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Agenda

" From embedded systems to Internet of Things
= European loT Research Priorities

= sensiNact - Service-oriented approach for loT
application development and deployment

= Applications in smart cities
= ClouT project, Cloud of Things for empowering the citizen clout in smart
cities
= BUTLER project, uBiquitous, secUre inTernet-of-things with Location and
contExt-awaReness

= QUTSMART project, Provisioning of urban/regional smart services and
business models enabled by the Future Internet

= Summary
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Internet of Things

= Personal Computers were revolutionary!
= But the real revolution was when we inter-connected

them! 1% E

=> |nternet
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Internet of Things

= Personal Computers were revolutionary! _
= But the real revolution was when we inter- connected
them!
=> Internet

" Embedded devices are revolutionary!
= But the real revolution will be when we will inter-
connect them! SB¥Q

=> Internet of Things
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From emgeaaea systems to Internet o! THings !lOT;

" Traditional embedded systems: dedicated to a
specific task in a given application domain.
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From em!eaaea systems to Internet o! THings ’lOT;

" Traditional embedded systems: dedicated to a
specific task in a given application domain.

" |nternet of things: communicating and collaborating
embedded systems that are massively deployed, that
can perform universal tasks across domains




D
Many application areas

Clima hsauun (HVAC)

Secullé

Stotes et ’ Prote:
fene‘tres

EI t:f.rum nager

= environmental monitoring,

M Itimédia

= ambient intelligence for smart places
(homes, buildings, cities, shops,
transportation),

= critical physical infrastructures (e.g. bridges,
tunnels) monitoring,

= homeland security,
= smart utilities (e.g. electrical, gas, water, oil),
= factory automation and process control,
= disaster management

= health care,

= etc.
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European Research Cluster on the Internet of Things (IERC)

B Internet of Things Links

Big
Data

LR N

IERC

& ocen Alrighsreseved  DACLE Division | March 2013 8




e
IERC main goals

B Create communities for open loT platforms

m Contribution to pre-normative activities /
standardisation, development of business
models, innovation activities which aim at
stimulating platform adoption

B Networking of loT technology stakeholders

B Activities to increase societal acceptance and
foster specific education
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IERC Transversal activity chains

MNaming and addressing
schemes. Means of
search and discovery

““Application scenarios,
Filots and Innovation

I':
Standardisation and
pre-regulatory research

Cognitive Technologies [ E RC
| Activity

for IeT

Chains

[ Qo

Service  openness
and interoperahility

Societal Impact

and Responsibility Govemnance,  Privacy

in the Context of Fi issues/semantic
and Security issues ; o
IoT Applications \\ interoperability
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e
Open loT platforms: http://open-platforms.eu

,ﬁa' IOT O P E N P L AT FO R M S Home Categories Search About Contact Q

ACCesSS

loT Open Platforms

Direct access to state of the art, open software libaries, web services,
tools, protocols and references to build Internet of Things applications. |

loT Solutions directory

Browse all our libraries and technical documentations

=5 45 0

Open Libraries and Tools Technical References and Tutorials Use Cases and Deployment

0 Recent activity o Latest News
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An open loT platform

sensiNact - Service-oriented approach for loT
application development and deployment
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Today: Domain-centric smart solutions

SmartHome SmartTransport SmartShoppin

SmartHealth

SmartCity

lllustrations from the EU FP7 BUTLER project _ L
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Tomorrow: horizontal smart solutions
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lllustrations from the EU FP7 BUTLER project | - :
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Tomorrow: horizontal smart solutions

a4 w0
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sensiNact middleware
for inteqgrated smart life

Execution Environment / ‘
SHIRTS } =

Hardware Platform l “‘““""“] \_/L

P |

lllustrations from the EU FP7 BUTLER project L
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.
Heterogeneous loT Devices
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R —
Various application domains

Smart Parking

Home-automation Energy monitoring
T
- T
Media Follow-me Secure access Personalized coupons
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sensiNact horizontal platform

Sma_ "t Parking Home-automation Energy monitoring
o o
Med_ia Follow-me Sec;ure access Personalized coupons
- r - _ 3 -

o o

APls, Data as a Service, user portal, service management portal

environmental user future user

X : user location
LSehcontex context behaviour preferences

Device as a Service; device/service discovery, generic APls for resource access
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D
sensiNact Service/Resource Model

Device Metadata
1 0.x
provides metadata
1.¥
\'4
SmartObjectService SmartService Attribute Parameter
0.* 0..* 0.*
attributes parameters GEY
47 uses 0..* SET
>
Service | Resource @ AccessMethod K}—
- e methods 1.*
exposes 1..¥ ACT
SUBSCRIBE
Property SensorData StateVariable Action
UNSUBSCRIBE
0.* /\ 0.*
modifiers
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loT Device as a Service: reuse of devices by different
applications

Home-automation

: EE— :
Media Follow-me Security
ACT (turnon)

R SUBSCRIBE —I

SUBSCRIB
1onchange)

(locationchangg)
ACT (sendSMS)

ACT (pause/play)

\

Location nght_
Service

Service Camera

Service Phone
H I Service

Multimedia
Service

-
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sensiNact Studio: tool for lIoT application development and deployment
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sensiNact Studio: tool for loT application development and deployment
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sensiNact Studio: tool for lIoT application development and deployment
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sensiNact Studio: tool for loT application development and deployment
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m A DSL for building loT applications based on

Event Condition Action rules
m ON Event IF Condition DO Action

ON presence=PIRService.PIR.subscribe()
IF presence==true
DO LightService.lightOn.act(); ~=="

0N pir=pir.subscribe(),hal= hal.subscribe ()

IF presence==false Do surn_on.act O reoree

"Walue" - STRING

DO LightService.lightOff.act(); |~ =

I=and
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Graphical equivalence of the rule with GMF

-
*default.sensinact_diagram i3
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loT and smart city experience
in European Projects

BUTLER
ClouT
OUTSMART
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EO“EEX! ana mohvahon

Cities have been facing emerging challenges such as efficient energy

management, economic growth and development, security and quality of life of
its habitants

H\

B0 T
t.u’

City bound

Percentage of
world population -
living in cities g

|]_ﬂ

L

(o

it
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8 &
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frdll
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SOURCE: United Nations, Department of Economic and Social Affairs, Population Division *Projected FICH CLABALIGH/STAFF

- More than half of the world population lives in cities

- On 2% of the earth's surface, cities use 75% of the world resources

- Urban areas of the world are expected to absorb all the population growth
expected over the next four decades while at the same time drawing in some of the
rural population.

- Urban population percentage is around 75% in Europe

Europe should take immediate measures in order to transform cities into
“smart cities” that better manage their resources, keep (and increase) the
_ guallty of life and security of their citizens

letl
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EU FP7 BUTLER Project
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BUTLER Gateway — overall architecture
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BUTLER Gateway — overall architecture
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BUTLER Gateway — overall architecture
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BUTLER Gateway — overall architecture
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BUTLER Gateway — overall architecture
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BUTLER Gateway — overall architecture
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BUTLER Gateway — overall architecture
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Smart Home — multimedia follow me

and pick me
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Smart transport, Zigpos in Glacier Express (access
right management for staff)
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I —————
Smart transport, passenger localisation
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VN ClouT: Cloud of Things for empowering the citizen clout in smart cities
CeuT

AT A GLANCE

Project coordinator :
Clout-EU: Levent Giirgen, CEA-LETI,
France

ClouT-JP: Yoshio Saito, NTT East,
Japan

Partners:

ClouT-EU

Engineering, Italy

Universidad de Cantabria, Spain
ST Microelectronics SRL, Italy
Ayuntamiento de Santander, Spain
Comune di Genova, Italy

ClouT-JP

NTT East

NTT R&D

Keio University

Panasonic System Solution " 07
National Institute of Informatics Q ” !’ Bexosmmm @) NTTEAST
University of Santander City @ %JECFE —
- . Cantabria Genova city Witaka C 1
Duration: 36 months o = L)
e s |
Wolcom sawa City Keio University

Fujisawa City

Mational Institute
of Informatics
— Panasonic

| |=— @) NTTR&D

Total cost: €2,32M for ClouT-EU
€1 ,5M for ClouT-JP, funded by NICT

Programme: FP7-ICT-2013- EU-
Japan

Further information:
http://clout-project.eu

Dr Levent Giirgen

CEA-LETI

Levent.gurgen@cea.fr

+33 438 Z§97 57
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ClouT Objectives

1. Bridging Internet of Things and Internet of People by exploiting the
Cloud paradigm, enabling end to end business and social scenarios
(Cloud+IoT = ClouT)

 Extend the IoT with Cloud capabilities
« Enable secure and easy access to city resources via services
 Support mash-up and integration of city services

2. Prototyping and validating the ClouT Reference Architecture to enable
Smart City ecosystems

« Support development and execution of apps for cities
 Deployments on 4 pilot cities
« Show feasibility of nhew business models

3. Join the forces and create a long lasting synergy for Smart City
initiatives between Europe and Japan

« Exchange of best practices and lessons learned
« Joint development of sustainable solutions
« Establish mutual understanding and trust 43




From IloT to Cloud

T e
O S S

irect access to devices vs. Access by cloud

7 Y
o, |
I © JSON-RPC |
1 % al . 7 I
i g Device Uniform Access by a common API :
T —— Ty —— S ———————— el
A R L~ I N
:5 Specific loT Specific loT Specific loT Specific loT l
|E Device Access Device Access Device Access Device Access :
:.f_g (CoAP) (Zigbee) (UPNnP) (KNX) oo
QO n i |
Ig § Physical Physical Physical :
12 3 devices AP devices AP devices AP F :
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Heterogeneous loT devices E!
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ClouT Architecture

CPaa$S

Secure and dependable access to city data

Dependability tools for accessing city data

Dynamic Dependability Monitoring

Static Dependability Achievement
Strategy Representation

Opencity data hosting and access

r nsor
ST Authentication

and
Store Big Data with Authorization

Metadata

Historic Data Management

Big Data Processing

Data/event processing and decision making

Query Broker

Query Processor

Data/Event Engine

Decision Maker

Context Broker Rules Directory

Self-healing for data/event streaming

Data Fault Corrector

Service composition platforms

Dependable service composition

Service composition and mashup tools

Application deployer

Composition
Mashup Engine

Service Connector

Security Manager

ClaasS

City Resources Management

Universal Service Descriptions

Managing Profiles

Describing Profiles

Interoperability

Syntactic interoperability

Data Transformation
Syntax Interpreter
Syntax Verifier
Semantic interoperability
Data Converter
Component Repository

Metadata Repository

Self-x city services

Service Semantic Search
Event Manager
Service (self) Search

loT Kernel
Standard-based loT

Northbound Protocol Adapters

Service Service Service
Resource Resource Resource
Discovery Directory

Uniform Accessto loT Devices

Abstraction of loT devices

Virtualized Devicesas Services

Device Device
Discovery Directory

loT Protocol Adapters

Management

Device Manager

Sensorization and Actuatorization

Uniform Accessto
Sensorized/Actuatorized devices/Web

Network

Enabling Noise Reduction

Virtualization and Hosting

Virtualization

Load Balancing

Iaa$S Virtualization

NAS / Distributed Filesystem

Hosting

Translation Layer

Receiver Software

h 2013
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Use cases and fleld trlals in 4

pilot cities

= Participatory sensing i .
= Participatory citizen =2
= Sensing loop citizens

Santander Fujisawa

= Urban context-aware T
= Multi-modal transportation (M i
Genova Mitaka

= Event perception support

= Interactive city infrastructures 3
= Sharing loT devices in the ClouS e ==
= Augmented mobility <

= Safety, emergency and health managem

= Risk warning and management
= Caring of elderly people
= Health and active walking suppor




Santander

maps.smartsantander.eu



Santander, existing infrastructure

mobile nodes on city
Smartirrigation buses and taxis

Parking sensors

Trafic sensors

TN\

Ry



Participatory sensing in Santander

1. Reported events

3. Event information
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Show incidence...

El antiguo chiringuito Rema esta
abandonado, sucio y en mal
estado. Urge exigir su
acondicionamiento

.
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slle.de Palencia
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¢ Events Incidence status

Ayto.de Santander

INCIDENCIA

dpu SO
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[P

El
U";

» ESTADO ACTUAL: FINALIZADA

* Fecha de creacioén
22/04/2014 08:24

» Actuaciones

ABIERTA:22/04/2014 08:30
Observaciones: La maquina de
recarga de tarjetas del TUS de la
parada de Agustinos esta
inoperativa y en un estado
lamentable. Que se cambie o se

2. New event

4. Incidence status
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Genova

Ricerca le informazioni utili legate agli elementi Centraline rilevazione meteo del Comune di
naturali ai quali le emergenze fanno riferimento Genova
[ Acqua J Stazione Pra
[ Fuoco %] Quota s.l.m.: 40
Data rilevazione: 20/05/2013 -
= 10:43
( Terra 5/,./] Temperatura: 16.2
Umidita (%): 68
— Velocita vento: 8 kmh
[ Aria 3] Direzione vento: ]
Pioggia ultime 24h: 0 mm
Pioggia ultima ora: 0 mm

“Flooding detection and alerts
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ova environmental data in the Cloud

"

Video Message System

Itis the management system of the
variable messaging panels

0 Back

www.iononrischioclout.comud
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Fujisawa

Event analysis Public Display Network
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Smart light and camera system

Detectable area
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New lighting which integrated with visual projection by

Create new space value
T— by fusion of visual projection & lighting

<’ Projection Lighting



F uj |SawaOOOO m-Interactive Street @ Subana-

Public
Clty Database LIty Related ensor Info.
Map Company .Serésa%z;go. Public API SNS Store Info. * . Interactive Street -
. Tourism Database - Restaurant « Local SNS « Coupon " Santander

G NeOHR e D G G G
Participation « Event Info. ClElPERS — —

Input Data from Sensor or Database
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Fujisawa Dashboard

ClouT Architecture

Virtualized City Resources
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Mitaka

Mitaka GIS System Station WiFi System

- ZRADHES T2 T | MR > T
Rew: EMEAETTE oEN @mEF FERCAD AN DALY —

ORIMR L EBNR QHE BEOR

jan- ansraannry. [ eas | [ e ] e |
== AR | [p X-25450 Y-34004 BUK 139552129 ME 35003182

£y . ]
“ e s
#ean | doaan ] e
] A v d Y
Ry 7 ) K
FELOGALL - 2 | o
¥ 2 ((eax
gﬂl 28 uams ﬁ' a o é"“/
a7 W

R avezzvazvy

Mrears

o GREE T
Sean
&1!6!! Ers
‘T-no!p

RRTMRALN T L 7=
APy i| ISAM

ERORA i, y :‘: £ -1 ‘ | o) e .
— il "W, :' ] s / | .*? Y- N
- e e T an] el seeh || |71 ) ==
ARy eun w! - .ﬂ!}h‘i_ri = — a‘ll‘f‘Jﬂ’)’lfﬁ
..... el ‘117—,.“;-‘.7._ 20 /] g 2 ER =
a0 ==n [ o . o \ | | .
Alme) wol 1 5 T \ 1 AM = 3= k1 ‘
J t oy FEmp+n | | ‘ | | =
e Al oSO ————— % .
o ™ @‘ DEFER ‘ ] 1 ® 2T 4 QZE‘
Q =mmm—L~-y Capyrig 2000 Mtasa Cry = \ |
| rh.hg‘r-v,oap
ILuPrl:tlmUE‘ | m . |
o [\
[ b . 1
5
\sAD
‘e

Going Out Suppo



CLO®U | Care giving with participatory sensing and city data

» Going out support for active seniors
» Motivate them to go walking and participate community events for preventing
elderly people’s isolation, vitalizing stores or promoting health.

» Exchange information by smartphones and tablets

Registered Users

€

"JFlowers blooming[”

O.

Pawsgollection

ORI YT

ASTEP10

> Registered
Info.

G 4 |
. Sightseeing Org. Reaction
; Civil seminar Info.
, Store coupons | ISTEP4)
: Posted info. from |
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Get location info. from the picture
= Confirm the reaction



R —
OUTSMART, FP7 FI-PPP Usage area project

&

wed = L OUTSMART addresses five essential

A o aws  Smart City services:
B C = \Water and Sewage — Aarhus DK

= Street Lighting — Santander ES

= Soroni®  curagd
- = \Waste Management — Berlin DE
- :
= \Water and Environment —Trento IT
Z Fumee b = Sustainable Urban Transport — Birmingham UK
(BT v
e [ UC
bRy ol
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Smart Waste Basket and Subsurface Containers (BERLIN)

« Ad hoc fill level measurements; data transmission to the collection vehicle when it approaches
« Develop assisted application for maintenance and fill level visualisation | ) R
=

Fill level
sensors

« Continuous fill level measurement every 30 min. and data transmission

once or twice a day to the utility network
» Additional notification of the fill level data when an alarm fill level has been reached

» Historical fill level data analysis for fill level prognosis and optimization of logistics.
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ACTIVE LEAK DETECTION SERVICE (TRENTO)

Phocus.sms

Communications  Report  Activity Log  Window  Help

wi ) sl sl] %] 9| @l ¥l

Database
& Site_10_2343620697
- ik Signal Test 081112
1k Data Report
-\ Blams
ER: 3 %572,3343520755
- ik Signal Test 081112
- ik Data Report
Alarmns
& Site_3_3343620706
- [k Signal Test 051112
- [k Data Report
A\ Blams
= Site_4 3343620757
* ik Signal Test 081112
- lil, Data Report
A Blsms
=P 9575,3355125175
- ik Signal Test 051112
- [k Data Repart
LA Blams
=X 3 95_5_3343520595
L, Signal Test 061112
i liik Data Report
A\ Blams
= 4 Sile_7_3343620721
[l Signal Test 051112
- [k Data Report
A\ Alams
- 4p Sile_8_ 3343620707
* ik Signal Test 081112
* [l DataReport
£\ Alams
ER: 3 %ej,aadaszn?aw
[l Signal Test 061112

Primayer Mapper

Site 3 3383123178

s
Site 7 3343620721

A
0

Site Selection

Name Phong Mumber
Site_4_3343620757 +383343620757

[l DataReport
A Blams
Search Loagers
Address | via ala cascats [ [ Semrch | [] Shew Names [7] Lock All
" | | county [rew | []Posteode Search  Longitude Ltitude |
Phocus.sms

Advanced Dplions
\warming: These advanced options should only be used in combination

‘with loggers with firmwars version 154, issued on loagers with
Seriel numbers 108917 and above.

Daily vl &
Time of day to-send Health Check  [07.00 %
Automatically send Health Check when an
Al

Regular Health Check interval

Resend period | Daly | A
Alarm clear threshold &) Level 1 () Level 2
Change default Critical Moise Value []

£ 2]
Recording Stait Times

Epoch1 (0230 &) Epochz [0:00 | Epoch3 [le |

Close

* Location detection of leakages;
in the minimum level at night in a sector and a leakage identification system that

integration of

progressively scales down the area.

flow sensors to detect variations
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CITY MAPS, LIGHT & POWER CONSUMPTION (SANTANDER)

NI

s m=

Power Regulator’s Intelligent Module
(Ingequr)

AMM System (Eon-Spain) Light Sensor Nodes

Estimated light level: obtained from real power consumption data and the kind of lamps
installed 0 from Utility resources (AMMS) and Authority devices (power regulators).
Generate the power consumption city map.

Real light level measurements, collected from a light level sensors network deployed all
over the city (or areas that want to be covered), and will show the current status of city
illumination.

Authority system power regulators:
controls the power provided to lamp post
lines

Pedestrian flow sensors network: based
on radar technology. Detect people o

- . ower
presence on a specific area (city centre RADAR Regulator

street or square) Sensor (Ingequr)
node
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Public Street lighting Map

AYUNTAMIENTO DE SANTANDER
INGENIERIA INDUSTRIAL

ALUMBRADO PUBLICO DE SANTANDER
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Visualization on Google Maps

Report a map error
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D —
Summary

m The ICT has the potential of turning the cities into smarter ones.

m Key Technologies: IoT (Internet of Things) + Cloud
* loT for collecting real-world information in real-time
« Cloud for storing/processing the information with elasticity, reliability and
aqgility
m Efficient communication and collaboration mechanisms are needed to
exploit all information sources to make the cities smarter

m Open platforms for creating a synergy between various stakeholders
(citizens, municipalities, utilities, service providers, application
developers, etc.)

m Service oriented approach for handling heterogeneity and dynamicity

of the internet of Things

== Easy creation and maintenance of dynamic loT applications.
= Middleware services for virtualization, data processing, device management, etc.

B Tools to design, deploy and supervise robust and dependable
loT applications
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Internet of Things -
Convergence of the physical and the virtual world

Service
providers/
Operators

Networked
applications

CEA-LETL, from |
conception to
integration (from
hardware to
middleware!)

Integrated device
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