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Goals:
* 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 3 A 7 Sl
time for tramways | vf

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, ..

Mobile App: final users and operators
— Info Mobility, traffic reconstruction, charging, participation,
— Parking, payments, overparking, fine reporting, ..
Participatory: problem reporting, ticketing, etc. :
Data Integration of any kind: env, weather. Tickets, presences, PO, sat, etc.
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B ¢VsNAPdcry 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 AND METHODOLOGY
SMART BUILDING WASTE MANAGEMENT « VISUAL PROGRAMMING, ML, Al, HPC
; A——— « TRAINING COURSES
: s e 1 7o - LIVING LABS
; e AR = 4 + GUI CUSTOM STYLES
: T s « FULL APPLICATIONS, DASHBOARDS
5 . AND VIEWS
« MOBILE APPS

CITY USER’S SERVICES AND
TOURISM MANAGEMENT

PREDICTION - ANOMALY DETECTION - CLUSTERING - ROUTING - SENTIMENT NLP - TRAFFIC FLOW - PEOPLE FLOWS - SDG
15 MIN CITY INDEX - KPI - HEATMAPS - ORIGIN DESTINATION - ETC...
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BIG DATA ANALYTICS, ARTIFICIAL INTELLIGENCE

EXPERT SYSTEM, KNOWLEDGE BASE VISUAL PROGRAMMING, ADAP']L:EI;S

SEMANTIC REASONING DATA FLOWS, WORKFLOWS
SMART DATA MODEL EXPLAINABLE Al, MACHINE LEARNING, GENERATIVE Al PARALLEL DISTRIBUTED PROCESSING , 8
10T DEVICE MODELS, STORAGE OPERATIVE RESEARCH, STATISTICS DATA DRIVEN “%?

FULL INTEROPERABILITY, ANY: DATA, BROKERS, NETWORKS AND VERTICALS




ivEsTA DINFOQ  DISIT ; T
WEEEIOY QRO SRR, SNAP/ i
F I R-E N Z E DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE CITy §

AND TECHNOLOGIES LAB

1

Digital Twin Development Platform
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Standards and Interoperability (6/2023) ""*s"“"

Compliant with: Bereus

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

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

e @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.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

High Level Types I E—— ¢“SNAP!crry
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* POI, IOT Devices, shapes,.. r—
 FIWARE Smart Data Models, i T4y
* loT Device Models g i
* GIS, maps, orthomaps, WFS/WMS [
GeoTiff, calibrated heatmaps, .. | | D
 Satellite data, .. R _ : :

e traffic flow, typical trends,
* trajectories, events, Workflow, .. fez “ , ,
* 3D Models, BIM, Digital Twins, .. |~ S T E e
e OD Matrices of several kinds, .. | == L), /e ‘ e ey
e Dynamic icons/pins, .. -
* Synoptics, animations, .. %
* KPI, personal KPI,.. e
e social media data, TV Stream, iy
* routing, multimodal, constraints,
* decision scenarios,
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e Controlling Status: management, and

operational Monitoring
o Monitoring via KPI > KP|
o Predictions vs KPI
A v detecti \, Digital Tme/-\
O Anomaly aetection Models & Predictions,
o Neuro-Symbolic analysis Data Anomaly Detection,
. Analysis, Assessment
o Risk assessment DeC|S|on Wammg
: L . S t Syst
o Early warning on critical conditions >“PP ys em
] ] i Simulations,
e Making plan: tactic and strategic, Scenarlous TFR, Crossroad
medium and long range, micro/macro Publlc Transport,
] . . . Routing, ..
o Simulation & optimization (J c

What-If Analysis,

o Generative Al Prescriptions, scenarios LAl
Optimization <

o Resilience to Unexpected unknows
o What-if analysis wrt scenarios

2024/8 Snap4City (C), Sept. 2024
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Monitoring

KPI

\, Digital Twin

Models & ™ NS

Predictions,
Data Anomaly Detection,

A Analysis, Assessment
Decision Warning
Support System
'k Simulations,
Scenarious TFR, Crossroad,
7 :
Public Transport,
| Routing, ..

What-If Analysis,
Optimization <
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eShare in a Snap, by Snap4
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Integrated car sharing and pooling
Multiple drivers on the same means
Dynamic pooling and e-sharing

Snap4City (C), Sept. 2024



eShare in a Snap, by Snap4
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e Controlling Status: management, and
operational

o Monitoring via KPI

o Computing predictions and KPI

o Anomaly detection, Early warning
o Control Rooms, situation rooms

o Reacting: Computing in real time
o Changing semaphore maps
o Changing Dynamic signage
o Real time Info Mobility
o User engagement via Mobile Apps
o What-if analysis
o etc.,

Aerop tc&renze
Ameri pucci

Snap4City (C), Sept. 2024 16
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Key Performance Indicators, KPI

Fast
Wekibe Sport Mobility Gon
eig ernment
Average Services
Slow *
Mobility 5\ Health
\S
Food } Average
Services
[ r-
|
Economy 5 Housing
Culture
Erwvironment and
Cult
Entertain. i
ﬂg y SUSTAINABLE s
k!
s * DEVELOPMENT \F "

ALS

oM Calendar 5 o, 25 The target value has become a 10 ug/md
25 ¥ argetvale, & pg/m limit value since 1 January 2015 Hem
PM - Not to be exceeded on more R 99" percentile
ho One day Limit value, 50 pg/m* 50 pg/m? (*)
than 35 days per year. (3 days/year)
PM,, Calendar year Limit value, 40 pg/m*  (*) 20 pg/m?
; Not to be exceeded on more
o Maximum daily 5 th q q 5
3 8 hour mea 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 (G 2
,  Onehour Limitvalue, 200 pg/m® (*) 18 imes a calendar year 200 pg/m*® (*)
NO, Calendar ys Limit value, 40 pg/m* 40 pg/m*

c"snmcm

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

Global
&

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

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

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

SUMP/PUMS: mobility and transport vs env.

Periodic
&
Realtime

ISO indicators: city smartness, digitization, tech
level.

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

travel, etc.
19
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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
e Stimulating: Bike sharing, e-bikes, car charge,

Community of Energy, planning energy plant

consumption

etc.

i te  Industry 4.0 integrated solutions

AND INFRASTRUCTURE . .
* Decisions Support Systems
& * Process optimization, control

* Predictive maintenance

| r

1

Q! ““W" 1A
e :ECL~~

TS

«. wrmiN TNy gt

e Smart City infrastructure: monitoring and

* Effective and Low cost smart solutions
* What-if analysis, Simulations
* Origin Destination matrices computation

resilience, long terms predictions

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

Shortening justice time

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

1 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

o';:

Snap4City (C), Sept. 2024
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15MinCitylndex

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 Mgt
municipal and national open data to assess lsﬁ;nmdex X f
. SANe . astea a Signa
services adequacy for people living in each 15 ,4ex s et
minutes areas of the city. Critical ~ #%0
Insufficient
Good public Satisfactory Rinald
t t . = Fairly good ~
ransport services: B Good

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.

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

k-.\

UNIVERSITA
DEGLI STUDI

FIRENZE

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

RLJSDTEHBUTED SYSTEMS
TECHNOLOGIES LAB

Fast

Sport Mobility
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Average Services
m
Slow
Mobility 5 s ’ Health
3 /3
5 3 3 \S
Food Average
Services 9
' 5
3 |
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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==

15MinCitylndex on Bologna

Ciao roottooladmint

Tue 3 May 20:14:59

+ | # of Inhabitants
Green factor

Civil factor

W, Industrialization
factor
Environment
Index

15Min Economy
Index

15Min Housing
Index

15Min Health
Index

o 15Min Food Index

o 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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15 MINUTI INDEX BOLOGNA CITTA

METROPOLITANA - NEWGUI

~ Heatmap Controls:

Max Opacity:
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2021-03-11 15:00:00

Portomaggiore

Jssa Lombarda

Y
Faenza.

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

Alfonsine

Russi

cnel ¢

cnel

Argelato : Via Casadio N.1

KIVIAT

@ 15Min Indexes

BAR SERIES

Max Value
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POVERTY

il

GOOD HEALTH
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4

‘I CLIMATE
ACTION
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Snap4City

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

MNode-RED
a GPS to COMUNE GPS to COUNT

~ subflows
1 _ i
|]_| Inleeted'l'lmesl_[l

@@ Dashboards
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Smart City Control Room ﬂ@ ¢“SNAPLcry

Florence Metropolitan City

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

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

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

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

* Historical and Real Time data
* Billions of Data

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

Snap4City (C) Sept. 2024



https://www.snap4city.org/747

Smart Decision Support , system thinking T

* Actions to city reaction, resilience,

Smart Decision SUﬁport System
based on System Thinking plus

smartness, ...

Enforcing Mathematical model for
propagation of decision
confidence..

Collaborative work, ...

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

Production of alerts/alarms
Data analytics process
Twitter Processes

reuse, copy past, ...

Snap4cCity (C), Sept. 2024
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Model: Open Restaurant

Process:viale spartaco
lavagnini

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

Model: Change position of a bus
stop

5 0333 0587 02 08
Process:line 14 in viale £3 — ] ]
. m 300m to 1Km Parking dimension Parking Type TPL flow Traffic Flow
morgagni 10
Add New Process
03

Model: Change position of a bus : o1 0187 0833
stop_cloned
Free Paid Day Night
Process:line 14 in viale A
morgagni 10_cloned
Model: TestGP

Process:Istanza Test GP2

Model: TestGP_cloned Name Model ~ Open Restaurant Date creation  15-06-2015 16:45:08
Process:Istanza Test Name Process via santa marta 3 Date last modify 15-06-2015 17:01:13
Start execute  15-06-2015 17:01:19

End execute  15-06-2015 17:01:20
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e Supports the definition of the Decision Tree Model, DTM, in terms
of System Thinking, with Italian Flag and combinations

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

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

— be customized 43% 17.2% _

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

* Single DTM root value can be 2 it
produced on Dashboard ! i s Eruna -
Ottadel!'Tndiona I
* Several DRM root values can be =
represented on dashboard as B ipd

Via. Balcio 09

heatmaps for Green/White/Red values

Snap4City (C), Sept. 2024
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*snap
#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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How Long Distribution sm  HowLong Distribution

Snap4City User Engagement - Newgui

User's Interests
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smart City Digita . wuin City Digital Model with...
| ‘ ' e Intuitive platform
S 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 Interactive 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 / optimization
e Collaborative and shared representation
e Sustainable, shared, open source 100%

*\eropb;ttg{renze
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.
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* Making decision on mobility
and transport solutions =2
what if analysis

* Controlling pollution

* Dynamic Routing for
Firebrigade, Ambulances,
general public

13 foor

&

* Planning Public

Transportation routing
https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MTc5NQ==
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29


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

UNIVERSITA DINF WS . . ‘ :
FIRENZE %zem"éﬁwop naere=e G ) B I ITe aalslcry]
FIRENZE | 0&fNFohvazions | TECHNGLOGIES Las - 2 w0 €

B‘M

Ciao roottooladminf

Fri 2 Sep 19:13:07

Enable Lights ¥

& Datetime:

02/08/2022 i B

Enable d
[}

(experimental)

00 -
00
00
» O

Free slre.ex
Fluid traffic
Heavy traffic
%‘;‘ Qj = Very heavy

Sensor position

FirenzeFIPILITrafficRealtime
Traffic Heatmap Controls: 24H

Max Opacity: ¢ comsssssssss@ > 1

<Prev 2022-09-02 18:56:00

.‘:

2000 DOGSSRO

'@

StreetMap contributo)
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https://www.youtube.com/watch?v=le2XNF8Ftxo
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https://www.youtube.com/watch?v=Rcf_B2_GOio
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* Snap4City redendering and distribution engine allows to

— Optimize distribution of data

— Integrate any kind of data on Digital Twin with 3D tileds of Google
* PIN, loT Data

Traffic Flows

Cycling paths

3D shapes superimposed

Etc.

Snap4City (C), Sept. 2024
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* Real Time Trajectories for
* Mobile Phone
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FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS

e

T

Monitoring

KPI

\, Digital Twin

Models & ™ NS

Predictions,
Data Anomaly Detection,

A Analysis, Assessment
Decision Warning
Support System
'k Simulations,
Scenarious TFR, Crossroad,
7 :
Public Transport,
| Routing, ..

What-If Analysis,
Optimization <
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https://www.snap4city.org/976 Properties of Road Elements
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o Event planning, via what-if analysis
o Change in the graph structure of the city

£
P

»

Traffic Flow “/

ACP{)}{OI(OFHOHIE A )
Amen},m\_\lgk)u(cn N

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 &@ff@ﬁm |

prescriptive

\Z
T
TS

o More detail in the context integrated data RO utin

o Greater realism in deductions and representations

4

o Digital Twin
o

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

h Bg{‘gc ot
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