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* Digital Twin -

— Connected with real systems

— Modelling aspects: structural, visual, informative,

real time data sensors (context), POI, functional,
resource managements, etc.

— Integration of Al/XAl techniques with simulations
and modeling

e Utility to perform

— By Case Experiments for analysing
* New solutions, impact of disaster (natural and provoked)
* Reduction of costs in the analysis, in reduction of mistakes

— For
e Discussion with city users
e Support decision makers

* Easier to understand the context, review from multiple
points of view
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Awareness to manage and improve ....
o Infrastructures of the cultural cities:
= Security and Safety: roads, buildings, squares
= Mobility and Transport: traffic flow, parking, public transp. 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

0Q
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* Snap4City efficient s ul

tOOIS for IOT Device |
* Bidirectional data H*z__. i f ne
channels e ol |7 pige —)
= Web S )
¢ Any format, any e

channel, any data, any o SR oo —
i, DataGate
broker, any protocol, Vo M ﬂCk
» KmA4City Knowledge \g;\i‘?m
base Ontology reasoning —= API, External Services
on geo, space, time,

relationships /
) External Data Stores 8~
&LD LoD {E——)
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@ user-analisi-v2-0.xlsx

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

@ users-analysis.xlsx
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Expert System semantic queries
* via: _ L

* Smart City API IS S ———

}
i
|

. i s e
Apps and third iIF -z Tz

party
 MicroServices

data driven

develop via

visual language
Node-RED

* Ontology

Geografia Tecnologia- Snap4City (C), July 2022


https://www.snap4city.org/19

Big Data Analytics + Artificial Intelligence

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

Y 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)

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

https://www.snap4city.org/download/video/course2020/da/S

nap4City-4th-slot-Data-Analytic-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

Alerting Generation
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Data Analyzer: DevDash

sevraoro PN
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Jan 010327

Kind: River Floading
Severity: Relevant

#People: 10

Impact : People Disease

Impact 2: Pollutant

GPS: 4377611411210861

City: FIRENZE

Adr: VIA ADRIANO CECIONI N.undefined
Registered Green1610755283309

‘Open Distro
for Elasti

3D Multi Data Map - Digital Twin Global - Firenze

demonstrator
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Smart City ContrO, Room COMUNE DI r"*SNy
: \ FIRENZE
Florence Metropolitan City

e Multiple Domain Data Nelet, SIS RS0

* Thousands of Open/Private data, POI, |OT, etc. Em—

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

* AND: environment, civil protection, gov KPI, cov|d 19, [ e
social & social med|a people flow, tourism, energy, - (S e (i e i
culture,

* Multiple dash/tool Levels & Decision Makers

e Real Time monitoring, Alerting, quality assess.

* Predictions, KPI, DSS, what- |fanaly5|s*
* Historical and Real Time data
* Billions of Data
* Services Exploited on:
* Multiple Levels, Mobile Apps, API :

Since 2017

Geografia Tecnolog|a Snap4C|ty
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*  Mobility:
e Smart City Control Room « quality of public transportation service
« Dashboards and Services (mean delay on bus-stops)
* public transport operators schedule and
* Mobile App: Firenze Where What paths, routing, multimodal routing
o TouaiTrafic Count perhourfor Frenze * traffic flow reconstruction
o . * Smart parking: predictions
R e — * Accidents and events, Log, heatmaps
107 @Q@ie *  Environment:
- Environment 0000 «  smart irrigators
- 0000 . smart waste
0006o *  Sensors: PM10. PM2.5,.....
= * Heatmaps: PM10, PM2.5, ....
* NOX predictions
Energy:

* recharging stations (fast and reg.)
* consumption meters (smart info)
* smart light, street lights

Weather
* Forecast and actual

Energy o
v EEEEN

B @
45 196177
users wh

Qualita Trasporto Pubblico - Cloned
a1

Ilm?
0— ey B €

'SNAPlcrry 2

* 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:
e what-if routing, scenarios,
» traffic flow, environmental predictions

Cltlzens Engagement
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FIRENZE
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RTIMENTO DI
INGE
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DISIT o 2 LI
S @ st GeAl S CYSNAPAaTy B

GOOD HEALTH QUALITY

AND WELL-BEING EDUCATION e 15 Minute City Index,'

!ﬂ ' — 13 differente subindexes

* Monitoring and Prediction of energy USTRY VAT Iy Industry 4.0 integrated solutions
consumption * Decisions Support Systems

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

* Predictive maintenance
Smart City infrastructure: monitoring 19 FEvose Monitoring resource consuption,
and resilience ANDPRODUCTION business intelligence tools for
Effective and Low cost smart solutions m decision makers,
What-if analysis, Simulations Reduction production costs
13 cuw Monitoring and Predictions for 16 Fock e Shortening justice time
. AND STRONG
ACTION — NO2, NOX, CO2, Traffic flow, INSTITUTIONS Predictiction of mediation proneness

£’

Ve
N

pollutant, landslide, etc. Ethical Explainable Artificial Intelligence

— Traffic flow reconstruction a

Geografia Tecnologia- Snap4cCity (C), July 2022



Mobility and Transport ""*SNAv
Traffic Flow Analysis X

Multiple Domain Data :
* Traffic Flow sensors, city structure, > : 1
weather Traffic Flow Monitorin - Firenze - Cloned2 L |
» Decision Makers Multiple Locations [-— ~ =— [ T
* Real time Monitoring, predictions : = S
» Traffic Flow Predictions, . e
e Traffic Reconstructions, routing o i

Dashboards, What-IF analysis
Mobile App, people flows

Historical and Real Time data_ _

Services Exploited on:
e Dashboards, Mobile App

Since 2017, 2019

Geografia Tecnologia- Snap4City (C), July 2022



: e
Tuscany Region M.l

@4‘19@

* Dashboards & Services: )
* Mobility: public transport operators schedule g O o ) 1EEED
and paths, traffic Fi-Pi-Li main road, parking - o Sandl —
status and predictions, traffic sensors, Origin AR , Lo ST, o Srieinil
Destination matrix, routing, multimodal I
routing, etc. | e Rt | =
* Social: Hospitals and triage, etc. i/m BT Ve o o, it ANt
* Environment: sensors, heatmaps, e A T |
e alerting, ezl
e Pollution Forecast: NOX, NO2 " FgR
* Weather Forecast, %) \ o
* Culture and Tourisms
* Etc. o Al s
7R ronssocono e - ®©
* Mobile App and — n|-E @
MicroApplications: — i
e Tuscany in a Snap (all stores) DTt e
e Tuscany where what... km4city (all stores) ﬁm E@
* Numbers: 1.5 M comgzlzex events per day

Geografia Tecnologia- Snap4City (C), July
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Dataset Construction

SNA

landslide DB

Real Time

data from

Field: rain,
weather, etc.

Ingestion% EProcesses

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

Explainable Al," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.

Previsional Model

WindSpeed Humidity LevelSIRIdr Day15

) SHAF;VaIuesN

~

Dataset Model training
Construction And validation
1 "
Model] . E
Data L1l
P4City]Advanced APIs
Storage [ Predictipns (@ _Shap Assessment
and KB Data Analytics 10T App

Management
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MIN D D T B & &

MaxTemperature Humidity Day3 MaxTempSIR VelMaxSIR Temperature Day15 MinTempSIR

(a)

base value higher = lower
0.4311 1.00

ppoo o > {{{(
Day3  Temperature
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Humidity
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LevelSIRIdr
PrecipSIR
MaxTempSIR |

2510

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

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

,:.o_ Daoghbman
Mobile Apps

Predicting and Understanding Landslide Events with

Geografia Tecnologia- Snap4City (C), July 2022
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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

Detalled CO2 estlmatlon

Computing Traffic Flow
into CO2 sensor area

Computing CO2 on the basis of g P e
i xR i i
traffic flow data el , LY
Sl 5 =8 k2 '

Traffic Flow data

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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Predicting EC’s KPl on NO2 months in advance
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Actual AP trend for today

Predictive

AP prediction for the next time slot in the Gay on the basis of past weeks

SnapdCity (C), July 2021
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To propose suggestions and Emg

| 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

Cycle Paths
Linear acceleration of X-axis
Time Slot
Linear acceleration of Z-axis

Non-Working.. T
Bus/Light-rail Line |I—
= Average linear magnitude of .. i —
Tourist Trail T
Phone Year

Accuracy EEL

Location Measure kind e

0 20 40 60 80 100

|

B PublicTransport M PrivateTransport M Walk B Stay

Artificial Intelligence
Classification

Suggestions
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15MinCitylndex

What would support my neighborhood to

become a 15-Minute City?

Using the Open Data:

We developed a data analytic tool based on = .
municipal and national open data to assess :

Come

{ /
15Min Index

services adequacy for people living in each 15 ,4ex

minutes areas of the city.

Good public
transport services:
bus, new tram
line, train stations,
cycle paths.

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.

Critical

Insufficient

Satisfactory

Fairly good
B Good

o’ )
CSNAPAcTy &t

visas nan e

20t
San Pi¢

|
Lastga a Signa
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The tool supports the becoming of a 15-

-
A D

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

E;’EJ?'BUTED SYSTEMS
TECHNOLOGIES LAB

‘ Fiesole
J
/
~ N
\;\\; -
) Firenze —
~))
Scandicci /\ / /
Fast
Weight Mobiliity
Average 7 .-
Slow » 5 S W
\ - h
Mobility / 5 e
4 3 3
/ & 3
Food 3 A
Services 1 I i g
| ’ 4 5
“ : 3
Economy \ 3 . / 5" Housing
“\_" 3’33 . Culture
Environment > - A and
Cults
Security
1SMIn Indexes + Max Value Suff value

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MijkzOA==
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What-if Analysis on Pub Transport

* Definition of scenarious impact on
 Traffic, Pollutant, parking, public transport, private flows, etc.
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o Event planning, via what-if analysis
o Change in the graph structure of the city

\\
N
N
N ° .
[raftic Flow
N /
AN .
Aer\b};or(o Firenze A j
N a
AmerigeVespucci — i

o Impact on the flow of people and vehicles

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

o Immediate reaction to natural events or not

o Everything is ready and updated in real time

o Each view is contextualized in terms of data: descriptive and
prescriptive

o Digital Twin

o More detail in the context integrated data RO uti ng ”»

4

o Greater realism in deductions and representations

o Less fragmentation and non-uniformity in the views to support
decisions
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Conclusions
* Technology and Innovation

— Decision support Systems

 Discussion with city users, decision makers

e Support: decision makers, proposers of
solutions

— Digital Twin:

* global and local,

— Al/XAl techniques +
simulations/modelling
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e > 7 running installations https://www.snap4city.org/download/video/cov/
* Toscana, Pisa, Sweden, ISPRA, Snap4.eu, yain organizations/areas

¢ Antwerp area (Be)

& Alta|r, |ta|matIC, cees * Bologna ()

. g / * Capelon (Sweden: Visteras, Eskilstuna, ,R%Eljs:gg)\g
* 13 actions, 12 pilots on 10 Countries ; 2erdemolmuiskl e

* Firenze area (I
* Garda Lake area (l)

* Greece (Gr)

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

¢ Livorno area (!

» >40 cities/areas

* 19 Tenants / Organizations T
* Mostar, Bosnia-Herzegovina
* > 7700 users on + Oslo & Padova (Impetus)
+ Pi |
e > 1400 Dashboards .
f * Pont du Gard, Occitanie (Fr)
* > 16 mobile Apps + Prato (1)
* Roma (I
°

> 2 Million of structured data per day - santiazo de compostela (s)

* Sardegna Region (l)

* >520 loT Applications/node-RED - Siena (
- s * SmartBed (multiple)
 >700 web pages with tralnlng * Toscana Region (1), SM
i — : * Valencia (S)
* > 75 videos, training videos * Venezia area (

* WestGreece area (Gr)

a EUROPEAN OPEN
EE SCIENCE CLOUD
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On Line Training Material (free of charge)

Ist part (*) 2nd part (%) 3rd part (%) 4th part (%) 5th part (*) 6th part (*) 7th part (*)
. Data Ingestion |System and Deploy] Smart City API:
what General Dashboards IOT App, 10T Network Data Analytics HOLE Install Web & Mob. App

PDF

Inter

active

\Videol

\Video2

\Video3

\Video4

2:00 2:48 2:35 1:47

duration 2:55
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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
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