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 Data Discovery: Ingestion, gathering, interoperability,
discovery, modeling, aggregation, mapping = digital twin
modeling

Design

Data Discovery
Data Modeling

* Data Processing: transformation, interoperability;

Data Processes computing Indexes, KPIs and benchmarks, ...

Data AnalD

Userlinterface +
Business Logic

Analysis

e Data Analytic: statistic, predictions, classification,
anomaly detection, simulations, optimization, routing,
ML, Al, XAl, HPC, ...

e User Interface: dashboards, web pages, business
intelligence, visual analytics, what-if analysis, business
logic, mobile applications.

Snap4City (C), February 2024



"an.m,

=

st DINFO DISIT ;
FIRENZE | RERE00 ey ogmienn,, SNAP/
F I R-E N Z E DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE CITy

AND TECHNOLOGIES LAB

/ )

r I -— - \ L
rnases Loverage
Y,
Data Data Data Data Data Data .
e Data . ) Visual
Identifica Gatherin Aggreg. Storage, search : Visualizat .
: . ) Analysis ) Analytics
tion Process. semantic Retrieval ion
Gatheri Aggrega | Storage | Efficient Semantic Scenarios | Artificial Data Real Time Event Driven
ng tion (seman | Retrieval | Modeling, | Analytics | context Intelligen | renderin | Dashboar data rendering
tic) query (micro, ce g d
marco)
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Public Spaces as Critical Intrastructures
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* The City is a system of systems for city users [«
— Cascading effects
* Transport networks
— Main means for rescue teams, food, water, etc.
« Communication, ICT infrastructure
— TV cam, switches, cyber,
* Energy networks

— power supply for health, cyber systems, etc.
* Hospitals networks g
* Aggregation areas o S |

(—

https://www.snap4city.org/download/video/DPL SNAP4SOLU.pdf

SnapA4City (C), February 2024 2
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e Controlling Status: management, and operational

DINFO

IMENTO DI
INGE
DELL INFORMAZIONE

o Monitoring via KPI

o Computing predictions data from the field and KPI § i = ‘
o Anomaly detection <
o Early warning on critical conditions - |
e Making plan: tactic and strategic, medium and long range ..

o Optimisation: Prescriptions, suggestions

o Risk assessment

* Big picture and Long-term focused (2 to 5+ years)
= Vision, Mission, Why, Policies and Direction

* Executive-management

* What is the right direction for the company?

o What-if analysis on scenarios

o Simulation and predictions

+ Short-term focused (3 months to 2 years) Rerop t(&renze 7
ope Tactical +  Focused on specific business department fimeri pucci
o Resilience © | Wnddemaregemen

* What activities to be planned in strategic alignment?

* Be ready for Unexpected
UnknOWS £ Operational

Jlldp4LILy \L), TENIUdI Yy Uz



Digital Twin ¢“SNAP/ry
g o e

 Digital Twin
e Connected with real systems

* Modelling aspects: structural, visual,
informative, real time data sensors (context),
POI, functional, resources, etc.

* Analytics: Al/XAl techniques, simulations,
users’ needs, etc.

* Easier to understand the context, review ==
from multiple points of view |

e Useful to perform
* Discussion with city users
e Support decision makers

* By Case Experiments for analysing

* New solutions, impact of disaster (natural and
provoked)

e Reduction of costs in the analysis, in reduction of
mistakes

Snap4City (C), February 2024 11
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e Controlling Status: management, and
operational

o Monitoring via KPI

o Computing predictions vs KPI

o Anomaly detection

o Neuro-Symbolic analysis

o Risk assessment

o Early warning on critical conditions

e Making plan: tactic and strategic,
medium and long range, micro/macro

o Simulation & predictions

o Generative Al Prescriptions, scenarios
o Resilience to Unexpected unknows

o What-if analysis wrt scenarios

2in tasks é SNAP/cty

Monitoring

\, Digital Twm

Models &

< Data <—— Anomaly Detection,
Decision
Support System
Slmula |ons

Generatlve AI

Scenan

f Relnforced Al
What-If <—
Analysis <€

Snap4City (C), February 2024
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* Recent solutions
— Maas, sharing, evolution of info-mobility
— Connected and Autonomous Vehicles/solutions
— Integrated Energy & Environmental applications
— Etc.
 Most of them share the same modules, differently implemented
and combined, but the same modules
— Real time data gathering and derived info distribution
— Predictive and/or simulative models, on edge or cloud

— Data gathering + monitoring + plan + rendering: dashboard, visual
analytics, mobile apps

Snap4City (C), February 2024
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https://www.Snap4City.org 3 @7 "o BE) GoPR - €YSNAPleny
o

* 11 running installations in Europe
* Snap4.city.org, Greece, Merano, ... |
 Toscana, Pisa, Sweden, ISPRA, Snap4.eu, . st

* Brasov (Ro)

 Altair, Iltalmatic, Sweden, Romania, .... -+ Capelon (Sweden: Vasterss, Eskilstuna, Karfstad)

¢ DISIT demo (multiple)
Dubrovnik, Croatia

* 16 projects, 12 pilots on 10 Countries - freneacl

e Garda Lake area ()

* >40 cities/area | Greecelon)

Helsinki area (Fin)

AN
=3
1

* Livorno area (I
* Widest MULTI-tenant deploy has | Lo Sodel; ,ﬁ
. . +  Modena () o £C \2 \
& 19 OrganlzathnS / tenant * Mostar, Bosnia-Herzegovina z / J

* Oslo & Padova (Impetus) 5 L /

> 8000 users on - Pisaarea ( i

- Pistoia (I P

> 1600 DaSthardS : ;c-)ar:;d:l Gard, Occitanie (Fr) —
4 + Roma (l) -

> 16 mOblle AppS e Santiago de Compostela (S) \

* Sardegna Region (l)

> 2.2 Million of structured data per day - sin O\h

*  SmartBed (multiple)

> 520 loT Applications/node-RED : Ioscana Reglon (). SM /'

Valencia (S)

* Venezia area (!

> 700 web pages with training - WestGreece area (Gr] 7 G -
> 70 videos, training videos -

* +Israel, Colombia, Brasile, Australia, India, China, etc.
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9 Smart Data Models Event Ont0|0g|es - > PP 1 il ’
loT Data Models Driven __Visual Analytics tools |
k DlgltaITwms / [ S EEEE (21 ] | Business Intelligence CSBL |
Data Managers ] Dashboard Bld & Mng ‘
t t Service Map
Social Media N°de o % )
BIM GIS Processmg Data Analytics: __HLT Manager
Gateways, satellite | Interoperability ML, Al, XA, | Synoptics
External Services loT App, ProcLog. simulations, etc. ' — :
Web Scraping On Edge / on Cloud e M eI ik Ll 3D Digital Twin
Tv CAM streams Event Driven | Market/Sharing Place ]
[ Third parties solutions

[ A&A, SSO, Blockchain, Resource Managers and Sharing: l1oT App, Data Analytics, ... y

\
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e POI, 10T Devices, shapes,..
 FIWARE Smart Data Models,
* |oT Device Models

e GIS, maps, orthomaps, WFS/WMS
GeoTlff calibrated heatmaps

e Satellite data, any kind..

* traffic flow, typical trends,

* trajectories, events, Workflow, ..
* 3D Models, BIM, Digital Twins,
 OD Matrices of several kinds, .. |-

4000
2800

* Dynamic icons/pins, .. B T e e ] e e N
 Synoptics, animations, .. e = REaE o T Y e
* KPI, personal KPI,.. B
e social media data, TV Stream, -
* routing, multimodal, constraints,

* decision scenarios,
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®

SN e iy, P \ \
» i N o Fiense WA 5.4 P R0, A W
no B 5 Tk - PN e AT K \ 'x\‘\\\\\i\
e etc i el SN : o
UNIVERSITA N 12
: = | DEGLI STUDI DINFO (W 2635
R}EE%T'SENTOD DISTRIBUTEDSYSTEMS 0 3660

FIRENZE

AND
DELL'INFORMAZIONE TECHNOLOGIES LAB



Standards and Interoperability (6/2023) "’s"“"

Compliant with: Bereus

* loT: NGSI V2/LD, LoRa, LoRaWan, MQTT, AMQP, COAP, OneM2M, TheThingsNetwork, SigFOX, Libelium, IBIMET/IBE, Enocean,
Zigbee, DALI, ISEMC, Alexa, Sonoff, HUE Philips, Tplink, BACnet, TALQ, Protocol Buffer, KNX, OBD2, Proximus, ..

* |loT model: FIWARE Smart Data Model, Snap4City loT Device Models

 @General: HTTP, HTTPS, TLS, Rest Call, SMTP, TCP, UDP, SOAP, WSDL, FTP, FTPS, WebSocket, WebSocket Secure, GML, WFS,
WMS, RTSP, ONVIF, AXIS TVCam, CISCO Meraki, OSM, Copernicus, The Weather Channel, Open Weather, OLAP, VMS, ....

* Formats: JSON, GeoJSON, XML, CSV, GeoTIFF, OWL, WKT, KML, SHP, db, XLS, XLSX, TXT, HTML, CSS, SVG, IFC, XPDL, OSM,
Enfuser FMI, Lidar, gITF, GLB, DTM, GDAL, Satellite, D3 JSON, ...

* Database: Open Search, MySQL, Mongo, HBASE, SOLR, SPARQL, ODBC, JDBC, Elastic Search, Phoenix, PostGres, MS Azure, ..

* Industry: OPC/OPC-UA, OLAP, ModBUS, RS485, RS232,..

«  Mobility: DATEX, GTFS, Transmodel, ETSI, NeTEX, .. https://www.shap4city.orq/65

e Social:Twitter, FaceBook, Telegram, ..

 Events: SMS, EMAIL, CAP, RSS Feed, ..

 OS: Linux, Windows, Android, Raspberry Pi, Local File System, AXIS, ESP32, etc.

SSvse PN
o @Foundation @ F I ff??ff E @ 15 ——

Node-RED g O |O _X digulal ecosystaem bee Smart Citg
: . EUROPEAN OPEN
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https://www.google.it/imgres?imgurl=http://www.researchtuscany.com/file/foto/logo_ecm_METODI%20PER%20LA%20PROGETTAZIONE%20E%20TECNOLOGIE%20PER%20IL%20SEGNALAMENTO%20FERROVIARIO.jpg&imgrefurl=http://www.researchtuscany.com/intoscana/progetto_dett.asp?lingua%3D%26idlink%3D18%26id_progetto%3D104%26cat%3Dcat_1&docid=vFPdD5YwwTg3VM&tbnid=Uz2QphfA7MQ5nM:&vet=1&w=340&h=80&safe=off&bih=1019&biw=1633&q=ecm%20logo%20segnalamento&ved=0ahUKEwjKn_TMr6jSAhXKOBQKHdxWCbgQMwgbKAEwAQ&iact=mrc&uact=8
https://www.snap4city.org/65
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Snap4City

2. Node-RED

2
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) 10T Applications

Flow
) show micro web app Name flow1
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E
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X : transform results
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Everywhere: Cloud, on loT Edge Devices
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* Km4C: Km4City 1.6.7
* Using
— DCTERMS: for metadata Dublin Core Metadata Initiative
— FOAF: friends of a friends
— Good Relation: entities relationships
— iot-lite: IOT Vocabuary
— OTN: Ontology of Transportation Networks
— OWL-Time: time reasoning

— SAREF Smart Appliances REFerence extension for building devices available at
https://saref.etsi.org/saref4bldg/

— Schema.org for people and organizations
— SSN: Semantic Sensor Network Ontology (see https://www.w3.org/TR/vocab-ssn/
— WGS84 Datum of Geo-Objects

— GTFS, General Transit Feed Specification, and Transmodel, for public transport
infrastructures: lines/rides time schedules, real-time records, paths, etc.;

Snap4City (C), February 2024 30


https://saref.etsi.org/saref4bldg/
https://www.w3.org/TR/vocab-ssn/

Solutions: reliable, secure and fast to realize SNl

%-.-m,

«'P“ﬁmg

B.M

. ' IOT and data World
* Via Snap4City tools i, =
. Dashboard Wizard ~ &i&s
e Dashboard Builder °

* Data/Visual Analytic

Dashboards and Apps

IOT Applications

* Smart Solutions results to be
* Real time data drive
e Secure end-to-end
GDPR compliant
Reliable, interoperable
Auditable, marketable

NOX
pg/m3

B o0
B 112
i M 26-35
B 36-60
61-75

76-90
N 91-105
B 106125 §
B 126150

| S5
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SELETTORE

STATO PARCHEGGI

Different Themes

¢“SNAP/cry

PARTERRE 7m PARTERRE - ANDAMENTO NUMER

D O O O €
=

PSNAD

#Users Engaged Trend

New styles/themes can be developed by
specializing a few files from open source

https://www.snap4city.org/793

Snap4cCity (C), February 2024

3D MULTI DATA MAP - DIGITAL TW
FIRENZE - NEWGUI

R Tue 3 May 14:31:42

Snap4City User Engagement - Newgui

Users Interests

om @ Total Active Days On App

847
days.

Total Days On App

E o HE L ]

&)

minutes

Mean Active Time g

17.5 o
— 240

Mean Active Time Trend

minutes
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UNIVERSITA *
DEGL[ STUDI QRITM\IEDIO DISTRIBUTED SYSTEMS AND é s N A p4
FIRENZE BeiQUNA, o NI TOHNOlGES tan CITY L
AND TECHNOLOGIES LAB
C 1ty Digital Model with...

Intuitive platform
e Any Data TYPE, any data source, any protocol
e Data storage seamless
e Data analytics = artificial intelligence, Al/XAl
e Data Ethics, Al Ethics, GDPR
e Data Representation, any kind
e Key Performance Indicators, any kind
e What-IF analysis — Simulation, prediction, 2D/3D
e Micro, Meso e macro scales
e Operation, planning tactic and strategic
e Collaborative and shared representation
e Sustainable, shared, open source 100%

smart City Digital

*\eropb;tcgrenze
Ameri pucci

Complex and heterogeneous information, interoperability
o GIS, ITS, AVM, loT, BIM, CKAN, etc.
o Satellite services
o MaaS, last-mile delivery HUBs
o etc.

36
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Ciao roottooladmint

Fri 2 Sep 19:13:07

Enable Lights ¥

& Datetime:

02/08/2022 {1 B

Enahble d
o

(experimental)

Free slrée!
Fluid traffic
Heavy traffic
%‘;‘ m = \ery heavy

) Sensor position

FirenzeFIPILITrafficRealtime
Traffic Heatmap Controls: 24H

Max Opacity: ( cs——f > 1
< Prev 2022-09-02 18:56:00

L
S
(1
@
@
@
@
/A
A
/A
@

O

'@

StreetMap contributo

I
13:00
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DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE INGEGNER AND INTERNET
DELL'INFORMAZIONE TECHNOLOGIES LAB

bottomUpFusion
uoisnqumoqgdoy

HH «4«

3D Traffic Crests & Animated Arrows

1359.7029

1 L.

Sensor 3D Columns

Additional 3D elements

What-If

3D Buildings

Roads

3D Terrain, orthomaps, heatmaps
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UNIVERSITA Py
I | BMEC B8P  Monitoring  ¢¢
» Controlling Status: management, and =
operational
o Monitoring via KPI
o Computing predictions and KPI e
o Anomaly detection, Early warning <=
o Control Rooms, situation rooms
o Reacting: Computing in real time _
o Changing semaphore maps - -
o Changing Dynamic signage ol 5

o Real time Info Mobility
o User engagement via Mobile Apps
o What-if analysis
o etc.,

Snap4City (C), February 2024 48



UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

IPARTIMENTO DI
INGEGNER
DELL'INFORMAZIONE

DlSTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

e Controlling Status: management, and
operational

o Monitoring via KPI

o Computing predictions vs KPI

o Anomaly detection

o Neuro-Symbolic analysis

o Risk assessment

o Early warning on critical conditions

e Making plan: tactic and strategic,
medium and long range, micro/macro

o Simulation & predictions

o Generative Al Prescriptions, scenarios
o Resilience to Unexpected unknows

o What-if analysis wrt scenarios

¢“SNAP/airy

Monitoring’\

\, Digital Twin

Models & ,\Predlctlons

Data =——— Anomaly Detection,

DeC|5|on
Support System
Slmula |ons
Scenar| Generatlve AI
Relnforced Al
What If <—
Analysis <€

Snap4City (C), February 2024
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Analysis, Assessment
Warnlng
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Key Performance Indicators, KPI

Weight
Average

Slow
Mobility

Food
Services

Economy

Sport

5

\ / Culture
Ernvironment and

Entertain.

Fast

Mobility
GCovernment
Services
5
5 Health
sa. %
- ‘-S
Average

Housing

Cults

1SMin

”*-f

s SUSTAINABLE
" DEVELOPMENT

CALS

The targetvalue has become a

5 5
PM, . Calendar ye Targetvalue, 25 pg/m Jimit value since 1 January 2015 10 pg/m
PM One d . | - Not to be exceeded on more - 99" percentile
10 ne day Limit value, 50 pg/m' than 35 days per year. 50 pg/m?® (*) (3 daysiyear)
PM, Calendar year Limit value, 40 pg/m®  (*) 20 pg/m?
Not to be exceeded on more
o Maximum daily 5 th d q N
3 8-hour mea Targetvalue, 120 pg/m®  than 25 days per year, averaged| 100 pg/m
over three years
Not to be exceeded more than
NO, One h i () ? ¢
., Onehour Limit value, 200 pg/m® (*) 18 times a calendar year 200 pg/m* (*)
NO, Calendar ys Limit value, 40 pg/m* 40 pg/m®

C"SNAPdcnv

United Nations Sustainable Development Goals,
SDGs (for which cities can do more to achieve some
of the 17 SDGs, https://sdgs.un.org/goals);

Global
&

objectives of the European Commission in terms of ]_ O C a ]
pollutant emissions for: NO2, PM10, PM2.5
(https://environment.ec.europa.eu/topics/air_en);

15 minutes cities (where primary services must be
accessible within 15 minutes on foot);

SUMI: mobility and transport vs env
* https://www.snap4city.org/951

SUMP/PUMS: mobility and transport vs env.

Periodic
&
Realtime

ISO indicators: city smartness, digitization, tech
level.

Low Level/Real Time: global traffic, quality of
service, betweenness, centrality, queue, time to

travel, etc.
50
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15MinCitylndex ¢ snapdary i

200t

DINFO

DIPARTIMENTO DI
IN INERIA
DELL'INFORMAZIONE

R*JSDT?'BUTED SYSTEMS
TECHNOLOGIES LAB

S\OREy
/

What would support my neighborhood to
become a 15-Minute City?

Come
Using the Open Data: /
We developed a data analytic tool based on = I AN gigna Mg
municipal and national open data to assess 15’;‘:" SOT— f
. A o b Lastea a Signa
services adequacy for people living in each 15 ,4ex i
minutes areas of the city. | [ Critical 3
§ Insufficient
Good public Satisfactory Rinald
. ) Fairly good N
transport services: B Good o 1=
GIRP U I | i gt
line, train stations, Th.e tool .supports t.he becomlr!g of a 1?- = 5/’5_‘5\\5 -
cycle paths Minute city evaluating the service level in b X 3/ 3 X
various domains. o R - il

Services
|
Careggi/Rifredi is a relevant district in AV
% s Econom “  Housin
Florence because of hosting the main S N/ 7 ’
Florence/Tuscany hospitals Careggi and s -
Meyer, but also university headquarters Entertain. _
Social Security
and many other workplaces. £
A \ 1SMin Indexes 4 Max Value Suff. value

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjkzOA==
Snap4cCity (C), February 2024 51
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Y SNAP/crry

15MinCitylndex on Bologna cnel X

15 MINUTI INDEX BOLOGNA CITTA B Poveary

METROPOLITANA - NEWGUI S aar
TRl

Ciao roottooladmint

Tue 3 May 20:14:59

Argelato : Via Casadio N.1

) #of Inhabitants ELEEIOR e

GOOD HEALTH QUALITY
AND WELL-BEING EDUCATION

{ | T
+ MAPS ~ [ P 4 itantiperpunto_|
Green factor _ / carpi "}~ 7 Heatmap Controls: KIVIAT

Civil factor

W Industrialization
:ladely

Environment
Index

15Min Economy
Index

15Min Housing
Index

15Min Health
Index

o 15Min Food Index
o 15Min Education
Index

15Min Slow Mob
Index

THE PICKED POINT 9m
City: Argelato
Address: Via Casadio N. 1
lat,lon: 44.61882,11.35437

. Correggio. /| e/ Max Opacity: ¢ ()
| 2021-03-11 15:00:00 '
| Bomporto 2’ -

I'Emllia\ I
* \ ! £ Nonantola
: =, k
—~\\ Modena
+ )

RUblera

Scandiano . & Castelfranco
2 Emilia™
Formigine
Castelnuovo

Sassuolo Rangone

Spilamberto,
Maranelio

Castellarano -
[ |

Vignola

Inhabitants
Density
#of inhabitants e
per area Frignano
0-10
10-50
50- 100
100 - 200
2 200- 350
B 350-500
B s500-650
B 650- 200
B s00-
B >0

Portomaggiore

assa Lombarda

=
Faenza.

https://www.snap4city.org/dashboardSmartCity/view/Baloon-Dark.php?iddasboard=MzQxMg==

Alfonisine

@ 15Min Indexes Max Value

BAR SERIES

CLIMATE
ACTION
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DIPARTIMENTO DI

Snhap4City

User: roottooladminl, Org: DISIT
Role: RootAdmin, Level: 7

Dashboards

My boards im All Org.
Dashboards of My Crganizat

My Dashboards im My Organization

rd Widgets ~

Data, my Data, OpenData -
dedge and Ma|

1OT Applications =

10T MicroServices for Final Users

10T MicroSaervices for Developers
OT Applications

How to Develop 10T Applications

Create A MicroService from RestCall

Resource Manag

Development Tools =

Management =

Decision Support Systermns ~
Settings =

User Management and Auditing =

ntacts *

FIRENZE | B&ENKuazione

UNIVERSITA
DEGLI STUDI D I N Fo E%?E?%%T:!;TEMS
TECHNOLOGIES LAB

~ subflows
il _ i
|]_| Imec*hed'l'lmesl_[l

~ input

S
|]_ht1:) response |

l::l websocket |

D ten |

¢“SNAPciry

15Minindex

DI APP....

GPS to COMUNE GPS5 to COUNT GPS5 to HeatmapWal GPS to Florence Qu GPS to ZC5 GPS and Values to | GPS5 to Civic Numbg | GPS fo Road Lengtf) | GPS to Cycl

_

GPS List As String

E :| service-search-near-marker

Select Categories sef msg.complete

Confroller join —
——\l\\/
——
=" increment GFS List Index | ——
Reset GPS List Index

Increment Categories List Index

timestamp e Check Categories List Index ] 1

| timestamp  ——_ Reset Categories List Index —_—— E

timestamp —_— Check GPS List Index e E

timestamp | ——— Reset GPS List Index i E

Snap4City (C), February 2024
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FIRENZE

Smart City Control Room ﬂé ¢“SNAPLcry

Florence Metropolitan City

* Multiple Domain Data
* Thousands of Open/Private data, POI, |OT, etc.

* mobility and transport: accidents, public transport,
parking, traffic flow, Traffic Reconstructlon KPI, .

* AND: environment, civil protection, gov KPI, cowd 19,
so|C|aI & social medla people flow, tourism, energy,
culture, .

* Multiple dash/tool Levels & Decision Makers
e Real Time monitoring, Alerting, quality assess.
* Predictions, KPI, DSS, what- |fanaly5|s* T

* Historical and Real Time data
* Billions of Data

* Services Exploited on: = c — Tl
* Multiple Levels, Mobile Apps, API —— T
* Since 2017

https://www.snap4c
Snap4cCity (C), February 2024 ! el



https://www.snap4city.org/747

Smart Decision Support, system thinking

* Smart Decision SUﬁport System
based on System Thinking plus

* Actions to city reaction, resilience,
smartness, ...

Enforcing Mathematical model for
propagation of decision
confidence..

Collaborative work, ...

* Processes connected to city data:
DB, RDF Store, Twitter, etc.

* Production of alerts/alarms
* Data analytics process

* Twitter Processes

* reuse, copy past, ...

Snap4City (C), February 2024

¢“SNAP/crry

am
hhyﬁmn
[ C' [} smartds.disit.org:8080/dss/home.jsp;jsessionid=F5523F87F9603F98CODFF2587B7D78F4#
= 9
Add New Model

Model: Open Restaurant

Process:viale spartaco
lavagnini

Process:via san gallo
Process:via santa marta 3 2
Add New Process

Model: Change position of a bus

stop 5 02 08
Process:line 14 in viale £3 - ] ]
. m 30m to 1Km Parking dimension Parking Type TPL flow Traffic Flow
morgagni 10
Add New Process

Model: Change position of a bus
stop_cloned

Process:line 14 in viale
morgagni 10_cloned

(] 01 0187 0833
Free ‘ Paid \ Day Night

Date creation  15-06-2015 16:45:08

Model: TestGP

Process:Istanza Test GP2

Process:|stanza Test Name Process via santa marta 3 Date last modify 15-06-201517:01:13

Model: TestGP_cloned Name Model ~ Open Restaurant
Start execute  15-06-201517:01:19

End execute  15-06-201517:01:20
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T
N\ AND TECHNOLOGIES LAB

* Supports the definition of the Decision Tree Model, DTM, in terms
of System Thinking, with Italian Flag and combinations

* Allows the statistic composition of subDecisions probabilities
* Generating a DTM as an loT App, Open a Restaurant 3

+ 10T Apps with DTM can bate & Time: 2095-12-0

— be customized 43% 17.2% _

— compute root values in real time in
any context: location, parameters, etc.

e Single DTM root value can be

0, .'
' _,,C-r'".,'f‘*'Via!cEtfurza e
produced on Dashboard ik
0!(’.{1‘:’5.'.’. adiana Ry i -
* Several DRM root values can be =
represented on dashboard as B

heatmaps for Green/White/Red values

Snap4City (C), February 2024



vt DINFO DISIT ; ST
FIRENZE | RERE00 ey ogmienn,, SNAP/ b.&m
F I R-E N Z E DELL INFORMAZIONE DISTRIBUTED DATA INT-.ELLIGENCE CITy "' ‘m v

AND TECHNOLOGIES LAB

| ziniel Coriig pi

1’{"’ SNAPACITY
I

R \ ." 5 . . N
- (R SN APG
. , 0 o by ik
‘7 G 3

I

@ ransceor @ I

AND KM4CI#Y
N\ PROJECTS

FROM CITY
DASHBOARD TO
APPLICATIONS

.\‘

daa | <
- = W

SNAPACITY THE
VIEW OF THE
ADMINISTRATORS

e | (— —==

.

\ /{/& E’/,:‘\

//- /
PSOX

N

a7

X TAR

AR TAVAS 2
TN AV Y
Q\Q" “- ‘
( \ =7
I\
A~ —7

N
£

\r S

[




univirsiTa | DINIFO | DISIT 'ad o
DIPARTIMEwo DI DISTRIBU;EDETSYSTEMS s NA p4| N D u STRY

F I RE N Z E EIE(SLE$I\TI:E§RMAZIONE %(%IIN.{)ELOGIES LAB

Traffic Flow Tools
(alliC riOw 1001S
Spire and Virtual Spires (cameras), Bluetooth, ...

Specifically located: along, around, on gates, on x... M e
PR . d ‘ = o "" : s % v e -g; r = ‘; :5’
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B

Air Quality Sensors
Weather Sensors
PM10 Heatmap
PM2.5 Heatmap
CO Heatmap
CO2 Heatmap
O3 Heatmap
NO2 Heatmap
Europ. AQl Heatmap
Air Humidity Heatmap
Air Temp. Heatmap
Wind Speed Heatmap
Gral Pred. HM NOX {3m)
Gral Pred. HM NOX (6m)
Traffic Sensors
Traffic Flow
Cycling Paths
Accident Heatmap

Accident Heatmap 2

> > rrrrr >rrrr»yr >

Only HRes Anym. Gral

>

Schoeols

Air quality
trends

Firenze - Trafair - AirQuality Heatmayps

This dashboad contains data derived from actual sensors and predictive values under validation

Multi Map
Perelo)a '\Iord
Sesto F azenting,

DETAILS

Sesto Fidrenting A

FIO55ZTL00601
VALUE NAME: FI055ZTL00601
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Traffic Flow Monitoring - Firenze - Cloned?2?

Wed 11 Nov 15:01:32
# IN FLOW Firenze IN Traffic Flow (number of vehicles) Inc Daily Inp... Daily Inputs (monthly) (last value is incremental, real time)
212892 258 4392
15 966.9 193 B29.4
10 644.6 129 719.6
. Current ; Current
10549 #ofvehicles e Previous 97137 #ofvehicles _ - Provious
o 0
0400 08:00 12:00 19. Oct 26. Oct 2. Nov 9. Nov
# OUT FLOW Firenze OUT Traffic Flow (number of vehicles) Inc Daily Out... Daily Qutputs (monthly) (last value is incremental real time)
18828 2727912
4121 204 5934
9414 136 3956
. Current o Current
13720 #ofvehicles .. Previous 97457 #ofvehicles .- Provious
0 o
04:00 08:00 1200 19. Oct 26. Oct 2 Nov 9. Nov
ZTLin ZTL in Traffic Flow daily trend, entering in ZTL QoS as perc. of measures taken QoS as perc. of measures in ZTL
40152 100 956
30m.4 75 7 -
F— cp  Aualita bassa flusso totale < 70 T qualita bassa flusso ZTL < 70 11/11/2020
. weE Current Current : Current
2468 #ofvehicles . 5 Previous 25 Previous 239 Previous 15:01:33
0 o 0
0400 08:00 08:00 16:00 08:00 16:00
total of the day, yearly
2963k
222225
148150 Current
T4 075 Previous
Dec 19 Jan'20 Feb 20 Jun 20 Jul 20 Aug 20 Sep 20 Oct 20 MNow 20
outflolv total overfthe day Yearly
Current
Previous
Drec 19 Jam 20 Feb 20 Jun 20 Jul'20 Aug '20 Sep 20 Ot 20 Nowv '20
COVIDY9 fansecammor
88912
BEEE.4 o
1°/phase
22228 Previous
Dec 19 Jan 20 Felb 20 Jun "20 Jul 20 Aug ‘20 Sep 20 Oct 20 Maw "20
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DINFO
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DELL INFORMAZIONE

SUSTAINABLE CITIES 1 3 CLIMATE

ACTION

Short-Term Prediction of City Traffic Flow
via Convolutional Deep Learning

o= s ; / Q INPUT Convld + Max Pooling 6 BI-LLSTMs layers FullyConnected
= o9 2= ; ~
T 9 16
g “"‘”:,9 8 B @ i I’4..|‘l"l‘ i \t"\. | Wi -'}" """I""..TI“L '\ -
2 G T . =7 =| | £99999
S el e o o us o3 S| & & 2 s
' 5 \ ‘9 I" - ®« | 7 | e e s & 4 @
- e | (999893
Urban data: RF CONV-BI-LSTM -
N Date'tlme — XG BOOST 3000 A
* Traffic DNN - |
e Temporal LSTM £ 2000 |
e Seasonality BI-LSTM £ oo
e L allltion Autoepcoder BI-LSTM i
e Weather — Attention CONV-LSTM
CONV-BI-LSTM .

0 100 200 300 400 500
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* Making decision on mobility
and transport solutions =2
what if analysis

* Controlling pollution

* Dynamic Routing for
Firebrigade, Ambulances,
general public

* Planning Public
Transportation routing

i@  Firenze



NIVERSITA
EGLI STUDI DlNFo DISIT

R}GAE%'I;I‘NEAE&T oDI DISW'EI?ELHED E_IS»YSTEMS
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Qualita Trasporto Pubblico

Firenze - 6 linee

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 13 (in Sec.) Gm €@

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 17 (in Sec.)

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 23 (in Sec.)

Andamento settimanale - Linea 13 Andamento settimanale - Linea 17

16.Jun 17.Jun 18. Jun 19. Jun 20.Jun 21.Jun 3 17.Jun 18. Jun 18.Jun 20.Jun

Andamento settimanale - Linea 36

Andamento settimanale - Linea 31

16.Jun T7.Jun 18.Jun 19.Jun . . . - 17. Jun 18. Jun 19.Jun

Cloned
Sat 22 Jun 07:45:48

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 31 (in Sec.)

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 36 (in Sec.)

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 6 (in Sec.)

Andamento settimanale - Linea 23

16. Jun 17.Jun 18. Jun 18. Jun 20.Jun

Andamento settimanale - Linea 6

T7. Jun 18. Jun 19.Jun 20.Jun
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Accidents and elements blocking
Points and Shapes taken into
account for:

— Routing

— Traffic Flow reconstruction

— Evacuation paths

— Rescue team paths

Assessment on the basis of
changes:
— Mobility demand assessment
— Mobility Offer assessment
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Deep Learning for Short-Term Prediction of
Avallable Bikes on Bike-Sharing Stations

60 minutes Clusterl Bi-LSTM

—— prediction

. groud_thruth
\ (31) F L i Bi-LSTM ]
@ (28] | ]
= @ " —
timesteps T 15
@: sl . él
: : ® )
~
B2 - 2 ]
- 3 ®
£ a - ; = ¢ Q : w
2 - e ) 100 700
g ®
=
§ :

000 - 000
uoidipaid
(=]

. NEURON +
sigmoid

1st Layer 2nd Layer 3rd Layer Output Layer

E. Collini, P. Nesi and G. Pantaleo, "Deep Learning for Short-Term Prediction of Available Bikes on Bike-Sharing Stations," in IEEE
Access, vol. 9, pp. 124337-124347, 2021, doi: 10.1109/ACCESS.2021.3110794.
https://ieeexplore.ieee.org/abstract/document/9530580 Snap4City (C), February 2024
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Smart City / Smart Parking + Environment
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Lonato del Garda
Your SmartCity made true

* Multiple Domain Data
* Smart Parking, Environment, Wi-Fi

* Multiple Decision Makers
 City Officer, operators
e Data monitoring, alerting
 analytics

* Historical and Real Time data
 Dashboards

* Services Exploited on:
e Dashboards, API

* Since 2019
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SNAPA4City]Advanced APIs

Snap4City Servers and Tools:
Dashboard manager, Heatmap
manager, GeoServer, Smart City API.
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E. Collini, L. A. I. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi, "Predicting and Understanding Landslide Events with
Explainable Al," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.

https://ieeexplore.ieee.org/abstract/document/9732490 Snap4City (C), February 2024
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Local Explainable Al - understandin

The local explanation puts in
evidence the features which
provided major contribution to the
prediction

For example considering
FigurelOa, the value of
VelMaxSIR, MaxTempSIR, Day3
and Humidity contributed
significantly to the classification of
the observation as a landslide
event
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FIGURE 10. Local feature relevance via SHAP, as interpretation of
events in terms of feature values: (a) and (b) are events with predictions
of landslide. (¢) a no landslide event.
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* Gmail &3 Translate

oA

& snapaCity @ Snapd Calendar

.

LET @ Google

v

staus  [IEG
[ Reset ] Reset Map J Filter ]

#statuto

EventWebCam

=

= Gz News » | [ Tuttiipreferiti

§ Facebook @ DataCenter I8 Trello ﬂ; Km4City major tools ¢ Impostazioni » YouTube Google Forms

@& Google Scholar Cita... DISIT DISIT old

Tue 31 Oct 23:14:19 —[5)

Insert Alarm Data Creating Event

. Lalastra

Name Event Name

kind [T
severity [T
People Invoived [IIE2
impact R

Search:

device

<< Prey Next >> Last

dateObserved

2023-10-31T22:13:04.273Z

©

fireonplazgardon20231031T221304273Z

Telecamerad_22320231031714213584Z 2023-10-31T14:21:35.84Z

CarCrash202310317134436250Z 2023-10-31T13:44:36.250Z

CriticalTrafficJam20231031T132718888Z 2023-10-31T13:27:18.888Z

FloodedRoad20231031T1323092122 2023-10-31T13:23:09.212Z

Privacy Policy ~ Cookies Policy ~ Terms and Conditions  Contact us

109



_ | NAPACITY THE
|EW OF THE
DMINISTRATORS

cal & S Strategiv F

\

(1
e
\ K=

1se and Tacti

LA INTON, AD

T
~
(D)
(DA
=
&)
—
o)

i

S

i

[DEC




Snap4City What-If

* Decision support systems
* Improvement of life quality
e Sustainable Solutions

 Reduction of costs ,
Data Analytics

e Risk Assessment

* Resilience System Modeling

and Simulation

|

Knowledge

Prepare
Absorb

Recover
Adapt

\
Crilica\funclioﬂaliw

damage

Y SNAP/ciry

Short Term Predictions

Long Term Predictions,
Typical trends

Recommendations &

Models

Prescriptions

L 2

Scenarious

What-if Analysis

Anomaly Detection
Early Warning

Disaster Recovery

l

Strategies and

Plans

Partial

Decision Support System: neuro-symbolic reasoning
targeting Indicators: Quality of Life, PUMS, SUMI, KPI, SDG, 15Minindex,...



») SUSTAINABLE
” DEVELOPMENT

\/'\\

LSALS

QUALITY ¢
EDUCATION

|

e

15 Minute City Index:

— 13 subindexes: energy, slow mobility, fast
mobility, housing, economy education, culture
and cults, health, entertainment, gov, food,
security...

¢“SNAP/cry

* Monitoring and Prediction of energy
consumption

e Stimulating: Bike sharing, e-bikes,
car charge, etc.

Industry 4.0 integrated solutions
* Decisions Support Systems
Process optimization, control

* Predictive maintenance

e Smart City infrastructure: monitoring and
resilience, long terms predictions

e Effective and Low cost smart solutions
* What-if analysis, Simulations

B it et T . :

business intelligence tools for decision
makers

Reduction production costs
Monitoring resource consumption
Optimization of Waste Collection

1

CLIMATE
ACTION

itoring and Predicting: NO2, NOX, CO2
c flow, pollutant, landslide, waste, etc

c flow reconstruction
and vs Offer of Mobility analysis

PEACE, JUSTICE
AND STRONG
INSTITUTIONS

W

Shortening justice time

Anonymization and indexing legal docs.
Prediction of mediation proneness
Ethical Explainable Artificial Intelligence

16
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| N PPy .
hallenges vs Technologies
e DSS, Decision Support Systems, with multiple objectives:

e Quality of life for citizens, improvements of services, cost
reduction, innovation, attractiveness for tourists and/or
industries and/or commercial activities, etc.

e provide the decision-making process with simulation tools
integrated with short-, long- and very long-term prediction

algorithms
- what-if analysis

e Analyse incipient events to cope with events;

e Analyse future situations for structural planning:
tactics/strategic.

e Opportunities and needs

e heterogeneous data (Big Data) L =
e flexible, dynamic and interoperable models and analysis | = __==——
tools; —

e accessible for:

Neutral ydlve

= QOperators, decision-makers, stakeholders;

= citizens: illustrating and discussing possible solutions and

development plans with them: cowork srerr O e

ANNBAL CO2 EMISSIONS

B et
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Available Al Solutions on Snap4City

* Mobility and Transport

* Environment, Weather, Waste, Water
 City Users Behaviour and Social analysis
* Energy and Control, Security, .....

* Tourism and People

» Security and Safety

* High Level Decision Support Solutions
* Asset management
* Resilience and Risks Analysis

 Low level Techniques

https://www.snap4city.org/download/video/course/p4/

Snap4City (C), February 2024

¢“SNAP/cry

https://www.shap4city.o

rg/download/video/DPL

SNAP4SOLU.pdf

122


https://www.snap4city.org/download/video/course/p4/
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf

UNIVERSITA
DEGLI STUDI DINFO | DISIT

* )
/ e~
DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | Neecneria AND INTERNET
DELL'INFORMAZIONE | TECHNOLOGIES LAB '
¢ ‘l ) ~
Re:

OSM data with non
clear double
bidirection lane on
Viale Redi,
Florence.

Editing OSM data
and present Tiles

Correction of road graphs
which is present on OSM

@)
4 Yellowsquare, ®
Florence

-3
\,§
$ \
v %

Ecosistema OpenStreetMap

Tool di modifica
(m<}: Sito Web

Tile rendering  Tile rendering "Query features” tool

7

OverpassAPI

After Corretion of OSM
data defining a clear
double bidirection lane
on Viale Redi, Florence.
Regeneration of the
TILEs for the maps
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OSM data with non
correct viability in Piazza
Dalmazia, Firenze

After Correction of OSM
data defining a correct
viability of Piazza Dalmazia,
Florence. Regeneration of
the TILEs for the maps
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I\/Ioblllty and Transport

Predictions for: traffic flow, smart parking, smart bike sharing, people flows, etc. (ML, DL)
« What if analysis: routing, traffic flow, demand vs offer, pollutant, etc. (Simulation + ML)
» Traffic flow reconstruction from sensors and other sources (simulation + ML)
* Public Transportation: Ingestion and modelling of GTFS, Transmodel, NeTEx, etc. (DP)
* Analysis of the demand mobility vs offer transport of according to public transportation and multiple
data sources (Simulation)
* Assessing quality of public transportation (analysis)
* Accidents heatmaps, anomaly detection (analysis, ML)
» Tracking fleets, people, via devices: OBU, OBD2, mobile apps, etc. (DP)
* Routing and multimodal routing (multistop travel planning), constrained routing, dynamic routing (DA)
e Computing Origin Destination Matrices from different kind of data (analysis, DP, DP)
* Computing typical trajectories on the basis of tracks (analysis, ML)
* Computing Messages for Connected drive (DP)
e Slow and Fast Mobility 15 Minute City Indexes (analysis, DP, ...ML)
e Computing and comparing traffic flow on devices and at the city border (analysis)
* Typical time trends for traffic flow and loT Time series. (analysis, ML)
* Impact of COVID-19 on mobility and transport
* Computing SUMI, PUMS, etc. (mainly DP)
» Definition of Scenarios: traffic, road graph, conditions, etc.
e F+r
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o Event planning, via what-if analysis
o Change in the graph structure of the city

o Impact on the flow of people and vehicles

o Adaptation: public transport, traffic, pedestrian management, etc.

o Immediate reaction to natural events or not

o Everything is ready and updated in real time

o Each view is contextualized in terms of data: descriptive and &[m‘

prescriptive

o Digital Twin

o More detail in the context integrated data

o Greater realism in deductions and representations

o Less fragmentation and non-uniformity in the views to support

decisions
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What-if Analysis on Pub Transport

* Definition of scenarious impact on
 Traffic, Pollutant, parking, public transport, private flows, etc.
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Enwronment and Weather

 Pollutant Predictions: short, long and very long term European Commission KPls

¢“SNAPLcrry s

 NOX, PM10 pollution on the basis of traffic flow, 48 hours (ML, Al, DL)
 Cumulated NO2 average value over the year, ....... (ML, Al, DL)
Computation of CO2 on the basis of traffic flows (DP), computing emission factor (DA)

* each road for each time slot of the day
Prediction of MicroClimate conditions for diffusion (ML, Al)
* NO2, PM10O, PM2.5, etc.
Prediction of landslides, 24 hours in advance (Al, DL)
Heatmaps production, dense data interpolation (DP) for
 Weather conditions: temperature, humidity, wind, DEW
* Pollutants and Aerosol: NO, NO2, CO2, PM10, PM?2.5, etc.
Impact of COVID-19 on Environmental aspects (DP)
Optimisation of waste collection schedule and paths (DP, ML)
Computing SDG, SUMI, PUMS, .. (mainly DP)
Etc.
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Environment and Quality of Life

Air Quality Predictions

Firenze - Trafair - AirQuality Heatmaps

Y SNAP/crry

e Multiple Domain Data =
* Traffic Flow data, Pollutant: NOX, CO2, |i
PM10, PM2.5, O3, ....
e 3D City structure, weather, ... — ’M
* Multiple Decision Makers -
e Pollutant Predictions: NOX, NO2, ..
 City officers, energy industries
e Dashboards, What-IF analysis
* Traffic Flow Reconstruction
* Historical and Real Time data =
« Billions of Data 2 A
* Services Exploited on:
* Dashboards, Mobile App
* Since 2020 ¥

Snap4City (C), February 2024
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* Prediction Traffic Flow Manager on multlple c:|t|es

Sun 2 May 23:16:31
: S TR W_‘ N N : i
I I } { Po uta nt P 47‘ 3 Y ' \ 3 6 Universita ,'5 GRALheatmap
Weather_sensor N . b o e i oo g Honteian Coonoie -
. . AiffemperatureAverage: g R 1 44 MaxOpacity: ¢ com—g) > 063
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* Project:
— Trafair CEF EC
— Mixed solutions e 13 5o
of Fluidinamics
modeling and Al
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- € SNAP4cn’v .,gm
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—

—

ly Local COZ trom (rarric Flow Data

13 forov

e Traffic Flow is one the main source
of CO2 (ton of CO2 x Km x Vehicle)
e K1: Fluid Flow

* K2: Stop and Go A
Computing Traffic Flow * Dense estimation of CO2 into the;m_,“/.i\ 3
into CO2 sensor area . . e / TRy o . |
city is very useful to knowtotarget =~ .+
Computing CO2 on the basis of . =
traffic flow data it f LY
u § P o8
Traffic Flow data CO2 estimation

S. Bilotta, P. Nesi, "Estimating CO2 Emissions from IoT Traffic Flow Sensors and
Reconstruction", Sensors, MDPI, 2022. https://www.mdpi.com/1424-8220/22/9/3382/
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* European Air Quality Directive

* Predicting critical days

— PM10 with an accuracy of more
than 90% and precision of 85%;

— PM2.5 with an accuracy of 90%
and precision greater than the

95%.

* Simulating Long terms values

— For long terms predictions

¢“SNAP/crry

m

o - ?ﬁm'

Air Quality Directive WHOguidelines
Pollutant Averaging period Objective and Iega‘l nature and Comments Concentration Comments
concentration
99" percentile
PM, One day 25 pg/m? (*)
(3 days/year)
The target value has become a
PM, . Calendar year Target value, 25 pg/m? limit value since 1 January 2015 10 pg/m?
PM . Not to be exceeded on more 99™ percentile
10 One day Limit value, 50 pg/m?* han 35 d 50 pg/m? (*)
than ays per year. (3 days/year}
PM,, Calendar year Limit value, 40 pg/m® (%) 20 pg/m?
) . Not to be exceeded on more
0, Maximum daily Targetvalue, 120 pg/m?® than 25 days per year, averaged | 100 pg/m*
8-hour mean g P 1EUHE ' He
over three years
Not to be exceeded more than
NO, One hour imi 3 P
5 Limitvalue, 200 pg/m?® (¥} 18 times acalendar year 200 pg/m? {*)
NO, Calendar year Limit value, 40 pg/m? 40 pg/m?
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-

Predicting EC’s KPl on NO2 months in advance

£ —
E —
Deep Learning Long Terms Predictions of NO2 57 —
mean values, From 30 to 180 days in advance HES ot
______ S 4o A — 2021
g 201
* The features used as input for the 2020 values £ 10 1
predictive models are: 430 S
day of the year
- Month 460 ’ ’
N Air Quality Directive WHOguidelines
daYOﬂ-heYear +g{| Pollutant Averaging period Objective and legal nature and Comments Concentration Comments

concentration

- NO2 —
99" percentile
I 12 I} PM,4 One day 25 pg/m? (%)

- Tmean (3 days/year)

4 1 5 D - Calend o I — The target value has become a o i

- H umidity Ny + = alendaryear argetvalue, 2> jig/m limit value since 1 January 2015 Hg/m
&(,;3& PM One day Limitvalue. 50 Lg/m? Not to be exceeded on more 50 pgi® (%) 99" percentile

H 10 imit value, 50 pg/m pg/m
- Wll‘ld Mean +1H'I] than 35 days per year. (3 days/year)

- NoxDomestic PM,, Calendar year Limit value, 40 pg/m* () 20 pg/m?

STAINABLE CITIES CLIMATE Maximum daily Not to be exceeded on more
H A q U HES 0 S S
- num be rOfVeh |C|es Y 1 a MMUNITIES 13 ACTION 3 8 hour mean Target value, 120 pg/m? than 25 days per year, averaged| 100 pg/m
87 - over three years
3
- N Ozcu mu Iated .,‘,{/ E E ﬁ NO, One hour Limit value, 200 pg/m* (*} NOfgii:eesxaciea?::d?x:at?an 200 pg/m? {*}
v A=
- Nozprog resseveMea n g |"" i‘i‘ NO, Calendar year Limit value, 40 pg/m? 40 pg/m?®
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Smart Buildings, Snap4Building

* Digital Twin for monitor, control and manage distributed infrastructures
» 2D/3D representations of the whole set of buildings, BIM modeling
e Entities (building, floors, rooms, parking, charging stations, gates, etc.)
with their shapes and descriptors, and data monitoring the allocation to
office, meeting, cafeteria, storage, stairs, elevator, etc.
* Monitoring and computing KPI on real time for
* energy consumed or produced (hot/cold), parking, logistic, presences,
cleaning, air quality, departments, subareas, maintenance, etc.
* allocation/designation, dispositions, heating, cooling, temperature,
equipment, etc.
e grouped in Zones

SnapA4City (C), February 2024 143



uxvish DINFO  DISIT : o
FIRENZE e, Sfesmese. € - Buildine € SNAP4crry
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE - f IJ r r r l J J S ‘J IJ (.:)‘

AND TECHNOLOGIES LAB —
\ Ciao roottooladmin -l SUSTAINABLE CITIES
DIDA DATA 2 - NEWGUI AND COMMUNITIES
Tue 3 May 14:37:14
2 é_
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzI40A==
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e
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Al v
Variable:
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Popup on Shape Click ‘? -
a K
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" Occupanc o0 Y ; . DOC: -2053 #
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-0 | 2 1 ilon _ . « POC: 3007 %
50-100 « Energy Hot: 4473978 kWh
2550 « Energy Cold: 916361 kWh
A 10-25 « Power Hot: 36 kW
-0»10 « Dowar Cald:- 0 N
Building 27B Trends MonsOe1siaTAS me
S — P p— p—— p——
Ispra - Occupancy8m Ispra - Occupanc 8m s E - =
p paney P PEDCY = B VN N W o, NS \ f A ﬁv’ ===
- - pr— . T ek ke e~ r b =
A o - = : o
1k - D~ § = -~ = S = u =" <
883 ™\ - ™ A, N /| £ cmll TTh A M A M r
\ J \ / \ / \ / \ J = = s LT
o T ; - - - Jon=t [ Gl T T T T T T T T T
18:00 17. 06:00 12:00 18:00 138, 06:00 12:00 18:00 19. 06:00 12:00 18:00 20. 06:00 12:00 18:00 21 06:00 12:00 18:00 22. 06:00 12:00 18:00 23. 06:00 SESURSNEY Fer Sanss T MEmly Time rend Companzon Smexed o
Oct Oct Oct Oct Oct Oct Oct _
> A == m...m = S == == == == wm o= = o= .

Prrcentuge Per Zones - Monthly Time Trend Comparison am e
- e = T~ e paf = i~ o == =y b=y = o=
HeatPower 8m  HeatEnergy 9m  Eneray Trends am > Average Houry Powsr m @ Enama am
0 kW 1931279 Kwn = = 0 kWh

£ H

Cola Power 8m  Gold Enermy  8m

B

0 kW 888311 kWh

Snap4City (C), February 2024



UNIVERSITA D hl o ‘ET

y
D EG LI STU D ] DlPARlI'IMEN‘EDI DISTRIBUTED SYSTEMS
FIRENZE | D8t kmazione | TECHNOLOGIES LaB

Ispra Floor, Zone And Room Details Fri 6 Oct 18:41:54

Floor PT of Building 58A

« Date Observed: 10/6/2023, 6:30:02 PM
« Capacity: 37
.
B

ISPRA JRC Site

Allocation: 31
Occupancy: 1
o DAC: -6#
DOA: -30#
DOC: -36#
PAC: 83.78%
POA: 3.23%
POC: 2.7%

S CEWLL RN EIGTE Allocation v

Date Observed: 10/6/2023, 12:01:00 PM
. Zone Id: 58A_PT_B
BU||d|ng 58A PT Trends Mon 9 Oct 13:51:30 ~1=] Capacity: 1

Allocation: 0
mq: 12.16
Average hourly temp. Xi: 24.07°C

Capacity - Allocation - Occupancy Organization:Orion-1:Floor2_58A_PT - Occupancy Average hourly temp. Xs: 20.92°C

a - Average hourly temp. Xt: 6.00°C

| Heat Start temp.: 17.92°C

Y "‘_‘ : m - Cold Start temp: 23.92°C
NI A A AW

3.00 400 5.0 €0 1.0

4 ~ I M il B p M
SO AR MM A TR A RK LA

®Zo0eA-POA 4 ZoneA-POC  ZomA-PAC  wZonwB-POA  WZowB-POC & ZonsB-PAC

Occupancy Per Zones - Monthly Time Trend Comparison Stacked
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* Monitoring Energy Consumption in single building, area and per zone

* Matching Energy consumption with respect to the actual usage

* Computing Roof orientation for Photovoltaic installations

* Simulation of Photovoltaicc installations to identify the best parameters of
size and storage

 Smart Light management, unicast and multi cast management, smart light
controlled by traffic flow data

e Collecting and managing Communities of Energy

* Monitoring Energy provisioning on recharging station

e Optimization of battery life

* Computing KPI

* Etc.
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Energy monitoring and business intelligence
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DINFO

. Powered by https://www.snap4city.org/d
~SNAP4Tech ownload/video/Snap4Tech-
Development-Life-Cycle.pdf

Development Life-Cycle

https://www.snapdcity /download/video/Snap4Tech-Devel Life-Cycle-v1-1.pdf

From SnapdCity:

=  We suggest you to read the TECHNICAL OVERVIEW:
o https://www.snap4city.org/download/video/Snap4City-
BlatformOverview.pdf
snapdcity.org
4solutions.org

industry.org

» https://www.facebook.com/snapdcity
»  https://www.youtube.com/channel/UCtACOIEbNba8f2-udvandg

Coaordinator: Paolo MNesi, Paclo nesi@unifi.it

DISIT Lab, https://www disit org
DINFO dept of University of Florence,
Via 5. Marta 3, 50139, Firenze, ltaly
Phone- +39-3135-54AR474
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Agile Development Life Cycle by sprint

Smart Solutions
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Development Life Cycle
Smart Solutions

Data Discovery
Data Modeling
Data Analytic
Userinterface +
Business Logic

e Deploy

@ Deploy
@ Deploy
@ Deploy

loT App,
Proc.Logic

ML, Al, XAl
Python, RStudio

Special Tools
Userinterface
Dashboards
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o HLT-Data Inspector
ap4C|ty TOOIS Knowledge and
. agn Entity Directory Map, ServiceMap Scenario

o . :
loT Directory Proc.Logic/loT App Editor

D%/%JQUILLQ‘F HLT & Data
Management

Development
Tools + loT App

;
I

Tables and J
; ] Pl Dashboards
Documents ﬂ

Development life Extra Dashboard
Management ]
cycle manual Widgets
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F I RE N Z E INGEGNERIA AND INTERNET CITy
DELLINFORMAZIONE TECHNOLOGIES LAB -

Cio roatooladmint FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -
Wed 14 Feb22:40:02 NEWGUI

This dashboad contains data derived from actual sensors and predictive values under validation

&P U3 Heatmap MULTI MAP

antAntonio 64 . 3 =2 AN 572} : } 5-53 g e
° NO2 Heatmap + 55 R S 5 G 4 2 %, : A
it / - £ T 09ms oionninay £ 4 | Scenario name:

o ELII’Op. AQI e : /| L ) I A‘ ) ) 5 ) ‘ ‘ . N < Location: [ - |
Heatma T | - % < i Ia ¢ i 2 ) P Scenario description:i,;; ario descriptio
P : .. \ At / NS ¢ |

* q h
H S one . . ¢ ReferenceKB: eference k
Air Humidity S, b (O - &5 |
L = Y Santa Maria Y / I Save Road Graph:
Heatmap ® n '- M::%:Ize;a dice N () 7y L 4 1o ¢ 4 s Save traffic Sensors:
Air Temp. & 1A% 2 8 / / 3t 5 57 Save other Sensors:
Palazzo A Carabinier! h N / b
Heatmap L N 1 | N
Wind Speed y » X 7 ) ‘ 2 o = e
Heatmap R , ‘ : P 3 ¢ 5 B < 4 & N, ‘ , . — T
N : ! s é Heavy traffi
Gral Pred. HM T

NOX (3m)

Gral Pred. HM
NOX (6m)

= Very heavy

Sensor position

[o]lw[o]%]e]™]

. £ =S A » . e ot~ 5 & % il 4 FirenzeFIPILITrafficRealtime
Traffic Sensors N g e A | B Traffic Heatmap Controls: 24H
8 E ¥ X Uk Max Opacity: ¢ cnsss———l) > 1

nTr:.Fﬁr Elaas i v, Vi e OIELE g NPT TR ¢\ clore olal i <Prev 2024-02-08 23:00:00

<
2
4 Tabernacolo Py

TEMPE... 8m SIRSENSOR_TOS01001096 - TEMPERATURE

Firenze GRAL Scenario

Trafair Main Dashboard

https://www.snap4city.org/dashboardSmartCity/view/Baloon-Dark.php?iddasboard=MzQyMw==
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Firenze - Trafair - AirQuality Heatmaps ol =

This dashboad contains data derived from actual sensors and predictive values under validation Wed 14 Feb 22:41:17

>

Air Quality Sensors.
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Heatmap Controls: 24H
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X
)
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Firenze Air quality trends 07 =G @ 2
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Privacy Policy Cookies Policy ~ Terms and Conditions Contact us m} SR d’SNAp4c"’y

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTUzMg==
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https://www.snap4city.org/944

On Line Training Material (free of charge)

¢“SNAPciry E::

Ist part 2nd part 3rd part 4th part 5th part 6th part 7th part 8th
g . Data Ingestion |System and Deploy| Smart City APl: |Design and Develop
O Dashboard IOT A IOT Network, Data Anal
ot Lol PP S AN aes processes Install Web & Mob. App Smart Solutions
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FIRENZE | R0 | pmeuieosmea, SNAP/ e
F I R-E N Z E DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE CITy Bt 'Pémg]

AND TECHNOLOGIES LAB

Part 2: Dashboard production and management
* Recall on Snap4City Architecture

« Dashboards Purposes and Uses
 Main Data Kinds: data vs representations

Part 2: Dashboards Dashboards Main Concepts and simple
production and Widgets
management

o o o o . Creajcing a Snap4C.ity Dashboard, wizard

Interactive Slides M.UItI S8 B ch.lget S
High Level Types, video, external services,

synoptics

« Selector for the Multi Data Map Widget

« Data Inspector vs Data Processes Details

« Dashboard Management
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Different Themes

¢“SNAP/cry

PARTERRE 7m PARTERRE - ANDAMENTO NUMER

D O O O €
=

PSNAD

#Users Engaged Trend

New styles/themes can be developed by
specializing a few files from open source

https://www.snap4city.org/793
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3D MULTI DATA MAP - DIGITAL TW
FIRENZE - NEWGUI

R Tue 3 May 14:31:42

Snap4City User Engagement - Newgui

Users Interests

om @ Total Active Days On App

847
days.

Total Days On App

E o HE L ]

&)

minutes

Mean Active Time g
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— 240

Mean Active Time Trend

minutes
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Visual Representations

100 %

shiderwith-multip
le-steps-for-KPI

sparklines

histogram

chord Cone Bubble-matrix-ch Bullet
art
» \
p o
L 2~ 4 \
I\ N\
Pivot pie-chart-1 Pareto-chart

Sequence-Sunbur

flow-maps

heatmap

N
Box-plot staked-area
| .. L]
@
radar Bubble-maps
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geo-maps donut-chart Data-grid
[ ]
Stacked-line-char  Stacked-combina spider-maps
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== 4 |
waterfall Sunburst Sankey
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Dashboard Builder: Development N
Dashboard Wizard reate, save, load,
|dgetCoIIect|on delegate, grant access,

change ownerhii

1 o 'f e p—

..... DataTranszLmatlon

IOT Applications

~—_  KnowledgeBase,

S~ Km4City 1 l l 2 I

External
s E £l )
| Services

a0

Knowledge and Storage
Data from the Field and

City + MyKPI ++ m - ﬂ Custom Public
: Dashboard

Collection

My Own Dash/App
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Wizard

Dashboard features Data and widgets

Carmignano e
Fnesnlp

‘\ Aertiporig

x Firenze

———Amerigo

™ )]
v - o q g o
. y Vespucei
Signa, 11
\g_/_(i ) Pontameve
Lastrf a Signa A F|renze —e

- - o = p — a .
, . sV JdY)| ;
T ﬂ |
— Scandicel A - . . = = " - . .
3 y- L Bagnoampoh . 2 Q |[aw=
A 7 : ]
i L | | | = lfi—) e = || L |
Montelupo X / ~ N ( \
Fiorentino . 4 \
*i“_,_,_,_./ Nt x @ OpenStreetiap contributors p

Data sources

All selected (10) ~ Al selected (55) ~ Al selected [776) ~ Al selected [315] ~ Allselected (47) ~ All selected (2) +

High-Level Type 1 Nature Subnature Value Type Value Mame Data Type Ownership

Special Widget Environment Weather Forecast Previ_Meteo special weather 2018-07-0816:00:18 public
2018-07-0816:00:18 public
2018-07-0816:0018 pukblic
2018-07-0816:0018 public
2018-07-0816:0018 pukblic
2018-07-0816:00:18 pukblic
2018-07-08 16:00:18 public
2018-07-0816:0018 public

Special Widget Environment Weather Forecast Previ_Meteo special weather

Special Widget Environment Weather Forecast Previ_Meteo special weather
Special Widget Environment Weather Forecast Previ
Special Widget Environment Weather Forecast Previ_Meteo special weather Vaglia
Special Widget Environment Weather Forecast Previ_Meteo special weather Vagli sotto
Special Widget Environment Weather Forecast Previ_Meteo special weather Vagli di sotto
Special Widget Environment {/eather Forecast Previ_Meteo special weather Uzzano

Hidé coldmns vy & ° Select the area of your interest: panning and zooming

Select the
* graphic aspect of your interest, or

Meteo special weather valano

0000 OO!

* High Level Type of your interest, or
* Make a search if you a have a precise idea or
* Act on filters: nature, subnature, type, name, value, date, health, owner, ...
* Combine them as you like
* Select the lines of your interest
* Then click on Next and get the Dashboard by wizard
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All selected [1626]) - All selected (73) =

Widget showing a multi-data list of
point of interests, 10T devices,
heatmaps and geometries (e.g.: traffic
flows, cycle paths), with a map
showing the position of the POIls, a set
of sources have to be provided

All selected [95) -

Snap4City (C), February 2024
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. [guversrs | DINFO | DISIT , :
o prein! | s | Part 3 C" SNAPicity &
Custom Widget / Synoptic / PIN Development @

Inkscape editor on your computer
SVG Symbols Collection ——
10T Applications — — \
1

Create, save a Custom

Widget in SVG

" Knowledge Base, [ ]
N — Km4City By

Create, save, load,
delegate, grant access

Create and Load a Custom SVG

Public R 2. Select/Reuse an SVG
Knowledge and Storage Dashboard My Own Dash/App 3. Make-and Insjcance of.Synoptic by
Data from the Field and Collection PS ° ° Associate Variables with MyKPI
City \__n \__n \__n 4. Create .on Dashboard a Widget based on
ey & e— Synoptic HLT such as Ext. Srv.:
\__.' * https://www.snap4city.org/synoptic/v
— 2/synoptic.html?id=xxxx
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Part 3: loT App, process logic, server sic
« Recall on Snap4City Architecture
 Node-RED
* |OT App = Node-RED + Snap4City

* loT App === Proc.Logic
« Examples of IOT App for Smartening

Part 3: IOT App, Process Solutions
Logic, Server Side Exploiting/Generating data by using:
Business Logic loT App/Proc.Logic
SLIDES You You You External Service <->loT
Interactive Slides App/PI’OC.LOgIC .
« Dashboards <-> 10T App/Proc.Logic

« Server Side Business Logic
« training material

2
s Ok
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Entity Directory:
Smart Data Models
loT Data Models
Digital Twins
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Q
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Node-RE

' loT App
ProclLog.

Social Media

BIM GIS
Gateways, satellite

APl Manager

Lo}

Federation
Smart City API

<«— %Y OpenSearch

| storage |
‘ KB, graph \

& GeosServer [ Entitylnspector ]
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[ Web and Mobile Apps ]

Smart Applications

: Waste ] Park ] [ILight
|

‘ Environment |
1

: Energy

| Mobile App
1 w

: Maintenance ] [

Apps

Visual Analytics tools

[ Business Intelligence CSBL

k‘/}") BIMserver.center [ Data Managers ]

t t f’ python’

Studio

]
Data Analytics:
ML, Al, XAl

External Services

Web Scraping
Tv CAM streams

Event Driven

Dashboard Bld & Mng

Service Map

HLT Manager

Synoptics

3D Digital Twin

Market/Sharing Place ]

Y SNAP/ciry

[ Third parties solutions

A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ... y
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¢“SNAPciry =

How the Dashboards exchange data

Third Parties APIs

uuuuuuu

API eq. ServiceURI, KPI

ServiceMap

8 connecied 1o s DasnBnar kdcity oeg 0B /sarvel

2t oy or BOBINS srver

' conrinceen i e AannBaar KTACH org 0RO/ S

Server Side
Business Logic

Traffic Flow, MAPS, Heatmaps e
GIS, HTTPs URLs g

P en—

uuuuuuuu

. Client Side Business Logic
in JavaScript (when needed)
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~  SacUtility

Loggia San Paolo

LINKED OFEN GRAPH

Tipology: CulturalAdctivity - Monument_location
Address: V1A DELLA SCALA, 2

Cap: 501232

City: FIRENZE

Prow.: Fl

Photos:

Description: The rounded arches, the stone
sheleton and the glazed teracotts medallions
recall the model of the Loggiato degli
Innocenti. The medallions in glazed temracotta
by Andrea della Robbia and his sons Marco
and Luca contain seven polychrome figures of
Santi Francescani and two works of mercy
Cristo conforta un Giovane and Cristo conforta
un Anzianc. Beneath the portico can be
sdmired the expressive embrace betwesen San
Domenico Guzman and San Francesco d Assisi
by Andrea della Robbis
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 ANY kind of sensors
* To Get DATA of a Service / POl /sensor

— Historical and real time

— Real Time

DISIT

DISTRIBUTED SYSTEMS
AND INTE!
TECHNOLOGIES LAB

TPL STOP : Piazza Stazione (Fr. Cc)

Vaibus

LINKED OPEN GRAPH
Lines:

FI-LU' FIVG

Mo available routes

Display Bus per page

Search: |

Time

TOEEE00 20770320 | FI-LO | Fiazzale verdi

08:18:00 2017-03-20

10:08:00 2017-03-20

11:02:00 2017-02-20

12:18:00 201703-20

Showing page 1 of 1

Line

FI-LLY

FI-LU

FI-LL

FI-LLY

Direction

FPiazzale Verdi

Piazzale Verdi

Piazzale Verdi

FPiazzale Verdi

Real-time data currently not available

¢“SNAPciry

Node-RED

Giardino di piazza dell Indipendenza

AURORA

LINKED OPEN GRAPH
Tipology: Entertainment - Green_sreas

Digital Location

Address: PIAZZA DELLA INDIPENDENZA, 15

LIMKED OFEM GRAPH
Tipolegy: Accommodation - Hotel

- . : 501
Email; infoi@hotelaurora.info c_ap s
City: FIRENZE
Website: www hotelaurora.info Prov.: FI

Note: sreeverdi228

Remove from map ~
—

Phone: 055210282
Address: VA L ALAMANNI, &
Cap: 50100

LINKED OPEN GRAPH

City: FIRENZE
Tipology: TransferServiceAndRenting - Controlled_parking_zone
Prow.: Fl Digital Location

Address: VIA GUSCIANA
Cap: 50124
City: FIRENZE
Prov.: Fl

Remove from map

i
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e Distance from GPS point

* Point Qis in Polygon ?
— Polyline as WKT

[ point within |l.
| polygon

SACSearel
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]' coordinates '|'
ci g e ['SRes5 |

4 : 2 =3

Fiesole
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Cave di
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Poggio
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Parco delle
Cascine

&

Cattedrale di Ss&

yndela Forum
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Firenze .

Bellosguardo (]

¢ £
Giard @ Piazzale Michelangelo
a Roman: 1ardino. Giardino
Porta Romana @ di Boboli pardini
s

o £
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Part 5: Data Ingestion and Interoperability

«  When Solutions and tools for Data Ingestion and
Interoperability are needed

« Overview of Snap4City Data Storage and Stack

« Knowledge Base: Modelling and Setting Up
m m  High Level Types vs Ingestion Process
_ - Data Ingestion Strategy and Orientation
::: li;:;::;if” « Ingestion of Points of Interest with POI Loader
m m m « Models vs Devices/Entities and Registration
SLIDES « Verification of Data Ingestion
Interactive Slides Digital Twin Data Inspector vs Data Processes Details
You You « My Data Dashboard Dev to assess data on Open Search
Storage

 An Integrated Example for Time Series
Entities Ingestion with Data Table Loader

You You You
 FIWARE Smart Data Models on Shap4City

High Performance Ingestion via Python

« Ingestion of MyKPI with Proc.Logic / loT App
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High Level Types
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e POI, 10T Devices, shapes,..
 FIWARE Smart Data Models,
* |oT Device Models

e GIS, maps, orthomaps, WFS/WMS
GeoTlff calibrated heatmaps

e Satellite data,

Savonal
(s

* traffic flow, typical trends,

* trajectories, events, Workflow, ..
* 3D Models, BIM, Digital Twins,
 OD Matrices of several kinds, .. |-

4000
2800

* Dynamic icons/pins, .. B
* Synoptics, animations, ..
B

¢“SNAP/cry

N
Reroptg irenze
p"\f?{\ enze
Amerigofmspucci

* KPI, personal KPI,.. T

* social media data, TV Stream,
* routing, multimodal, constraints, ..
* decision scenarios,

% | UNIVERSITA
% | DEGLI STUDI D,QRI,MT'O:DO
FIRENZE

-35
DISTRIBUTED SYSTEMS i 36-60

INGEGNERI AND
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D EG I“I STU DI DIPARTIMENTO DI DISTRIBUTED SYSTEMS W
FIRENZE | Restignn> | SehiEaser CITY .

Snap4City Entity Instances, loT Devices

Switch To New Layout (Beta) \
User: paolo.disit, Org: DISIT Show delegated dev. | Show publicdev. | Show my dev. | Show all d= Add new device
Role: AreaManager, Level: 3
— @ Y —
Show| v |entries Search: | |
My Snap
Device Identifier s Device Type Model 4| Owmership 4| Status % | Edit Delete Location View
Tour Again
W SnEPASOILtIoNS.Org 1dd79caa95f677afad4fd38e699c8542022-12-05T18:5413.000Z  orionUNIF File fileModel MYOWNPUBLIC [T | EDIT [l DELETE | @ [ VIEW |
Dashboards (Public) alert_1610543238306 orionUNIF] event AlertGeneric [N active Bl Q@ [ ViEW |
Dashboards of My Organization
My Dashboards in My Organization alert 1610548534047 orionUNIFI event MertGeneric | ez | active | eDiT [l DELETE | @ [ VIEW |
My Data Dashboard Dev Kibana alert_161061318970% orionUNIFI event MertGeneric | [IEEE  active  eoir [l DELETE | @ =
Extra Dashboard Widgets -
Data Management. HLT < alert 1610629197473 orionUNIFI event AlertGeneric  [TENNEIS  active En EEa Q [ ViEW |
Knowledge and Maps =~
s = Search Device location on Map orionUNIFI event AlertGeneric MYOWNPRIVATE active m m @ m
Processing Logics /10T App v . ’
EnTEDiee] orionUNIFI event AlertGeneric MYOWNPRIVATE active m E @ m
f My 10T Sensors and Actuators
® 10T Sensors and Actuators orionUNIFI event AlertGeneric | IRV active Eﬂ m @ m
# Ent'ty Instances, IoT Devices
B 107 Brokers orionUNIFI event AlertGeneric | LRV 0Y NS active | EDiT il DELETE | @ [ VIEW |
& FIVH\RE Smar D=
& oivrMndalehnT Coyices orionUNIFEI event AlertGeneric | [T active m m @ m
# 10T Devices Bulk Registration ,
) Doc: IOT Directory and Devices
L) Create an IOT Device Instance { A Leaflet | ® OpenStreetMap contributors Previous 2 3 4 5 12 Next
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DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | Neecneria AND INTERNET @ﬁ;
DELLUINFORMAZIONE | TECHNOLOGIES LAB Tnumi‘» enelS |

'Ihasican e = dha o= - 31 I e
Checking data/Entity ingestion results
— ¢ ServiceMap, SCAPI, SuperSM ; S | ServiceMap or
VLT == BE Super ServiceMar
m-cmr] .
Semantic reasoners % — LOG / LOD viewer
- All searches - SUper SerVICe Map
- Metata — SCAPI: Swagger i
- Structure g
- Last values of loT Dev — Last data 5
- GTFS * Data Inspector (last data)

Data Inspector

- Onl blic loT D
Rt Digital Twin view

e |oT/Entity Directory

- \ loT Brokers
data), SuperSM
- Faceted search

- Geo search My Data Dashboard,

- Time Series OpenSearchDash
- Private and Public

My Data Dashboarc

* Data Inspector (last data) DevDash
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Part 4: Data Analytics
and Artificial
Intelligence

SLIDES

Interactive Slides

uNvRSTA DINFO  DISIT

DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND

F I RE N Z E INGEGNERIA INTERNET TECHNOLOGIES LAB
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE

AND TECHNOLOGIES LAB

Part 4.

You You You

(P T

CUSN APlcity @

Data Analytics

Why and Where use DA, Al and XAl --> General
Life Cycle

Data Processing

What is Data Analytics, DA and Artificial
Intelligence, Al

List of the most relevant available DA and Al
Solutions

Predictions and Anomaly detections

Computing: Higher Level Types Data and their
representations

How Al/XAl, and Life Cycle

Using DA, Al, XAl in Snap4City infrastructure
« Data Analytics <--> 10T App / Proc.Logic

Decision Support Systems and What-If Analysis
Routing, Multimodal Routing, Dynamic Routing
Business Intelligence and Visual Analytics
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—~

[ Web and Mobile Apps ]
Entity Di : APl Manager :
ntity Directory /[ : ]\ [ Smart Applications

Smart Data Models Serati ' ' : ‘
loT Data Models [ Federation ] | [ Waste | [ Park | [ Light |
Digital Twins Smart City API i Y ( — i

| Energy | | Environment |

<« S0penSearch || | '

| Maintenance ] [ ......
| storage l = Iy b'II 2op |

S obile

diEEE s
| » Brap | Visual Analytics tools |
' Geoserver [ ELAIE e ey ] | Business Intelligence CSBL |
U_A:)BlMserverAcenter [ Data Managers ] : Dashboard Bld & Mng ‘

t t f’ pgthOﬂq Service Map

HLT Manager

r E
) Studio | *
' loT App / Data Analytics: | | Synoptics

Gateways, satellite | | ProclLos. )
External Services g ML, Al, XAl r 3D Digita| Twin ‘
Web Scraping On Edg ) '
loT App - )
Tv CAM streams On Cloud Event Driven Market/Sharing Place ]
) I

Third parties solutions

60
Q
060

Social Media

BIM GIS =

N\ )

A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ... y

N—
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DISTRIBUTED DATA INTELL\GENCE
AND TECHNOLOGIES LAl

Identification of Process goals and Planning (problem definition)
— Which goals
— How to compute, which language
— Which environment, which libraries
Data Discovery and Ingestion (from the general life cycle)
— Data Collection, Data Preprocessing if needed
Data Analysis: feature engineering, feature selection
— Data ethics assessment
Data review and preparation for the model, splitting, encoding
Model Identification and building: ML, Al, etc....
— Model Training
— Tuning hyperparameters when possible
Model Assessment and Selection (Evaluation)
— Validation in testing

— Assessment on a set of metrics depending on the goals: global relevant
and feature assessment

— Assessing computational costs
— Impact Assessment, Ethic Assessment and incidental findings
— Global and Local Explanation via Explainable Al techniques
Model Deploy and Final Validation
— Optimisation of computation cost for features, if needed reiterate
— Solution on Production (security, scalability, etc.)
Monitoring and Maintenance on production
Documentation, incremental documentation

¢YSNAPlcrry B

Model Assess. Models
& Selection Identification
yL4 W\

Data review
el (DY and preparation

Y -
Final ata Analysis,

Validation Feature
Engineering

b/ a

Solution on Data Discovery,
Production Data Ingestion

Identification of

ULE op
Process Goals « *

THUN®S
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Real Time
Data

DINFO DISIT

* I
L e
DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
INGEGNERIA INTERNET TECHNOLOGIES LAB CI Ty W
DEL L INFORMAZIONE DISTRISUTED DATA INTELLIGENCE
AND TECHNOLOGIES LA \

fled Training and Deploy process

Solution Setup and Hyper-parametrization

Supervised
Unsupervised

Historical

Training o
St Prediction
Prescriptions
_ Results .
LImprovement Execution streams Anomahes
Classifcation
Change: features, .
model param, etc. Assessment Detection
Etc.
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Root Mean Squared Error (RMSE) R-Squared(R2)
RMSE = ‘/ ?=1(Obsin_ predi)z ¢ ? = % anl ObSi
. 2 _ 1 _ Y ,(obsi—pred;)?
K 1 ( YL, (obsi=y)? )

Mean Absolute Scaled Error (MASE) Mean Absolute Error (MAE)
B obs, — pred,
" L Tl | obsi— obsiy v Eiy lobs; = predy]
MASE = mean (|q¢|), t=1,8%n n 201
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2 fFe

¢“SNAP/crry

Simplified Deploy of Transfer Learning Mode!

Real Time
Data

Historical Training
Data

LImprovement

Model

Execution

Results
streams

New Real
Time Data

New Enriched

Historical .
Trainin
Data S

LImprovement

Enriched
Model

New Model
Execution

Transfer Learning
and Fine Tuning

Results
streams

Snap4City (C), February 2024

Prediction
Prescriptions
Anomalies
Classifcation
Detection
Etc.
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Data Analytics on Snap4City platform _ C-SNAPLary

N Wil [ I
\ @ python e e

Studio

Swagger

Saving /
Sharing
reusing

Creating
MicroServices

Ontoiogy Schema LOG.disit.org
~—_ Knowledge Base, — —~ —
SN— KmaCity  __—1 ~—
Li [: 2 Big Data
s || Swr
) 3% o ) = Facility
— ﬂﬁ EJ 'll>> L

§ !
-3
| ]
! TRERE S
15 I
a ]
Finipife il
1118 [

Using them into
|OT Applications

Smart City APl from Knowledge Base and other tools
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Fiinz: | L. (E8ET  Development

® python & ¢YSNARLcrry

Big Data
Store Facili

®!oca1h:sf:assS/nmsbooks/daffpmgra.‘pynb an oo -
_VJupyter claffProgr3 Last Checkpoint: a few seconds ago (unsaved changes) ] leaimzpDemo  (»
On Se rver File  Edt View Inset Cel Kemel Widgets Help | Python 3 © 7
Or i tbri*gak eak”): b Messages on Dashboard \';',-l
On PC i if' = o"): On PC as d lccmeme:l:/vsifdashboa'dq’w4ctycrgSE80”seier
Anaconda Once NViodel :;C:a . python data IJ_I
. . . lne. .
#15 & L'indice della colonna 'Label’ flnallzed Mapplng .py -|_ ﬂnﬂlﬁrt“:- -|_
or.zip " /
ata..
———/
To make the .PY usable as MicroService you need
to adapt it to get and send data in/out with
Node-RED from a Container.
If you provide a .zip file the main .py inside has
X to be called doScript.py
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al\V /] - r 1 ‘ L . ‘ - - -
peveloper in R otudlio + iensor riow

Flles  Plots  Packages  Melp  Viewer
Q. Newrolder O Upload (O Delete o Bename | (G Moes +
/.\ Home | SeapdCity  SatmtcsOutput

Snap4City R Studio Developme

@ Fle Edit Code View Plots Session Build Debug Profile Tools Help apdaiy [ @)

[N = Go to file/functior « Addins + X Project: (None)
A Nave
shapécity Console  Terminal ©'| AnomalyDetection R
=0 =0
AreaManager | Idap Sna ® Source onsave | (| /' HRun | S| fSource -
[1] "carpark” N 118 anomalieshatr[, “timestamp"] <- as.character(dataFinal[res$anoms$index ,"alignDateTime"]) a b Loee T
@ Dashboards Warning in statisticsResult[indfolder]3statisticsOutputiame = unbox 111 anomaliesMatr[, “anoms"] <- as.numeric(res$anoms[,"anoms"]) i 0DaTrend ong
("Predictions") : 112 o} "
8 Notificat number of items to replace is not a multiple of replacement length 113 #table with anomalies = CarParksDasyTread png
otificator warning in statisticsResult[indfolder]$statisticsOutputiiame = unbox 114 5 ComelationMatrix
S — ("MachineLearningPredictions") : 115 setwd(outhD) 3 cl.ck one Ch n f.le to . a|,ze the tat. t.c W tab -" be one ed
T Applications nunber of items to replace is not a multiple of replacement length 116 options(digits = 1) =5 | nea o | visuall S ISUICS. a4 ne wi n
“geom_smooth()" using method = 'loess’ 117 tBtable <- tableGrob(anomaliesMatr, rows = NULL, cols = c("Date and Time", "Anomaly”), theme=ttheme_default(base_siz PredicteF teeParki p g p
= 0T Directory and Devices [1] "carpark” 118 grid.drau(tBtable) - _—
- Warning in statisticsResult[indfolder]$statisticsoutputiiame = unbox 119 h <- convertHeight(sun(tBtableSheights), "in", TRUE) = SangorsMeanierDayMomend. ooy
¥ 5 ("Anomalies”) : 120 W <- convertiidth(sum(tBtableswidths), "in", TRUE) .
N Knowiedgeand Maps ~ nunber of items to replace is not a multiple of replacement length 121 =4 StatisticsBySensons png r
e [L] "NO ANOMALIES ON THE SENSOR -CarParkBeccaria free-" 122 plot <- resgplot - "
Micro Applications [1] "PRESENCE OF ANOWALIES ON THE SENSOR - CarParkCareggi free-" 123 =4 StatisticsB/SenorsAndOnyMoment png
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkPieracciniMeyer fre 124 plotMix <- grid.arrange(plot, tBtable, - . p
W External Services e-" 125 ncol = 2, = VehicleFlowOailyTrend png
[1] "NO ANOMALIES ON THE SENSOR -CarParks.Lorenzo_free-" 126 heights-c(5,1),
o ~ _ [1] "NO ANOMALLES OM THE SENSOR -CarParkStazioneFirenzeS.M.N. free-" 127 as.table=TRUE)
Data Set Manager Data Gate 1] “carpark” bt cotud out0)
Warning in statisticsResult[indfolder]3statisticsOutputiiame = unbox 129 ggsave(paste(columnsame[1], "Anomalies.png”, sep=""), plotMix, width=22, height=h:5)
< Resource Manager: Process Loader ¥ ies" 130
nunber of items to replace is not a multiple of replacement length 31 %, finally = {
[ Development Tools ¥ [1] "NO ANOMALLES ON THE SENSOR -CarParkBeccaria_free-" 132
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi free-" 133 i)
) MEEETTIR O [1] "PRESENCE OF ANOMALTES ON THE SENSOR - CarParkPieracciniMeyer fre 134 statisticsResult[[indfolder]]$resultFiles|indResult]$sensor=NULL | 1
¢ 2nagy e- 135 statisticsResult[[indfolder]]SresultFiles|[indResult]]$sensor-unbox (as. character (columnshiame[i] o o
[1] "NO ANOMALIES ON THE SENSOR -CarParks.lorenzo_free-" 136 statisticsResult[[indfolder]|$resultFiles|[indResult]|$png-unbox(paste(outlD, paste(columnshame[i], “Anomalies.png”, s .8 |
Helpand Contacts ¥ [L] "NO ANOMALIES ON THE SENSOR -CarParkStazioneFirenzeS.M.N. free-" 137 indResult = indResult + 1 {
138
[J Documentation and Articles ¥ 139
Files Plots Packages Help Viewer 0 e Jelse! ) i
& My Profile ¥ 141 print(paste("NO ANOMALIES ON THE SENSOR ", "-", columnsName[i], "-", sep="")) .
My Profile ©7) New Folder | G Upload | @ Delete 4 Rename | i More - 142 )
= 143 .
@ SnapACity portal & Hone PR
A Name Size Modified 145
nohup.out 728 Mar 30, 2018, 9:47 AM 146 setwd("~/SnapdCity")
R 147 write(jsonlite::to)SON(statisticsResult[[1]]), "JsonStatisticsResult.json”)
148 return(statisticsResult[[1]])
Snap4City 149} .
SnapdCityDEMO g? )
Snap4CityOld 144:4 anomalyDetectionfanomalyDate) + R Script &
Environment  History Connections =0 By
# [ | 7 import Dataset - | § List g -
) Clobal Environment « &
0 dataFinal 2794 abs. of 18 variables -
O dataset 35539 obs. of 12 variables v
O dataTest 97 obs. of 15 variables
O dataTestFinal 97 obs. of 3 variables
) dataTrain 2793 abs. of 15 variables
O neltDataTest 97 obs. of 4 variables
Op3 Large gtable (784 elements, 9.2 Mb)

)plt List of 9
0 statisticsResult List of 1 .
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: ! ¢“SNAP/
Data Analytic Container O~

loT App / Node-RED .

“M
E . ~ S4CDataAnalytic @

@ £ - plumber data Use Snap4City Data Analytic

IOT Apphcatlon e Node, and load in the code
python dat/

you developed.

i pgthon Jupyt;r

analytic

Develop .py or .r program on (i) Snap4City

platform online, or (ii) your Development

Machine.
The code has to respect the guidelines @ Deploy the IoT App = Snap4City Container Manager based on
provided for creating API. s Marathon/Mesos is creating a Container for your Data Analytic code
The API are called as a MicroService ) ocker ™
For example see: E ﬁ'docker
https://www.snap4city.org/641 R s
https://www.snap4city.org/645 :
D@%”,Q'X}l&

Snap4City (C), February 2024 207


https://www.snap4city.org/drupal/node/641
https://www.snap4city.org/drupal/node/645

Vol BT
Ly

UNIVERSITA | DINIFO | DISIT , s Yo L
Dol STUD! | o | pomaererme XIS AL SNAPiary &

YY)

loT edge on
TV Camera

¢“SNAP/crry

Data Inspector

Data Inspector

e . 5 e
. XX VN ), Fei|

'VALUE NAME: CROSSVENARIAZ B_l! E Q & ° .(4\ g L
te: 2022-07-04 233653 7750200 ) Mp!

Big Data .:‘ ‘::‘..' 3 tcusi :Nn ,lv a oy ‘ sl m-mwm-:mhm“:whw o
Store O p— ol
Facility

show data = ——— L =
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D EG LI STU Dl DIPARTIMENTO DI DISTRIBUTED SYSTEMS ‘.
FIRENZE | REEER ™ | RENRer ons CoMMUNICATIONS CiITY

loT edge on
& TV Camera

, ¢YSNAP/criry
Devices:

- CrossVenaria2VehicleFlowTrajectoriesV-
[0):176] I - VenariaConteggio

@ Save Counting per Cluster

Monitoring Cross Road Venaria - (AXIS Camera)

Number of Trajectories. ()

Get data Big Data

Activate

S —_- m Store
e (c) Facilty
@ analytic From Trajectories Device:

to clusters. CrossVenaria2

Counting in/out with
and flows trajectories

show data
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Parts 7 & 8: AP|, Mobil, Business

Part 7: Exploiting
Snap4City AP and
Web/Mobile
Applications SDK

SLIDES

Interactive Slides

DINFO DIiSIT

DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND

INGEGNERIA

DELL'INFORMAZIONE
AND TECHNOLOGIES LAB

You You

Part 8: Developing
Smart Applications &
Business Intelligence
Solutions

SLIDES

Interactive Slides

You You You

INTERNET TECHNOLOGIES LAB
DISTRIBUTED DATA INTELLIGENCE

¢VSNAP/crry £

Intelligence

Concepts and tools for using Knowledge Base, ServiceMap, API
Federated Knowledge Bases and Smart City APIs

Access to Protected data

Developing in the smart city loT/WoT context

Smart Solutions Development Life Cycle

Analysis for Innovation (Co-Creation and Co-Working)
Design: Data, Data Models, Data Relationships

Design & Develop: Data Processes Proc.Logic / 1oT App
Design & Develop of Data Analytics

Design & Develop: user interfaces, visual tools

|

Desigh and Control of Smart Applications
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DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENGE
AND TEGHNOLOGIES LAB

DINFO

. Powered by https://www.snap4city.org/d
.”SNAP4Tech ownload/video/Snap4Tech-
Development-Life-Cycle.pdf

Development Life-Cycle

https://www.snapdcity /download/video/Snap4Tech-Devel Life-Cycle-v1-1.pdf

From SnapdCity:

=  We suggest you to read the TECHNICAL OVERVIEW:
o https://www.snap4city.org/download/video/Snap4City-
BlatformOverview.pdf
o  https://ww apdcity.org
» http. pdsolutions.org

snapdindustry.org

er.com/snapdcit
facebook com/snapdcity
youtube.com/channel/UC3tACOIEBNba8f2-udvandg

Coaordinator: Paolo MNesi, Paclo nesi@unifi.it

DISIT Lab, https://www disit org
DINFO dept of University of Florence,
Via 5. Marta 3, 50139, Firenze, ltaly
Phone- +39-3135-54AR474

S

UNIVERSITA
DEGLI STUDI | S=ENERN
FIRENZE | 2558

DINFO ‘ ISIT
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DEGLI STUDI DIPAR‘ITIMENTEDI DISTR!BUTE! SYSTEMS
GEGNERIA AND INTERNET

FIRENZE | B&TRFSkuazione | FECHNOLOGIES LaB

Third Parties APIs * BN NN BN BN BN BN S B »

Traffic Flow, MAPS, Heatmaps
GIS, HTTPs URLs

eq. ServiceURI, KPI = = “ *

Dynamic Data: B o s0.786%
ServiceURI, MyKPI, S . S R
A C — Events and Actions .

e F mmmmmm — — Event Driven Synoptics

*-----

Server Side
Business Logic

Client Side Business Logic
in JavaScript (when needed)
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¢YSNAPLcrry 5

¢“SNAPlcrry 2

* Powered by

https://www.shap4city.org/do
whnload/video/ClientSideBusin

*SNADAToch essLogic-WidgetManual.pdf

Client-Side Business Logic
Widget Manual

From Snap4City:
« Ve suggest you read H

Development-Life-Cycle.pdf
» We suggest you read the TECHNICAL OVERVIEW:

o https://www.snap4city.org/download/video/Snap4City -

PlatformOverview. pdf

slides go to https://www.snap4city.ora/577
https://www.snap4city.org
https://www.snap4solutions.org
https://www.snap4industry.org
https.//twitter.com/snap4city
https://www.facebook.com/snap4city
https://www.youtube.com/channel/UC3tAOO9EbNbasf2-udvandg

Coordinator: Paolo Nesi, Paolo.nesi@unifi.it
DISIT Lab, https://www.disit.org
DINFO dept of University of Florence,
Via S. Marta 3, 50139, Firenze, Italy
Phone: +39-335-5668674
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DINFO

PARTIMENTO DI

INGEGNE
DELL" INFORMAZIONE

DlSTRlBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

Y,

()R[

/‘%{%@{0 UNIVERSITA
% | DEGLI sTUDI
FIRENZE

4‘\; T*

7 nm\

_sv Estimate Indicators: P1, P2, P3, P4, P5
loT App/Proc.Logic JavaScript, Data Analytics, Dashboards to see data and results

Load additional data: P1, P2, P3, P5
loT App/Proc.Logic JavaScript, loT Directory, ServiceMap, advanced interoperability,

Dashboards to see them
Performing Al/XAI on accessible data: P1, P2, P3, P4, P5 (P8)
loT App/Proc.Logic JavaScript, ServiceMap, ASCAPI, Python, Dashboards to see data/results

 Developing Business intelligence: P1, P2, P3, P7, P8
loT App/Proc.Logic JavaScript, Dashboards to see them, ASCAPI, CSBL for making them

intelligent, JavaScript

 Developing Web and Mobile Apps: P1, P2, P3, P7, P8
— ServiceMap, ASCAPI, Dashboards
Deploy, install, test and management: P1, P2, P
ardste’see them

loT App/Proc.Logic JavaScript, ServiceMap, Dashbo
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TN IVERSITA
s [y | DINFO | DISIT
e REYIWENOD | ETRRUIRPYSTEMS
\\;me,‘) FIRENZ DELLUINFORMAZIONE | TECHNOLOGIES LAB

CITETS

OIWAR FIWARE
IMPACT
STORIES

Snap4City:
FIWARE powered smart app
builder for sentient cities

A5 [ [ DINFO | DISIT
FIRENZE | Bt | BERE

"Gna.m,

W
b=l astily

— https://fiware-
foundation.medium.com/sna
p4city-fiware-powered-
smart-app-builder-for-
sentient-cities-acfe24df49d5

— https://www.snap4city.org/d
rupal/sites/default/files/files
/FF ImpactStories Snap4Cit

y.pdf
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SnapBot: Real Time Smart City services via Telegram

. Scenario:

Copernicus Satellite Data

. Scenario:

SmartBed, Materasso Intelligente

. MicroServices Suite for Smart City Applications

. Scenario:

MODBUS for Snap4Industry Snap4City Applications

. Scenario:

MOBIMART Interreg: MOBIlita Intelligente MARe Terra

. Scenario:

City of Roma case, mobility and environmental data

. Scenario:

Herit-Data video and aims

. Scenario:

Control Room vs Video Wall

. Scenario:

Snap4Home the case of: Alexa, Philips, Sonoff, TP-link, etc. (Italiano)

. Scenario:

how to manage maintenance and accidents workflows

. Scenario:

Snap4Home, how to exploit Snap4City solution on home automation

. Scenario:

Energy Monitoring

. Scenario:

Multipurpose User Engagement Tools

. Scenario:

5G Enabled Water Cleaning Control (smart city, industry 4.0)

. Scenario:

High Level Control of Industrial Plant (industry 4.0)

. Scenario:

Vehicle Monitoring via OBD2

. Scenario:

Events and Museums Monitoring in Antwerp

. Scenario:

High Resolution Prediction of Environmental Data

. Scenario:

Mobility and Transport Analyses in multiple cities

. Scenario:

People Flow Analysis via Wi-Fi

. Scenario:

Antwerp Pilot on Environmental Data

. Scenario:

Helsinki Pilot on Environmental Data

. Scenario:

Firenze Smart City Control Room

. Scenario:

Mobile & Web App: Toscana Where What ... Km4City, Toscana in a Snap

. Scenario:

Helsinki Pilot on User Behaviour

. Scenario:

Antwerp Pilot on User Behaviour

Snap4City (C), February 2024
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Scenarious

Data Analytic: Origin Destination Matrices,

Algorithms and tools

Data Analytic: Traffic Flow Reconstruction
Data Analytic: in general, and the cases of
Antwerp and Helsinki

Data Analytic: Predicting Air Quality

Data Analytic: Analyzing Public
Transportation Offer wrt Mobility Demand
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https://www.snap4city.org/drupal/node/684
https://www.snap4city.org/drupal/node/671
https://www.snap4city.org/drupal/node/668
https://www.snap4city.org/drupal/node/664
https://www.snap4city.org/drupal/node/657
https://www.snap4city.org/drupal/node/642
https://www.snap4city.org/drupal/node/628
https://www.snap4city.org/drupal/node/629
https://www.snap4city.org/drupal/node/621
https://www.snap4city.org/drupal/node/620
https://www.snap4city.org/drupal/node/597
https://www.snap4city.org/drupal/node/617
https://www.snap4city.org/drupal/node/555
https://www.snap4city.org/drupal/node/547
https://www.snap4city.org/drupal/node/369
https://www.snap4city.org/drupal/node/546
https://www.snap4city.org/drupal/node/369
https://www.snap4city.org/drupal/node/545
https://www.snap4city.org/drupal/node/532
https://www.snap4city.org/drupal/node/530
https://www.snap4city.org/drupal/node/533
https://www.snap4city.org/drupal/node/540
https://www.snap4city.org/drupal/node/526
https://www.snap4city.org/drupal/node/528
https://www.snap4city.org/drupal/node/531
https://www.snap4city.org/drupal/node/541
https://www.snap4city.org/drupal/node/529
https://www.snap4city.org/drupal/node/527
https://www.snap4city.org/drupal/node/544
https://www.snap4city.org/drupal/node/544
https://www.snap4city.org/drupal/node/543
https://www.snap4city.org/drupal/node/524
https://www.snap4city.org/drupal/node/524
https://www.snap4city.org/drupal/node/553
https://www.snap4city.org/drupal/node/554
https://www.snap4city.org/drupal/node/554
https://www.snap4city.org/4
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