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* Digital Twin
— Connected with real systems
— Modelling aspects: structural, visual, informative,
real time data sensors (context), POI, functional,

resources, etc.
— Integration: Al/XAl techniques, simulations, users’

needs, etc.

e Utility to
— Experiment via simulations and analysis by case

* Reduction of costs to experiments new solutions
» Share the possibilities with city users

— Virtual Representation
* Easier to understand the context, review from multiple

points of view

— Who

* Discussion with city users, decision makers
e Support: decision makers, proposers of solutions
CD-ETA, SnapA4City (C), June 2022
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Data Type Coverage .= — ¢“SNAPLcry

- Digital Twin Global - Fire

e POI, 10T, shapes,.. — - sl

* maps, orthomaps, GTFS, GIS . = E
WFS/WMS, GeoTiff, .. _ - =l =

» calibrated heatmaps, .. Jle=blle | (8T =

» traffic flow, typical trends, .. ST | = =

* trajectories, events, .. =

e 3D, BIM, Workflow, ..

e Dynamic icons/pins, ..

* OD Matrices, scenarios, ..

* prediction models, .... * . et

* decision scenarios, .... !j} S s

* Synoptics, animations, .. - | : :

* social media, Routing, .. B d

 Satellite data, .. o :

* KPI, personal KPI,.. S

* etc. B | | DINFO |DISIT - (S5 RN

L | FIRENZE | Seifica. | RESNENL E \ /‘;/_,-.*'
CD-ETA, Snap4City (C), June 2022 PN & ,..f’/./'




| ’70

%,

G

\LQ‘-!A',
WO

UNIVERSITA ~ L)
s | BINEO | DISIT.. ¢YSNAPLcrry &
Awareness to manage and improve ....
o Infrastructures of the cultural cities:
= Security and Safety: roads, buildings, squares
= Mobility and Transport: traffic flow, parking, etc.
= Environment: microclimate, predictions, assessment for acting

o Services / events: assessment and plan:
= Most of the cities provide diffuse cultural heritage as a wall
= Security, clean, public transport, environment, delivery, etc.
= Global and Local: events vs actions
= Local Structures: museums, events, shopping, attractions, ..
o People and Transport Means (city users: citizens, tourists, etc.) :
= Understand:

= flows, density, behaviour, classifications of user/means
= reputation, appreciation Trip Advisor, Twitter, etc.

= Nagging, Suggest, Recommend, Engage, Guide..
= Context based

""1,,,, h\‘“

CD-ETA, Snap4City (C), June 2022
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Ingestion, agg. = exploitation o

* Snap4City efficient e
tOOIS for |OT Device | - -:5(1)-{_20
Bidirectional data HOT % =

Channels acators 10T Edge
- Web S ‘.....’
¢ Any format, any e

channel, any data, any S oo ——)
i, DataGate
broker, any protocol, Vo M ﬂCk
» Km4cCity Knowledge \g;\i‘?m
base Ontology reasoning — API, External Services
on geo, space, time,

relationships /
) External Data Stores 8~
&LD LoD {E——)

My Files

@ user-analisi-v2-0.xlsx

@ user-analisi-v2-0-anonymous.xlsx

@ users-analysis.xlsx

Cc SNAP4C|TV

CD-ETA, Snap4City (C), June 2022
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* via:
* Smart City API R

- SIEETES
Apps and third ;iim_L MH

party e — s e ———— R

data driven pc———————— '
develop via SieasE

visual language
Node-RED
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—— e—— —

T — e e S—

e _—
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L — | em— | D=

https //www snap4C|tv org/19
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Big Data Analytics + Artificial Intelligence

* Short and Long terms predictive models on:
* traffic, parking, people flow, maintenance, land sliding, NO2

¢“SNAP/ciry

» 3D Flow prediction: Pollutant (NOX, NO2, ...) to cope with

* Early warning, City Indexes, etc.

* Al & XAl:

* RF, XGBoost, BRNN, RNN, SVR, DNN, LSTM, CNN-LSTM,
Autoencoders, ...

e Clustering: K-means, K-Medoid, ...
e XAl: Shap, variations, ..

* Modelling, simulation, routing
* Traffic Flow reconstruction
* Constrained Routing

* What-IF analysis (simulation + Al + data)

* Based on several computational models:
* trajectories, OD matrices, Typical Time Trends, etc.

https://www.snhap4city.org/download/video/course2020/da/S

nap4cCity-4th-slot-Data-Analvtic-v4-6.pdf

any data, format

any channel,
protocol

any Al/ML
any place

online
development

multi-tenant
Secure, PENTest
GDPR, privacy
- low costs

- easy to
evolve


https://www.snap4city.org/download/video/course2020/da/Snap4City-4th-slot-Data-Analytic-v4-6.pdf

CD-ETA, Snap4City (C
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Smart City Control Room ;ié e

«‘Pém-

G‘M

Florence Metropolitan City

* Multiple Domain Data . Firenze Oggi.

* Thousands of Open/Private data, POI, |OT, etc. : ol

* 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
* Real Time monitoring, Alerting, quality assess.
* Predictions, KPI, DSS, what-if analysis e

* Historical and Real Time data
e Billions of Data

 Services Exploited on:
* Multiple Levels, Mobile Apps, API

e Since 2017

https://www.sna D4CItV orq/747 .
CD-ETA, Snap4City (C), June 202 S e e AR
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* Smart City Control Room
 Dashboards and Services
* Mobile App: Firenze Where What

n Total Traffie l:||||r|||hu|1' Flfarnze

e 0000
_." -] | ’|\4'|"¥f|’|\l‘A'\l eooe
. @000
T T T . Uity OQQQ

TR TN e TN o atmmme

Weather

J

- o - ) ] of =

Mobility:
* quality of public transportation service
(mean delay on bus-stops)
* public transport operators schedule and
paths, routing, multimodal routing
* traffic flow reconstruction
* Smart parking: predictions
* Accidents and events, Log, heatmaps
Environment:
* smartirrigators
* smart waste
* Sensors: PM10. PM2.5,.....
* Heatmaps: PM10, PM2.5, ....
* NOX predictions
Energy:
* recharging stations (fast and reg.)
* consumption meters (smart info)
* smart light, street lights

e Forecast and actual

e A
= Clty (<7, Jurnczuzz

byl "”-‘?
¢YSNAPLcrTy 2
Social:
* smart benches
*  Twitter monitoring, Sentiment analysis,
NLP text
* TV camera streams
People Flows:
*  Wi-Fi, people flow
* Origin destination matrices
* Governmental and Communications:
* KPI of the City
* Digital Signage
»  Civil protection, Resilience (Resolute)
*  Tourism and Culture:
* POI, etc.

Analysis:
* what-if routing, scenarios,
» traffic flow, environmental predictions
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FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -
NEWGUI

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

https://www.snap4city.org/dashboardSmartCity/view/BaloonsRasikdabin tiddasheard=MzQyMw==
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e 15 Minute City Index:

— 13 differente subindexes

Monitoring and Prediction of energy
consumption

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

Industry 4.0 integrated solutions
Decisions Support Systems
Process optimization

Predictive maintenance

Smart City infrastructure: monitoring
and resilience

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

Monitoring resource consuption,

business intelligence tools for
decision makers,

Reduction production costs

Monitoring and Predictions for

pollutant, landslide, etc.
— Traffic flow reconstruction

— NO2, NOX, CO2, Traffic flow,

Shortening justice time
Predictiction of mediation proneness
Ethical Explainable Artificial Intelligence

1 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

»
Q.‘-
-

CD-ETA, Snap4City (C), June 2022



Mobility and Transport ¢“SNAP/cry

L) -..m.

Traffic Flow Analysis e

* Multiple Domain Data
* Traffic Flow sensors, city structure,
weather Traffic Flow Monitoring - Firenze - Cloned2 _____
* Decision Makers Multiple Locations |
* Real time Monitoring, predictions
* Traffic Flow Predictions,
* Traffic Reconstructions, routing
e Dashboards, What-IF analysis
* Mobile App, people flows

* Historical and Real Time data

* Services Exploited on: —-rﬂ (
 Dashboards, Mobile App /AN
- Since 2017, 2019 f o

CD-ETA, SnapA4City (C), June 2022
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Deep Learning for Short-Term Prediction of
Avallable Bikes on Bike- Sharlng Stations
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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 CD-ETA, SnapACity (C), June 2022
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: e
Tuscany Region Ly

@4‘19@
e Dashboards & Services: y

* Mobility: public transport operators schedule -
and paths, traffic Fi-Pi-Li main road, parking
status and predictions, traffic sensors, Origin
Destination matrix, routing, multimodal
routing, etc.

* Social: Hospitals and triage, etc. F7p—
* Environment: sensors, heatmaps,
* alerting, NS e Ny i

* Pollution Forecast: NOX, NO2 e A i, /7 AN —:—-——n

* Weather Forecast, % hE e ( N : Tie
* Culture and Tourisms e M Prem ' 3
* Etc. 1R

* Mobile App and
MicroApplications:

* Tuscany in a Snap (all stores)
e Tuscany where what... km4city (all stores)

* Numbers: 1.5 M complex events per day

CD-ETA, Snap4City (C), June 2022
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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 CD-ETA, Snap4City (C), June 2022



https://ieeexplore.ieee.org/abstract/document/9732490

% | UNIVERSITA
A% | DEGLI STUD!I
=

FIRENZE

'.,\\ ‘el b ‘A
1LY
DlNF e ioDl B

DIPARTIMENTO DI
INGEGNE
DEL_L INFORMAZIONE

Computing Traffic Flow
into CO2 sensor area

Traffic Flow data

O'-SYR)BU ED SYSY EMS

C" SNAP4C|TV

‘/1 f / g/l;‘ [;

-

Traffic Flow is one the main
source of CO2

Dense estimation of CO2 into
the city is very useful to know

to target EC’s KPIs '

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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Detalled CO2 estlmatlon

Computing CO2 on the basis of
traffic flow data
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Deep Learning Long Terms Predictions of NO2

|
KP

i on NO2

mean values, From 30 to 180 days in advance

The features used as input for the
predictive models are:

Month
dayOfTheYear
NO2

Tmean

/ 7 O N
. g Ay B e !
Humidity & £ 7

windMean

NoxDomestic

numberOfVehicles

NO2cumulated

NO2progresseveMean

numberOfVehiclesCumulated

2020 values
+30

+60

+90

+120

+150

+180

mnmon

g/m3

o 58 8 4883 8

lue of No 2 in m

mean progressive

L N
LTS

2014
2015
2016
2017

2018
2019
2020
2021

50 100

150 200 250

day of the year

Air Quality Directive

Objective and legal nature and

WHOguidelines

Pollutant Averaging period ) Comments Concentration Comments
concentration
99" percentile
PM, One day 25 pg/m? (*)
{3 days/year)
oy Calendar vear o RVEIE. 55 e The target value has become a o i
2B y argetvalue, 2> pgim limit value since 1 January 2015 Hg/m
PM . Not to be exceeded on more 99" percentile
10 One day Limit value, 50 pg/m? than 35 d 50 pg/m? (*)
an ays per year. (3 days/year)
PM,, Calendar year Limitvalue, 40 pg/m?* (¥} 20 pg/m?
. ) Not to be exceeded on more
0 Maximum daily Target value, 120 pg/m? than 25 days per year, averaged | 100 pg/m?
’ 8-hour mean & ' Ke ys per year. 5 re
over three years
Not to be exceeded more than
NO, One hour imi 5o(* > (*
b Limitvalue, 200 pg/m* (*) 18 times a calendar year 200 pg/m? (*}
NO, Calendar year Limit value, 40 pg/m’ 40 pg/m>
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To propose suggestions and Engage city user

| need to know how they are moving

Speed distance T
Previous median speed e
Previous speed |
Sport Facilities
UserType I
Green Areas |
Rail Line [
Linear acceleration of Y-axis |
BDs EEEETS

Cycle Paths
Linear acceleration of X-axis I
Time Slot  —
Linear acceleration of Z-axis EEE———
Non-Working.. T
Bus/Light-rail Line |I—
= Average linear magnitude of .. i —
Tourist Trail T
Phone Year s
Accuracy
Location Measure kind e

0 20 40 60 80 100

B PublicTransport

M PrivateTransport B Walk M Stay

Artificial Intelligence
Classification

Suggestions
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What don’t
| know?
What Cognitive/Self
Sho e Learning Analytics Sentient and
do ab\»ut it?

|

Prescriptive
What will Analvﬁcs
happen?

* Big Data Analytics
* Semantic Computing
* Machine Learning

46 Predictive
Why did it Analytics

happen?

Diagnostic * Explainable Artificial Intelligence
What ) .
Happened? Deep Learning

* Geo Spatial Reasoning
e Text Analysis, Sentiment Analysis
* What If Analysis
Analytics ok « Simulations
X e Visual Analytics
* Engagement Analysis
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What would support my neighborhood to
become a 15-Minute City?
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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
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and many other workplaces.
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o Pianificazione eventi, via what-if analysis Traffic Flow

o Cambio nella struttura a grafo della citta

o Impatto sui flussi persone e veicoli
o Adattamento: trasporto pubblico, traffico, gestione pedonale, etc.

o Reazione immediata ad eventi naturali o meno

o Tutto e gia pronto e aggiornato in tempo reale
o Ogni vista e contestualizzata in termini di dati: descrittivi e

prescrittivi

o Digital Twin
o Maggiore dettaglio nei dati integrati di contesto
o Maggiore realismo nelle deduzioni e rappresentazioni
o Minore frammentazione e disuniformita nelle viste a supporto delle

decisioni
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https://www.snap4city.org/740

Pont du Gard

* Tourism Domain il | A
* KPIs g ol BB
* Social Media . B
* People Flows
* Bike Flows ‘ 7

* Dashboards g -
* Monitoring KP! T e
* People and bikes flows AZRLER S
e Twitter Vigilance . '

* Historical and updated data - =

i

H Bl B

* Services Exploited on:
e Dashboard e, A R A

* Since 2020
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Dubrovnik

e Tourism Domain

e Counting People
e TV Cameras and WiFi
e Social Media

 Dashboards

* Monitoring and real time control
* People flow
e Twitter Vigilance

e Historical and Real Time data

 Services Exploited on:
e Dashboard

* Since 2020

CD-ETA, Snap4City (C), June 2022
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* Monitoring and real time control
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DIPARTIMENTO DI OLSYRIBU'ED SYSTEMS

F l RE N Z E DELL%FEOF%AMAZ)ONE YECHNOLOGIESU.B

https:

. Scenario:

L | UNIVERSIT] e
5&%;‘ % [ Bren oo | DINFO [ DESET
= :

¥

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

www.snap4city.org/4

. 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

'Inw
0— el E

¢“SNAP/crry
X

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

CD-ETA, Snap4City (C), June 2022 48


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/543
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/4
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https
On Line Training Material (free of charge)
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5th part (*)
Data Ingestion
processes
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https://www.snap4city.org/577

https://www.Snap4City.org 3, & rre BRI GOPR  EYSNAPley

- A9
* > 7 running installations Fi ,,

i Nede-RED = N
* Toscana, Pisa, Sweden, ISPRA, Snap4.eu, ain organizations/areas ¥ Tre——\
1 2 e Antwerp area (Be) ; .
e Altair, Italmatic, .... % Baloanaili R
* Capelon (Sweden: Visteras, Eskilstuna, Karlstad) S

* 13 projects, 12 pilots on 10 Countries | 2erdemo mulicle R

Dubrovnik, Croatia
* Firenze area (|

e >40 cities/area « Gardalake areal]
* Greece (Gr)

* Wide MULTI-tenant deploy, e.g., * Helsink area (Fin)

Livorno area (I
* Lonato del Garda (l)

* 18 Organizations / tenant ; lontodd N
* Mostar, Bosnia-Herzegovina ’

> 7400 users on * QOslo & Padova (Impetus) 4
+ Pi |
> 1400 Dashboards 5 PRl

8 * Pont du Gard, Occitanie (Fr)
> 16 mobile Apps + Prato (1)

11 * Roma (l)
> 2 Million of structured data per day - santiazo de compostela (s)

* Sardegna Region (l) Ox\\ﬂ\ﬁ /
|

> 520 loT Applications/node-RED e

* SmartBed (multiple)

> 700 web pages with training * Toscana Region (1), SM g/

°
| VYV

* Valencia (S)

J P 1 * Venezia area (|
> 60 videos, training videos St AL S Yy

a EUROPEAN OPEN
SCIENCE CLDUD * Trials in Israel, Brasile, Australia, India, etc..............
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https://www.snap4city.org/
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Snap4City Platform
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* https://www.snap4city.
- org/drupal/sites/default

[files/files/Snap4City-

PlatformOverview.pdf
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https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf
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Appliances and _Dc:ckers
Installations

CONTACT ;
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DISIT Lab, DINFO: Department of Information Engineering 4 p4 "y g Email: snap4city@disit.org

Universitd degli Studi di Firenze - School of Engineenng
Office: +39-055-2758-515 / 517

Via 5. Marta, 3 - 50139 Firenze, ITALY Cell: +39-335-566-86-74
https://www.disit.org Fox.: +39-055-2758570
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