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KMA4City Ontology and APIs

 The effective deploy of smart services is viable by exploiting

the semantic integration of Open/Private data, Static/Real
Time data

The semantic aggregation of data is unfeasible without a
common ontology, data are produced:

— by different institutions

— by using different formats and aimes,

— by using different references to geographical elements, different

standards in different moments

Aggregated data can be exploited to implement a large
number of services and applications by structuring the Smart
City Architecture and the corresponding Smart City APIs
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Smart City API Architectures

e Different kinds of Smart City APIs can be set up with the
aim of enabling Smart City Services and Applications,
and their corresponding Architectural solutions

\ .'.‘:

e Three main approaches can be presented:

— Info Integrator
— Data and Metadata Aggregator
— Semantic Aggregator and Reasoner

SMARTCOMP 2016
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Smart City APl Architectures: Info Integrator
E:= info search Mdeveloper .
| lntegrator [ ol = e Data & Services are NOT
s ot [ o integrated each other

APls and data are not
semantically interoperable

City Operator
Data/Service Provider

-
-
-
@
- = -
- = = -
P —

1
Web and

City Operator
Data/Service Provider

Mobile App

The problems in managing

the semantic integration of
data and services are left in
the hands of developers

City Operator
Data/Service Provider

e Collects information about APlIs
provided by different data and/or
service providers (including

authentication and licensing) . ~
Example:

 Provides a common pIaFe to access |EO15 Digital Ecosystem
at the exposed API services and

data

SMARTCOMP 2016

. N “Smart :"!H oUg ling
2"9 |EEE International Conference on Smart Computing (SMARTCOMP 2016) = ;%” '
St. Louis, Missouri, US | May 18-20, 2016 (j



UNIVERSITA
DEGLI STUDI DINFO

s ittt DIPARTIMENTO DI

F l RE N Z E INGEGNERIA

DELL'INFORMAZIONE

7,
«\“ %.
'-u W \
'.1-‘

) r\\'
Risgans

DISTRIBUTED SYSTEMS
TECHNOLOGIES LAB
http://www.disit.org

Smart City APl Architectures:

Decision maker
|
Data |

> ey
and developer
Metad e
ata search —

-
> Aggreg = V_Fi_rpduce

ator

h

City Operator
Data/Service Provider | Get

on

<

Data
Visualizat

City Operator
Data/Service Provider | Get

City Operator
Data/Service Provider | Get

-."| Web and
* | Mobile App

=

Get

APl or
Semantic API

City Operator
Data/Service Provider | Get

Get

CASE B)
Data & Metadata Aggregator

» Collects data and metadata
information to index & aggregate
them in a common model

* The aggregated data are made
accessible to web and mobile App via
some automatically generated APIs

* |n some cases, graphic rendering is
provided via data visualization tools

e The common model produced does
not lead to a satisfactory semantic
interoperable data service

e The data are not re-conciliated
each other, and maintain the same
quality of the original

e The resulting database is typically a
set of tables with traditional MySQL
capabilities. Thus, the provided
APIs are not supported by a
domain-oriented ontology

E
Example:

2"d |[EEE International Conference on Smart Computing (SMARTCOMP 2016)
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Smart City APl Architectures: Semantic Aggregator & Reasoner

e Collects data and services to

Decision maker
aggregate and integrate them in a atiyservcaBrenises |5 i:jj ga i @]
unified and semantically interoperable |[_cvoperaor || 6 87> W9

] . Data/Service Provider |Get Aggreg L M developer
model based on a multi-domain e et | i | E [ =
I Data/Service Provider |gGet | Reason éé \?,r'oduce
OntO Ogy —~ & g -+ {Web and
v ,_ | Mobile App

City Operator . | Get
oy . Data/Service Provider e Domain
e Allows data re-conciliation t
Get

e The model defines semantics
relationships enabling the inferential

in the RDF hD : ]

processe?; in the Graph Database (Examples: CitySDK (with )
e The qbtamed KI? can be used.for. some limitations), KM4City

creating strategies, data quality j

. . : (covering all features) Py

improvement, setting up algorithms (8

and reasoning about the several

aspects and services Ry i (U SMARTCOMP 2016
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Smart City API Architectures: Comparls

Case A) Info Case B) Data Case C)
Integrator and Metadata Semantic
Aggregator Aggregator and
Reasoner
Addressing Open Data Y Y Y
Addressing Private Data Y Y Y
Addressing Real Time Data Y Y Y
Addressing Services Y N Y
Providing Data Search N Y Y
Providing Metadata Search Y Y Y
Providing Space Reasoning N (partially) Y
Providing Time Reasoning N (partially) Y
Providing Integrated Authenticated | Only metadata Y Y
Access to data
Providing Syntactic Interoperable N Y Y
Data/Services
Providing Semantic Interoperable N N Y
data/Services
Independent from the Data model N N Y
changes
Providing REST APl on data N Y Y
Providing SPARQL API on data N (partially) Y
Providing inference support on N N Y
Data
Providing Data Visualization N Y Y
Providing Decision Maker Support N (partially) Y

Case C) mainly differ
from Case B) for the
presence of a real
ontological model

Case C) has to cope
with Graph Database
collecting huge amount
of data (Big Data)

Main difference
perceived by City Users
and Decision Makers in
case C):

— Number of smart and
cross domain services
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Kmd4City Ontology = :=—-
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Ontology Documentation:
http://www.disit.org/6506
http://www.disit.org/6507
http://www.disit.org/5606
- http://www.disit.org/6461
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KIVI4 City APls & other API of case C)

e Comparison in terms of:
— Service Search,

— Mobility
— Environment, Sensors and Actuators

— User Participation and Awareness

http://www.disit.org

— Personal Assistant
— Smart City Interoperability and Dashboard

— Domains of Geo Located Services

SMARTCOMP 2016

— API Kind of Call

2"d |[EEE International Conference on Smart Computing (SMARTCOMP 2016)
St. Louis, Missouri, US | May 18-20, 2016

“Smart !.h-'fni! n‘mﬁg{: Ci ing”
'r ) (




DIPARTIMENTO DI DISTRIBUTED SYSTEMS
F l RE N Z E INGEGNERIA AND INTERNET
DELL'INFORMAZIONE TECHNOLOGIES LAB

SHER% | UNIVERSITA
5%& bren stun: | DINFO
il

http://www.disit.org

APls: Service Search & Mobility

Front end Smart City API domains to ;‘E
provide services to management smart v o = <
city applications, and to web and mobile | = - 5_, ; ;
. - a - ~—
applications. z |5 E : 2
- - - z £
API: Service Search
Search Full Text | x2 | x2 X X
Search around a GPS point | X X X X X
Search along a line, polyline | X X
Search in an area, setof potnts | X X X
Search for region, municipality, etc. X | X
API: Mobility
Get Real time delay of Public Busses | X X X b 4
Get Traffic Flows Status | X X X X %
Get Parking Status | X X X X
Get a Routing (multi stopplanning) | X | X | X (x)
Get an Intermodal Routing | X X X X
Get an Integrated Ticketing X X X | (x)
Get a Routing for Good Delivening | X X
API: Environment. Sensors and Actuators
Get Weather Forecast | X X X
Get Sensor/Actuator Value/Status | X X 5 % X

Qe |
}

Full text

Search, for |
Region & | -

municipality| -

.....

http://servicemap.disit.org

" Arerro

N ‘ Ragular Sarvica

SR EY
acaacoar;
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i
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_g% Search for

~ ¢ Geo Located
_ Services

Search around
a GPS point

e -
« 0 Pt M 1) .- “‘_: -" I = = o T et 5 —— =
= [[ Frorence us | Tuscan Muncpabtses | Test Searcn [ Events ] Mo LF r . - IF Tuscan Municpaities | Ta Search | Evant " s RET i
! i i 5 Trans i i % e — TR s Reguiar Services | Transversal Servces |
Bl Setect & time icarval ©0ay ©wesk © Honth H

Vo TS Al
0. ® 3" B

weather

| Get Real Time data

an area forecast |
e —-=_Y_ 7| (public busses, car parks,

sensors, traffic rows)
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Crnderitvu Cortee ,
Kmé4city ServicelViap

e http://www.disit.org/6597 -
— REST API: serviceURI or

Km4City AP

Save your information for services. X

T FERMATA : STATUTO 04

You can save this query on ServiceMap.
LINKED OPEN GRAPH

4 Linee:

Please insert a valid e-mail, and you will receive a link that could allow you to
access at the results and share it with your friends.

8

20 28 4 54

H Insert your e-mail:
Se | € Ct lon or G PS SHOSSITN tranei: michela.paolucci@unifi.it
. . % Insert a title:
REST API: Query ID e . e

Insert a description:

— Receive an email T

Linee:

— GetaJSON, HTML, ... o=l

Prossimi transiti:

* EMBED facility in third

In
13:01:40 4 5084813
orario

party web pages S e R S SN S

» Developers may use the | "7*° oo = I8

ServiceMap tool to: i A

13:12.02 6 Anticipo 4867907

— compose geographicaland | .... » ...
textual queries

— THEN request an e-mail
containing the calls (same
results in JSON and/or in

HTML
) Km4dity Smart Qosystem, Maggio 2016 . .

Busses available at Florence st‘.ation]
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APls: User Participation, Awareness
Personal Assistant, Geo Located Services

E'L

i
J?fmi r\\‘\

Front end Smart City API domains to
provide services to management smart
city applications, and to web and mobile
applications.

CitySDK
ECIM
Transport.API
Navitia.io
KmdCity

API: User Participation and Awareness

Get Social Media Monitoring Info

Save Crowd Sourcing Comments

Save Crowd Sourcing Votes

| | ) 4

Save Crowd Sourcing Media

= b A
| P4

Get Events 1n the city/area

API: Personal Assistant

Save User Profile

—
#
o ——
/“'\
&

x)

Get Suggestions on Demand

Get Civil Protection in Push

Pl PR Al AL | ) ) ] )

"
"~
i

Save Mobile Sensors Status

API: Domains of Geo Located Services

. DISPONIBILE SU
P> Google play

Culture and Tourism

Point of Interest

w4
¥4 >4

Mobility and transport, parking, flow

Education and training

Scarica da
. App Store

Government and Pub Services

Commerce and Industry

(A, Scaricada

Health and personal

E Windows Store

Public Energy, Energy and home

4] A A A A A AL AL e
P4l Al A A A A AL AL e
i) PRl DAL AL L R <L L <

Energy and Mobility

2"4 |[EEE International Conference on Smart Computing - St. Louis, Missouri, US | May 18-20, 2016
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Mobile APPLICATION
Q = y =
Kma|cITY) : a = £y
: v N ) A . . @ ”E“ § o
S g 5' ; ' po‘nte =] : wsctmn ‘LD: - {% ;
T 2 g " WEB APPLICATION
H E l-:h'g"‘_ Ponte e a L J'?-. 3
)10 B e o ] v http://www.km4city.org
= m =1y 1 ~
=, ! u Ponte g 15 ne - [l U 9 Glardini
@, Vecchio i ‘\__ .;_._- ) = L'?’ E'__ ? ...." | W Libreria, cartolibeeria
:M_-‘l Sm' { ﬂ Ponte - :
_‘? o Vecchio > i
L . =
i 5 - e’
-Fa’ I % t{ t%%o%oﬁ'ﬁ;“ Squeﬁmenﬁ Firenze o 1 ,‘?‘: ; ; 3 '-" gg mwt:ms
/] P A Post e e S SRS - e E o
AL { i} L Leaflet| © OpenStreethap contributors e —
1 = ©| a L r—
- B 78 Twitter Vigilance
1 » O @ Accommodation R
> D m Mvemsinq 1 Leafiet | © Gunnsuulkf.-

> O B Agriculture And Lives
= » O & Civil And Edil Engined

> O & cultural Activity

> O @ Education And Resea

Annunziats
Tipo: Squares

/e http://www.disit.org/tv
oy http //tvsolr d|$|t org

= A

¥ Giardino Di Boboli

r,,' (4] EmEﬂ]EI"ICY Tipo: Digital Location ;. — Piazza Santissima
k] - { Amenzies BB x  Weswwsee 0 gun 2SS L S S N SN U AN i an
[ntgnamment Descrizione: The Prince s Way ends in th| r_';“- A Tipe: Squares
Environment i Bobol, near the Grotta del Buontalenti || [ERISERFEERY olstanza @ 1549 m
Financial Service very masterpiece of the Mannerist archit Bl TN ndrizzo: + R R
- sculpture
Government Office opie =
Health Care il Percors e B
Descrizione: I| Percorso del Principe tem| Vino e Cibo !

Industry And Manufaq Giardino di Boboll, nei pressi della Grotta

Mmmg And Quarn;inc Buontalenti, vero & proprio capolavoro def R
architettura e delta scultura manierista %,

Shopping And Servicq !mma e B

3 tan: 1975m
Tourism Service * B hE2 v T ' ;
Transfer Service And - 43 ostra Tutte le Categorie

Utilities And Supply

U Trattoda Gazzl | 3

Tipo: Trattona

X
“TUPWHFEMwmmmﬁnfwrwfvw&&w*

—"\"’—'"\—-wxu——.._ P e N S S,

P WYYV Y
)000D000D00D0D00D

- R-K-KoRK:R: KKK

Get :
Suggestions e o
on demand Get Social Media Monitoring Info
2" |EEE Interna-tional Conference on Smart Computing - St. Louis, Missouri, US | May 18-20, 2016

Geo Located
Services

Indirizzo: VIALE DELLA MERIDIANA, 50125
FIRENZEFI § = &
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[ J || CassaDi :

BN ) Risparmio
St ) *=2(€ Di Firenze

Tipo: Banca

Indirizzo: CORSO ITALIA,20 52027 SAN GI
VALDARNOAR f m &

NNI

Telefono: 055912471

Fax: 055912471

Save User Profiles

2" |EEE International Conference
on Smart Computing - May 2016

pisitT Collectin

DISTRIBUTED SYSTEMS o
AND INTERNET
TECHNOLOGlESLAB p
http://www.disit.org f f 9 ff_‘
FIRENZE a =
2 Contributi 555, oy PTRRN
ey b
Foto Recenti T y i

Cassa Di
= Risparmio
LT CASSA DI RISPARMIO DI 4 DiFirenze B
Tipo: Banca 5 o @ '
o oo,
. I 1\

ol m HOTEL_ORCHIDEA
Tipo: Albergo hotel

- D Il Mare
1 Tipo: Trattoria

'\ . From Kandinsky To Poll
) Of The Guggenheim Co
A Tipo: Evento

“. Cassa Di Risparmio Di Firs. ~e

Fax: 055912471

[ LT Rastrelliera Per Biciclette
x Tipo: Rastrelliera per biciclette

e m SAN_GIORGIO_&_OLIMPIC
! Tipo: Albergo hotel

Save Crowd Sourcing Media,
votes, comments, status, ...

aaccooo
F 0D 43

o

d\\f:?__".;_ N

[

Photos uploaded from users

2016-04-26

18:55-08.0 CASSA DI RISPARMIO DI FIRENZE
2016-04-25 . — .
18:21:06.0 Ristorante "Piccolo Mondo

e fevee

validated «

validated ~

F Y i%
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Front end Smart City API domains to
provide services to management smart
city applications, and to web and mobile
applications.

CitySDK
ECIM
Transport.API

Navitia.io

Km4City

API: Smart City Interoperability and Dash
Board

Save Indicator Values (GPS, CompanyID)

Get Indicator Values (Company, ID)

Shops,
SErvices,
operators

Transport

systems,
Mability, Parking

Florence

Sensors, 0T
Cameras, ..

Public services,
Govern, Events

@< £33

Social Media,
WiFi, Network
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of Call, Non functional

http.//serwcemap.d|5|t.org/WebAppGrafo/apl/vl/?quervld=9e5

Front end Smart City API domains to
provide services to management smart
city applications, and to web and mobile

applications.

CitySDK

ECIM

Transport.API

Navitia.io

(m4City

["APT land of Call

SPARQL Query

SPARQL Query with Inference

REST

Query ID

" 4 A

Non Functional

Direct API Authentication

X

X

o4

APT Authentication via Social Media

"

Data Licensing Control

X

X

o4

SPARQL

Flint SPARQL Editor 1.0.3

New Edit View Help
] iy © @
Dataset  KM4CITY =  Mode SPARQL 1.1 Query -~

| Queryl M|

FREFIX
SELECT

SELECT

Line: 8; Position: 7; Query is valid
Query Results

5 1

hittp://www.desit.org/kmdcty/resouwrceFM0022 STAZIONE PENSILINA

hittp:/ st org) 2143 STAZIONE GALLERIA

STAZIONE VALFONDA

']
1
2
3 http:ffwww.disit.org/kmdoty resounce/FM 1898
4 P st org) 52
5

hittp: {{www . desit.org/kmdcity resource/FM03 13

Samples |

foa
pIs

78 a kmic:
foaf:name 71.
} CROER BY ?1 LIMIT 100

Bus stops near the Florence SMN train station

The bus stops within 100m of the Firenze SMN

DI

73 a km

STAZIONE LARGO ALINARD

STAZIONE PARCHEGGIO

Output  SPARQL-XML

FREFIX kmic: <httpr//www.disi

* WH
icipality;

PREFIX kmdc: <http://www.disi
PREFIX foaf:<hte p:.l'-fxmlns cem/ foaf/0.1/>

SPARQL | Properties | Classes |  Prefives
Select all mumicipalitres names. .

ERE |

POINT(11.2491 43.7765)
POINT(11.2482 43.7759)
POINT(11.2484 43.7772)
POINT(11.2495 43.7765)
POINT(11.2493 43.776)

t.org/kmicity/schemat>
/fxmlns.con/ £0a€/0.1/>

it.org/kmdcity/schenat>

Visual Resuks Mode

dist

0.0544402
0.0648533
0.0768214
0.0898297
0.0923469

t Computing - St. Louis, Missouri

662a352d90ad4bc77690277a371ab&format=html

<Query ID

SPARQL on

Default Data Set Name (Graph IRI)

Query Text

(Secunty restrictions of thia server 0o Aot allow you 10 reineve remote ROF dafa, see gatails |

Resuls Format HTML -

Execution timeout o millis econds (values less than 1000 ane ignored)
Optians: | Strict checking of void variables

(The resul can anly be sent

Run Query

“ Virtuoso

it Aty

-rdf-ayncax-nak>
nak>

geosparqlés
FuriComune WHERE {

Dack i browser nol $aved on the server see detaily)

Resat

http: //servncemap d|$|t org/WebAppGrafo/sparql?query-=...

geo dist

hittp:www disit org kmdgity “STAZIONE “POINT(11.249077 43.776466) " <http:/ www.openlinksw.com 00544402
PENSILINA® Vschemas/virtrdf¥Geometry= o )
"STAZIONE “POINT(11.248156 43.77% ~echitpwwwoopenlinksw com 0.0645533
GALLERIA" (schemasvirtrd M Geometry " X

htp S www disit ur!.-}.:n-lu[,\' "STAZIONE “POINT(11.248416 43.777191 )" <hitp./'www.openlinksw.com 0.0768214

fresource FA1 B9 VALFONDA" /schemasivinrdféGeometry= ; -
“STAZIONE LARGO “POINT(11.249519 43.776512) <hrtp:/'www.openlinksw.com 0.0808207
ALINARI® fschemas/virtrdf¥Geometry= ¥ i
"STAZIONE "POINT(11.249316 43.775997 ) <http:/'www.openlinksw.com 00923460
PARCHEGGIO™ Vschemas/virtrdf¥ Geometry= e

http://servicemap.disit.org/
WebAppGrafo/spargl?query=
..&format=JSON

"head":{ @ }
"results”":{ B
"distinct":false,
"ordered”:true,
"bindings":[ O
{8

"s":{ 8
"type":"uri”,
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Tools for Final Users
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Data Results about KM4City

Received calls from applications to KM4City APls

API mode Jan. Feb. Mar.
api-service-info 21.118 | 36.826 173.303
api-services-by-gps 5.573 4.789 5.997
api-location 1'41§ 3;2? 18';61;_;4 s January 2016 February 2016 March 2016 April 2016
api-events-day 26 17,678
api-text-search 533 440 29 1 17" Loeson
api-services 157 131 401 10000 = LOCATION /
api-events-week 21 26 36 wFo |
api-events-month 20 25 25 8000 e A A :
api-services-by-queryid 13 20 15 6000 l’-, : i
api-service-photo 10 5 11
api-services-by-municipality 2 13 3 4000 | /\
api-service-stars 1 - > 2000 -
api-service-comment 1 - 4 \ Ve >

total | 29.130 | 46.280 216.651 °3-3Ls::n:gssszazzsss::n?ﬁs;
format Jan. Feb. Mar. R R B R R R R R O R R
HTML (calls on servicesmap | 179 | 157 R 1iiiiiiiiisiiiiifiiiiiiiil
interface for developers) -
JSON 28939 | 46.118 216.187

total | 29.118 | 46.275 216.651
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Projects based on KIVI4C|ty

e Sii-Mobility, http://www.sii-mobility.org g
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Km4City Smart City API:
an integrated support for mobility services

C. Badii, P. Bellini, D. Cenni, G. Martelli, P. Nesi, M. Paolucci
University of Florence, Department of Information Engineering,

DISIT Lab, http://www.disit.org, http://www.sii-mobility.org,
paolo.nesi@unifi.it

SPEAKER: Michela Paolucci
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