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* Digital Twin
— Connected with real systems

— Modelling aspects: structural, visual, 1 it SRGE
informative, real time data sensors (context), i+~
POI, functional, resources, etc.

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

e Easier to understand the context, review
from multiple points of view

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

— By Case Experiments for analysing

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

* Reduction of costs in the analysis, in reduction of
mistakes
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Snap4City-2023-D-Control-Planning-v9-3-a.pptx
Snap4City-2023-D-Light-Energy-Overview-v9-3-a.pptx
Snap4City-2023-D-Security-Safety-Tourism--Social-Overview-v9-3-a.pptx
Snap4City-2023-D-Environment-Overview-v9-3-a.pptx
Snap4City-2023-D-Security-Safety-Tourism--Social-Overview-v9-3-a.pptx
Snap4City-2023-D-Control-Planning-v9-3-a.pptx
Snap4City-2023-D-Control-Planning-v9-3-a.pptx
Snap4City-2023-D-Mobility-Transport-v9-3-a.pptx
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* POI, IOT Devices, shapes,.. i—
* FIWARE Smart Data Models, ﬁ#i%‘* =
* |loT Device Models e g
e GIS, maps, orthomaps, WFS/WMS
GeoTiff, calibrated heatmaps, .. g
* Satellite data, {5

* traffic flow, typical trends,

* trajectories, events, Workflow, ..
* 3D Models, BIM, Digital Twins, .. |~
e OD Matrices of several kinds, .. | = ¥

4000

e Dynamic icons/pins, .. B - & :
* Synoptics, animations, .. 3 hmerigolggpuc
* KPI, personal KPI,.. -m
* social media data, TV Stream,
* routing, multimodal, constraints,
* decision scenarios, B,
° etc. o luenen | pineo st
10/22 FIRENZE | 5580w | RENGREL e




Standards and Interoperability (6/2023) ’“"*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, SMTP, TCP, UDP, SOAP, WSDL, FTP, FTPS, WebSocket, WebSocket Secure, GML, WFS,
WMS, RTSP, ONVIF, AXIS TVCam, CISCO Meraki, OSM, Copernicus, The Weather Channel, Open Weather, OLAP, VMS, ....

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

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

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

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

e Social:Twitter, FaceBook, Telegram, ..

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

 OS: Linux, Windows, Android, Raspberry Pi, Local File System, AXIS, ESP32, etc.
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https://www.snap4city.org/65
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https://www.snap4city.org/19

Ingestion, aggreg. = exploitation

* loT App Visual

rogramming, no coding

e Data transformation

* Integration, Interoperab.

* Data ingestion
Business logic

* Edge and Cloud

* MicroServices data
driven develop via
visual language
Node-RED

Snap4City (C), November 2023

Scripting Data Analytics
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Available Al Solutions on Sne
* Mobility and Transport

* Environment, Weather, Waste, Water

 City Users Behaviour and Social analysis

* Energy and Control, Security, .....

* Tourism and People

» Security and Safety

* High Level Decision Support Solutions
— Asset management
— Resilience and Risks Analysis P
https://www. snap4C|tv 0

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

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

Snap4City (C), November 2023



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

10T and data World
s. <:
Gl 23

* Via Snap4City tools
 Dashboard Wizard

 Dashboard Builder
* Data/Visual Analytic

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

Snap4City (C), November 2023
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Alerting Generation
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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

sevraoro PN

Data Analyzer: DevDash

‘Open Distro
for Elasti

3D Multi Data Map - Digital Twin Global - Firenze

demonstrator
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Different Themes

¢“SNAP/cry

PARTERRE 7m PARTERRE - ANDAMENTO NUMER
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=

PSNAD

#Users Engaged Trend

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

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

R Tue 3 May 14:31:42

Snap4City User Engagement - Newgui

Users Interests

om @ Total Active Days On App
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days.

Total Days On App
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minutes
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Smart City ContrO, Room COMUNE DI r"*SNy
: \ FIRENZE
Florence Metropolitan City

* Multiple Domain Data Nelet, SIS RS0

e Thousands of Open/Private data, POI, |10T, etc. A

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

* AND: environment, civil protection, gov KPlI, cowd 19, e e
social & social medla 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

Snap4C|ty (C) November 2023
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FIRENZE | Mihnne Srmpracccsve  PIQIQIICE WA
AND TECHNOLOGIES LAB
*  Mobility:
* Smart City Control Room «  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

* Dashboards and Services
 Mobile App: Firenze Where What

Total Traffic Count per hour for Firenze

= 4597

> ¢YSNAP/crry

IR - * Accidents and events, Log, heatmaps
i * Environment: I
« smart irrigators = s
- + smart waste \
* Sensors: PM10. PM2.5,..... et 8
«  Heatmaps: PM10, PM2.5, .... e e
* NOX predictions e . Tas

* Energy:
* recharging stations (fast and reg.)
* consumption meters (smart info)
~ * smart light, street lights
L _;; Weather
Sr e Forecast and actual

R N

L Energy .
T o B .

45 196177
u wn

ors

Qualita Trasporto Pubblico - Cloned
a1

(P T

o

e
B Témg

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

Citizens Engagement

VvCITTToTl [Avras )
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i fwfforff nce INndice

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

AND TECHNOLOGIES LAB
a)
-

®  Housing

\.-
Ernvironment

Entg

1SMin I

SLIS AINABLE

' DEVELOPMENT 15 minutes cities (where primary services

must be accessible within 15 minutes on
foot);

"I

"""ALS Y

e objectives of the European Commission in
terms of pollutant emissions for: NO2, PM10,
PM2.5
(https://environment.ec.europa.eu/topics/air

en);

Real Time

*  PUMS: mobility and transport vs wnv

Air Quality Directive

Objective and legal nature and

WHOguidelines

VS

e SUMI: mobility and transport vs env

Pollutant Averaging period N Comments Concentration Comments
ncentration
. . . e e, .
* ISO indicators: cit t digitizat
PM, One day 25 pg/m? (*) percentie In Ica ors- cl Smar ness’ I I Iza |On.
(3 days/year) Py

oM Calendar vear T e, 55 i The target value has become a o e Tech Ievel

28 Y argetvalue, 25 pg/m limit value since 1 January 2015 Hg/m I
PM One da Limit value, 50 b/ Not to be exceeded on more 50 pg/m (%) 99" percentile

imit value, m? m

" Y He than 35 days per year. Hg (3 daystyear)

PM,, Calendar year Limitvalue, 40 pg/m*  (*) 20 pg/m? XXX
) Not to be exceeded on more
©. Maximum daily Targetvalue, 120 pg/m? than 25 days per year, averaged | 100 pg/m®
’ 8-hour mean 8 12018 Vs peryear, e re
over three years
Not to be exceeded more than

INO. [o] h imi 3 (! 3 (%

), ne hour Limit value, 200 pg/m® (¥} 18 times a calendar year 200 pg/m* (*)
NO, Calendar year Limit value, 40 pg/m* 40 pg/m® Sna p4city (C)’ Novem ber 2023 17
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Tue 3 May 20:14:59

«  # of Inhabitants
Green factor

Civil factor

Industrialization
factor
Environment
Index

15Min Economy
Index

15Min Housing
Index

° 15Min Health
Index
o 15Min Food Index

15Min Education
Index

o 15Min Slow Mob
Index

THE PICKED POINT 9m
City: Argelato
Address: Via Casadio N. 1
latlon: 44.61882,11.35437
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¢“SNAP/crry

NO
POVERTY
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Snap4City Analytics

* Decision support systems
* Improvement of life quality
 Sustainable Solutions

* Reduction of costs _
Data Analytics

e Risk Assessment

* Resilience System Modeling

and Simulation

|

Knowledge

Prepare
Absorb

Recover
Adapt

\
Crilica\funclioﬂaliw

damage

Y SNAP/ciry

Short Term Predictions

Long Term Predictions,
Typical trends

Recommendations &

Models

Prescriptions

L 2

Scenarious

What-if Analysis

Anomaly Detection
Early Warning

Disaster Recovery

l

Strategies and

Plans

Partial

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

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

smart City Digital

*\eropb;tcgrenze
Ameri pucci

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

23
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Ciao roottooladmint

Fri 2 Sep 19:13:07

Enable Lights ¥

& Datetime:

02/08/2022 {1 B

Enahble d
o

(experimental)

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

) Sensor position

FirenzeFIPILITrafficRealtime
Traffic Heatmap Controls: 24H

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

bottomUpFusion
uoisnqumoqgdoy

HH «4«

3D Traffic Crests & Animated Arrows

1359.7029

1 L.

Sensor 3D Columns

Additional 3D elements

What-If

3D Buildings

Roads

3D Terrain, orthomaps, heatmaps

25
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2023 booklets

* Smart City * Industry

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

SnapA4City (C), November 2023 28
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https://www.snap4city.org/download/video/DPL_SNAP4INDUSTRY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4INDUSTRY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
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¢“SNAP/crry
Snap4City Platform

Technical Overview

From: DINFO dept of University of Florence, with its

DISIT Lab, Https://www.disit.org with its Snap4City solution
Snap4City:

*  Web page: Hitps://www.snapdcity.org

s https://twitter.com/snapdcity

w.facebook.com/snapdcity

Contact Person: Paolo Nesi, Paolo.nesi@unifi.it

Phone: +39-335-5668674
Linkedin: htt
Twitter: https:

FaceBook: https

8]

ww.linkedin.com/in/paolo-nesi-849ba51/
.com/paolones
www facebook.com/paolo.nesi2

0

]

]

(P T

ﬁ

o - ?ﬁm-

¢“SNAP/ciry

* https://www.snap4city.o
rg/drupal/sites/default/f
iles/files/Snap4City-
PlatformOverview.pdf

Snap4City (C), November 2023 29


https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf
https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf
https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf
https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf

UNIVERSITA
DEGLI STUDI DINFO

DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
F I RE N Z E INGEGNERIA INTERNET TECHNOLOGIES LAB
DELL'INFORMAZIONE DISTRIBUTED DATA INTELL\GENCE
AND TECHNOLOGIES LAl
DINFO

* Powered by

5NAD4Tech

Development Life-Cycle

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

From SnapdCity:

=  We suggest you to read the TECHNICAL OVERVIEW:
o https://www.snap4city.org/download/video/Snap4City-
PlatformOverview.pdf
s htips apdcity.org

ebook.com/snapdcity
https://www.youtube.com/channel/UC3tAOO9EBNba8f2-udvandg

Coaordinator: Paolo MNesi, Paclo nesi@unifi.it

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

'.'\I'\II II
EGLI

|
FIR I'\/J

DINFO ‘
._.2-;'.".'-':-f LaB

'lmg
c— "ﬁm-

SNAP/ciry

https://www.snap4city.org/d

ownload/video/Snap4Tech-
Development-Life-Cycle.pdf

Snap4City (C), November 2023
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https://www.snap4city.org/download/video/Snap4Tech-Development-Life-Cycle.pdf
https://www.snap4city.org/download/video/Snap4Tech-Development-Life-Cycle.pdf

https://www.snap4city.org/944

On Line Training Material (free of charge)

¢“SNAPciry E::

Ist part 2nd part 3rd part 4th part 5th part 6th part 7th part 8th
g . Data Ingestion |System and Deploy| Smart City APl: |Design and Develop
O Dashboard IOT A IOT Network, Data Anal
ot Lol PP S AN aes processes Install Web & Mob. App Smart Solutions

Snap4City (C), November 2023
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AND TECHNOLOGIES

UNIVERSITA DI IT
DEGLI STUDI QRITM\IEDIO D|STR|BUSTED SYSTE f@\g SUSTAINABLE
FIRENZE BSfNHwmaone  Demurniain S DEVELOPMENT

<:ALS CUSNAplICITV 2

GOOD HEALTH
AND WELL-BEING

QUALITY
EDUCATION

e 15 Minute City Index:

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

* Monitoring and Prediction of energy
consumption

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

Community of Energy, planning energy plant

o |

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

A4

1

b

Ay ';._“‘
SIIST i - h §

Mot cominirny

S
o

- ¢ Origin Destination matrices computation

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

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

business intelligence tools for decision
makers

Reduction production costs
Monitoring resource consumption
Optimization of Waste Collection

1

CLIMATE
ACTION

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

c flow reconstruction
and vs Offer of Mobility analysis

1

PEACE, JUSTICE
AND STRONG
INSTITUTIONS

o';:

Shortening justice time

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

Snap4City (C), November 2023

33



SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES esnapder B

TOP

Moottty ancl Transoort

-

Elofrreiin)

'l
\1"!’
PA"
KV

: o

’A\ ‘ E ‘w&:' ,(, lﬂ
D &%r, "\ l‘.qu \‘((\" | 4 P
L 4&.« "" ‘““ 1K \VN 4‘W ! TS K X =D :
miglim e 8 e NEETT

<$ v* AP o2 :
44 \Vy;‘ (rm 1 4»"4 oav‘ X N Appliances and Dockers §

YAV

Vi
X

V'
e
J

At

Q)
ll,‘ N ,.‘x

'4&

) ‘ ‘ % [
l,'.( KX ‘l \v g ’1‘ " 0 'Oq e
s - BN ,

S, .,‘ w"e m &I%e ,‘{4“ «« 'mw < ’\» e lnstallatlons e
5 ) 5T W DK ] (\/ ‘>‘\ v VA o ( 5- -\‘\

SO EX w-" Vi ROLRS ( ' \ \ﬁ ‘A(‘ "5" l %«77"‘ BNy 03 B " Kk AR D WK, B i [rsshistsy,
R o ik v.'w S '««A JN «w 9 ' “ e S b I A ISR LR ¥ ‘%» ’v‘,’«‘ Szt 5

5 \/ ‘. \ 3 UL /1 (S
WA PO K EARK ] DR PRt KM N e X '} { h‘m SnapdQiny{ClNovember 22023 =il i =l AVS !AV' '4 "4»‘.\ N N KO ¥ ookl VIA\ X K DY




UNIVERSITA
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FIRENZE | &N Savazone

(i) S CUSNApl'CITV
I\/Ioblllty and Transport

Predictions for: traffic flow, smart parking, smart bike sharing, people flows, etc. (ML, DL)

* What if analysis: routing, traffic flow, demand vs offer, pollutant, etc. (Simulation + ML)
» Traffic flow reconstruction from sensors and other sources (simulation + ML)
* Public Transportation: Ingestion and modelling of GTFS, Transmodel, NeTEx, etc. (DP)

* Analysis of the demand mobility vs offer transport of according to public transportation and multiple

data sources (Simulation)

* Assessing quality of public transportation (analysis)
* Accidents heatmaps, anomaly detection (analysis, ML)
» Tracking fleets, people, via devices: OBU, OBD2, mobile apps, etc. (DP)
* Routing and multimodal routing (multistop travel planning), constrained routing, dynamic routing (DA)
e Computing Origin Destination Matrices from different kind of data (analysis, DP, DP)
* Computing typical trajectories on the basis of tracks (analysis, ML)
* Computing Messages for Connected drive (DP)
e Slow and Fast Mobility 15 Minute City Indexes (analysis, DP, ...ML)
* Computing and comparing traffic flow on devices and at the city border (analysis)
* Typical time trends for traffic flow and loT Time series. (analysis, ML)
* Impact of COVID-19 on mobility and transport
e Computing SUMI, PUMS, etc. (mainly DP)

» Definition of Scenarios: traffic, road graph, conditions, etc.

Snap4City (C), November 2023
o [F+r
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* Making decision on mobility

and transport solutions =2 T s
what if analysis
* Controlling pollution
* Dynamic Routing for
S >

Firebrigade, Ambulances,
general public

heropoct ze
qerop(\‘%i\rren &

13 foor

3 2

* Planning Public

Transportation routing
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==

Snap4City (C), November 2023
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INGE
DELL INFORMAZIONE

SUSTAINABLE CITIES 1 3 CLIMATE

ACTION

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

= for INPUT Convld + Max Pooling 6 BI-LLSTMs layers FullyConnected

e
; 99’,/; 1
e o

i 2 Q 16
BTN % M S ]

T \ , [ .'4“‘\‘,\' 2 W A -|‘I‘ mlk‘

%GR l = =) | 999959

R s o : 3 2 o I8 S | s ss P
___ S 52 | 888888
Sibangate RF CONV-BI-LSTM - |
* Date-time — XGBOOST i
* Traffic DNN i
* Temporal LSTM LN'|
e Seasonality BI-LSTM : i
e Pollution Autoepcoder BI-LSTM |
e \Weather — Attention CONV-LSTM 1000
CONV-BI-LSTM 500

0 100 200 300 400 500
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o Event planning, via what-if analysis
o Change in the graph structure of the city

o Impact on the flow of people and vehicles

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

o Immediate reaction to natural events or not

o Everything is ready and updated in real time

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

prescriptive

o Digital Twin

o More detail in the context integrated data

o Greater realism in deductions and representations

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

decisions
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What-if Analysis on Pub Transport

* Definition of scenarious impact on
 Traffic, Pollutant, parking, public transport, private flows, etc.
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crowded stops are presented on the right panel and on the map. Please, select your desired scenarios or a stop on the map to perform other
. analysis.
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Environment and Quality of Life

Air Quality Predictions

Y SNAP/crry

= N R T
. . L= QS
* Multiple Domain Data N
* Traffic Flow data, Pollutant: NOX, CO2, | . = o
PM10, PM2.5, 03, ... = | by
* 3D City structure, weather, ... T '
0] e [ Tratit bawn Dashoosrs )
* Multiple Decision Makers
e Pollutant Predictions: NOX, NO2, ..
 City officers, energy industries e
* Dashboards, What-IF analysis AR L
> Traffic FIOW ReconStrUCtion “‘A_":—?“- """ :. ;223 Air Quality Directive WHOguidelines
e [ (] | :'_: 61:75 Pollutant Averaging period lsfjaslive 2l Usgd) =iieene Comments Concentration Comments z
* Historical and Real Time data = e o R
- ) [} 106-125 L Mas ne day 25 pg/mé (%) (3 doysiyean
W s _
:: Bllllons Of Data (.E) 2 ; [l i21651150 PM, . Calendar year Targetvalue, 25 pg/m? Theﬁ;ﬁz ,D‘_'Ii )’c,;';;z 10 pg/m?
[ ] [ J — g
* Services Exploited on: T — T T o o \ el
* Dashboards, Mobile App v oAU e
NO2 co Maximum\h ly . Not to be exceeded on more .
° [ 65.1-:’?“9;."' 0_16-9>'_J,m‘ O, 8-hour niin Target value, 120 pg/m thanZsogzy:str?z;y::;:veraged 100 pg/m
Slnce 2020 3 o 4 =Q 2 NO, One hour Limit value, 206 pg/m? (*)N011;‘)n:fe?;ii?f:d?f;z:a” 200 pg/m* (%)
NO Calendar year Limit value, 40 pg/m? 40 pg/m?
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» Pollutant Predictions: short, long and very long term European Commission KPls
 NOX, PM10 pollution on the basis of traffic flow, 48 hours (ML, Al, DL)
 Cumulated NO2 average value over the year, ....... (ML, Al, DL)

e Computation of CO2 on the basis of traffic flows (DP), computing emission factor (DA)

* each road for each time slot of the day

 Prediction of MicroClimate conditions for diffusion (ML, Al)
* NO2, PM10O, PM2.5, etc.

* Prediction of landslides, 24 hours in advance (Al, DL)

* Heatmaps production, dense data interpolation (DP) for
 Weather conditions: temperature, humidity, wind, DEW

* Pollutants and Aerosol: NO, NO2, CO2, PM10, PM?2.5, etc.

* Impact of COVID-19 on Environmental aspects (DP)

e Optimisation of waste collection schedule and paths (DP, ML)
* Computing SDG, SUMI, PUMS, .. (mainly DP)

* Etc.

Snap4City (C), November 2023
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* Prediction Traffic Flow Manager on multlple c:|t|es
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I I } { Po uta nt P 47‘ 3 Y ' \ 3 6 Universita ,'5 GRALheatmap
Weather_sensor N . b o e i oo g Honteian Coonoie -
. . AiffemperatureAverage: g R 1 44 MaxOpacity: ¢ com—g) > 063
diffusion on the o —— N, ¥ N T — ]
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basis of Traffic
Flow (prediction),
weather and 3D

structure
— NO2 progressive W . Y 2
average (Lon e | - N WS
ge (Long | a1 T 4 _; =
te r m ) e . feeliap contribuiors

* Project:
— Trafair CEF EC
— Mixed solutions e 13 5o
of Fluidinamics
modeling and Al
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- € SNAP4cn’v .,ym
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DISTRIBUTED DATA INTELLIGENCE
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Dataset Construction Previsional Model

Dataset Model training
Construction And validation

1 y

a
4
3
8
=
=

o =
S =
= 2
‘s ‘s
2 3
£ &
= =

Model] . E % %
Data

SNAPA4City]Advanced APIs

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

Field: rain,
weather, etc.

(%)
]
(%)
2 . -
landslide DB S Big Data Model execution
& Storage [ Predictipns (@ _Shap Assessment
. :: > and KB Data Analytics 10T App
Real Time Management
data from S
2
(%)
)
Q0
=

E. Collini, L. A. I. Palesi, P. Nesi, G. Pantaleo, N. Nocentini and A. Rosi, "Predicting and Understanding Landslide Events with
Explainable Al," in IEEE Access, doi: 10.1109/ACCESS.2022.3158328.

https://ieeexplore.ieee.org/abstract/document/9732490 Snap4City (C), November 2023
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13 forov

 Traffic Flow is one the main
source of CO2
e K1: Fluid Flow

* K2: Stop and Go WA, S
[Computing Traffic FIOW] * Dense estimation of CO2 into - Quii,;,-./?’}"fi\: SAE
into CO2 sensor area oy - R A T e B i |
the city is very useful toknow |~ L
to target EC’s KPIs o
Computing CO2 on the basis of O T
% 8 : traffic flow data . / S
M { Fon ) |

Traffic Flow data COZ2 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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KPl on NOZ2

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

2020 values
+30

predictive models are:

Month +iA0
:agzof'l' heYear 441
Tmean +120
Humidity k&«:: +150
windMean +180
NoxDomestic

numberOfVehicles 1 biocowanes [ 13 or
NO2cumulated A @
NO2progresseveMean RN

numberOfVehiclesCumulated

CUSNApllCITY

In advar

monthns

"an.m,

=

L

g/m3

2014
2015
2016
2017

lue of No_2 in m

mean progressive ya

o 58 8 4883 8

2018
2019
2020
2021

150 200 250

day of the year

100

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>
50
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Clty Users Behaviour, Safety, Security and Social Analysis

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)
e origin destination matrices, hot places, time schedule,
e 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
* 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
15 Minute City Index, etc. (modeling and computability)
Computing SDG, etc., (DP)

Snap4City (C), November 2023 52
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; -“ SUSTAINABLE CITIES

& detcountdaycam1 - Count (51) # detcountdaycam2 - Count (52)
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—_—
=2 My Profile A
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People Counting and Tracking

AV

‘I‘I SUSTAINABLE CITIES
AND COMMUNITIES
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* Prediction of
people flows
on the basis
of Wi-Fi data

* Anomaly
detection

* Resolute
H2020

e (Classification
of city areas

DINFO

DIPARTIMENTO DI
DELL'INFORMAZIONE

o\

el | F1 ]

DISTRIBUTED SYSTEMS AND f = r - - : r ¥ [
INTERNET TECHNOLOGIES LAB - o J T [V}
DISTRIBUTED DATA INTELLIGENCE . S | S : : y .'e A
AND TECHNOLOGIES LAB

¢“SNAP/crry

wiel I ]
pencll ol el .
Predicting City Areas Crowd level S . S
‘Wi-Fi based [ characterizing Users’ Behaviors Pl . ’“’
ey T T - et e
: Q ) T
% ) 3
’ ‘ '
9
S
%

GuesﬂngrnnnberofusersdeVhFiAccessPohns

/Cluster confic’iz/ce
AP average and confidence,

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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* Monitoring Energy Consumption in single building, area and per zone

* Matching Energy consumption with respect to the actual usage

* Computing Roof orientation for Photovoltaic installations

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

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

* Collecting and managing Communities of Energy

* Monitoring Energy provisioning on recharging station

e Optimization of battery life

* Computing KPI

* Etc.
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‘ SEiLF ¢“SNAP/crry
USER NFr o

= ¢“snapdany Monitoring Energy ARTER Wed 110220738 @

* Field-tested energy
community: the self-
consumer °”:‘ nergetico m

I [ [ 38 75
T o §
L]
* The Self User prOJECt ) "
: A Ay :
08:00 16:00 24, Dec 08:00 16:00 25. Dec 08:00 16:00 26.Dec 08:00 16:00 27. Dec 08:00 16:00 26. Dec 08:00 16:00
Stato di carica della Batteria (kWh) @ Po Produzione Fotovoltaico (kW)
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tenza Attiva (kW) @ Produzi

the collection and

analysis of data, a model | . o N i sin
for calculating and

enhancing the impactof |~ = = o e e e

an energy Community on BLCSBL

a community of people,
with a view to actions to

combat energy poverty  https://www.selfuser.it ™" Geer  ENED . enelx

2 MyProfile I y I ot
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SNAp4C|Ty Monitoraggio in tempo reale della comunita energetica condominiale
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Smart Buildings, Snap4Building

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

Snap4City (C), November 2023
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SNAP/city

Mon 23 Oct 12:42:28 1)

ISPRA Site

Via Jralla

Date Observed: 10/23/2023, 12:30:01 PM
Capacity: 2936 #
Allocation: 1995 #
Occupancy: 883 #
« DAC:-941 #
DOA: -1112 #
DOC: -2053 #
PAC: 67.95 %
POA: 4426 %
» POC: 3007 %
Energy Hot: 4473978 kWh
Energy Cold: 916361 kWh
Power Hot: 36 kW
Power Cold: 0 kW
Outdoor Temperature: 14.07 °C
Total Number of Buildings: 76 of 304 #
Total Number of Floors: 104 #
Total Number of Zones: 139 #
Total Number of Parking Areas: 4 #

—See Trends

I T Parking Overview
22, 0600 12:00 18:00
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o » Qv
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Capacity - Allocation - Occupancy
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Ispra Floor, Zone And Room Detalils Fi6Oct18:4154 @@

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%

SO ERLLCRN T Allocation v |

Date Observed: 10/6/2023, 12:01:00 PM

Zone Id: 58A_PT_B

Capacity: 1

Allocation: 0

mq: 12.16

Average hourly temp. Xi: 24.07°C

Average hourly temp. Xs: 20.92°C

Average hourly temp. Xt: 6.00°C

Heat Start temp.: 17.92°C

Cold Start temp: 23.92°C
e

Snap4City (C), November 2023
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