THE INTERNET-OF-THINGS
ECOSYSTEM: FROM MONITORING
TO ADVANCED DATA ANALYSIS

ENSA EL JADIDA
MARCH 12TH, 2012

1 %?5 ST DISRUPTIVE

5O @ T i INTERNET

Ké@mc DATA?‘%QQ OFTHINGS
) P e ~  ADPLICATIONS

Ba o Yooce i [ e g weme &) M ey @ D06 I N A F K Ic A

" LIUPPA PROF. CONGDUC PHAM

T2l team
l:=:L IIVERSITE HTTP://WWW.UNIV-PAU.FR/~-CPHAM
l.l UNIVERSITE DE F’AU, FRANCE




L'INTERNET-DES-OBJETS
POUR LA COLLECTEET
L'ANALYSE DE DONNEES

ENSA EL JADIDA
MARDI 12 MARS, 2019

?»gz"%zmm DISRUPTIVE
255 ﬁm‘@',% INTERNET
B;“ BIGDA“\M M )R THINGS
SN PA - APPLICATIONS

M| oo Booce st & 5= mm omewe & M ety @ B F I N A F K I c A
L
oo
e IVERSITE
T I DE PAU ET DE
" PAYS DE ’ADOU
0

) |LIUPPA

T2

PROF. CONGDUC PHAM

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

@@



Googling for « Internet of Things »... :
NAZIUCH)
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typically shows communicating objects E—8
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Home/consumer loT products =
CNAZIULT))
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loT & physical world i

CNAZIUTY)

Im®ak

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

Cupertino, ca
Cupertn
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Local interaction is possible 2y
CANRZILUTY)




But loT usually means cloud data ,
ANRZIUC)
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Ultrasonic fill level sensor

10+ years battery life
IP 66, [-40°, +85°] 8



General public 10T architecture ool
NAZIUCY
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Dedicated loT cloud g

CNAZIUTY)

1 Most of them use HTTP POST/GET
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One of the most promising market @
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Monitor, Optimize & Control !
UNAZIUC)

MONITORING




Large variety of sensoring needs -
ANRZILUTY)
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infographic made by Postscapes in collaboration with Harbor Research 15




Example 1: Smart Cities

Libelium Smart World o
Etomagnetic Levels tafic joms

Detect iPhone and A o and i nergy radiated Smart Lighting

cks with Wifi or ViiFi routers.
neethgent and weather adaptive lighting
n street Lights.

Intelligent Shopping

etting adwces n the pont of sale
wrar Rabits, prederances,

components fo

Air Pollution

oy device whach

Traffic Congestion
Mo ng of vehicles and pedestnan
affluence to optimize driving and walking

rounes

bustion gases and preemptive

o them

alert zone

. . . buted measurement o
Wine Quality Enhancing D e
Monitonng soil moisture and trunk diameter
in vineyards to control the amcunt of sugar in

Grapes and gr

generate leakage alerts
N v Sound monitoring i bar areas and
cen ¢ 20nes 10 redl hime

Structural Health

Monttoring of ons and matenal cond tions

in buildings, brdges and historcal monuments

de tanks

Fes,

Vehicle Auto-diagnosis
ntormation celiection from CanBus to
send real time alarms to emargencies
or prowde advice 10 drvers.

Smart Parking Item Location

Mcartanng o parkin

Seq wiredual terms in big surfaces

in the city Lke warehouses or harbours

Quality of Shipment Conditions Water Quality Golf Courses
. .> S
libelium

www.libelium.com

HTTP://WWW.LIBELIUM.COM/TOP_50_IOT_SENSOR_APPLICATIONS_RANKING/#SHOW_INFOGRAPHIC ]|{



Example 2: Farming & Agriculture

afimilk

Manage your farm smarter

2 yield
gensor

AGRICULTURE

Tractor +
Machine

i | Control
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Soil Moisture X T > - B : : Y

Measured at
Multiple depths




Example 2: Farming & Agriculture ,
WNAZIUC)
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& cC @ ® @& https://www.google.com/search?q=iot+agriculture&client=firefox-b 40% eee v | Q Rechercher vy N @ =

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

Go gle  iotssroune aQ # 0g

Agriculture 10T

—ree
23" =g
"‘.‘“"‘

Al and Intemet of Things

Europe loT in Agriculture Market
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15t issue: collect data?
ANRZILUTY)

MONITORING

2189 | 23.10




Wireless Communication made easy .
CNAZIUTY

2 Fron
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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
22



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)

24



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

25



LoRa modules from Semtech’s @
SX127x chips CNAZIUCY

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

PORJI DRF1278DM is
based on Semtech
SX1278 LoRa 433MHz

inAir9 based on
SX1276

Froggy Factory LoRa
module (Arduino)

L § o4 Semtech SX1272 LoRa
LinkLabs 863-870 MHz for Europe /& s
HopeRF HopeRF HM-
TRLR-D : S aaaad
RFM w Embit LoRa
A — 3 LoRa™ Lor}%-aRnazgReNSZt;gs();Hz Module

Adeunis ARF8030AA- L0868 . Microship RN2483

|

habSupplies
AMIHO AM093

o

ARM-NanoNg LoRa ~ SODAQLoRaBee )| oonoo
module from ATIM Embit RN2483 26

Multi-Tech
MultiConnect mDot




LPWAN networks roll-o

Tata Communication
world’s largest loT n
India

lighting management solution

LoRa™ technology to be
integrated into FLASHNET’s street

SIGFOX and Glen Canyon Corp. to
11 Million Smart Meters to
ﬂ of Things

From intelil

Semtech and STMicroelectronics

to SIGFOX

OTIO to Connect 1 Million Devices

From www.businesswire.com - February 22, 4:59 PM

“aborate to Scale LoRa

nology to Meet High-Volume Demands of
net of Things Applications

bn, a

rt meters

OTIO, a subsidiary of Groupe HBF specializ
electrical equipment, lighting and home
automation, has chosen the SIGFOX netwq
deploy its new international offer of conne
devices.

determine the

T-Mobile to cove
Republic with the Le compteur...”

From www.sudo
16,20152:24 P

“ Gestionnairg
les Landes, e
Dordogne, Sq

Swisscom sets up a Swiss-wide
network for the Internet of Things

transmission of small amounts of data independently of the electrical
network.

From www.swisscom.ch - March 14, 7:49 PM

The Internet of Things has long connected millions

of objects and devices to one another and to
people. In the future, this number will reach into
the billions worldwide. Swisscom is the first
provider in Switzerland to set up an additional
network dedicated to the Internet of Things: the
Low Power Network, designed for the

14,

of
systems

of

itinn

works by

s (MNOs) u

—

ondes radio @

des canalisations

€ SIgToX pour relever
les compteurs et surveiller I'état

PM

for the Internet o =

VISLEOKY PREGRALY OBERA ] From W theitemetof

Czech Republic that e:

SimpleCell Networks
SIGFOX's Internet of Tl

Following a pilot opera|

expectations, T-Mobile

- -

“French
Telecom
LoRa rad
domestic loT and M2M network.”

From www.enevo.com - March 6, 4:12

network, a narrow-band technology which
guarantees connectivity at a reduced energy

consumption rate and at a lower cost. Orange has

7 ‘.; Fica, ) network throughout the country.

News taken from scoop.it (N. Aly

chosen to rely on LoRa (Long Range) technology
p’mmh network that will cover the whole of metropolitan France.

27



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




e,

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 errrrryyy | inyduino
Thing Tessel 29



... 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

31



3" issue: get the information P
NAZIUE

d Searching for information is a tfough issue
d Web search engine: Google,...

d Most loT clouds uses HTTP request (GET, POST,

PUT, ...) fo push/store data to web C1ThingSpeak

platforms/servers

4 If you need an information, for instance the
temperature in room A of ENSA JADIDA, then
you have to go to the right web page

d When there can be millions of loT
nodes providing large variety of data, =
it is difficult to find your way! |




From search for info to get the info !!i"ﬂ
CNAZIUC)

 Use the PUBLISH/SUBSCRIBE model

Temperature of room A
in ENSA JADIDA

subscribes

[Client1 ]—> Message —»
e Topic
subscribes
25 )




MQTT P

Message Queue Telemetry Transport ((‘HQZK;’*Q’))

 Use broker nodes to manage topics
d ENSAJ/room/A/temp, ENSAJ/room/A/hum
HIVEMQ

ENTERPRISE MQTT BROKER

loT - Event based behaviour «‘(p)» m OS Q\U “1.0

Time series analysis

21.3C
publish
Temperature sensor
insertObs
— s
iopg
1
o 9-6, 20‘2
Humidity sensor "2g0 LA
L ——d

34



MQTT+smartphone= % P
ARZIUTY)

MQTT Dash (IoT, Smart Home)

Routix so ftware Communicaton @ ik hhk 1,584 &

This app is compatible with all of your devices

instant:solutions

tttttttttt

d Towards open data
O ENSAJ/room/#
O ELJADIDA/CITY/WEATHER/#
O ELJADIDA/CITY/TRAFFIC/#

35




Ath jssue: make it simpler? e

CNARZIUCY
& S Firebase
_ Tempo
s g—

(D SensorCloud’

() Grove
: ®@penRemote

d End-users are not necessarily computer science
experts nor high-skilled programmers

 Use graphical tools to build data processing
flows, allowing intuivive connection from data
producers to data consumers

36



Node-Red il

Node-RED «“ARZI Qj@ )

d Node-RED is a programming tool for wiring
together hardware devices, APls and online
services, e.g. clouds of various types

 provides a browser-based flow editor to wire
together flows with a wide range of nodes

37



Node-red enabled loT gateway e
WNAZIUSY)

d Messages received on the loT gateway can be
injected into a Node-Red flow, allowing complex

data processing fo be defined

EEEEEEEEEEEEEEEEEEEE

' broker.mgqttdashboard.com ‘
@ connec ted

() mosavitto

‘ test. mosquitto.org

nnnnnn




Global picture of long-range loT "

ecosystem UNAZIUTY

&F

Local Network The Internet

-
ioBridge®
Connect things.
()) Grove
- & Firebase
" TempolQ

L 1ThingSpeak

(D SensorCloud’

@penremote
39
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The loT BackOffice




gmmS DISK 2

loT usually means =z

DEANMION s NETWORKS
=== SEARCH |NFORMATION

it cTpinE e CARZILCY)

ier ABILITY SETS EXAMPLES £ comterr

e PRACTITIONERS

As of 2011, the global size of
data in healthcare was

By 2014, it's anticipated
there will be

It's estimated that

40 ZETTABYTES

{43 TRILLION GIGABYTES 2.5 QUINTILLION BYTES ke E32~— 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

captures
1TB OF TRADE
INFORMATION

during each trading session

Depending on the industry and organization, big
1[][] SENSURS data encompasses information from multiple
that monitor items such as internal and external sources such as transactions,
fuel level and tire pressure social media, enterprise content, sensors and
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.

Poor data quality costs the US
economy around

don't trust the information
they use to make decisions

$3.1 TRILLION A YEAR

Velocity

ANALYSIS OF 44 MILLION ITJ0BS ESPONDENTS Veracity
W\.JI be created globally to support big data, X 1 UNCERTAINTY
STREAMING DATA 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




But also how to analyse the data E,"fﬂ
CNAZIUC)

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

|08 December 2014 jmdpreceéng;”T mlmléollm]da.ys.
Advanced data analysis T

Fig. 3. Illustration of a rise in activity accompanied by a fall in rumination at
the point of gestrus 42



Analysis techniques

0
ANRZILUTY)

U Traditional statistic methods still valid, and usefu

Data

Regression : Freqmency
Ayl Collection /Dlstrlbutlon
Predictive ' ‘)rganization &
Statistics . resentation
Statistical — P
Correlation Methodology 4 '
Analysis Histograms
Experimental c "
: entr
Design Statistical Descriptive Tendency

Inference Measures

Hypothesis Testing Dispersion
Statistical Analysis and SPC

9% College Ecucated

> — 2 -2
Foredosures = Unemployment Rate % College Educated

D I R R

Clustering Analysis

= Definition
Grouping unlabeled data into clusters, for the purpose of
inference of hidden structures or information

= Dissimilarity measurement
= Distance : Euclidean(L,), Manhattan(L,), ...
= Angle : Inner product, ...

Get Data Train Model Improve

Clean, Prepare Test Data
& Manipulate Data

= Non-metric : Rank, Intensity, ...

5317 513 4102606 4 310 724 61124172001 218 8APSATEIT1623

= Types of Clustering
= Hierarchical
= Agglomerative or divisive
= Partitioning
= K-means, VQ, MDS, ...

2 4
(Matlab helppage)
8

From JongYoul Choi 43



Analysis techniques i
ARZIUTY)

L Traditional statistic methods still valid, and usefull

Strong
Positive

Reores Data. Frequency
egl 95_510“ Collection Distribution £
Analysis / :

Predictive

Going old
school ?




H O.Rulk 020

Machine Learning Techniques
ANRZIUC)

criterion using example
~

Optimiz rforman = -
rernusngeampie | Machine Learning Bubble Chart--._ « Classification

data or past experience B '~ .  Logic
Meaningful Structure /'/ Image Customer Retention N, °® SVM
Compression Discovery /° Classification Hstomen etentio \. R d F t
. . andaom rores
A Io.i. ?f Big data Dimensionality Feature ~/Idenity Fraud Classificati Diagnostics ‘\‘. H |dden M d rkOV
S'I'a'l'lstlc Visualistaion Reduction Elicitation /  Detection SSSHIEEHON d
; .
° \
methods Representation :
. .
Evaluation : s Popular !
Rec°’"g)‘:t”edne1£ Unsupervised . Supervised ﬁiﬁ;ﬂﬂgg Popularity ;
Learning N Learning Weather ,
Forecasting .
/
Clustering * Regression .
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Use the full power of the Internet! E@
CNAZIUC)

Industrial Revolution 4.0 Connects With Web 4.0

ﬂ;& m?;ﬂ @ p | // /

2
h'h ‘”& '%q‘ é //7

H.H)))

2010: web 3.0
2005: web 20 Peopie andl compacea
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o 2015: web 4.0
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| reates new bus

d loT data are pushed on
Infernet data clouds

d Computing resources
using Virtual Machines are i U104
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0000000
lllllll
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Compufing clouds - it s
Parallel processing

Opftimized libraries

Web tools to orchestrate
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The Big Data landscape i

CNAZIUS)

KeyValue
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STORAGE AND BEYOND

Business Intelliaence Data Mining °"°"g°

OP‘.N 5 ) ra d JINLIVIR

_ . ) oen itigence pidminer ,..SuNLYiL

talend Palo.—o | e e
yspogobl @pentaho [EdDX.

Tokyo
Cabinet 8&,,

The Datafloqg Open Source Landscape 2.0 N
Data Analysis & Platforms “F Databases / Data warehousing €4 Grobalsps |g Memtory
) bigdata omputing
HPCC Systems orm 8 w
@ Dremel J\Z INFOBRIGHT Cassandra [|.St0re WSQthe Gﬂf’ga";' )
Spork INfiNisc.N l- hazelcast
RethlnkDB o" TERRAGOTTA conns
APACHE SAMOA MonoDB Drlzzle @
PRILL AN h\ E— ORACLE S Q L NMemory
IRANGW | BRLLIANT DEGISIONS Hortonwo o ; TR yper comk

ultivalue database Programming
el U2. REVELATION QM

“““““““ =5 @ julia
anorthgate .

\? Data aggregation
A ScarletDME C}(‘\iGOQ

Graph databases Operational ) Q
C { [}r::]fhi‘ ) gﬂ- t 'vvv Mf: S AP

ps
Apache »
ol
v

Solr
8 elasticsearch.

@ erT @ e g e

Document Store Raven DB
1goDB
ssuieed COucHBase

BT Sooe BB hoon® i enen  YOLTDB S

JasDB Ko 2 % - ‘ Multidimensional
e 4. InfiniteGraph —1

SchemafreeDB wa iy Social IS

dbzobjects Object databases Apache Kafka | | 2Scil)E
N — Ne°‘t’~ = U Coronal | T@Sdaman |
@ZOPE m@bject & - FlookDB Graph Bngmstamp ThinkUp Corona) | [e=tcl Tiel

precision| data management

Magma Picolisp (1 S1=90005 | Multimodel || XML Databses Grid Solutions
[* © PERSEVERE [ @ arangons || e¥iistdb BIE Qizx
(TADT Nnatabase I :cerveers)| orgTRREY' LIQUISBASE
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Created by: www.Dataﬂoq.com/
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Example: the APACHE ecosystem E'ﬁ
WNAZILT)

Events Source ':j)} Queue Events K:i)*l’ ransformation & AnalyticsK::)i Storage ¢>
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Beyonds Machine Learning?

File Hadoop_based
Management Computing System platform

DFS

Managing '
ata placement— >\ Cloud/Grid system

Batch'\ computing
—

in-memory  Deploying
file system Nam YARN

Resource computing Scalable STization
Cluster \Managing Streams file system \ gistributed
Distributed\computing :
management Cloud g \E—— Parallel virtual
ol computing file system \ Distributed
VMs \managing ~M\Parallelized Y monitoring
«— Graphics\computing

management computing
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_ . Supervise
Visualization | aarnin

Synchronous/
asynchronous

Simulators/

Predictors, Mining

Un-supervise

Analytics Learni
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Statistical
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Deep Learning is essentially NN ,
ANRZIUC)

. . Multilayer Perceptron
Simple Neural Network Deep Learning Neural Network -~ . '\ o
Long Short-Term Memory
Restricted Boltzmann Machine
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Machine/Deep Learning for -
scientists NAZIUT)

A Large variety of supported languages
d Python, R, C++, Java, Scala, Javascript, Go, ...

d Many statistical methods/algorithms are implemented in
libraries

d Examples
d Scikit-learn
0 Google TensorFlow

scikit-learn

Classification Regression Clustering
. . .
D M I C ro S O f'I' D I S 'I' rI b U 'I'e d Identifying to which category an object Predicting a continuous-valued attribute Automatic grouping of similar objects into
belongs to. associated with an object. sets.

Applications: Spam detection, Image Applications: Drug response, Stock prices. Applications: Customer segmentation,
i upine tcol

. . .
recognition. Algorithms: SVR, ridge regression, Lasso, Grouping experiment outcomes
Algorithms: : SVM, nearest neighbors, . Examples Algorithms: k-Means, spectral clustering,
random forest, ...

Examples mean-shift,... =~ — Examples

D A p O C h e M O h O U T Dimensionality reduction Model selection Preprocessing

Reducing the number of random vari to C i idating and choosing Feature extraction and normalization

D consider. parameters and models. Application: Transforming input data such as
e Applications: Visualization, Increased Goal: Improved accuracy via parameter text for use with machine leaming algorithms.
efficiency tuning prep feature .

gorithm: Modules: g earch, cross validaton, ~  —Examples

D BU.I., b eW O r e negative matrix factorization. " examples metrics. Examples
O There are hundredth of tools...
d ...and new tools every months!
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loT for Development
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[ ]
loT4D: development for rural areas calies:
CNAZIUS)

Storage-& logistic

Agriculture Environment
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Example: |oT in agriculture adileece
NAZILS

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 gt

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. 54



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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WAIZIUP Open loT and Big data
platform for Africans, by Africans
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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
57



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




Reduce development cost & time
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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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Simple PCBs make it much easier
for developers
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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

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

Uz ARZIUT)

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.

CANAZIUTY)




Generic sensing loT device v.s. o

H.O Rkl 020

Highly specialized CNAZILO

4 Build low-cost, low-power, long-range enabled
generic platform

d Methodology for low-cost platform design

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

: |-V m'l -
Physical g S TS WITTENY Activity
e N .
sensor s oz duty-cycle,
— ¥
mgmt cire 6% o low power
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CANRAZIUTY)

t buoy for fish farming MVP

)
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Security
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Soil humidity sensors for agri MVP E'ﬁ
WNAZILT)

0-8- -7 4 2 "
Physical T Activity duty-
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Securit Long-range Logical sensor
y transmission management
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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



Local weather station for AGRI MVP ,
CNAZIUCY

https://openweathermap.org/

1o Ssmu 3 b
R o) 2 Kotavk| i 4 L]
B 5 Blockho sont Peersouy |
s LR E—
T L
WAL e 1
. e -~
= o o Tk
f>1 B
s e - e N o
a8 - B 20 Bangaore IO
1 o, oo Wi L
DEMOG B Loatgtf BlOponSirestitap, © CARTO

Photo from Unparallel

Get local weather Combine with open weather data to

measuments get more accurate predictions
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Collar for Cattle Rustling MVP Ei"ﬂ
CNAZIUC)
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List of devices

‘ 2 6 16 17 18 19 254 124 10 ‘
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Scaling up! L2
CANRZIUT)

Feb 2016 - 2019

CNAZIVT) *
‘& May 2018 - 2021

(WAZINU D))

a
o
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Accompagnateur de croissance TIC

Soukeyna Wilma SOKENG
Communication & Event Manager

wilma.sokeng@cticdakar.com
www.cticdakar.com

contact@cticdakar.com

WNAZILCY)

## facebook.com/waziuploT

<

L twitter

-

twitter.com/waziuploT

m linkedin.com/groups/8156933

Q github.com/waziup



