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e Controlling Status: management, and operational

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELLINFORMAZIONE

o Monitoring via KPI

o Computing predictions data from the field and KPI
o Anomaly detection P &>
o Early warning on critical conditions o N

o Optimisation: Prescriptions, suggestions

o Risk assessment

* Big picture and Long-term focused (2 to 5+ years)
= Vision, Mission, Why, Policies and Direction : N\
» Executive-management I AN R RO N it
* What is the right direction for the company? i - i w

o What-if analysis on scenarios

o Simulation and predictions

* Short-term focused (3 months to 2 years) \emp ’t(&renze ?
i Tactical * Focused on specific business department Ameri pucci
o Resilience O . Wit manssement

* What activities to be planned in strategic alignment?

* Be ready for Unexpected
Unknows

_Tr‘g Operational
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UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

DISTRIBUTED SYSTEMS
AND INTERNET I y
TECHNOLOGIES LAB CI

e Controlling Status: management, and
operational

Monitoring
o Monitoring via KPI
o Predictions vs KPI KPI
o Anomaly detection N___ Digital T j
o Neuro-Symbolic analysis Models & X predictions,
o Risk assessment Data Anomaly Detection,
o Early warning on critical conditions Decision / Analysis, Assessment
o Fast What-if analysis Support System Warning
o Making plan: tactic and strategic, < 8 Simulations,

medium and long range, micro/macro Scenariciisj TFR, Crossroad,
o Simulation & optimization Public Transport,
o Generative Al Prescriptions, scenarios K (J Lobting }-
o Resilience to Unexpected unknows What-If Analysis,
o What-if analysis wrt scenarios Optimization <
o Collaboration with stakeholders

2024/8 Snap4City (C), June 2025
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FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS I
NEWGUI *

Monitoring

KP SIS

\’ Digital Twin j e S o IR
Models & Predictions,
Data Anomaly Detection,

S Analysis, Assessment
Decision Warning
Support System

'& Simulations,

Scenarious TFR, Crossroad,
7 :
Public Transport,
Routing, ..

What-If Ana IYSiS, Traffic Infrastructure optimization
Optimization < NSl P&
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Digital Twin Solutions for Sustainability

OPERATION AND PLAN - CONTROL ROOMS - DECISION SUPPORT SYSTEMS - WHAT-IF ANALYSIS - OPTIMIZATION - APPLICATIONS

- DEVELOMENT ENVIRONMENT
SMART ENERGY AND ENVIRONMENT AND CITY USER’S SERVICES AND MRCULLUAGIL Lo
HORIZONTAL Al PLATFORM
MOBIETY ARSI IEANSEORT SMART BUILDING WASTE MANAGEMENT TOURISM MANAGEMENT * JIOUBL FROGRAMBIING, ML AL AFC
K n = , S al—— - TRAINING COURSES
S - oy = B el S +LIVING LABS
: ‘ - GUI CUSTOM STYLES
=

+ FULL APPLICATIONS, DASHBOARDS
AND VIEWS

» MOBILE APPS

PREDICTION - ANOMALY DETECTION - CLUSTERING - ROUTING - SENTIMENT NLP - TRAFFIC FLOW - PEOPLE FLOWS - SDG
15 MIN CITY INDEX - KPI - HEATMAPS - ORIGIN DESTINATION - ETC...

EXPERT SYSTEM, KNOWLEDGE BASE
SEMANTIC REASONING

-~ . - P
- ’ i VISUAL PROGRAMMING, ADAPTERS
BIG DATA ANALYTICS, ARTIFICIAL INTELLIGENCE

DATA FLOWS, WORKFLOWS =
SMART DATA MODEL EXPLAINABLE Al, MACHINE LEARNING, GENERATIVE Al PARALLEL DISTRIBUTED PROCESSING
10T DEVICE MODELS, STORAGE OPERATIVE RESEARCH, STATISTICS DATA DRIVEN ; ?

FULL INTEROPERABILITY, ANY: DATA, BROKERS, NETWORKS AND VERTICALS
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Digital Twin Development Platform

e e e
Digital Twins
’—--- I I I DD DD DN D D D D D B B . ------~

Snap4City Microservice Platform

N <4 MicroService Based, Proc.Logic
- < Server-Side Business Logics, SSBL

A Things Edge g
N P
,j . E
AR . h-Ji
o Sensorsand Y

e Actuators Dat
pIy | Data Knowledge e
BT : ; Analytics:
N Ingestion Bases &
= HUB St MLOps,
& DY External orages ML, Al

Services

Web/Mobile Apps
Dashboards & Interfaces
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Technical Architecture

Entity Directory:
Smart Data Models
loT Data Models
Digital Twins

GO0
o )
060

Social Media
BIM GIS

Gateways, satellite
External Services

Web Scraping
Tv CAM streams

APl Manager Anyeﬂ‘
[ Federation J e
Smart City API
<«— Sy 0penSearch |
| storage |
‘ KB, graph \
q;a GeoServer [ Entitylnspector ]

Q)Bl"server.center [ Data Managers ]

t t e pgthon

Studio

Artificial Intelligence:
ML, Al, XAl, DA, HPC

Event Driven

Y SNAP/ciry

/
FFror!;c.-I?nd Applications
acilities
) . [ Traffic Optimiz. ]
Scenario Editor '
\ =y [ TrafficLightPlan ]
( Business Intelli '
CSBL & [ PuincTranspor;c ]
[ Dashboard BId Parking Mng.l ]
& Manager Lighting Mng. ]
1 |
[ CustomTheme ] Building Mng. ]
g |
Synoptlcs Environment ]

[
[
[
J |
[ Waste Mng.I ]
[
[
[
[

KPI Support

MobAppSupport

Sharing/pool ]
|

Energy Mng. ]
|

HLT Manager

Tourism Mng. ]
I

Mobile Apps ]

]
]
Service Map ]
]
]

3D Digital Twm

Market/Sharing Place

— N\ N\ N N N

Third parties solutions

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

5/25
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High Level Types ¢

SnapA4City (C), June 2025

e POI, IOT Devices, shapes,..
* FIWARE Smart Data Models,
* |oT Device Models

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

e Satellite data, any kind..
* traffic flow, typical trends,
* Vector fields + heatmaps,
* trajectories, events, workflow, ..
* 3D Models, BIM, Digital Twins,
* OD Matrices of several kinds,
* Dynamic icons/pins,
* Synoptics, animations,
e KPI, personal KPI,..
* social media data, TV Stream,
* routing, multimodal, constraints,
. scenarios,
vy
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Standards and Interoperability “"SNAv

Compliant with:

* |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, SNMP, TCP, UDP, SOAP, WSDL, FTP, FTPS, WebSocket, WebSocket Secure, GML, WFS,
WMS, WCS, RTSP, ONVIF, AXIS TVCam, CISCO Meraki, OSM, Copernicus, The Weather Channel, Open Weather, OLAP, VMS
Milestone, TIM, HERE, ....

* 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.snap4city.org/65

e Social:Twitter, FaceBook, Telegram, ..

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

* 0S: Linux, Windows, Android, Raspberry Pi, Local File System, AXIS, ESP32, etc.
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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

\\5 ]‘o <
g% | SNIVERSITA | DINIFO | DISIT
AR | FIREiZE | Esimron | semeumppvermie
O\ ¢ \|.‘i] & FIRENZE | 085N imazione | TECHNOLOGIES Lag

Correcting road
graphs from OSM

openstreetmap-website

7~ iD legge e scrive sul
database tramite il servizio
Dati OSM per gene Tiles 'db’ con OSM API V0.6
le tile

OverpassAPI <<service>>
web -
<<gervice>>
db
<<gervice>> @ e H
overpass-api Query response {I iD editor i PostgresDB
Query tool .

Dati DSME

openstreetmap-tile-server

<<process>>

e Update DB I
g ™\ con changeset check-website-for-updates.sh
t» ~. / <<service=>

0SIGiSDB| map
L 7

- g

in Tiles access E
<Process>: web interface
renderd
N AR
l" ——
| [dataftiles
\_‘7__ - i

Snap4City (C), June 2025

'SNAP/crTy Eis

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

Editing OSM data
and present Tiles

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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Select map

-

Zoom

—

n Q|IEHI +’

\

@)

New Scenario

[>]

Editing
Drag & drop
Split & Join
Delete

Do and Undo [

)

[3][“]

(a]ofa

Show Traffic Sensors

|
Filter by road types

Scenario name: Scenario name

Location: ‘ Location

Scenario description:l Scenario description ‘
|
ReferenceKB: \

lReference KB

Save Road Graph: ]Yes v

Save traffic Sensors: [Yes v

Save other Sensors: ]YeS v |

From: gg/mm/aaaa --:--

Edit Road

To: gg/mm/aaaa --:--
., ] Save H Show Summary || Cancel ’ l Segment
- s —
_ = V4 - -
Category Street: primary o
Nr.Lanes: ‘ 3 ‘
: Speed Limit (km/h): |
»
Direction: | Positive direction w |
Restrictions: | Select or create restriction v |
Update
. identifier |
s e —
O! Road Types [select All (Unselect All elemLocation
abandoned ubrid!eway Pbus _guidewayubus_stop ®construction elementClass
 corridor cmssing P disused Hclevator elementTvpe
emergency_access _poinaemergency_bay isiand I}ving_street m
| motorway motorway_link Bno platform re
! primary primary_llnk private raceway Hrazed operating Status
B residential Brest area Broad ®secondary_linkservice speedLimit
Bservices steps tertiary tertiary_link irack m
trafﬁc_island Biram trunk_link Punclassified via_fen'ata m
®seconda es Bbus_guideway @ohm:military-Trench .
|_'_y - ! o e e | highwayType
' lroute |
-l' R © OpenStreetMap contributors

https://www.snap4city.org /976
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Properties of Road Elements
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Ingestion, aggreg. = exploitation

* loT App Visual
rogramming, no coding
e Data transformation
* Integration, Interoperab.
 Scripting Data Analytics
* Data ingestion
* Business logic Server Side

e Edge and Cloud

* MicroServices data - =
event driven develop —

aecmyoa

via visual language -
Node-RED

Snap4City (C), June 2025
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> 60.000 downloads (up to 2024)

Open Data CKAN

Ticket Management, workflow
BIM Servers

Social Networks

Video Management system
Gateways

Data Analytics

Statistic, Optimization
Simulation

Artificial Intelligence
What-if Analysis Support
Geo Utilities Support
Routing & Traffic Flow
MLOps support
Python support
R Studio Support

T

Node-RED

entities

Snap4City
Microservices
Proc.Logic

Snap4City (C), June 2025

Data Load / Search / Retrieval
KPI, POI, GIS Data, Scenarios
Time Series, Public transport

High Level Types: heatmaps, ODM,...

loT / Entity Discovery
Delegation Management
Data Mapping

Dashboards

Widgets: Graphic Libraries
Interactive Widgets

Maps, 3D representations
Synoptics, External Content
Micro Web App

loTApp Management
Data Logs, A&A, Security
Ownership Management

VPN remote access

14



Snap4City (C), June 2025

DINFO

Expert System semantic queries R | S
* via:
* Smart City API for

DISIT

“““““ X ad SNAP4C|TV

Apps and third ';-“ ___=_
. SR T

* MicroServices T = e "'f-:?“f- '-=_'-_ i

data driven R a——

- - o e — — — — e - — — e =3 e -

develop via visual = TS z‘__—.':_:-;;t- =
language - i
Node-RED

_ .nData
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Km4C: KmA4City 1.6.8
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.w3.0org/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.;

— BOT: Building Topology Ontology. https://w3c-lbd-cg.github.io/bot/
— S4CITY: SAREF extension for Smart City. https://saref.etsi.org/saref4city/v1.1.2/

Snap4City (C), June 2025 16



https://saref.etsi.org/saref4bldg/
https://www.w3.org/TR/vocab-ssn/
https://w3c-lbd-cg.github.io/bot/
https://saref.etsi.org/saref4city/v1.1.2/

Available Al Solutions on Snap4City

https://www.snap4city.org/997 More than 80 Available Solutions & 300 Al applic.

* Mobility and Transport

* Environment, Weather, Waste, Water

* City Users Behaviour and Social analysis
* Energy and Control

* Tourism and People

» Security and Safety

* High Level Decision Support Solutions
* Asset management
* Resilience and Risks Analysis - ,
https://www.snap4city.o

* Low level TeChniqueS rg/download/video/DPL
SNAP4SOLU.pdf

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

Snap4City (C), June 2025 17



https://www.snap4city.org/download/video/course/p4/
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
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Solutions: reliable, secure and fast to realize

IOT and data World

* Via Snap4City tools mq;%% (m

e Dashboard Wizard
 Dashboard Builder
* Data/Visual Analytic

 Smart Solutions results to be
 Real time data drive
* Secure end-to-end

.m

1>)

¢“SNAP/cry

&= -.. m’

C—'Fém‘\g

B‘M

Dashboards and Apps

IOT Applications

e GDPR compliant
* Reliable, interoperable
* Auditable, marketable

wg/m3
B o0
B s
;M 2635
B 36-60
61-75
76-90
N 91-105
B 106-125 §
B 126150

B

Snap4City (C), June 2025
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New styles/themes can be developed by
specializing a few files from open source

https://www.snap4city.org/793

Snap4City (C), June 2025
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3D MULTI DATA MAP - DIGITALTW
FIRENZE - NEWGUI

Lanap Snap4City User Engagement [ue:3 Mayid-1:42

Tue 14 Jun 2

#m User's Interests Total Active Days On App

847
days

#Users Engaged Trend

Total Days On App

244809

T T o160

>

gm  Mean Time Trend

&)

0

minutes l Jl,:ru‘ ..
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1 City

. -‘““

4/CITY |
vV
e "‘ﬁm”'u

Cc SNAPcity
Digital Model with...

Intuitive platform
Any Data TYPE, any data source, any protocol
Data storage seamless _

-t
Data analytics =2 artificial intelligence, Al/XAl .:
Data Ethics, Al Ethics, GDPR

Interactive Data Representation, any kind

Key Performance Indicators, any kind

What-IF analysis — Simulation, prediction, 2D/3D
Micro, Meso e macro scales

Operation, planning tactic and strategic / optimization
Collaborative and shared representation

Sustainable, shared, open source 100%

Complex and heterogeneous information, interoperability

©)

©)
©)
O

GIS, ITS, AVM, loT, BIM, CKAN, etc.
Satellite services

Maas, last-mile delivery HUBs

etc.
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https://www.youtube.com/watch?v=Rcf_B2_GOio

PEN Test RPAFU GDPR

*

Passed AR COMPLIANT

https.//www.Snap4City.org 3,

* 11 runninginstallations in Europe

* SnapA4city.org, Greece, Merano, Cuneo, ...

e Toscana, Pisa, Sweden, ISPRA, Snap4.eu,
e Altair, Italmatic, M4F, Romania, ....

e 20 projects, 12 pilots on 10 Countries
e >40 cities/area

* Widest MULTI-tenant deploy has

» 26 Organizations / tenant

* > 8850 users on

e > 1800 Dashboards

* > 17 mobile Apps

e > 2.2 Million of structured data per day
* >580 |loT Applications/node-RED

* > 850 web pages with training

> 85 videos, training videos

5/25 @@

Snap4City (C), June 2025

Main Organizations/areas
* Antwerp area (Be)

e Bari(l

* Bisevo, Croatia

* Bologna(l)

* Brasov (Ro), by ICEBERG !3
e Capelon (Sweden: Vasteras, Eskilstuna, Karlstad) o
T

e Cuneo (!

e DISIT demo (multiple)
* Dubrovnik, Croatia

e Firenze area (I

* Garda Lake area (1)

* Greece (Gr)

* Helsinki area (Fin)

* Limassol (Cy) £
e Livorno area (I v

* Lonato del Garda (1) /

+ Malta (Malta) N /«;"*’\ff} %

*  Merano (I) b 2K \
*  Modena (l) ,/Z g~ /

* Mostar, Bosnia-Herzegovina 5 o J

+ Oslo & Padova (Impetus) -
* Pisaarea(l

* Pistoia (I ﬁ‘“’ 4
¢ Pontdu Gard, Occitanie (Fr) C -

e Prato(l

* Rhodes (Gr) \
*  Roma(l

¢ Santiago de Compostela (S)

+  Sardegna Region (I) O\%\A\_\/

e Siena(l f 9\
* SmartBed (multiple)

¢ Toscana Region (l), SM /

* Valencia (S) g
* Varna (Bulgaria) /

* \Venezia area (I

*  WestGreece area (Gr)

Node-RED

(ig‘ Qﬂw ~

—

* +|srael, Colombia, Brasile, Australia, India, China, etc.

¢V SNAP/crry

= -'.m,

—zf i@
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https://www.snap4city.org/

Federation of Smart City Services C“""v

Semantic Reasoners = -rs28

e == ¢ KmA4City Semantic Reasoner
o B ,( mﬂ‘(‘{I i'—— Csi'tnym/-:lt?I 1 y

Area l

" ServiceMap interoperability

* Seamless for multiple
1 Mobile Apps

e N Smart City API
= =_Je super:

’(ﬁj__/';lﬁfir Smart

City API

<=

escia
o

Desenzape

: op—— e distributed access and
Smart City AP sharing services
””””””””” e Each city control its own data
(E_”ﬁfl' smrt iy g R * Final user can pass from one
A, city / area to anotherin

Independent service seamless manner: without
changing the mobile Apps

Snap4City (C), June 2025 27
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= SnapSCity at OSaAKA with OPTIFaas and CH MOST

= SMARTIR-FLITS: SMART Tranmsport for TRawellers and Freight Logistics Imtegration Towards Sustainakbilit

= SOLUTION: Security, Smart City Asset Management for Cunec, Italy

= EMERGCIA: B&S di autcclawve a8 mandrini multipli nel curing di serbatoi in composito per storage di HZ2 mediante ottimizzazione energetica
machine learning.

= UrbanDT4TR Urban Digital Twwin for Traffic Flow

= ELLIE:-Omn the UsE of Internet of Senses for the Cultural HerltagE

= Snap4Rhodes: The "Single Smart City & Cyber Security Monitoring Platforrmm™ for the Municipality of RPhodes

= S5AD-MIAC: Integrated Decision Support Systern with Digital Twin Models and Artificial Intelligence for Business

= S5AD-MIAC: Sisterna di Assistenza alle Decisioni Integrato con Modelli Digital Tewin e Intelligenza Artificiale per le attivita commerciali

= SCENARIC: City Users’ Participation and Engagerment with SnepirCity,

= OPTIFaaS: Operatiocon and Plan, Transport Infrastructure and Facilities Support as a Service

= SOLUTICON: 15MinCitylndex: understanding city areas by means of 13 different aspeczs.

= SOLUTION: Energy Management and Contral,

= SOLUTION: Environment Control, Predictions & Prescriptions,

« SOLUTISM: Smart Light Control and Light Adaptive with Traffic Density

= SOLUTION: Smart Tourismn Management with Snap4City [Eola

« SOLUTICON: Traffic Infrastructure COptimisation: reducing trawel time and emissions [

« SOLUTICMN: Traffic Light Plan Optimisation: reducing travel time, number of stops for vehicles and tramway Iines:

« SOLUTICMN: SnapaBuilding: monitoring, managing, controlling infrastructures

u
- SOLUTION: SnapaCity integration with Milestone X Protect, WS, Video Mansgement System
= SOLUTIOM: Snap4City Digital Twin, [Nl
= SOLUTIOM: eShare in a Snap - The innovative car sharing and car pocling service, [FBly

« SOLUTICON: SnapsCity Smart Parking Manager and mobile App supports EEE
« SOLUTION: Exploit SmapsCity in different Smart Waste use cases, waste manager, R
= eShare ina Snap - The innowvative car sharimg and car pocling service
= Digital Twwin Cityverse FAD to SnapsCity
= AMMIRPARE- make the beach system more resilient to climate change risks through the implementation of natural based soluticons
= TOURISMO: TOURIsmM Innowvative and Sustainable Management of flChwws
= ZAISDSA: Collaborative explainable neurc-symbolic Al for Decision Support Assistant
= SASUARM: Saolutions fior Safe, Sustaimable and Accessible Urban Mability
= SCENARG: Exploit SnapSCity in differgnt Sonart Waste use cases
. rCuneo, taly
Twwin [ITA)
raffic Density (the actual case of Merano)
s = trasporti, Maas, parcheggi, inguinamento (ITA)
« Snap&City integration with Milestone X Protect, Wk S, Wideo Maneagement System
= SCEMARID: Smart Light Control, 2023, CAPELOM, EEls
= Flarence HeritData FactSheet: https:fwwer snapdcity orgd/d rupal/sites/defaultfiles/files/FACTESHEETH20FLOREMCE pdf
= SCEMARND: Smiart City Living Lab in Romaniz, EEE
= Snap4PWenergy: Online Photovoltaic Systern Simulator
= SCENARIC: Fashion Retail Recommendation System via Multiple Clustering Approach
= SCEMARICH: Energy Community, CER, SELFUSER
=« SCENARIC: Supporting Decision Makers im Beal Timme about Quality Lab Analyses on the production process,
« Herit-Data and SnapaCity: to better manage tourism flows,
= Digital Twin Local and Global, Fels
= Socizl Media Analysis: Twitter Vigilance, [Eala
« GCDPR Compliant People Detection and Counting using Thermal Cameras, [glklg
= Artificial Intelligence Predicts Landslides in Florence Area,
= Awvailable Parking Slots Prediction,
= JSAvailable Bikes and Free Slots Prediction On Bike Sharing Stations, [gElE
= Long Term Prediction of NC2 KPP of Eurcopean Commission reference values, [ElBS
- mnventory of transferable digital applications and solutions for the tourism ecosystemrm

o e mo3Tiapdtity1C), June 2025 ; e

= Scenario: IMPETUS Inte esses, Ethics and Technalocgy for Urban Safety (Oslo and Padonra)

WWW.SNa



https://www.snap4city.org/4

A -- ¢
2 - Mobility m
(2016-21)% = Km4City MOSAIC  Dpemand/ offer gfet%‘;h SNAP/crry g
2013 Km4City ==- 164 te W O~ bt industry 4.0
Ontology 1.1 H2020 RepLICATE (2018-20) o (2018-21) synoptics
;Oaglffaph - Sustainable Mobility =S - L
- Mobillity - Control Room Oriai . ~ T840 T N TRAFAIR
i . - Origin-Destination {-__sii-Mobility 1
- Parking ‘ KmACitv 1.6.2 - Traffic Reconstruction o User engagement - Traffic and Mobility
- Services matity 1.6. - Offer Analysis - Bike Sharing Impact on Pollution o SODA
- Linked open graph D oot - OBU, smart devices - Dgta A??Dlytié:s t++ - NOX predictions
v SN - Social Predictions
f\Su Mob:hty Ry E 1 - OBD2 201 9
201 4 \ _20 o o d1gltgosys§
- Weather Forecast = MOB'L'TY SCN I0T/IGE Winner of
- Real Time Wi-Fi - Infomobility o ‘ ©(2016-19) Km4cCity 1.6.6 my  EUROPEAN OPEN "
- Entertainment = EBIsB Pl T H0000 == SCIENCE CLOUD Select4Cities
-LOD - Routing ! :
‘ - Multimodality GHOST SIR o PCP
- Twitter Vigilance - , Node-RED 5
) . - Sardinia Region I+ ] AID Vsﬂ_l
. SOCI?' Ml o Smart City Strategies ¢ SNApd NSt Bed ‘
Analytlcs, . 201 6 ‘b/ Fl and plan . ciITy P = ¢ P HOO o Sy eZ‘:‘;NANGW
Sentiment Analysis S.SI:JJ U] H2020 33% ~ Smart Health )
G=g for Cities ’: : ' = = romm e
KmaCit 1.5‘ o ... 5% o T =
‘ y (2017-19) -SACREEN FIELD PEAS
KmA4City 1.4 _Resilience GREEN IMPACT - I0T/IOE, IOT App FSodas.0
Decision Support POR FESR 2014-2020 - Living Lab -4.%% | O [
2015 - Smart First Aid - Industry 4.0 - Maker Sugport Industry 4.0
- User Behaviour - Critical Plant - 10T Edge - Industry
Analysis, predictions - Smart City IOT
- GDPR,

N - Risk Analysis
O O
+_resoluhe -

H2020
Yickant==

(2015-18)

DISIT lab roadmap vs model and tools’ usage

Smart Lonato

- Monitorin
2 01 7 b o - Privacy & Security _ o -
(2017-20) — R beri Enet
i bee smart city SOS T

Gruppo MPES
- Smart Waste




smantGARDA lake

T
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¢YSNAP/cry =it

VIS

e Enterprise ' .
G ) CENTRO NAZIONALE RN
(2021-22) B JRC ELLIEIA [
road map Smart Industry EUROPEAN COMMISSION CN MOST 2022 26 v |CS - 2025 2027 .
ll ll.l ldUl‘I]dlll
Ambulance o 4.0 Almafluida Contract 2022-23 O b ICS o
(2021-22)
O Industry 4.0 —— e o
o (2021-22) o .| rb an DT4TF
2023 El THE, 2022-26
Sii-Mobilit O AMPERE (2021-22) o B JRC
kS SO S Industry 4.0 o EUROPEAN COMMISSION
er]el \N/ s ART-ER G. Agile, 2021-23 Contract, 2024-25
e O A iR CAI4DSA
ST Contract, 2022-23 TUSCANY x2! [ZD(Y oo
o R A — 202326 [ 57 ? rezoncs
- EUROPEAN COMMISSION O PRETTD O m NextGenerationEU Research
HiLterrey
Mediterancan Contract Industry 4.0 i OMerano’ smart ||ght
HERIT-DATA 2022'2023
- Smart Tourism 2021 uni. systems
- 6 Pilots _ O eqe OceanRace,
- Data Analytics SmartCity, 2021-23 . Genova. AWS domani
- Extended platform PCA4City (2020-21) Contract, 15min ’
Monitoring Terrain ~ SASUAM
4 lnterrec H o AX'SA 3 Cuneo, NI.D
;AZ:I:T\MO :r:?ARmME o @ IMPETUS Smart city CENTRD RAZID alic
AMOBI Winner of Open AXIS collab : :
EMART Data Challenge of SmartCity Security and Risk o 2024 Rhodes,
. \/ :
- Smart Mobility N l 4 smart city
_ PISA, PUMS I o 2022 &) Smartea _
. Living lab _ ‘ Km4City 1.6.8 eShare
o o CAPcLON = UNIFI TUSS
- Smart Light @g\,mgmc‘\ VW ;7a1FERR Q o AMNIIR ARE :
Q - _ Sweden GRUPPO FERROVIE DELLO STATO ITALIANE TOU RlS
> Km4City Asymmetrica Italferr, smartCity  Interreg [N co-funded by witerreg
1.6.7 Smart City, 2022-23 Euro-MED gl the European Union T.,AR'TTEO'T FR-MARITIME
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* UrbanDT4TF, CN HPC: Digital Twin mobility, https://www.snap4city.org/drupal/node/1057

* DI-DTPlatform, CN HPC: Digital Twin, mobility, environment, https://www.snap4city.org/drupal/node/1097

* Sasuam, CN MOST, PNRR: Al, mobility, https://www.snap4city.org/drupal/node/999

* OPTIFaaS, CN MOST, PNRR: Al, mobility, DSS, https://www.snap4city.org/drupal/node/1008

* LeverageOPTIFaaS, CN MOST: PNRR, mobility, https://www.snap4city.org/drupal/node/1064

 TOURISMO, Interreg, EC: Tourism, NLP, DSS, https://www.snap4city.org/drupal/node/1001

* ELLIE, Horizon Europe, EC: Al, VR, https://www.snap4city.org/drupal/node/1056

* CN MOST, PNRR: sustainable mobility, platform, https://www.snap4city.org/drupal/node/1050

* ISPRA JRC contract, EC: DSS, SOC, control room, energy, https://www.snap4city.org/drupal/node/970

«  AMMIRARE, Interreg, EC: Al, environment, Big Data, https://www.snap4city.org/drupal/node/1002

* CAI4DSA, FAIR PE1, PNRR: Al, Neuro-Symbolic, PINN, NG-DSS, https://www.snap4city.org/drupal/node/1016

* SADI-MIAC, RT, partner: Al, Tourism, Retail, Computer Vision, https://www.snap4city.org/drupal/node/1055

* PRIN UNICagliari, SMART3R: mobility, DSS, https://www.snap4city.org/drupal/node/1087

* Tuscany X.0, EDIH, TestBeforelnvest, Training on Al, Big Data, Security, HPC: https://www.tuscanyx.eu/

 The lE, PNRR: Al, NLP, Legal Aspects

* Energia, RT, conv: Al, PINN, DSS

* RFl contract: mobility, Al, DSS

e Salerno Port: for container ID recognition

 Talent Hub, ECRF, conv: NLP, match demand vs offer

+ currently: Merano, Salerno, Cuneo, Rhodes, Reverberi, Florence, IDTS, ALTAIR, etc.
Snap4City (C), June 2025



https://www.snap4city.org/drupal/node/1057
https://www.snap4city.org/drupal/node/1097
https://www.snap4city.org/drupal/node/999
https://www.snap4city.org/drupal/node/1008
https://www.snap4city.org/drupal/node/1064
https://www.snap4city.org/drupal/node/1001
https://www.snap4city.org/drupal/node/1056
https://www.snap4city.org/drupal/node/1050
https://www.snap4city.org/drupal/node/970
https://www.snap4city.org/drupal/node/1002
https://www.snap4city.org/drupal/node/1016
https://www.snap4city.org/drupal/node/1055
https://www.snap4city.org/drupal/node/1087
https://www.tuscanyx.eu/

C‘SNAmc.w

booklets

* Smart City

https://www.snap4city.org  https://www.snap4city.org/d https://www.snap4city.o
/download/video/DPL SN ownload/video/DPL SNAPA4| re/download/video/DPL
APACITY.pdf NDUSTRY.pdf SNAP4SOLU.pdf

Snap4City (C), June 2025 32
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https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
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Management and Operational
(monitoring, KPI, anomaly detection, early warning)

Tactic and strategic, medium and long range, micro/macro
(simulations and predictions, what—if analysis)




100%
OPEN
SOURCE| l

Powered by
E©FIWARE

FREE
TRIAL

PEN Test
Passed

BOIEU GDPR
‘/ COMPLIANT

¢“SNAP/

Appliances and Dockers

Installations

“2 - Soience cLouo

oS

Node-RED

©ourition
EQ15

digital ecosystem

<X

NVIDIA.

B e | B €snap Ay Digital Twin Solutions for Sustainability

OPERATION AND PLAN - CONTROL ROOMS - DECISION SUPPORT SYSTEMS - WHAT-IF ANALYSIS - OPTIMIZATION - APPLICATIONS

- DEVELOMENT ENVIRONMENT

SMART ENERGY AND ENVIRONMENT AND CITY USER’S SERVICES AND MRCULLUAGIL Lo

HORIZONTAL Al PLATFORM
opied & MOBIETY ARSI IEANSEORT SMART BUILDING WASTE MANAGEMENT TOURISM MANAGEMENT * JIOUBL FROGRAMBIING, ML AL AFC
K : , S al—— - TRAINING COURSES
= Ry o B el s ——— + LIVING LABS
: ‘ - GUI CUSTOM STYLES
=

+ FULL APPLICATIONS, DASHBOARDS
AND VIEWS

» MOBILE APPS

PREDICTION - ANOMALY DETECTION - CLUSTERING - ROUTING - SENTIMENT NLP - TRAFFIC FLOW - PEOPLE FLOWS - SDG
15 MIN CITY INDEX - KPI - HEATMAPS - ORIGIN DESTINATION - ETC...

EXPERT SYSTEM, KNOWLEDGE BASE
SEMANTIC REASONING

-~ . - P
- ’ i VISUAL PROGRAMMING, ADAPTERS
BIG DATA ANALYTICS, ARTIFICIAL INTELLIGENCE

DATA FLOWS, WORKFLOWS =
SMART DATA MODEL EXPLAINABLE Al, MACHINE LEARNING, GENERATIVE Al PARALLEL DISTRIBUTED PROCESSING
10T DEVICE MODELS, STORAGE OPERATIVE RESEARCH, STATISTICS DATA DRIVEN ; ?

FULL INTEROPERABILITY, ANY: DATA, BROKERS, NETWORKS AND VERTICALS
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DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
F I RE N Z E INGEGNERIA INTERNET TECHNOLOGIES LAB
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

' = dha | s = & W SR
Control Horizontal Platrorm
 Goals:
— Increasing quality of Life, quality of services,
— Decongestion, Decarbonization, Sustainability
— increase efficiency and production optimization
— Improve accessibility to services: citizens, Tourists, commuters, etc.
— Improve security/Safety of city users, risk reduction
— Costs reduction of services, energy consumption reduction
— Reduction of emissions and EC taxations

* Horizontal homogeneous platform Uniform Technology for

— Any Vertical operation/plan: mobility, energy, environment, security, tourism,
infrastructure and assets control, buildings, etc.

— Al Solutions: early warning, predictions, simulations, what-if, optimization; Deep
Learning, ML, BERT, LLM, XAl (Shap/Lime),

— Development Environment for any vertical, Digital Twin: City Global and Local, loT,
VR, Visual Programming, business intelligence, CSBL, SSBL, etc.

— Interoperability: any format, any protocol, any video management system, any
sensor, any device, etc.

« KPI: multidomain KPI, general management, early warning, early
detection of critical conditions, 15 Min City Index, SDG

*  Mobile App: modular applications, operators’ modules, multiple cities, etc.

* Participatory: problem reporting, ticketing, etc.

* Integration of any kind SnapACity (C), June 2025
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e Controlling Status: management, and
operational

Monitoring
o Monitoring via KPI
o Predictions vs KPI KPI
o Anomaly detection N___ Digital T j
o Neuro-Symbolic analysis Models & X predictions,
o Risk assessment Data Anomaly Detection,
o Early warning on critical conditions Decision / Analysis, Assessment
o Fast What-if analysis Support System Warning
o Making plan: tactic and strategic, < 8 Simulations,

medium and long range, micro/macro Scenariciisj TFR, Crossroad,
o Simulation & optimization Public Transport,
o Generative Al Prescriptions, scenarios K (J Lobting }-
o Resilience to Unexpected unknows What-If Analysis,
o What-if analysis wrt scenarios Optimization <
o Collaboration with stakeholders

2024/8 Snap4City (C), June 2025



Key Performance Indicators, KPI

Weight
Average

Slow
Mobility

5
Food

Services

Sport Moblllty
GCovernment

Services
5 5
5 5 Health

=5 “a
'-5

3 3

Average

Economy Housing
<4 K - 3
3 Culture
Environment and

Cults

Entertain.

C‘SNAmcm

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

15 minutes cities (where primary services must be &

@ » SUSTAINABLE “ALS accessible within 15 minutes on foot);
" DEVELOPMENT aw

1SMin

4 e

Pollutant Averaging period
oM Calend. 5 i, 55 e The targetvalue has become a 10 ugi
25 endary argetvaiue, 2> pg/m limit value since 1 January 2015 Hm
PM One da Limit value, 50 ug/m? Not to be exceeded on more 50 ug
o Y imit value, 50 pg/m than 35 days per year. Hg/m? ()
PM, Calendar y Limit value, 40 pg/m®  (*) 20 pg/m?
Maximum dail Not to be exceeded on more
0, 8 ho meay Target value, 120 pg/m®  than 25 days per year, averaged | 100 pg/m?
over three years
Not to be exceeded more than
NO, One h imi (% P (*
., Onehour Limitvalue, 200 pg/m?® (*) 18 times a calendar year 200 pg/m® (*)
NO, Calendar ye Limit value, 40 pg/m* 40 pg/m*

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

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

SUMP/PUMS: mobility and transport vs env. &

ISO indicators: city smartness, digitization, tech
level. Rea

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

time
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210t

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

Come

Using the Open Data:

We developed a data analytic tool based on = /s A igna Mt
municipal and national open data to assess ISI\;I)inIndex X f
. PANES 3 Lastea a Signa
services adequacy for people living in each 15 ,gex N i
minutes areas of the city. | 1 Critical
I Insufficient
Good public Satisfactory Rinald
t t . . Fairly good R
ransport services: B cood

bus, new tram
line, train stations,
cycle paths.

The tool supports the becoming of a 15-
Minute city evaluating the service level in
various domains.

Careggi/Rifredi is a relevant district in
Florence because of hosting the main
Florence/Tuscany hospitals Careggi and
Meyer, but also university headquarters
and many other workplaces.

DIPARTIMEIBATO DI
DELL'INFORMAZIONE

ng\ISDTIRIBUTED SYSTEMS
TECHNOLOGIES LAB

Fast

Shont Mobility
Weight Government
Average Services
/‘5—‘5\‘\
Slow
Mobility 5 . s ’ Health
3 3|3
5 Y 3 K - \S
3 : Average
Services 9
‘ 5
3 |
3 v
Economy 5 Housing

Culture
and
Cults

Environment

Entertain.

Social Education
» Security

1SMin Indexes 4 Max Value Suff. value
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjkzOA==

. ) ¢“SNAP/crry
15MinCitylndex on Bologna cnel X v

Ciao roottooladmint 15 MINUTI INDEX BOLOGNA CITTA B POVERTY
Tue 3 May 20:14:59 METROPOLITANA - NEWGUI a

SELECTOR - MAP Argelato: Via Casadio N. 1
[ GOOD HEALTH QUALITY

+|  fapse) | SR AND WELL-BEING EDUCATION

Green factor | Carpi 4 "~ Heatmap Controls: KIVIAT
= Correggio /| e/ Max Opacity: ¢ com——()

Civil factor ' [Nt & 2 PR \ 4 |
1 { Bomporto

Industrialization 5 £ VST 6 d : o oo sire
factor < f LN Nonantola

« | # of Inhabitants

Environment R"“"":' A\ Modefa
Index X

Scandiano - & Castelfranco

i 2 Emilia =\
o 15Min Economy k AL St N
Index Castelnuovo U

Sassuolo Rangone
Spilamberto

15Min Housing Maranello T 4
nd > Castellarano . e SR > NV
ndex >, e fronsin

15Min Health e r § | il | ——

Index

assa Lombarda

Lugo,

° 15Min Food Index Inhabitants ' i B NS BAR SERIES
= . Density /o =
15Min Education | #ofinhabitants |
Index per area Frighais:
. 0-10 ; < %
15Min Slow Mob X 10-50 " S 2 L ! 4 1 CLIMATE
Index 50 - 100 ACTION
100 - 200
200- 350
B 350-500
THE PICKED POINT 9m M 500- 650
5 B s50- 300

City: Argelato
Address: Via Casadio N.1 . 800 - 950

Lat lon: 44.61882,11.35437 M >s50
Map contributors

https://www.snap4city.org/dashboardSmartCity/view/Baloon-Dark.php?iddasboard=MzQxMg== SnapaCity (C), June 2025 .



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

(@) SUSTAINABLE ¢“SNAP/cry

> DEVELOPMENT i‘:ALS

QUMITY
[WCAT]ON

e 15 Minute City Index:

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

3 MowiLaEhe

s

security...

Optimization of car sharing/pooling

Monitoring and Prediction of energy consumption
Stimulating: Bike sharing, e-bikes, car charge, etc.
Sizing energy plants

Predictive maintenance
Decisions Support Systems
Process optimization, control
Industry 4.0 integrated solutions

-« Reduction of emission, reduction of congestion

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

» Effective and Low cost smart solutions

* What-if analysis, Simulations

* Origin Destination matrices computation

Optimization of Waste Collection

business intelligence tools for decision
makers

Reduction production costs
Monitoring resource consumption

1

CLIMATE
ACTION

O

ction of emission, reduction of congestion

itoring and Predicting: NO2, NOX, CO2, Traffic
pollutant, landslide, waste, etc.

ic flow reconstruction
and vs Offer of Mobility analysis

1 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

0&3

Shortening justice time

Prediction of mediation proneness
Assisting institution is taking legal decisions
Anonymization and indexing legal docs.
Ethical Explainable Artificial Intelligence

Snap4City (C), June 2025
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Control Room
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Smart City ContrOI Room %COMUNED '-‘;SNV
. . FIRENZE
Florence Metropolitan City

* Multiple Domain Data Firenze Er
* Thousands of Open/Private data, POI, |IOT, etc. = B = st

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

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

* Multiple dash/tool Levels & Decision Makers
e Real Time monitoring, Alerting, quality assess.

L ém-

* Predictions, KPI, DSS, what- |fanaly5|s._ s
* Historical and Real Time data = |

* Billions of Data %
* Services Exploited on: ===

* Multiple Levels, Mobile Apps, API
* Since 2017 ‘

* L
L *

https://www.snap
Snap4City (C), June 2025 !
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UNIVERSITA S ISiT
DEGLI STUDI DINFO | OIS

i | S | s C(' SNAPicity 2
A Assets Control Domain o248

IImq
4— "‘ﬁm”u

 Costs reduction, increase service availability, risk reduction TN
e Quality Level &C]l' Meitering N
* Solutions for Operation (monitoring, managing, mobile apps, digital X \dmgita”zm
signages, control rooms) ( / Mol e
* Monitoring : g Decion ¥ A N ammeement
* Assets: switches, Wi-Fi, servers, UPS, sensors, building, TV " TEAmEQZZL‘iZZdJ
Cams, etc. : Kké/jbéﬁlﬁ?pm
* Energy: consumption, operative conditions, UPS continuity, etc. Whatf Analyss,
* Production: continuous serviceability analysis
* Etc. = Gl Monitoraggio Generale e
» Early detection/warning, alarm, of critical conditions X — E gé vt 7
e Multichannel Event reporting, notifications: email, Telegram, E:::j::i | e 3 .% . 1
g Ee B ERe e - BN G e
* Managing maintenance operation, predictive maintenance % . S
« Computing predictions of any kind E : R

 Solutions for Planning (optimization and what-if analysis)
e Reduction maintenance costs, reduction of critical SLA conditions, - 0
improve service level
* Algorithms and computational solutions, see next slide

Stato Attuale 9m 1721612145 - GeneralStatus - Andamento Settimanale 9m ©
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ICT Assets Control: CUNEO Municipality

Manage the status, tickets, notifications

Cabinets, Switches, UPS
TV Cameras, etc.

- . - -
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| orerrsion | DINFO | DASIY :
PARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | S5 oo | RENEREL e . mli |est0ne

VMS vs Snap4City: sending and getting events, Al solutions

Snap4City
Data
Analytics

Snap4City
Dashboards

XProtect Events + info Snap4City
Video ) Data

vy Interoperabil

nnnnnn

««««««

nnnnnnn
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Citizen Engagement/Participation via Mobile Apps

Produced information

GPS Positions
Selections on menus
Views of POI

Access to Dashboards
searched information
Routing

Ranks, votes
Comments

Images

Subscriptions to nojfffications

Viewed ?
Accepted ?
Performed ?

Snap4cCity (C), June 2025

:I:'u‘. 1 %,
Quairy 120190560806 |—
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m 1 ~
N: k A
I . ‘v L3
4 )
. TR ——
B 5 "y
N \
B g Nen«"® . serices
H BESEaN
—_— \
| ¥
of <
\ 3 - \
+ V- a
- R 4 .
< Air Quality -
M0 @
10.962,; '
941,50 "I' S4chelsinkitrackerloca.. ~
/ﬁ‘ o m Delegate
s < 2019-05-08
Show 10 v entries
Values DataTime |7 Latitude Longitude
0 08/05/2019, 43.792
4\ ¢° —
(R0 —

11.25

Qa

¢“SNAP/cry

&= -.. m,

«?‘ém‘u

Derived information =L i)
* Trajectories

Hot Places by click and by move
Origin destination matrices

Most interested topics

Most interested POI

Delegation and relationships
Accesses to Dashboards

Cumulated Scores from Actions
Requested information

Routing performed

Produced information
* Suggestions

* Engagements

* Notifications
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ALY ?", g DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND ‘ '
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T e
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City users: residents, students, commuters, tourists, visitors, business visitors,
etc.

Participation
— Collect complaints about city services

— Multichannel: mobile Apps, open call numbers, web pages and blogs, social
media, help desk, info points, white boxes in the city, telegrams, SMS, etc.

— Data integration, usage of LLM, Al deep learning
Engagement

— Involving city users to perform actions: take photo, provide a suggestion a
rank, etc.

Commonalities: data collection, workflow management, operators,
etc.

Snap4City (C), June 2025



UNIVERSITA
DEGLI STUDI DINFO

DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
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DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB
r
e r r Vg "4 Py
i
174800 & — '. Parti nati v At NITtaACK
. .SN/J.DA.CWY d Cipation App vasnoodaird {1 TOALUK
New Complain

Motivation Street sign dam... ~

Description ———

Vandalism 2 ¥ *

= &

Location " =

o ® . 4 28 9 .
Q o O c] ‘.:]
o * <A G ¥
A

15, Via di Santa Marta, Poggetto, =2

Quartiere 5, Firenze, Toscana, o * . E \-

50139, Italia
o * -

Media
o V4

You can send images and only
one video less than 15 seconds
long

CHOOSE FILES

} ij‘n!‘\, G 3¢
’ !‘i_“ o= S\ Show Comgrlomn it selected

Oescrgeaon

(
ir Complains

[ @] <

‘mobile app|Toscana in a Snap: https://www.snap4city.org/541
‘User Engagement; h ://WWW.Shap4cCi ra/4
-MultiPurpose user engagement: https://www.snapé4city.org/548
‘User Engagement admin: https://www.snapé4city.org/472

Ase

https://www.snap4city.org/1018
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* Decongestion, Decarbonization, costs reductions

* Improve Accessibility to services
* Improve Security/Safety of city users

Operation and Plan:

— Traffic monitoring, prediction, reconstruction, identification of critical conditions
(early warning), fleet management, dynamic routing, multimodal routing, city
user behaviour analysis

Optimization and what-if analysis traffic light, infrastructure

— Reduction: travel time, waiting time, stops, CO2 emissions, consume fuel, travel . Sl
time for tramways N i

Public Transport: analysis of Mobility Demand vs Offer of Transportation
Parking Management: monitoring, prediction, any payments, on/off-road

Sharing / Pooling Management: eShare and mobile app, bikesharing, smart
bike, fleet management

KPI: SUMI/SUMP, travel time, emissions, traffic status, accessibility, .. - e
Mobile App: final users and operators
— Info Mobility, traffic reconstruction, charging, participation,
— Parking, payments, overparking, fine reporting, ..
Participatory: problem reporting, ticketing, etc. u—— .
Data Integration of any kind: env, weather. Tickets, gresences, BQl, sat, etc. 60
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Il Futuro della Mobilita Intelligente
Sostenibile as a Service
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Digital Twin Solutions for Sustainability

OPERATION AND PLAN - CONTROL ROOMS - DECISION SUPPORT SYSTEMS - WHAT-IF ANALYSIS - OPTIMIZATION - APPLICATIONS

« DEVELOMENT ENVIRONMENT
SMART ENERGY AND ENVIRONMENT AND CITY USER’S SERVICES AND AND METHODOLOGY
HORIZONTAL Al PLATFORM

MOBIETY ANDITRANSEORT SMART BUILDING WASTE MANAGEMENT TOURISM MANAGEMENT + VISUAL PROGRAMMING, ML, Al, HPC
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&

+ FULL APPLICATIONS, DASHBOARDS
AND VIEWS

» MOBILE APPS
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15 MIN CITY INDEX - KPI - HEATMAPS - ORIGIN DESTINATION - ETC...
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* Goals:
* Decongestion
e Decarbonization
e Accessibility to services
* Security/Safety of city users
 Solutions for Operation (monitoring, managing, mobile apps, digital signages, control rooms)
* Monitoring traffic, parking, people flow, services, boats, ports, beaches, etc.
* Early detection/warning of critical conditions: traffic, congestion, security/safety
* Managing Smart Parking, transportation services, fines, etc.
* Managing fleets: personal, sharing, waste collection, maintenance, etc.
* Managing E-sharing, pooling services, Maas, etc.
* Managing entrances in city areas: restricted areas, touristic busses, etc.
* Production of suggestions, recommendations, nudging
* Computing predictions of any kind
 Solutions for Planning (optimization and what-if analysis)
* Reduction of traffic congestion, via optimization: traffic light plans, viability, routing
* Reduction of Pollutant Emissions, via optimization: traffic light plans, viability
* Optimization of transportation offers wrt multimodal mobility demand
« Algorithms and computational solutions, see next slide
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Optimisation of viability of an area for reducing congestion, waiting time, stops
* Optimisation of Traffic Light Plans, synchronization, in an area for reducing congestion, waiting time, stops
* Predictions for: traffic flow, smart parking, smart bike sharing, people flows, etc. (ML, DL)
*  Whatifanalysis: routing, traffic flow, demand vs offer, pollutant, etc. (Simulation + ML)
* Trafficflow 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)
* Roadlight controlled by traffic conditions
* Trackingfleets, people, via devices: OBU, OBD2, mobile apps, etc. (DP)
* Routingand multimodal routing (multistop travel planning), constrained routing, dynamic routing (DA)
* Computing Origin Destination Matrices from different kind of data (analysis, DP, DP)
* Computing typical trajectories on the basis of tracks (analysis, ML)
* Fleet management, monitoring, booking, allocation, maintenance
*  Computing Messages for Connected drive (DP)
* Slow and Fast Mobility 15 Minute City Indexes (analysis, DP, ...ML)
* 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)
* Impactof COVID-19 on mobility and transport
*  Computing SUMI, PUMS, etc. (mainly DP)
* Definition of Scenarios: traffic, road graph, conditions, etc.
* Etc.
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Air Quality Sensors
Weather Sensors
PM10 Heatmap
PM2.5 Heatmap
CO Heatmap
CO2 Heatmap
O3 Heatmap
NO2 Heatmap
Europ. AQI 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

> > > PP rrrrr> > >ryy >

Only HRes Anym. Gral

Schools

>

Air quality
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Traffic Flow Monitoring - Firenze - Cloned2
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* Making decision on mobility ,
and transport solutions =2 e
what if analysis p =

* Controlling pollution

Dynamic Routing for
Firebrigade, Ambulances,

general public

~\\ f
N

Reropecto Firenze
poct A\

Ameri pucci

13 CLIMATE
ACTION

&

* Planning Public

Transportation routing
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Short-Term Prediction of City Traffic Flow
via Convolutional Deep Learning
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i Porta'Mugnone

N
® Select scenario

Select studio

Padiglione

Spadolini
Fortezza
da Basso

INCID1 (My Own) v

B R G

Accidents and elements blocking -,

° . £
Points and Shapes taken into Y
< |
| 7’%) Viale Fratelli Rosselli, San lacopino, Quartiere 1, Fire
S N {
! 5 Sy 32 R, Via Luigi Alamanni, San lacopino, Quartiere 1
[ ] Q\\
N
Y
N i
F§ 29km, 4min30s
irenze
o
4 Continue onto Viale Fratelli Rosselli 25m

Porta al

— Routing A
— Traffic Flow reconstruction
— Evacuation paths

— Rescue team paths

Assessment on the basis of
changes:
— Mobility demand assessment
— Mobility Offer assessment

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE5M
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arking

would arrive to sure

C:rtyeg Features Description of features variable
Free parking Real number of available slots recorded
o3 slots every 15 minutes
= Time Hours and minutes
= Month Month of the year (1-12)
= Day Day of the month (1-31)
E Day week Day of the week (0-6)
= Weekend 0 for working days, 1 else
E Previous Difference between the number of free
42 observation's spaces at time i and number of free
2 difference spaces at time (i — 15 minutes) recorded
o (POD) in the previous week
= Subsequent Difference between the number of free
= observation's spaces at time i, and the number of free
=] difference spaces at time (i + 15 minutes) recorded
(SOD) in the previous week
Temperature City temperature mez_lsured one hour
E el earlier than Time (°C)
= . City humidity measured one hour earlier
S % Humidity than Time (%)
B 2 Rai City rainfall measured one hour earlier
infall .
than Time (mm)
A Average speed of vehicles on the road
verage

being closest to the parking, over one-

Vehicle Speed hour period (km/h)

g

e

(q,}’:_) § Vehicle Flow Number of\_fehicles passing by clqsest to
- E the parking. over one-hour period
=2 Average Average of distance between vehicles,
= Vehicle Time over one-hour period

—

Vehicle
Concentration

Number of vehicles per kilometer, over
one-hour period

Artificial Intelligence
Predictions

1 SUSTAINABLE CITIES 1 CLIMATE
AND COMMUNITIES ACTION

97% of precision

A —
[g]==)5(=2
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Deep Learning for Short-Term Prediction of
Available Bikes on Bike-Sharing Stations  Hi

Bi-LSTM m\n

—— prediction
groud_thruth

[
=1

I3

4 (timesteps)

bikes_available

5

i
o
%
= 0
=2
o
3

. NEURON
sigmoid

SaJnjeay Jo aaquinu) 9|
0000 - 0000

1st Layer 2nd Layer 3rd Layer

E. Coallini, 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 .
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e ldentification of Scenario

(Scenario Editor), any changes

— Definition of traffic loads by flows
 What-if or Automated Optimisation
* Automated Optimisation:

— Stochastic Relaxation, Simulated Annealing, Traffic Flow Reconstruction
— Multiple objectives targeting

* Travel time, emissions, fuel consumption, traffic status MD —
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Digital Twin Solutions for Sustainability

OPERATION AND PLAN - CONTROL ROOMS - DECISION SUPPORT SYSTEMS - WHAT-IF ANALYSIS - OPTIMIZATION - APPLICATIONS
« DEVELOMENT ENVIRONMENT
SMART ENERGY AND AND METHODOLOGY
I|HHiHHHiHiHHHHHHIHI!HHIHHHHHHHHH'I ||iHHiiiHIHiiIIiiiiiliiiiiii%iiiiiiill snn“r‘1-I;lJIL[)I"<i .‘"SlJAllPR()GFU\AAHAIN<;,nnlWI“"iPc
! : - « TRAINING COURSES
SEL « LIVING LABS

= GUI CUSTOM STYLES

+ FULL APPLICATIONS, DASHBOARDS
AND VIEWS

» MOBILE APPS

PREDICTION - ANOMALY DETECTION - CLUSTERING - ROUTING - SENTIMENT NLP - TRAFFIC FLOW - PEOPLE FLOWS - SDG
15 MIN CITY INDEX - KPI - HEATMAPS - ORIGIN DESTINATION - ETC...

EXPERT SYSTEM, KNOWLEDGE BASE
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- ’ i VISUAL PROGRAMMING, ADAPTERS
BIG DATA ANALYTICS, ARTIFICIAL INTELLIGENCE

DATA FLOWS, WORKFLOWS =
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* Energy consumption reduction, increment of efficiency,

—+ Areas and building sustainability
* Improve accessibility to services, security and safety

*_ Energy Monitoring: Building, floors, rooms, recharging poles,
~ cabinets, Community of Energy, Data centers, Energy for Hot / cold,
air condition, energy vs temperature and usage, etc.

* Energy Management: Predictions, early warning, identification of
critical conditions

 Smart Light Management: ' abinets, lights vs traffic, lights b .
Vs security, energy saving, luminaries profiling, group management.

_—+_ Smart Building Management: consumption, number of people, etc.
— Communities of Energy, Photovoltaic plants, sustainability
— What-if analysis, optimisation tools
¢ KPI: Energy consumption, efficiency, pros/cons
— Light profiling and adaptation

— clave industrial plants simulation, Photovoltaic plant simulation
— consumption / usage, vs temperature }M\

—— Mobile App: monitoring, info-recharge, eSharing, booking, .. e
* Participatory: problem reporting, ticketing, etc.
* Integration of any kind Snap4City (C), June 2025 100
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Goals: Energy bDomain (2024
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* Energy consumption reduction, increment of ef
e accessibility to services
Solutions for Operation (monitoring, managing, mobile apps, digital signages, control i
rooms) KA
* Monitoring energy consumption (heating, cooling, prod.,..), conditions, charging
stations, etc.
 Managing Smart Light for city: dimering, programming, traffic control,
controllers, legacy, etc. : , B
» Early detection/warning, alarm, of critical conditions £ Lo
* Managing smart services: cabinets, lockers, etc.
* Production of suggestions, nudging
* Global and local 3D/2D representations of area and buildings
* Managing Communities of Energy, certification via Blockchain
 Computing predictions of any kind
Solutions for Planning (optimization and what-if analysis)
* Reduction of energy costs, via optimization
* |dentification of roofs with better orientation
* Optimization of battery storage size for PV plants
 Community of Energy planning and viability
Algorithms and computational solutions, see next slide
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Tools: Energy Domain (ozass)

Monitoring Energy Consumption in single building, area
and per zone

Smart Light management, unicast and multi cast
management, smart light controlled by traffic flow data
Monitoring Energy provisioning on recharging station
Matching Energy consumption with respect to the actual
usage

Computing Roof orientation for Photovoltaic installations
Optimisation of Photovoltaicc installations to identify the
best parameters of size and storage

Collecting and managing Communities of Energy
Computing KPI

Etc.

&0 © 0
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* Field-tested energy
community: the self-
consumer
condominium

* The Self User project
creates in the pilot
condominium, through
the collection and
analysis of data, a model
for calculating and
enhancing the impact of
an energy community on
a community of people,
with a view to actions to
combat energy poverty
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Energy monitoring and business intelligence

Green and Data Driven District

Aggregated KPl  JuicePark  SmartPole  CityAnalytics
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Green and Data Driven District
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Snap4BU|Id|ng Domain (ozas)

* Goals:
* increase efficiency, cost reduction, sustainability
» Accessibility to services, Security/Safety
* Solutions for Operation (monitoring, managing, mobile apps,
digital signages, control rooms)
 Monitoring: usage, energy, environmental conditions, people
flows, services, etc.
* Early detection/warning, alarm, of critical conditions,
notifications, decision support
* Production of suggestions/prescriptions, nudging
* Managing smart services: cabinets, dispenser, lockers, etc.
* Global and local 3D/2D representations of area and buildings
* Integration with Video Management Systems
 Computing predictions of any kind
» Solutions for Planning (optimization and what-if analysis)
* Reduction of energy costs via optimization
» Algorithms and computational solutions, see next slide

%...m,

¢YSNAP/ciry

DIDA DATA 2 - NEWGUI

Snap4City (C), June 2025 110



UNIVERSITA DINFO
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

%-..m’
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Smart Buildings, Snap4Building (o2us)

* Digital Twin for monitor, control and manage distributed
infrastructures
» 2D/3D representations of the whole set of buildings, BIM
modeling
* 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 KPIs 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

DIDA DATA 2 - NEWGUI
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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
Allocation: 31
Occupancy: 1
o DAC: -6#

DOA: -30#

DOC: -36#

PAC: 83.78%

POA: 3.23%

POC: 2.7%

Select a Zone metric: TR

ISPRA JRC Site

Date Observed: 10/6/2023, 12:01:00 PM
e Zone Id: 58A_PT_B
BU|Id|ng 58A PT Trends Mon 9 Oct 13:51:30 -9 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

" - Average hourly temp. Xt: 6.00°C
| Heat Start temp.: 17.92°C
i Cold sj%an temp: 23.92°C

Na

== ¥ nn. A
\ l“l I = " See Trends
AR R LR ey

5.bat a.bat 2.bet

@capacity ¢ occupancy W allocaion

®ZoneA-POA @ Zone A-FOC

Occupancy Per Zones - Monthly Time Trend Comparison Stacked

24.5ep 50 28 Sep.

®Zone A-occupancy @ Zone B - occupancy.
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Variable:

Popup on Shape Click
v
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INGEGNERIA INTERNET TECHNOLOGIES LAB

DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
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Last update:
capacity 160
allocation 150
occupancy 125
e Cliniche
Keep data on target widget(s) after popup close: O
Occupancy - - o o .
Number Can)pus
B >100 j
50-100
25-50
10-25
0-10

Energy Prodction 1m Energy Production Weekly Trend

Medicina
del Lavoro

50

17.8

o3t 113/2023, 10:11:01
Czpacity: 160 #
Allocation: 150 #
Occupancy: 125 #

DAC: 100 #

DOA: 90 #

DOC: 80 #

PAC: 80 %

POA: %
« POC:60 %
Energy Hot: 160 kWh
Energy Cold: 140 kWh
Power Hot: 24 kW
Power Cold: kW
Outdoor Temperature: 19 °C
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Digital Twin Solutions for Sustainability

OPERATION AND PLAN - CONTROL ROOMS - DECISION SUPPORT SYSTEMS - WHAT-IF ANALYSIS - OPTIMIZATION - APPLICATIONS
« DEVELOMENT ENVIRONMENT
SMART ENERGY AND ENVIRONMENT AND CITY USER’S SERVICES AND AND METHODOLOGY
HORIZONTAL ARELATEQRN SMART BUILDING WASTE MANAGEMENT TOURISM MANAGEMENT + VISUAL PROGRAMMING, ML, Al, HPC
‘ : : . i - s « TRAINING COURSES
I > 1 B « LIVING LABS

= GUI CUSTOM STYLES

+ FULL APPLICATIONS, DASHBOARDS
AND VIEWS

» MOBILE APPS

PREDICTION - ANOMALY DETECTION - CLUSTERING - ROUTING - SENTIMENT NLP - TRAFFIC FLOW - PEOPLE FLOWS - SDG
15 MIN CITY INDEX - KPI - HEATMAPS - ORIGIN DESTINATION - ETC...

EXPERT SYSTEM, KNOWLEDGE BASE
SEMANTIC REASONING

-~ . - P
- ’ i VISUAL PROGRAMMING, ADAPTERS
BIG DATA ANALYTICS, ARTIFICIAL INTELLIGENCE

DATA FLOWS, WORKFLOWS =
SMART DATA MODEL EXPLAINABLE Al, MACHINE LEARNING, GENERATIVE Al PARALLEL DISTRIBUTED PROCESSING
10T DEVICE MODELS, STORAGE OPERATIVE RESEARCH, STATISTICS DATA DRIVEN ; ?

FULL INTEROPERABILITY, ANY: DATA, BROKERS, NETWORKS AND VERTICALS
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Environment and Waste
 G@Goals:

* Reduction of emissions and EC taxations

* Cost reduction for waste collection,
* reduction of waste collection impact on mobility

* AIR quality (Indexes) monitoring and warning
* Environment Management & producing prescriptions:
— Monitoring,long and short-term predictions, warning for:
* GHG sions, pollutants, aerosol, chemical plants analysis

— Traffic Flow impact emissions, predictions
— Sea conditions, UV conditions, etc.

_—— Land slide prediction warning
e Coastal erosion monitoring and analysis
* Smart Waste Management and Optimisation:

— costs reduction, optimal routing production, pay as you throw,
— avoiding out of bins, predictions of waste production on bins, alarms
KPI: SDG, 15MinCitylndex, QOS, costs, Km, colleting time, EC KPI, emissions
Mobile App: final users services/informing and operators
— Info Waste for operators, participation, optimal routing, RAEE Collection, ..
*\ Participatory: problem reporting, ticketing, etc.

* ) Integration of any kind: env/weather, mobility, ticketing,
presences, POI, ..
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Enwronment waste, land, etc., domam (2024/8)

* Goals:
* Reduction of emissions and EC taxations
* Cost Reduction for waste collection, reduction of waste collection impact on mobility
« Solutions for Operation (monitoring, managing, mobile apps, digital signages, control rooms)
* Monitoring emissions, weather, waste, water, etc.: sensors, traffic, flows, ....
Early detection/warning of critical conditions on emissions, weather, waste, water,
fire, animals, ...
» Early detection/warning of critical conditions for landslides, water flooding, beach
* Smart Waste Management: bins/lockers, waste collection daily plan, pay as you throw,
PAYT, etc.
e Short terms prediction of emissions: CO2, NO2, etc.
* Production of suggestions, nudging
 Computing and predicting of long terms KPI indicators of the European Commission
 Solutions for Planning (optimization and what-if analysis)
* |dentification of main CO2/NO2 emissions locations in the city, total production from
traffic
* Reduction of Pollutant Emissions, via optimization: semaphore cycles, viability
» Algorithms and computational solutions, see next slide
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Tools: Environment, waste, land, o)

* Pollutant Predictions: short, long and very long term European Comm|55|on KPls
* NOX, PM10, PM2.5 pollution on the basis of traffic flow, 48 hours (ML, Al,
DL)
 Cumulated NO2 average over 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, PM10, PM2.5, etc.
* Prediction of landslides, 24 hours in advance (Al, DL)
* prediction of waste collection, & optimisation of schedule and paths (DP, ML)
* Heatmaps production dense data interpolation (DP) for
* Weather conditions: temperature, humidity, wind, DEW
e Pollutants and Aerosol: NO, NO2, CO2, PM10, PM2.5, etc.
* Impact of COVID-19 on Environmental aspects (DP)
e Computing SDG, SUMI, SUMP, .. (mainly DP)
* Etc.
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Environment and Quality of Life
Air Quality Predictions

Multiple Domain Data

* Traffic Flow data, Pollutant: NOX, CO2,

PM10, PM2.5, O3, ....
e 3D City structure, weather,

Multiple Decision Makers
* Pollutant Predictions: NOX, NO2, ..
 City officers, energy industries
e Dashboards, What-IF analysis
* Traffic Flow Reconstruction

Historical and Real Time data
* Billions of Data

Services Exploited on:
e Dashboards, Mobile App

Since 2020

Snap4City (C), June 2025
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o= Firenze - Trafair - AirQuality Heatmaps -
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e Air Quality sensors are

— Collected on scattered positions
— Not all sensors have sull set of data, complexity of computing AQl

— Multiple data: PM,,, PM, =, CO, CO,, SO,, 05, H,S, NO, NO,, NO,, air temperature
air humidity, velocity of wind speed, dew point, etc
* Applications

— Control Room Rendering
— Alerting on specific personal GPS locations

— Constrained routing for: runners, walking with baby, people with pulmonary
problems,

— Mobile Phone Rendering, this means to have thousands of users active at the same

time, and a reasonable memory consumption in the server.

Snap4City (C), June 2025
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Environmental Real Time Measures

Noise: real time noise levels (measured in dBA).
PMao: real time pollutant levels in air in terms of PMw(measured in pg/mas) particles.
PM.s: real time pollutant levels in air in terms of PM.s(measured in pg/m:) particles
NO:: real time pollutant levels in air in terms of nitrogen dioxide (measured in ug/ms).
Air Quallty Index (AQI) real time air quality index of the Helsmkl area, prowded by

‘qi«
2 L

A BusStop
A Ticket sale
A Traffic Sensor

,Nonse Heatmap
PMI10 heatmap
PM2.5 Heatmap
NO2 heatmap
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https://www.snap4city.org/drupal/node/435
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AQJ Indexes estimati
European Air Quality Index

http://airindex.eea.europa.eu

¢V SNAPIGR B

on via R studio and 10T App

Index level
(based on pollutant concentrations in pg/m3)

m Good

Particlesfesythan 2.5 um (PM2 =)

Pollutant

Poor Very poor
50-800
100-1200
400-1000
240-600

500-1250

Fair Moderate

20-25

Particjes less than 10 pm (PMyg) 35-50

100-200
120-180
200-350

Mitrggen dioxide (NO2)
Dzoke (O3)
Sulphwr dioxide (503)

\_/
Measurements of up to five key pollutants supported by

modelled data determine the index level that describes the
current air quality situation at each monitoring station.

The index corresponds to the poorest level for any of five
pollutants according to the following scheme.

Legend of Environmental data:
https://www.snap4city.org/435

Common Air Quality Index(CAQ]

http://www.airgualitynow.eu

Qualitative name | Index or sub-index nsity in pgim?
PM; s(optional)
Very low 015
Low 2550 50-100 | 25-50 | 60-120 15-30
Medium 50-75 100-200 | 50-90 | 120-180 30-55
High D ERI00 N 200400 | 90-180 | 180-240 | 55-110
veryhigh  [NESIUNNN 100 | 180 | >240 110

The index is defined away from roads (a
"background" index). CAQl is computed on the

basis of NO,, PM, 5, PM;gand Os.

123
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http://airindex.eea.europa.eu/
https://www.snap4city.org/drupal/node/435
http://www.airqualitynow.eu/

| ~AQl Indexes estimation Heatmaps

Hourly pollutant concentration

Helsinki City Overview (H5a)

Please note that the data results are not always based on real data.

BusStop
Ticket sale
Traffic Sensor

" 3.Moderate |
. 4. Poor
. 5. Very poor

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

https://www.snap4city.org/dashboardSmartCity/view/index.p
hp?iddasboard=MTUzMg==
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The Life of Helsinki (H5b)

Please note that the data results are not always based on real data.

CUSNAPIICWV B

Sun 29 Sep 00:42:50

A Origin Dest. Matrix
A Typical Trajectories
A Twitter Vigilance
A Twitter Vig. Real Time
A Entertainment Events
"A "Shepping: POI
"A ["Wineand Food: POI
PX W Helsinki
"A [ Points of interest
"A [ 3Dview POl
A Routing on Helsinki
A Line of Transport
A Public Transport
/ Air Quality
A Air Quality Jatkasaari
A Weather

A Forum Discussion

Documentation

Environmen

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTcl1Mg==
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* Prediction Traffic Flow Manager on multiple C|t|es
— NOX Pollutant aca | NG * B TV o b

diffusion on the e - N Ny
basis of Traffic Y — e o) ' T Nl 8
Flow (prediction),
weather and 3D

structure
— NO2 progressive

FirenzeFIPILITrafficRealtime

~ prova hres fipili # v e
N
prova hres fipili 4k 2 . E L T
//9,; Traffic Heatmap Controls: 2.
ova hres fipili 8k % B ‘ 7 o Mok Opacitys € o
’ b * g W - ¢

3|
2021-05-02 22:51:00
te r l I l ) L iren feetiap contributors

* Project:
— Trafair CEF EC

— Mixed solutions W ocomonmes | 13 2onon
of Fluidinamics
modeling and Al
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o C

) &= { ) :r - 1B - ”:Jr ‘ i - = o=
y Local CO2 from Traftic Flow Data

13 CLIMATE
ACTION

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

Stop and Go
e estimation of CO2 into the
city is very useful to know to targ

’ EC’s KPls

Computing Traffic Flow *
into CO2 sensor area

N2 — = (‘- Computing CO2 on the basis of oo R
2 - . " - o i
=5 § o traffic flow data o /
> Pt
s RS = 8 o P

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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J J J J Air Quality Directive WHOQguidelines
| 'l o = r r r p - / y a o . /
. —t / — . q Objective and legal nature and q
| s Of y J O 2 I S W Pollutant Averaging period k Comments Concentration Comments
. - - . . / concentration

99" percentile

PM, One day 25 ug/m? ()
(3 days/year)
L] L L] L]

* European Air Quality Directive [ oo | mrmmmmn e 70
PM - Not to be exceeded on more 99" percentile
d . . e, o I d 10 One day Limit value, 50 pg/m? than 35 days per year. 50 pg/m?® (¥*) (3 daysiyean)

* Predicting critical days
PM,, Calendar year Limit value, 40 pg/m®  (*) 20 pg/m?

— PM10 with an accuracy of more 0 faman | g, g oan s s e s o
than 90% and precision of 85%;

— PM2.5 with an accuracy of 90%

and precision greater than the
95%.

* Simulating Long terms values

Not to be exceeded more than
18 times a calendar year

Calendar year Limit value, 40 pg/m? ( 40 pg/rmy :

One hour Limit value, 200 pg/m* (¥} 200 pg/m® (*}

— For long terms predictions
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KPl on NOZ

Deep Learning Long Terms Predictions of NO2
mean values, From 30 to 180 days in advance

2020 values
+30

predictive models are:

o

g/m3

o 58 8 4883 8

lue of No_2 inm

mean progressive \a

"SNAP/ciTy 2

& an w.m,

«'?*m €

LYY

2014
2015
2016
2017

[T

2018
2019
2020
2021

150 200 250 300

day of the year

100

350

Month +60
Air Quality Directive WHOguidelines
dayOfTheYear 4410 o
Pollutant Averaging period ObJEcm:z:::ﬂ';g:‘ﬁ:ature and Comments Concentration Comments
NOZ 99" percentile
+ PM, . One day 25 pg/m® (%)
Tmean (3 days/year)
4 The t tvalue has b
. e -|-1 5 I} PM, Calendar year Targetvalue, 25 pg/m? ) (.E i \{a e as become 10 pg/m?
Humldlty K / - limit value since 1 January 2015
&‘f\?& PM One day Limit valle. 50 L/ Not to be exceeded on more 50 g/m® (4] 99" percentile
. 10 imit value, m m
wi I‘ld Mean +1H'I] v than 35 days per year. v (3 days/year)
. PM Calendar year Limitvalue, 40 pg/m* (¥ 20 pg/m?
NoxDomestic w ’ e O e
N b ded
b Of\l h' I 13 L O Maximum daily Target value, 120 pg/m? thar[:[;é3 daeyixpf:rey:a rogvr:fargew 100 pg/m?
3 ) B
numper ehnicies ACTION 8-hour mean over three years
Not to be exceeded more than
N04 O h mi 3 % 3
NO2cumulated ; ne hour Limitvalue, 200 pg/m® ()15 0 year |20 ()
\ 1 \ \ & Calend imi ; ;
NozprogresseveMean NO, alendar year Limit value, 40 pg/m 40 pg/m

numberOfVehiclesCumulated SnapdCity (C), June 2025
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a

TOURISMO Malta

-
~ Manikata
SEA_CONDITIONS_MALTA | Taig -G

7 T ixeKifer

* Sea
Conditions

Open Weather

VALUE NAME: SEA_CONDITIONS_MALTA

s djal
" A ig siedit® .

Sea Conditions L€ DETAILS | DESCRIPTICN | RT DATA
Last update: 2025-05-07 22:00:00.000+02:00
Air Pollution Description value

2025-05-
dateObserved 07T20:00:00 0007 Last

UV Index forecasts
' oceanCurrentDirection 90 Last

° gex
\ . oceanCurrentvelocity

Mixguqga AXIS_PC Delta \ | swellWaveDirecion

\ swellWaveHeight ) \ T W .
5 swellWavePeakPeriod (B! h 4

Mixquaa AXIS_PC p % | cwelWavePeriod X . \
| waveDirection | i) DAY UV Index: Ozane Colmn
Mixquga AXIS_VC Delta waveHeight | LF ‘ Sl

* Ozone

sinuaDarind

Mixquga AXIS_VC - = e gt
.. : [ L el
Majjistral AXIS_Park o 4 A E /1 R

e Pollution

e Weather
Forecast

Majjistral AXIS_Park Delta

Crowd Flow Monitoring )
2 C:eﬁ‘StreetMa:v contributors,

Hourly Origin-Destination MALTA - Air Temperature - Weekly trend

o
o
o
4
o
o
o
o
o
o
o
A
9

Daily Origin-Destination

Rt |

© - 7077 77— 7 — - 71— 7’ 71— 7 1 17— 7 11— [ — 71 | — [ — | ] ] | — T T
1.May 06:00 12:00 18:00 2.May 06:00 12:00 18:00 3.May 06:00 12:00 18:00 4.May 06:00 12:00 18:00 5.May 06:00 12:00 13:00 6.May 06:00 12:00 18:00 7.May 06:00 12:00 13:00 8....
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Monitoring Costal Bathymetry and Waves

Load and View Panel

Vector Field Name: | Cecina_Onde_200 v
Version: 2025-02-20 17:35:00 v

| Show vectorfield || Reload list |

| Remove vector field from map || Hide vector field details |

Output message panel

Insert new vector field

Vector field device successfully loaded!

Create/update vector field entity

Name:

Date Observed:
Latitude:

Longitude:

AX (rows) (meters):
AY (columns) (meters):
Number of rows:
Number of columns:
o angle (w.rt. North):
Legend:

Scale factor:

Magnitude description:

Magnitude matrix (meters):

Cecina_Onde_200
20/02/2025 17:35 O |
43176728

10.281374

10

10

2801

1701

20

[1,3,5,7]
1
|Magnitude

Snap4AMMIRARE - Vector Field

Magnitude

15
3 _,
5,

T .

[[*.71,3.71,3.71,3.71,3.71,3.71,3.71,3.7
1,3.71,3.71,3.71,3.71,3.71,3.71,3.71,3.7
1,3.71,3.71,3.71,3.71,3.71,3.71,3.71,3.7

Sun 30 Mar 15:11:34

Heatmap

Cecina_Onde_200_heatmap
Heatmap Controls:
Max Opacity: —
2025-02-20 17:35:00

o
san Pietro

Montescudaio
Tn PRlazzi

- Florino

.
- = ;
Cegina Guardistallo
g \ .
ifd N

4 SPbis
Marina di Cecina e
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Dataset Construction Previsional Model
| Dataset Model training
Construction And validation
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Field: rain,
weather, etc.

Snap4City Servers and Tools:
Dashboard manager, Heatmap
manager, GeoServer, Smart City API.

Modell . EE
Data Ll LLLL
SNAPA4CityyAdvanced APIs
/ (7p]
Q
A
& Storage | Predictipns (@ _SNap Assessment
) and KB Data Analytics 10T App
Real Time :> Management
data from S
b
Q
o]0)]
£

E. Collini, L. A. I. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi,

Explainable Al," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.
https://ieeexplore.ieee.org/abstract/document/9732490

"Predicting and Understanding Landslide Events with
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Local Explainable Al - un

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

prediction o
. »))‘Zﬁ
e For example considering N = ,
Figureloa, the value of /\.@ Humidity velSIRIdr Dayi5 a¥ire Day1 MaxTemperatu
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significantly to the classification of

the observation as a landslide

event 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. (c) a no landslide event.
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Waste Manager:
* Collects and monitors data from bins (status, temperature, and a number of alarms, etc.) and trucks
(weights collected, when possible) according to differentiated waste collection;
— Interoperable with different waste bin sensors and lockers.

— Monitor waste bin status including alarms of critical conditions notified from the citizens, and/or detected by
sensors such as: fire, up-side-down, hurts, too filled, run out of battery, errors, etc. (some of these events can be
enabled on the basis of the sensors positioned to the bin)

* supports of policies as Pay As You Throw, PAYT, provided that the bins are controlled with fobs, NFC, rfid,
etc.

* promoting citizen engagement/participation, to help cities optimize their waste management practices
and move towards a more sustainable future. The engagement is especially addressed to the city
commercial operators which have special need in providing a large amount of waste (such as restaurants,
fast food, bars, and shopping centers). https://www.snap4city.org/1018

* Reduce costs: optimize waste collection and management in urban environments

— identify the bins that risk to become full in advance (using predictive technologies based on Al, Deep Learning).

— Computer the optimal path for waste collection provided to map on mobiles, reduction of costs for waste
collection.

— dashboards provides statistics and forecast.
e Custom user interface and theme can be defined for each municipality as usual on Snap4City.

Snap4City (C), June 2025
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City User Behaviour/services, Tourism and Saftety
Goals: . TR

)

e Improve Quality of Life and quality of services,
e Over tourism mitigation, sustainability
e Costs reduction of services
* Improve accessibility to services: citizens, Tourists, commuters, etc.
* Improve Security/Safety of city users
People Flow Analysis / Management: in/out-door, retail, attractions
— Counting, tracking, Flows, ODM, sentiment, recency/frequency, etc.,
— multiple sources: thermal & TV cameras, radar sensors, PAX sniffers, mobile data, ...
— Data and/or OD matrices from: Wi-Fi, traffic data, mobile phone data
— Suggestions: info Tourism, digital signages, engagement, ..

Tourists Flows & Retail Management: predictions of presences, services’
reputations, suggestions on second offer, over-tourism, notifications, early warning,

KPI: 15 MinCitylndex, energy vs people, over-tourism, accepted suggestions,
p reC i S i O N Real Time Counting

Mobile App: final users services/informing and operators

— Info Tourism, people flows, info mobility, sharing, ...
— Participation, engagement, ..

Participatory: problem reporting, ticketing, etc. SremiCofenren | Smmcofa s s
Integration of any kind: env/weather, mobility, ticketing, presences, POI, .. Snap4City (C), June 2025 143



UNIVERSITA
proirsroot | DINFO | PASLE
FIRENZE | S&E\Sivazone | TEGHNOLOGIES Lag

sas.  CIty User Behaviour/services, Tourism and Safety (2024/8)

* Quality of Life, quality of services, over tourism mitigation, sustainability

e Costs reduction of services

* Accessibility to services: citizens, Tourists, commuters, etc.

* Security/Safety of city users

Solutions for Operation (monitoring, managing, mobile apps, digital signages, control rooms)

* People Mobility Demand via Origin Destination Matrices

* Monitoring services: tickets, reputation, usages, areas, etc.

* Monitoring user behaviour (counting, trajectories): indoor/outdoor, hot places/services,
ports, beaches,

e Computing: origin destination, trajectories, travel means, etc.

» Early detection/warning of critical conditions, connection with Video Management Systems

* Managing entrances in city areas: restricted areas, touristic busses, etc.

* Production of info-toursim, recommendations, nudging to city users and operators, second
offer promotion

* Providing Virtual Assistants for City Services, Tourist Offices, etc.

* Monitoring reputation of services via: social media, blogs, etc.

e Collecting complains, requests, participations from City users via mobile apps

 Computing predictions of any kind

Solutions for Planning (optimization and what-if analysis)

* Reduction of Pollutant Emissions, via optimization

* Optimization plan to distribution of workload on multiple touristic offers/services, area
cleaning, etc.

e Predicting reputation of services, touristic and operative Snap4City (C), June 2025 144
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* People detection and classification: persona, strollers, bikes, etc. (ML, DL)
* people counting and tracking, head counting, people trajectories (via thermal cameras,
ML, DL)
» People flows prediction and reconstruction, (ML, DL)
* Wi-Fi data, mobile apps data, Mobile Data, etc.
» User’s behaviour analysis, People flow analysis from PAX Counters and heterogenous data
sources (ML, Al)
» origin destination matrices, hot places, time schedule,
* Recency and frequency, permanence, typical trajectory, etc.
* Computing User engagement and suggestions for sustainable mobility (Rule Based, ML)
* Social media analysis on specific channel, specific keywords: see Twitter Vigilance,
* Reputation, service assessment: MultiLingual NLP and Sentiment Analysis, SA
* Tweet proneness, retweet-ability of tweets, impact guessing
e Audience predictions on TV channels and physical events, locations
* Prediction of attendance of events and on attractions
 Virtual Assistant construction, LLM, NLP, Sentiment Analysis (DL, NLP)
* Video management System integration for security
e 15 Minute City Index, etc. (modeling and computability)
* Computing SDG, etc., (DP)
o F+r

Snap4City (C), June 2025 145
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User Behaviour: People Counting, Tracking, etc. 'SNAP/crr

* Behavior analysis in open or closed
spaces

— HUB, metro, stations, production lines,
parking lots, critical areas in cities,

— shopping centers, retail, etc.
 Thermal Cameras
— GDPR compliant
* Alinjection
— classification and counting
— Identification of critical situations
— Early warning

— Integration with PAX counters, and with
ODM data from operators

* Real-time estimation
— Directly on the camera
— High precision and reliability
— Used by: Cuneo, Florence, Genoa, etc

s 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
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e Hubs Network NextGenerationEU
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Counting People by Drones in Varna
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Tracking People vs Environment in Malta
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Industry production Domain (o2ss)

* Goals:
« Cost reduction, increase control on production ﬁ% B P Closing the loop €Y SNAPdcry

* Production optimisation

e Quality Level
» Solutions for Operation (monitoring, managing, mobile apps, digital S

Signages, Contr0| roomS) o? rI rTwe monitoring

{

ol TETTIOTT (1"

Map and 3D BIM miodelling to:
-- represent the details

-- associate physical eleme'n!s
with data

Syn
[

Business Intelligence

* Monitoring KPI: administration, production, commercial, faults, bt
;?; 3 Exp!ainable Al to map critical Yalues of
etc. 3&,3 i o

SnapdCity (C), August 2024

* FEarly detection/warning, alarm, of critical conditions. e W
Multichannel Event reporting: email, Telegram, mob apps, etc. g
* Managing maintenance operation, predictive maintenance
e Simulation of Fluid dynamic on Autoclaves
 Solutions for Planning (optimization and what-if analysis)

* Generative Al and predictive Al for production plan optimisation
* Reduction maintenance costs, reduction of critical SLA conditions,

improving quality level

* Algorithms and computational solutions SR -
MR CHIED TEETm G=E ez feme o8 Honmndon B
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Snap4Altair Decision Support
supervision and control, Industry 4.0

* Multiple Domain Data

 Distributed Control System: energy, flows, storage,
chemical data, settings, ..

% SNAP/inoustry

ALTAR,
3

> ESSECO"

* Cost of energy, Orders, e e R e s =
* Production Parameters i T e B T B
* Maintenance data )

* Multiple Levels & Decision Makers
* Optimized planning on chemical model

* Business Intelligence on Maintenance data

e Historical and Real Time data
e Billions of Data

 Services Exploited on: =

e Multiple Levels,
Mobile Apps, API

* Since 2020
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GeNotiLab Architecture for ALTAIR
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Analytical Data from the product quality
Lab(LIMS/SAM)

IOT App
Analytics
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Tools:

-- List of Chemical Analyses

-- List of Notifications

-- Define notifications

-- Program, send notifications
-- see notification status

IOT App
Management
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Users

Analysis
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Sinottico Impianto Presse - Autoclave

Mon 4 Oct 153459

Smart Manufacturing ==
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_ sveaeBa|
. Autoclave: curation process for: sBesas"

composite materials, rubber, .. - e .; B
— Reduction of computing costs for R ——

simulating load effect into the
autoclaves curing process

— Similar to design problems to be
validated in wind galleries

Solving Navier-Stokes PDE (partial

differential equations) equation,

— PINN plus new Transfer Learning
techniques

— Precision on steady and transitory
cases

— Validation wrt Open Foam

— Reduction of computational time

- Videos on https://www.snap4city.org/1010
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AND TECHNOLOGIES LAB = 2,
PINN: Physically Informed Neural Neworks | f~
PINN: Physicailly intormed Neural Neworks iviodels

* Solving Navier-Stokes PDE (partial differential equations)
equation, via PINN approach

— Reduction of computing costs for simulating load effect into the
autoclaves curing process

— Validation wrt Open Foam
— Precision on steady and transitory cases

— Definition of Transfer Learning techniques 17 i

* Videos on https://www.snap4city.org/1010

Snap4City (C), June 2025 175


https://www.snap4city.org/drupal/node/1010

% an W-m,

iastol DINFO - DISIET 2 L
EsmEroD | STeTmemeny, SNAP/ orcn]
F I R—ENZE DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE CITy

& ?@mé
AND TECHNOLOGIES LAB

Comparison of PINN vs-©penFoam and error

Lt LK ¢

OpenFoam MFN-PINN (512) Absolu're Error
0.250

g~ o g L g e

J

OpenFoam MFN-PINN Absolu1e Error
0.000 0.050 0.100

g, o i g et

Snap4City (C), June 2025 176



SMARTCITY

EXPO WORLD CONGRESS

¢“SNAP/

Appliances and Dockers

Installations

CONTACT

www.snap4city.org
DISIT Lab, DINFO: Department of Information Engineering Email: snap4city@disit.org
Universita degli Studi di Firenze - School of Engineering

Office: +39-055-2758-515/ 517
Via S. Marta, 3 - 50139 Firenze, ITALY Cell: +39-335-566-86-74
hitps://www.disit.org Fox.: +39-055-2758570

UNIVERSITA
21 DEGLISTUDI

WniL | FIRENZE | B



