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The FIWARE Programme (originally FI-PPP)

Goal: capture opportunities derived from the new wave C:}
of digitalization of life and businesses that is coming —
/Transport, = e-government
| Mobility g
Strategy: Build an ecosystem that will work as catalyst ‘\\Lo;i“s‘:ic
for capturing the opportunities, engaging data AN
providers and entrepreneurs \ _
) Enesrr;;r(;ri
Pillars: ~
EF : a generic, open standard platform which eHealth
serve the needs of developers in multiple domains /
_° Fl Lab : a meeting point where innovation happens

and data providers plus entrepreneurs can be engaged

Fi : the suite of tools easing deployment and
operation of FI-WARE instance nodes
Fl

. a program that funds developers and
entrepreneurs, and ignites roll-out of the ecosystem
i® FILWARE Mundus : reach a global footprint, opening to
regions that share the same vision and ambition
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Understanding FIWARE (Open Standard Platform)

(advanced OpenStack-based Cloud + rich library of Generic Enablers)

& FILARE

OPEN APIs FOR OPEN MINDS —=nidh
Driven by
implementation

ensured
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Why an open standard platform is required

Avoid vendor lock-in:
Standard Southbound APls for sensor providers
Standard Northbound APIs offered to applications
Portability across platform providers
Interoperability of apps on top of different providers

Larger community of developers (critical mass,
economies of scale)

True innovation
More competition, leading to cost savings

Not any standard is enough
Modularity

Allow different business models
Integration with standard open data platform
Non-intrusive (smooth integration with legacies)
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Open Source. Avoid vendor lock-in
You have the control
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ATOS, ENGINEERING, ORANGE AND TELEFONICA ANNOUNCE
THE CREATION OF THE FIWARE FOUNDATION TO ACCELERATE
THE DEVELOPMENT OF SERVICES IN THE INTERNET OF THINGS

1. The four companies are now announcing their plans to bring FINARE to other domains like Smart
Industry or Smart Agrifood beyond Smart Cities.

2. The FIWARE Accelerator program has demonstrated how innovative SMEs and startups can build
loT-enabled solutions and introduce great improvements in business processes across several
sectors.

3. The FIWARE platform provides a solid technology foundation for digitizing the European Industry
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FIWARE Generic Enablers (GEs)

A FIWARE Generic Enabler (GE):
set of general-purpose platform functions available through APls
Building with other GEs a FIWARE Reference Architecture

FIWARE GE Specifications are open (public and royalty-free)

FIWARE GE implementation (FIWARE GEi): ‘
Platform product that implements a given GE Open Spec . ' l

There might be multiple compliant GEis of each GE Open Spec

One open source reference implementation of each
FIWARE GE (FIWARE GEri):

Well-known open source license
Publicly available Technical Roadmap updated in every release

_ ‘ S
A
& \ %

Available FIWARE GEis, GEris and incubated enablers are
published on the FIWARE Catalogue

, & FILARE


http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/FI-WARE_Architecture
http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/Summary_of_FI-WARE_Open_Specifications
http://forge.fi-ware.eu/plugins/mediawiki/wiki/fiware/index.php/FI-WARE_Technical_Roadmap
http://catalogue.fi-ware.eu/

FIWARE major differential features

Federation of infrastructures (private/punIic
regions)
Automated GE deployment

Complete Context Management Platform
Integration of Data and Media Content

 Easy plug&play of devices using multiple protocols
» Automated Measurements/Action <->Context updates

* Visualization of data (operation dashboards)
* Publication of data sets/services

 Easy incorporation of advanced 3D and AR features
» Visual representation of context information

* Security Monitoring
* Built-in Identity/Access/Privacy Management

» Advanced networking (SDN) and middlewar
* Interface to robots




catalogue.fiware.org

LWARE

Home Enabler: Busndia s i

FIWARE GENERIC ENABLERS

Gararc Enablars [GE) offer a numbar of ganaral- purposa functions, offarad through

well-defined aPIs, =asing development of smart applicatons n multipks sectors, They

will 22t tha foundations of tha architecta associatad o youd application.

Spacifications of FIWARE GE APIs are public and royalty-free. ¥ou can secarch for the

open souwce referance implemantation, as wall as altermative implementations, of
sach FIWARE GE inn tha FIWARE Ralarancs Archibac bura.,

ﬁ il
DATAMOMTIXT AT RN T
OF THINGS
Last updatad Sanans Easing access, gatharing, Services
Enabilers, processing, publication Make connected thangs

avallabla, searchabla,

and analyses of context
accessible, and usable=,

information at large scala.

Fhhrsoed Leh-tosed User
b
3D & AR capabidities Mo
wab-based UL

Securiby
Make delivery and usage
afl sarvices trustworthy by
Meating Security and
DIWacy requirements,

Baiiled eormarianication-
efficent distributed
appheations, asphboit
advancsd metwork

capabilitias and aasily

manage robotic devices,

DOMAIN SPECIFIC ENABLERS (DSES)

Thea FIWARE Catalegue nchidaes links to othar cataloguas bringing nformation about
domain- specific enablers (D5Es) to be combined with those serving general purposes
[Ganaric Enablars - GE}. Thay may be halpful for thosa who plan to devalop
applicatons in thae domains of energy, craative madia, smart manutactunng, haalth
amnd wallbsing and the agrifood ssctor,

The parfect dclubion e make your app fBous an a dpacilic vartical.

@
9 o

Fisare notw thet Domaein Speoic Srebiery (CSEr) sre dfferent From FTWARE Genvenc Snablery (GEx). Some
of BTl Aded Dt deweloted 84 08T of Che FuCturs INCeamel S0F Svgs SCais DNBE A Sorfesn Soecfic
axtenmiony whick are now sveilsbie b Fou. Their developmaent ey ot Aeee foflowsd the FTWARE Devedooer'

Tl arnd mb gy e guailily aESuancE Snd SuSEerT can e givenr. Thers may alec B dFersnd
ragimas Aepanding svailabiliy of Scunce code wnder - LncEn ot fource Tososss, MFeel of sugsont and
sumtainaieliy in the inng Peren

SFome DEL may demonetrads they ame nof only spplicebls bo the Bpecific domein for which they wers originad'y
alwmigrrend dual Fu sreasr ol spgelaafinn demams Those OSFS saey eemafunlly heosone 8 S WARE [DF Gy goveg
bhrowph bve incubadion procers defined within bhe FTWARE Open Scurce Community.

Rl Ehnt mupgeart off DEE catnloguas au wall sa DEEs lo cuteids b cantral of FTWARE

BUNDLES

BUSINESS FRAMELUORK
ConNsuUuMmPTION

The business Framework Consumption
Bundla includas & sat of GEis that

DATA CONTEXT STREAMS
Contaxt Streams ganaration storags and

& FILARE



FIWARE Chapters

<>

DATAICONTEXT INTERMET
OF THINGS ADVNCED Wi
Dota/Centext Manogement kmunlﬂhgs{lﬁl] Fovonced Web-based User
Easing access, gathenng, Interfoce
procescing, publication Make mnne:ted things 3D & AR eapahbilities far
srd analysis of cortext availabie, ssarchabile, wab-based U,

infermation at large accecsbie, and usable.

scale.

Maka delivary and usage
of servicas trusbwarthy by
meeting secunty and
privacy requiraments

Build eommiunicatinn-
afficient dictrbuted
applicatns, exploit
advanced nebwork

capabilibes and eacily

manage robotic dewvices.

Co-create, publsh,
cross-sell and consume
applicationssernces,
addressing all business
aspecls.

Chond HosTing
Provides computation,
cterage and network
FESOUrceEs b manage
SSrvICes.
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Platform <> Ecosystem
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Open Standard + Sustainable Open
Platform Innovation Ecosystem

p— o
& FILARE of FARELob < FILARE

Easing your operations
OPEN APIs FOR OPEN MINDS
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https://www.youtube.com/watch?v=2VLhO07LJfg

A live instance of FIWARE Not only platform, tools...this is
available to developers for powered by data!

free experimentation

W 0.0l ! A

110 03 s 1 o

' f 1) 3, bl g I

(o] o 1y 10 p ¥
F Lab Bh ' | b

e ¢ | 1 Lo 1 A

e 1*, % 1y 13 : )

i 1| i D :
i ! ! ;
1 1|Z| gd Uy 1 0 i
' 10 10 1 X

g i Start-up 0. @ 1 }

—~ <~ e g 0! 1 !
User f ; '}_- ; \\ University » 1 D - - J
\ R e 4l b 1 ! o

Government % \ §
Ecosystem x&f “-..'":'.' 5 '\":- Bl ;].I : 0 : 1 T
z TP Ty Mascent i i !
Bppont I| '..-’r D s \-[A’ Start-up 1I 1 I.-Il| ].I 1I D
; . S L 3
Creative - . © O :’ ) Ll 1 .
Commons "1. o P g \:wi—-—-—" Firm 11 +
>ﬂ ,-'-""_'?{ Co-innovator ] ll 1I i
r i }
Firm . A - ;L

E & F



FIWARE Lab: the “meeting point”
where innovation takes place

App Customers and Data providers

Connect to entrepreneurs
Put their data at work

Bring new innovative services to end

users
Be more efficient

Social Reputation

¥ ¢

02 FILARE Lab

Spark your imagination

5B

FIWARE Technology Providers

“Coopetitive” approach

Connect to entrepreneurs: jointly
exploit the opportunities

(=]

FIWARE LAB

Entrepreneurs, Developers

Develop once for a large market
Easily meet potential customers
Marketing, promotion

Ability to test with real data and end
users

Simple yet powerful APls that
accelerate product development

¥ 4,2 M€ promotion campaign

¢ Campus Party events

¢ Startup Weekend events
¢ Chambers of Commerce
¢ 870 K€ in prizes

¥ 100 M€ of funding devoted to
entrepreneurs in phase 3 of
the FIWARE program

13
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https://www.youtube.com/watch?v=2VLhO07LJfg

Extending the FIWARE Lab offering for
service providers and developers .0 Fi Lab

~ Origin nodes
® Nodes selected by Open Call

% Wiireless access

D Customer devices

6 User community
< Cloud

Q Energy measure
Sensor network
@ Open data

@ Media services



https://www.youtube.com/watch?v=2VLhO07LJfg

FIWARE Lab nodes around the world

o ~
C.'ll.- FIWARE Lab  cloua Srore Mashup Data ACCOUM Helpdinfo
4794 users

15 regions 9024 G 499 TR 5402 public IPs 1618 WM
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FIWARE Instances

Future Internet Applications run on top of “FIWARE Instances” that are built by
“FIWARE Instance Providers” upon:

selection of FIWARE GEis (products) from the FIWARE Catalogue.
assembly of selected FIWARE GEis with proprietary added-value products.

FIWARE Catalogue Future Internet App

FIWARE Instance

—>

—>
—
assemble... - —

\.|

I
FIWARE GE implementations proprietary product
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Building the FIWARE ecosystem: the vision

FIWARE provider A

creation of dedicated
GE instances
I
"""" 1 I JJ
I

Applications

-- Applications

FIWARE provider B

17 & FILWARE


http://catalogue.fi-ware.eu
http://catalogue.fi-ware.eu

What does FIWARE bring to

Smart Cities?

18 & FILWARE



Why standards are relevant for Smart Cities

The current lack of standards means an impediment for
the development of Smart Cities

i

o ! “ ": l(o

The target market for solution and services is not large 3 -
1 -] N > ? 5

enough to attract investment . a7l

-8
!

bl il by

Solutions and services become tailor made, therefore
expensive.

LN
(e

Cities get locked-in to solution/application providers

N

=]
|
o O
A
a '

Pillars of the FIWARE programme support the creation of
a sustainable ecosystem:

The FIWARE platform brings the necessary standards

The FIWARE Lab becomes the meeting point where cities
meet entrepreneurs and innovation takes place

The FIWARE Acceleration programme helps to attract a first
wave of developers (startups/SMESs)

The FIWARE mundus programme helps to expand globally -

The FIWARE Ops suite of tools ease the task to deploy
FIWARE instances

19 E FILAR



Open and Agile Smart Cities initiative

Launch of the Open and Agile Smart at CeBIT:
Denmark: Copenhagen, Aarhus and Aalborg
Finland: Helsinki, Espoo, Vantaa, Oulu, Tampere, Turku
Spain: Valencia, Santander, Malaga, Sevilla

Portugal: Porto, Lisbon, Fundao, Palmela, Penela and
Agueda

Belgium: Brussels, Ghent and Antwerp
Italy: Milan, Palermo and Lecce

Brazil: Olinda (Recife), Anapdlis (Goias), Porto Alegre
(Rio Grande do Sul), Vitoria (Espirito Santo), Colinas de
Tocantins (Tocantins) and Taquaritinga (S&o Paulo)

Other countries and cities welcome to join !

Some of them already in the pipeline

(*) Ordered by country and date of incorporation

20 CF



From silos to platforms
From clusters to ecosystems :
Cross-fertilization of data

within a given environment (building, plant, city)...

between vertical application domains (energy, transportation, logistics, etc...)




Modularity; integration with legacies
Domain-specific platforms = FIWARE + specific enablers

/~ N / N /~ N
- N | A ~N) | AL N )
SMART SMART City SMART Factory

Apps Apps

-u-_i

Domain
specific
enablers

FIWARE
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Example: FIWARE for Smart Energy

FIWARE Sustainable Smart City Malmo, Sweden
FIWARE Smart Region Horsens, Denmark & Madrid
FIWARE X-border Virtual Utility, Aachen
FIWARE for the Energy Marketplace in Terni, Italy
FIWARE for Power management, Ireland

E-MARKETPLACE (ECP/EPP)

NGSI2COSMOS )

LW | (big data analysis)
HIVE :

M) (5) ]

COSMOS

=4

Data Mgmt Syst -
ASM trial site —
. L Metering
AMM2Metering [T 20rion I
— I L llﬂl]
. T J,- W -:E
H'—’
I Aggregator —
AGGR b Wearorzorion)- | ORION
h B —anlll = (context broker)
( DTrial Site ~ ©->Social20rion —
sw infrastructure | @)
) GE add-on | ®
(FINESCE WP4 | = yriorine PROTON
sw components TOOL )
| FI-WARE GE (complex event processing)

[w] Weather forecast

WIRECLOUD

(application mashup
user interface)

o)

p=y

Social evenls

; Total Consumption
p and production data

FUTURE
INTERMET
SMART
UTILITY
SERVICES

L Load sample M Metering data
#mtoadpmﬁm
GE and DSE integration
24



FIWARE as a multi-sided loT platform

loT Applications providers “

A/

endusers I, : JJ /
4

developers

AN

Networks & loT Infrastructures
operators

loT data
providers

Data
aggregators

data providers data providers data providers individual
data providers

25 Cli



Raising the level of data abstraction in loT
infrastructures

Beyond device and protocol abstraction!
Capturing the invariants in target environment instances

Abstracting all relevant physical entities in the environment
> rooms, places (= akin to context entities in context middleware)
> non-connected appliances and legacy systems

) passive items

Providing higher layers of abstraction
> virtual entities based on properties and categories (intri

> entity & device instance groups (extrinsic and ad hoc)

Physical
Envirormant

pivotal layer



Wirtual Entity

Wirtual Entity Wirtual Entity Wirtual Entity
Virtual Entity Layer :
(Entity groupings
Wirtual Entity Wirtual Entity Yirtual E according to
intrinsic or
’ * " extrinsic features)
Wirtual Entity Wirtual Entity Wirtual Entity Wirtual Ent4 Wirtual Entity

Entity Abstraction

Layer
Connected Sensor! Sensor/ Connected Connected Device
Device actuator actuator Device actuator actuator Device
| — 7 ion Layer
2a
Thing Thing Thing Physical
Entity Entity Entity Environment
27
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Consolidating multiple sources of data

Primary data may come from many types of sources:
peer and lower-level infrastructures
networked sensor systems
external information systems
crowdsourcing (individual smartphone sensors)

They are attached by FIWARE to relevant entities
Notify me in case of

What's the current congestion of street “X”
traffic density

in street “X”? K X
FIWARE high-level API

{« street X » :
« hasState » : [
« TrafficDensity »

...... V\

} = NS -
// 7 ”¢ ﬁ‘\ . W S, ( —
%inductive-loop - surveillance
vehicle detector driver smartphones cameras

28 & FILWARE



Acting upon entities through devices

loT devices are acted upon through changes in the state of entites

Backend loT Applications

|
GET <Oauth token> | JJ PUT <Oauth token>
[cityEntities/street1/presenceState [cityEntities/street1/lamps/”OnState”

FIWARE AP| wfmm
E}_—Bikend platform
7 : | . . s —
| 0&1
+ FIWARE API
o |

FIWARE API

29 CF



Integration with sensor networks

The FIWARE backend loT Device Management GE enables creation and
configuration of NGSI loT Agents that connect to sensor networks

Each NGSI loT Agent can behave as Context Consumers or Context

—I— OMA NGSI API (northbound interface)
FIWARE Context Broker

Providers, or both

/ create/monitor \
B R Lt O\ Gy ——————- loT Agent
- - v Manager
loT loT C e loT FIWARE Backend loT
Agent-1 Agent-2 Agent-n Device Management

—— (southbound interfaces)

A 4

OneM2M MQTT ~---- IETF CoAP
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FIWARE loT & overall Data Management

Applications

loT-enabled
Context
Management

Backend

ol k
{
NGSI loT
Agents

loT Backend Device ]
l M t
anagemen Backend

. . I e
Native loT Native loT /
Agent Gat -
P

eway/Device
latform GEs
Gateway/Device -)))
Platform GEs

Gateway/Device
Platform GEs

{(.:-}j]\ {':'5'“) {:-:-rj]\ {[Iil]]\ 2
A A A A () "
()_— ) — {ciﬂ/ (@ — {T]/l gy — A {[l]’ﬁ
\{g.:.;j] P \{t-:-r)] \{:ij] ~ \{[,Ii,]: / — Yy
31
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Example: Smart City platform

City
Services

I N - - - ‘r _____ r ———————————— - I - - - - I
'} rues I < i :
T DE?I(F;I(I;I:ON I |: | , OPEN DATA PORTALS !
[ I 1, ! |
\ ————— —-— s e e o ) e e e Em e o o o o Em Em o = J ‘ ————— ]
o o o e e N T T e - e
/ Dat \ N\
Real-time awd BI BigData Open Data
. Quering/Action, . . .
processing Publish/Subscr ETL Processing publishing
™\ ( )
Short-term
historic Big Data (>
data <j
Service A A

orchestrator

Context
Adapters

Hs

o

\%

A%

Context Broker

&

Smart city platform as
a Data/Knowledge Hub

Non-intrusive, open to
third parties

Real Time
Media

loT Backend
N\

Stream

Processing | 4 — g —

1

measures /
commands

CKAN

yinvy ' INAI
Builg % JuswAed R Buiyunoosoy

000 "BEE-AA’

oUl

—

Media
streams

Actuators

Sensors

Open Data
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Relationship

with other
loT protocols
Other context

NGSI

information sources

Context Information
Management Layer ]

Context Broker

_______________________________

[
' Context-loT
Context loT translation | translation

Management Layer

_____________________________

_____________________________________________________________

__________________________________

loT connectivity and
management layer l l l
v
X aFEY
Entity [ E”i ‘:II:II:ISAEPESE ] [ ] [ o wTERCCHECS
\E(— Attribute

loT device

A
? <€ loT resource

.

4 Context Entities Mgmt

~




FIWARE loT architecture

e
i
[}
1

1=

Yy
Data ContextBroker NGSID
NGSI10
loT Backend NGSIO
NGSI10 ;
loT Device Management | loT Discovery | loT Broker i
O O
NGSI9 NGSI9
UL2.0/HTTP, MQTT Edge
LWM2M/CoAP, etc. O AP? (j R, O () NGSI10
‘loTEdge I N
loT Gateway lIoT/NGSI Gateway
GW I_ngic—l | GW Logic | |Protocol Adapte | Data Handling ;
0 O '
/
EiaiEoy GSI10
API .

O Device API

Device

|
Device API O MGSI10 Q

Device

MGSI Device




Open Data publication

Context
Source
S

Context
Broker

BigData
Analysis

612 datasets found
Orpnzations (Y Fomats
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Bringing loT to the next level
with Linked Data

loT systems no longer isolated islands

They become part of the larger linked data archipelago

R g

inaner
G ix (S

B Cumlny oo

Savena’ T




Evolution of FIWARE APIs towards
Linked Data & Web of Things

abiding by linked data principles
use URIs as names
use HTTP URIs,

so that people can look up those names
when someone looks up a URI, LINKE D 0?EN

provide useful information T 1
On the web @FE

IsnoC!clfJg? tlarlei;sc;[g nofjki]segoL\J/zrlsrhore things Machine- nt;,t*ﬂlfﬂ'il!:'lE o }
Non-proprietary form?
RDF standards
Linked RDF

Naming and identifying devices |5 YOUR DATA 5 *$

URI of network interface (HTTP or CoAP) or proxy
Naming and identifying physical things
physical things are interfaced or represented through dereferenceable URIs of their own

device resources may allow to monitor or control things, either directly or indirectly



Federating loT infrastructures with Linked Data

i e =, L
\l. -y T - - T z
== = . £ : =5 =
e = e = = ‘
[ e e —" =
—=ss — - - - -
\: = = L — ‘_} 3]'z,-‘ ¥
= . r = = sy
""\L\‘ o 4 i : - A
= — = = AP
— ~ F - e W : —

’ loT data loT data
Data Ne rks & loT Infrastructures providers sources
/’, rs erat
data providers data providers t

loT data
sources

loT data
sources

1

loT data
sources




Linked data from the Web of Things

Narrow waist =REST identifiers shared by different
infrastructures and abstraction layers

> entities are resources, states are subresources, instant values are
representations

> devices are resources, reading from sensors and actuator controls are representations
—->HTTP or CoAP URIs for all resources and subresources

—->JSON-LD for semantic mapping of identifiers
> resource descriptions are hyperlinks - »follow your nose »

> no declarative descriptions a la WSDL!

o
REST = HTTP/CoAP URIs + CRUD + hyperlinks

o
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OPEN APIs FOR OPEN MINDS

Join us!

http://fiware.org

O’ FIWARE Lab
http://lab.fiware.org Spark your imagination

FIWARE

Easing your operations

Follow @Fiware on Twitter !
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