think about technology to help you?

“In the past, we have researchers who bring their sensors when they
are conducting research and then the sensors are taken away.
Having an automatic sensor to measure the water quality of our
ponds is welcome technology. And we are able to know what the
water quality is and what measures we can take to resolve issues.”

o How do you feel the benefit that WAZIUP technology can
bring to you?

“With these sensors in our pond, we know the DO mostly goes very

low between dawn and morning which made us reduce the quantity

of fish in the pond in order to reduce the stress level. We are also

working on getting a very low-cost aerator to install to help us

increase the DO in the early mornings.”

o Do you see already indirect or direct benefit? (NAZEJO

“There is already a direct benefit because by knowing the challenge
of the fish getting stress in the morning, we have taken measures to "-’S d" a bon to
reduce the mortality rate which will increase our harvest.”

Nana Siaw, Managing
Director, Kumah Farms

. What global statement can you make?

improve production
thus revenue

“| believe the sensor is of immense benefit to we the fish farmers and
| will always recommend it to my other farmers to get some. The
project is good and it was interesting to see improvement in the
sensors during the project phase.”

Aquaculture : waziup impact
N

O Emilie Vital Coly, Manager of Agriculture organisation
of Ndiawdoune, Senegal : « Per season, | have a
turnover of 2,5 to 3 Millions CFA. The benefice is about
1 million CFA. | could be ready to give 1/5 ( = 200 000
CFA, approx. 300 euros) for renting on 6 months (
duration of the season)”

O Ibrahima Khalil & Seydina Kane, Management of fish
farm, St Louis, Senegal ¢« On each season we observed a
loss of 50000 CFA (about 80 euros) due to mortality. |
am ready to invest 300 000 CFA ( approx. 457 euros)
for a device if data would be reliable »
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As of 2011, the global size of

By 2014, it's anticipated

40 ZETTABYTES It's estimated that dattarrlin! hdes:m:)care was S there will be

[ 43 TRILLION GIGABYTES ] 2.5 QUINTILLION BYTES e 420 MILLION

of data will be created by [ 2.3 TRILLION GIGABYTES ] I e 150 EXABYTES WEARABLE, WIRELESS
[ 161 BILLION GIGABYTES ]

2020, an increase of 300 2 20 of data are created each day HEALTH MONITORS

times from 2005

4 BILLION+
HOURS OF VIDEO

are watched on
YouTube each month

You
[ Tube )

FOURV’s
of Big
Data

6 BILLION
PEOPLE

have cell
phones

30 BILLION w P& L
From traffic patterns and music downloads to web P|ECES UF CONTENT m
history and medical records, data is recorded, are shared on Facebook

— stored, and analyzed to enable the technolog
Most companies in the Ll oy il every month
and services that the world relies on every day.

U.S. have at least 400 MILLION TWEETS
But what exactly is big data, and how can these

100 TERABY |ES 2 P s of sed? are sent per day by about 200
massive amounts of data be used? million monthly active users
[ 100,000 GIGABYTES |

of data stored As a leader in the sector, IBM data scientists
break big data into four dimensions: Volume,
Velocity, Variety and Veracity

WORLD POPULATION: 7 BILLION

The New York Stock Exchange Modern cars have close to Depending on the industry and organization, big Poor data quality costs the US

1]
DU,
captures 100 SENSORS data encompasses information from multiple . economy around
1 TB UF TRADE that monitor items such as internal and external sources such as transactions, X . . $3.1 TRILLION A YEAR
fuel level and tire pressure social media, enterprise content, sensors and don’t trust the information . il
|NFORMAT|0N they use to make decisions

mobile devices. Companies can leverage data to
adapt their products and services to better meet
customer needs, optimize operations and
infrastructure, and find new sources of revenue.

during each trading session

‘,AﬁAll.(Y)S(I:Sl;y ?42 CI)WIISLLIUN ITJ0BS teSPd Veracity
STREAMING DATA W\.JI be created globally to support big data, A ] UNCERTAINTY

with 1.9 million in the United States € - - 0F DATA

By 2016, it is projected in one survey were unsure of
there will be how much of their data was

18.9 BILLION inaccurate
NETWORK Q
CONNECTIONS

YYyYyYyYyYyYyYyYyYyyYyyYyyy
et TTTTTTTTITT

Sources: McKinsey Global Institute, Twitter, Cisco, Gartner, EMC, SAS, IBM, MEPTEC, QAS




Analyse the data Py

CNAZIUTY)

d What is the meaning of the collected data?

d Example with farming

d What is interesting for farmers?
e Fertility detection
e Eafing/Ruminating time for welfare
d What data can be easily obtained?
e accelerometer data with neck-mounted collar

d How to detect relevant event from these data?¢

Activity Level

l@m:mbazou ;Jandrxeceéng;”T mli] 90| 12°Ida‘y.'..
Advanced data analysis T

Fig. 3. Illustration of a rise in activity accompanied by a fall in rumination at
the point of gestrus 45



The Big Data landscape i

CNAZIUS)

KeyValue

EEXEREEl leveldb
§P redis Chordless g

SCALICNN
Project Voldemort
N

msu_'_S.LDE »HyperDex

SpenLDAp"‘ 21 IQLECT

ioremap.net @Iaris

STORAGE AND BEYOND
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_ . ) oen itigence pidminer ,..SuNLYiL

talend Palo.—o | e e
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ultivalue database Programming
el U2. REVELATION QM
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Graph databases Operational ) Q
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Apache »
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v
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Document Store Raven DB
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c# Lightweight object Database Galaxy
Created by: www.Dataﬂoq.com/
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Visualize and managing the data

MNAZIUT)

Historical Energy Consumption

Current Energy Consumption

2018-03-07 09:00:00 to 2018-07-15 10:00:00 € >0 Q@ Qa « >
Time Range Quick Ranges o \ n A n n n n n n h A n n n
From: Yesterday Today Last 5 minutes 100+ IININ] AN
Day before yesterday ~ Today so far Last 15 minutes —
2018-03-07 09:00:00 n This day last week This week Last 30 minutes -
Previous week This week so far Last 1 hour
To: Last6months  Previous month This month Last 3 hours 0 -
Last 1 year Previous year This month so far  Last 6 hours
2018-07-15 10:00:00 n This year Last 12 hours 0
This year so far Last 24 hours
o] -
Aggregation by: t/ —
auto " 1 —
Y s
Refreshing every: “1
1 minute Apply 0+
2
134
5P Wes20 oA 2 5P T2 [ 2P
124 W AOP-0.17 (68%) B cWAO-0.06 (23%)
-
M DAF-0.00 (0%) RO - 0.02 (7%)
B UF-0.0102%)
Weather Station Sensors
Last 7 days < > 2 Q QA « >
100
20
80
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60
Name It Pending Actions Current Weather More details
50
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7 & 40|
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CNAZIUTY)

Apps~  Community  Support CommercialUse ~ HowtoBuy  Accoul

S Firebase EFI

Sensor3 Temp LM35DZ Sensor3 Temp TMP36

edad iFidge : :

Connect things.

L I ThingSpeak G) Grove

S e S O rc I o u d freeboard Sensor3 Temp DHT22 (or AM2305) Sensor3 Humidity DHT22 (or AM2305)
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Field Label 1
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Create customized loT dashboard o
| . =
for agriculture domain CNAZIUC)

d WAZIFARM

O https://www.wazifarm.com

a platform & framework for realization of advanced visualization, data
analytics applications for various agriculture use cases, targeting a small-
holder's profile

d Web-based framework for creating your own agriculture
application

O Easy to use framework based
on the concept of visualization
templates, workspaces, and
panels.

O Allows much higher customizo-
tions than what is possible in
existing products (Kibana,
Grafana, Freeboard)

............



WAZIFarm architecture

WAZIUP Data

Platform

Secure authenticated communication

(via SSL and client-side certificates)

v
R Lzl )

CNAZIUTY)

Use-case specific Ul

IVIS-based
visualisation

(in IFRAME)

Regular User

Ll e el e T T e 1
| |
1 y |
: - Spark 5
ar
o — MySQL N 4 P '3
. < ElasticSearch '3
1 E 10—) asricoeaqrc \Z\ |
™ y I
9 SciPy /NumPy
Bl = °  High-level vis API : , < '
| < . Analytics plugins |
| server-side I
2
| I
] I
: React D3 =
A -
: fD.Efm;,ho:, Analytics : A
1 IVIS Web tal High- isualizati OF VISUaHiZaHion definition & settings 2
eb portal High-level visualization templates & panels 1 o
! API client side : ﬁ
'3
__________________________________ - <
=
c
2
]

Adyvisor

Technical Contractor

(Farmer, Creates visualizations by Creates visualization
Regular User(Startup) ) . . . .
) . L Agronomist) instantiating visualization templates for the given
Views visualizations . . L .
Views visualizations templates domain

<=:

From WAZIUP project

Platform

Application
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Beyond visualization: management

Historical Energy Consumption

Toggle sidebar

@ Farms

4 Events

¥ Recommendations
i@ Schedules & Timeline

# Crop Seasons

Maril  Mar1g  Mar25  Apil  Apcdl

Name

Dehbala

Farm Sonatel

Gusbajay

Khalil

Mitchells

Mustapha

Home

Workspaces / All Farms Management

Current Energy Consumption

Your Farms

Farms Crop Seasons

Your Farms Farms Map [RCITAZT,NY Farms Events Farms Recommendations Farms Schedules & Timeline
Show| 10 entries Search:
Name 1% Pending Actions Current Weather More details
No data available in table
Showing 0 to 0 of 0 entries
Sensor Nodes
Show| 10 v | entries
Last Update Period
Name Created Namespace Update (minute) Status
UGB_Sensor200 4 months uGs in 2 hours Active
ago
UNB_Sensord2 2 months BurkinaFaso in 39 minutes 10 Active
ago
UNB_Sensor41 2 months BurkinaFaso in 36 minutes 10 Active
ago
BULA_Sensort 4 days ago Togo 9 minutes ago Active
It Pendi
BULA_Sensoré 4 days ago Togo 9 minutes ago Active
v
UGB_Sensor40 3 months Root 10 minutes Active
ago ago
v
WOELAB_Sensord3 4 days ago Togo an hour ago Inactive
v
WOELAB_Sensord47 a month ago Togo an hour ago 60 Active
=1 WOELAB_Sensor46 4 days ago Togo an hour ago Inactive
v UNB_Sensor12 4 months BurkinaFaso an hour ago 18 Inactive
ago
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v | entries

Name

Dehbala

Farm Sonatel

Ferme Universitaire

Gusbajay

Khalil

Mitchells

Mustapha

NARC_Farm

Peace and Love

xQ

xQ

Pending Actions

v

D

Current Weather

25¢c

24 ¢

30¢c

75

32c

g

20c

78(

39.7c
183¢

38.7c
13¢

36.2¢C
18

26.4'C

Farms Map [RCVEEULEE Farms Crop Seasons

Search:

More details

®4>e0

Fri 05

Mon 08 12PM Tue 09 12PM

52



Open loT gateway ,
UNAZIUTY

Raspberry PI: lots of libraries, lots
of software, lots of hardware, lots
of shields,...

LoRa Transceiver




Versatile gateway

2016-12-15 15:24:50
2016-12-15 15:13:26

write less, do more.

Access to the data from MongoDB

export data to csv

Dec 04 Dec 08

Display data: ®RSSI TC DEF

Display sources: @ node_3 @ node_6 @ node_10

Zoomto:  Whole period
Current day

Last month Current month Last seven days

CJThingSpeak

@ ready
@ HIVEMQ
ENTERPRISE MQTT BROKER
)

J broker.mqttdashboard.com
@ connected -

() mosavitto

test.mosquitto.org
C 570
@ connected

FmTTTTTS
A

\ nodered/nodered.txt ‘f generated by CloudNodeRed.py

o / set topic and payload

Admin +

€ () 192.168.200.1/adminipages/gateway.config phe. € | Q Recherch Te O 3

80 Les plus visités @ Débuter avec Firefox 3 Ak une

Gateway Web Admin
Couss ) .
oy e Gateway configuration

A System

Get post-processing.Jog fle

Mode 1 .
N @
=

Gateway Web Admin

%E

# Gateway Configuration

Cloud

2 Gateway Update

‘ test

Gauge

21.65

A System

Cloud No Internet  Cloud Gps File

Cloud WAZIUP  [ERETIFSRER

Enabled false

project name waziup

organization name ORG

service tree

auth token this_is_my_authorization_token

source list Empty

Cloud MQTT

DS -

Cloud Node-RED




Large customization possibilities i

UNAZIUCHY
d The flexible gateway architecture h" :
offers high versatility by e o

_—__/\

customization

 There are 4 alternatives for
customization

d The geek way
d Modify/extend post-processing block

O The "'smarter” way

Cloud definition

0 Add "cloud” sCripls | e - e £

e On packet reception .
d Add low rate periodic tasks

* Independant from packet reception
O Add fast rate stafistic-oriented tasks 55




"Branding" your loT gateway

d Develop/Add project/company specific
features on top of the general distribution

"""""""

Access to the data from MongoDB

ADDITIONAL FEATURES SET 2

GENERAL DISTRIBUTION

CANAZIUTY)
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Some research we are doing ool

A Activity sharing to leverage radio time limitations
under duty-cycle regulations

d Efficient channel access control to limit packet
collisions

d Performance & reliability study of LoRa channel
activity detection mechanism

d Smart and fransparent 2-hop LoRa mechanism

d 2-hop LoRa extension with inter-device similarity
detection

d RSSI-distance dynamic mapping for real time
localization using minimum number of GPS nodes

d Low-power data encryption algorithms (vs AES)
57



R&D with WAZIUP 5
WNAZILCH

d The WAZIUP framework is good test-bed
framework for fast implementation, performance
evaluation and validation of research
propositions

Soil moisture 10-4%nms & 5
monitoring & =
i 4 LoRa

Physical
sensor

4 &
3 ﬁ g |
/ w [-VERY: | |
! Physical e {IPORTANTIPANS 171412 '
: sensor duty-cycle, B
: mgmt low power B

B o Logical
sensor :
£ mgmt ¥

Physical
sensor

LowCostLoRaGw github has latest general distribution:
https://github.com/CongducPham/LowCostLoRaGw

Many examples using various temp/hum sensors
https://github.com/CongducPham/LowCostLoRaGw/tree/master/Arduino

; i
: AES
Hll encryption

5 CAZV Y
I~ Up

Raspberry PI: lots of libraries, lots
of software, lots of hardware, lots
of shields,...




Conclusions e
ANRZIUT)

Q ICT/loT awareness is high
d But lack of technological background makes loT-based
iInnovation low
d ICT/loT for agriculture is not new concept
d But taking into account smallholders profiles, needs
and constraints is not always considered
d Low-cost, "do-it-yourself' loT has ability to

[ Propose adapted solutions to smallholders in tferms of
costs and complexity

A Increase technology competencies and capacity
building of local actors

d Engage user community with stakeholders
[ Acceralerate innovation and local entrepreneurship
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