TN Monitoring
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IVIodeIs& Predictions,
www.shap4city.org Data Anomaly Detection,
www.snap4solutions.org | DeC|5|on Analysis, Assessment
Warnlng

_ X SupportSystem
NGO Raaes :', Simulations,
1 Scenarlous TFR, Crossroad

PubllcTransport
| Routing. .

What-lfAnaIysis,: o
Optimization <

Control and Plan an
Horizontal Al Platform

Digital Twin for all
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* 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

Snap4City (C), August 2024



Domains cous

e Smart City, control room
e Mobility and transport
e Energy, light, recharge
e Buildings and Assets
e Tourism and People
e Environment, pollutant
e Waste Optimisation
e Security and Safety
e Social Media

e Big Data, Al/XAl
e Public and private data

UNIVERSITA
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Predicting City Areas Crowd level

Wi-Fi based l characterizing Users’ Behaviors
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http://www.snap4city.org/997

i, unvisTs DINFO  DISIT : e
4 fpEETOY | pSTeTRIEEar SNAP/
s F I R-E N Z E DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE CITy ‘:.-._:/

AND TECHNOLOGIES LAB

LIt a €, e Peldl o S R o B ae s @
plic Spaces as Critical Infrastructures

T
The City is a system of systems for city users oo 5

— Cascading effects )
Transport networks

— Main means for rescue teams, food, water, etc.
Communication, ICT infrastructure

— TV cam, switches, cyber,

Energy networks

— power supply for health, cyber systems, etc.
Hospitals networks g
Aggregation areas o S |

https://www.snap4city.org/download/video/DPL SNAP4SOLU.pdf
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https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
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e Controlling Status: management, and operational

DINFO

IMENTO DI
INGE
DELL INFORMAZIONE

o Monitoring via KPI

o Computing predictions data from the field and KPI § i = ‘
o Anomaly detection <
o Early warning on critical conditions - |
e Making plan: tactic and strategic, medium and long range ..

o Optimisation: Prescriptions, suggestions

o Risk assessment

* Big picture and Long-term focused (2 to 5+ years)
= Vision, Mission, Why, Policies and Direction

* Executive-management

* What is the right direction for the company?

o What-if analysis on scenarios

o Simulation and predictions

+ Short-term focused (3 months to 2 years) Rerop t(&renze 7
ope Tactical +  Focused on specific business department fimeri pucci
o Resilience © | Wnddemaregemen

* What activities to be planned in strategic alignment?

* Be ready for Unexpected
UnknOWS £ Operational

SlidP4“4LTILy \L), AUBUSL ZUs4



Digital Twin -
A v

 Digital Twin
* Connected with real systems

* Modelling aspects: structural, visual,
informative, real time data sensors (context),
POI, functional, resources, etc.

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

* Easier to understand the context, review F=—""="
from multiple points of view e

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

e By Case Experiments for analysing

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

e Reduction of costs in the analysis, in reduction of
mistakes

Snap4City (C), August 2024 6
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FIRENZE | RERE00 ey ogmienn,, SNAPA
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4 .

smart City Uji'f ‘2w City 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 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@g{\lrenze
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 etc.

Snap4City (C), August 2024
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INGEGNERIA
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DISTRIBUTED SYSTEMS a4 CIT—W
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e Controlling Status: management, and

operational Monitoring
o Monitoring via KPI > KP|
o Predictions vs KPI
\, Digital TwinL/_\ j

Predictions,
o Neuro-Symbolic analysis

Models &
/ Data Anomaly Detection,
: Ay Analysis, Assessment
o Risk assessment Decision / ¢

o Anomaly detection <

Support System Warning
o Early warning on critical conditions >“PP°™>Y

) ] i ,k Simulations, /
e Making plan: tactic and strategic, Scenarious , TFR, Crossroad,
medium and long range, micro/macro Public Transport,
] . . . Routing, ..
o Simulation & optimization £

o Generative Al Prescriptions, scenarios What-If Analysis,
. Optimization «—

o Resilience to Unexpected unknows

o What-if analysis wrt scenarios

2024/8 Snap4City (C), August 2024




d’ SNAPicry

Data Driven Decision Support

* Decision Support system SR, O
* Assessment / Strategies = = |=fizie

* Data Rendering,
e visual analytics, business intel..

e Data Analytics, ML, Al

* Data aggregation, Storage, SR LS L :
indexing e

* Data Ingestion

Sk nj’%,o UNIVERSITA
2 | DEGLI STUDI

DINFO |DISIT
DIPARTIMENTO DI DISTRIBUT‘ED SYSTEMS
NNNNNNNN IA AND INTERNET

DELL'INFORMAZIONE TECHNOLOGIES LAB

FIRENZE

53
.
<
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100%
OPEN
OURCE l

Powered by

..... P -

PEN Test
Passed

AEU GDPR
‘/ COMPLIANT

¢“SNAP/

Appliances and Dockers

Installations

3 - Srience cLoun

=

Node-RED

@roundation
EQ15

digital ecosystem

<X

NVIDIA.

@ pmee 88 Hsnapdery Digital Twin Solutions for Sustainability

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

SMART ENERGY AND ENVIRONMENT AND
CONTROL AND PLAN MOBILITY AND TRANSPORT

CITY USER’S SERVICES AND
TOURISM MANAGEMENT

PREDICTION - ANOMALY DETECTION - CLUSTERING - ROUTING - SENTIMENT NLP - TRAFFIC FLOW - PEOPLE FLOWS - SDG API - MICROSERVICES - GIS - BPM

DASHBOARDS, WIDGETS
TEMPLATES 15 MIN CITY INDEX - KPI - HEATMAPS - ORIGIN DESTINATION - ETC... VIDEO - REPORTS - MAPS - 3D ...

6 o

L
EXPERT SYSTEM, KNOWLEDGE BASE
SEMANTIC REASONING
SMART DATA MODEL
10T DEVICE MODELS, STORAGE

BIG DATA ANALYTICS ARTIFICIAL INTELLIGENCE DATA FLOWS, WORKFLOWS
EXPLAINABLE Al, MACHINE LEARNING, GENERATIVE Al

OPERATIVE RESEARCH, STATISTICS
FULL INTEROPERABILITY, ANY: DATA, BROKERS, NETWORKS AND VERTICALS

DATA DRIVEN

VISUAL PROGRAMMING, ADAPTERS
PARALLEL DISTRIBUTED PROCESSING

» DEVELOMENT ENVIRONMENT

AND METHODOLOGY

+ VISUAL PROGRAMMING, ML, Al, HPC
 TRAINING COURSES

» LIVING LABS

+ GUI CUSTOM STYLES

+ FULL APPLICATIONS, DASHBOARDS
AND VIEWS

» MOBILE APPS




oS DINFO  DISIT ; e
DEGLI STUDL b5, ammvento oi DISTRIBUTED SYSTEMS AND
FIRENZE  Notcnema INTERNET TECHNOLOGIES LAB C ITy s
DELLINFORMAZIONE ~ DISTRIBUTED DATA INTELLIGENCE ;
AND TECHNOLOGIES LAB

1

Digital Twin Development Platform

| & &8 B B B B &8 B B8 &8 &8 &8 & &8 &8 B B B |
Snap4City Microservice Platform

’

N\
e D7 I gz,

Proc.Logic

. — i-Ji
I Sensorsand I
 Actuators Data
Data Knowledge :
- : Analytics:
) Ingestion Bases & -
e HUB st MLOps,
o External Orages ML, Al

Services

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

Web/Mobile Apps
Dashboards & Interfaces

G -

--------------------'
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https.//www.Snap4City.org 3, G v e

* 11 running installations in Europe

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

* 16 projects, 12 pilots on 10 Countries
* >40 cities/area

* Widest MULTI-tenant deploy has
* 24 Organizations / tenant
> 8850 users on
> 1800 Dashboards
> 17 mobile Apps
> 2.2 Million of structured data per day
> 580 |loT Applications/node-RED
> 750 web pages with training
> 75 videos, training videos

Snap4City (C), August 2024

Main Organizations/areas
¢ Antwerp area (Be)

* Snap4.city.org, Greece, Merano, Cuneo, ... .
* Bisevo, Croatia

* Bologna(l)

* Greece (Gr)
e Limassol (Cy)

*  Modena (I)

* Rhodes (Gr)
* Roma(l)

¢ Santiago de Compostela (S)
¢ Sardegna Region (l)

e Siena(l)

¢ SmartBed (multiple)

¢ Toscana Region (), SM

* Valencia (S)

* Venezia area (|
¢ WestGreece area (Gr)

* +Israel, Colombia, Brasile, Australia, India, China, etc. 0 O

Bari (I
f\(}\gﬁw
Brasov (Ro) %ﬂa

Capelon (Sweden: Vasteras, Eskilstuna, Karlstad)
Cuneo (I

DISIT demo (multiple)
Dubrovnik, Croatia

Firenze area (I
Garda Lake area ()

Helsinki area (Fin)

Livorno area (I
Lonato del Garda (l)
Malta (Malta)
Merano (l)

Mostar, Bosnia-Herzegovina
Oslo & Padova (Impetus)
Pisa area (I

Pistoia (I

Pont du Gard, Occitanie (Fr)
Prato (I

13
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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.

SSvse PN
o @Foundation @ F I ff??ff E @ 15 ——

Node-RED g O |O _X digulal ecosystaem bee Smart Citg
: . EUROPEAN OPEN
" SI!?IFL?‘L network uf Ckan @GJ L @ ?S_'l ]};f’"a _—3 SCIENCE CLOUD

SERL, | UNIVERSITA
, DEGLI STUDI ,ﬁ!ﬂﬁp

2

% | FIRENZE

SSSSSSSSSSSSSSSSSS
NNNNNNNNNNNNNNNNNNNN
DELL'INFORMAZIONE | TECHNOLOGIES LAB


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

Expert System semantic queries 1| B (o CSNAPIET
* via:
* Smart City APl for ...
Apps and third e
party g

il

i

)
|
l

[ ] e - .
. L — L
icroServices ——r S | R ——— R S
- T —
- = = L e e ™
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o -
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develop via visual = == = e
language : ——a s
Node-RED
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. ] DIgIta 03
Snap4City (C), August 2024 S <

e POI, 10T Devices, shapes,.. I
* FIWARE Smart Data Models, e e
* loT Device Models o

e GIS, maps, orthomaps, WFS/WMS

GeoTiff, calibrated heatmaps, .. Yy
* Satellite data, S

* traffic flow, typical trends,

* trajectories, events, Workflow, ..
* 3D Models, BIM, Digital Twins, .. |~
 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,
* City area scenarios, 2,
" efc. o luoen | pineo [pisir
2024/8 FIRENZE | S8 | RENEE e
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Ingestion, aggreg. = exploitation

* loT App Visual

rogramming, no coding

e Data transformation

* Integration, Interoperab.

Data ingestion
Business logic

e Edge and Cloud

* MicroServices data
driven develop via
visual language
Node-RED

Snap4City (C), August 2024
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Solutions: reliable, secure and fast to realize SNl

%-.-m,

«'P“ﬁmg

B.M

. ' IOT and data World
* Via Snap4City tools i, =
. Dashboard Wizard ~ &i&s
e Dashboard Builder °

* Data/Visual Analytic

Dashboards and Apps

IOT Applications

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

NOX
pg/m3

B o0
B 112
i M 26-35
B 36-60
61-75

76-90
N 91-105
B 106125 §
B 126150

| S5
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Alerting Generation

(]

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

Snap4City (C), August 2024
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SELETTORE

STATO PARCHEGGI

Different Themes

¢“SNAP/cry

PARTERRE 7m PARTERRE - ANDAMENTO NUMER

D O O O €
=

PSNAD

#Users Engaged Trend

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

https://www.snap4city.org/793

Snap4City (C), August 2024

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

847
days.

Total Days On App

E o HE L ]

&)

minutes

Mean Active Time g

17.5 o
— 240

Mean Active Time Trend

minutes
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Visual Development Tools C*SNAPlcry

My Dashboards in My Organization @ I

Tue 19 Sep 19:27:45

Q)

00000000

FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -
 NEwGUI

@ v
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Front-End - g
4 Entity Directory: APl Manager e Applications
\ Facilities
Smart Data Models /r - N Traffic Optimiz.
loT Data Models \ FEdErE.ltlon ey Scenario Editor — 1
. i \ Smart City API > rr; | TrafficLightPlan
\_ Digital Twins y, N g Business Intellig. T !
o | «— SyOpenSearch [, CsBL PublicTransport
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t t a thon MobAppSupport Sharing/pool |
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Gateways, safgli Artificial Intelligence: - 2
External Services - MLr Alr XA|, DA 3D Dlgltal Twin Mobile Apps
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Web Scraping i g loT App :
Third parties solutions
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SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES

TOP

W
0 AN

K g§ AR 3

| EA | \@' %
i §"“ L‘l‘ﬁ o4t 1 ,!.v'
Ay ’V‘ 1"‘ '4‘ S

S N PERYB X

R BT e
S AR B AN B XA e
el b YAOK | BN R

LA A B NA



UNIVERSITA Py
I | BMEC B8P  Monitoring  ¢¢
» Controlling Status: management, and =
operational
o Monitoring via KPI
o Computing predictions and KPI e
o Anomaly detection, Early warning <=
o Control Rooms, situation rooms
o Reacting: Computing in real time _
o Changing semaphore maps - -
o Changing Dynamic signage ol 5

o Real time Info Mobility
o User engagement via Mobile Apps
o What-if analysis
o etc.,

Snap4City (C), August 2024 24
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CRAMSS
- Collaborative Resilience
Assessment and Management

— 7 |  oum MONITORING Support System LEARNING

Environment
Cults

Srpenan. s‘c:my Education
@ 1SMin Indexes + Max Value Suff. value
ANTICIPATING

RESPONDING

- Big Data Platform
-loT/IoE/Open Data

- Real Time Dashboard

- Resilience Control Room
- Data Analytics

- Early Warnings

- Urban Trafic Manager Data Exchenge

- Human Behavior Analysis

- Predictive Analytics

-Urban Transport System Dynamic
Analysis

- Resilience Quantification

- Network Analysis

- European Resilience @ D
Management Guidelines
-Game Based Training

-Smart cision gupboh Systems (DSS)

- Evacuation Decision Support
-Smart Intelligent Transport Systems
- Emergency Support Smart App

- Resilience DSS
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Issue:

— Detection of critical
condition

Impact:

Prepare
Absorb

— Not easily detected with Recover
other means Adapt

— Early warning, faster
reaction

— Increased resilience [ gamage

Several metrics related to:
— Volume of retweets
— Sentiment analysis

Crticalfunctionality
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Key Performance Indicators, KPI

Weight
Average

Slow

Mobility

Food
Services

Economy

Entertain.

Sport

5

\ / Culture
Ernvironment and

Mobnllty
GCovernment
Services
5
5 Health
sa. %
- ‘-S
Average

Housing

Cults

1SMin

”*-f

s SUSTAINABLE
" DEVELOPMENT

CALS

The targetvalue has become a

5 5
PM, . Calendar ye Targetvalue, 25 pg/m Jimit value since 1 January 2015 10 pg/m
PM One d . | - Not to be exceeded on more - 99" percentile
10 ne day Limit value, 50 pg/m' than 35 days per year. 50 pg/m?® (*) (3 daysiyear)
PM, Calendar year Limit value, 40 pg/m®  (*) 20 pg/m?
Not to be exceeded on more
o Maximum daily 5 th d q N
3 8-hour mea Targetvalue, 120 pg/m®  than 25 days per year, averaged| 100 pg/m
over three years
Not to be exceeded more than
NO, One h i () ? ¢
., Onehour Limit value, 200 pg/m® (*) 18 times a calendar year 200 pg/m* (*)
NO, Calendar ys Limit value, 40 pg/m* 40 pg/m®

C"SNAPdcnv

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.
27
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15MinCitylndex ¢ snapdary Bl

200t

DINFO

DIPARTIMENTO DI
IN INERIA
DELL'INFORMAZIONE

R*JSDT?'BUTED SYSTEMS
TECHNOLOGIES LAB

S\OREy
/

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

Come
Using the Open Data: /
We developed a data analytic tool based on ' I AN gigna Mg
municipal and national open data to assess 15’;‘:" SOT— f
. A o b Lastea a Signa
services adequacy for people living in each 15 ,zex i
minutes areas of the city. | [ Critical 3
§ Insufficient
Good public Satisfactory Rinald
. ) Fairly good N
transport services: B Good o 1=
GIRP U I | i gt
line, train stations, Th.e tool .supports t.he becomlr!g of a 1?- = 5/’5_‘5\\5 -
cycle paths Minute city evaluating the service level in b X 3/ 3 X
various domains. o R - il

Services
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.

Economy 5" Housing

Culture
and
Cults

Environment

Entertain.

Social Education
Security

1SMin Indexes 4 Max Value Suff. value

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

15MinCitylndex on Bologna cnel X

15 MINUTI INDEX BOLOGNA CITTA B Poveary

METROPOLITANA - NEWGUI S aar
TRl

Ciao roottooladmint

Tue 3 May 20:14:59

Argelato : Via Casadio N.1

) #of Inhabitants ELEEIOR e

GOOD HEALTH QUALITY
AND WELL-BEING EDUCATION

{ | T
+ MAPS ~ [ P 4 itantiperpunto_|
Green factor _ / carpi "}~ 7 Heatmap Controls: KIVIAT

Civil factor

W Industrialization
:ladely

Environment
Index

15Min Economy
Index

15Min Housing
Index

15Min Health
Index

o 15Min Food Index
o 15Min Education
Index

15Min Slow Mob
Index

THE PICKED POINT 9m
City: Argelato
Address: Via Casadio N. 1
lat,lon: 44.61882,11.35437

. Correggio. /| e/ Max Opacity: ¢ ()
| 2021-03-11 15:00:00 '
| Bomporto 2’ -

I'Emllia\ I
* \ ! £ Nonantola
: =, k
—~\\ Modena
+ )

RUblera

Scandiano . & Castelfranco
2 Emilia™
Formigine
Castelnuovo

Sassuolo Rangone

Spilamberto,
Maranelio

Castellarano -
[ |

Vignola

Inhabitants
Density
#of inhabitants e
per area Frignano
0-10
10-50
50- 100
100 - 200
2 200- 350
B 350-500
B s500-650
B 650- 200
B s00-
B >0

Portomaggiore

assa Lombarda

=
Faenza.

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

Alfonisine

@ 15Min Indexes Max Value

BAR SERIES

CLIMATE
ACTION
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DIPARTIMENTO DI

Snhap4City

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

Dashboards

My boards im All Org.
Dashboards of My Crganizat

My Dashboards im My Organization

rd Widgets ~

Data, my Data, OpenData -
dedge and Ma|

1OT Applications =

10T MicroServices for Final Users

10T MicroSaervices for Developers
OT Applications

How to Develop 10T Applications

Create A MicroService from RestCall

Resource Manag

Development Tools =

Management =

Decision Support Systermns ~
Settings =

User Management and Auditing =

ntacts *

FIRENZE | B&ENKuazione

UNIVERSITA
DEGLI STUDI D I N Fo E%?E?%%T:!;TEMS
TECHNOLOGIES LAB

~ subflows
il _ i
|]_| Imec*hed'l'lmesl_[l

~ input

S
|]_ht1:) response |

l::l websocket |

D ten |

¢“SNAPciry

15Minindex

DI APP....

GPS to COMUNE GPS5 to COUNT GPS5 to HeatmapWal GPS to Florence Qu GPS to ZC5 GPS and Values to | GPS5 to Civic Numbg | GPS fo Road Lengtf) | GPS to Cycl

_

GPS List As String

E :| service-search-near-marker

Select Categories sef msg.complete

Confroller join —
——\l\\/
——
=" increment GFS List Index | ——
Reset GPS List Index

Increment Categories List Index

timestamp e Check Categories List Index ] 1

| timestamp  ——_ Reset Categories List Index —_—— E

timestamp —_— Check GPS List Index e E

timestamp | ——— Reset GPS List Index i E

Snap4City (C), August 2024
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* Video Wall: physical and virtual:

— control room but also distributed control room: web and mobile views

 Many Decision Makers that have to
— Early Warning: receiving real time notifications in push, telegram, etc.
— share the same view monitoring a specific situation

* may be located in multiple places
* may be connected by using multiple kind of devices

— Chatting privately on the same context

— Receiving in real time the same changes and events

Snap4City (C), August 2024 31
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DEGLI STUDI DIPARTIMENTO Dlo DISTRIBUTED SYSTEMS
FIRENZE | BSERSmzone | FRERGSEs Lae CITY

Mobility t What-IF Analysis 0¢

ve alidat Mon 14 Oct 00:48:17

“
GRALDeatmap
Heatma Controls:
B Maxopacty: ¢
<Prev 20191093 20:00-00

aiffemperature

to Pubblico

[—

From Consolle OperasQr to the
Video Wall
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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

Snap4City (C) August 2024
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http://www.darionardella.it/il-sindaco-dario-nardella-in-missione-a-madrid-e-barcellona/
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DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
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DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE : : ——
AND TECHNOLOGIES LAB T—— T s

e
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UNIVERSITA DINFO
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND (_1 J r ) rr_J - Yf_) ( — -~
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, .... -
* 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

C), "UgUST ZUZ
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N2 )
VIS F I RE N Z E DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

* Management of video wall on the basis of events and operators
monitors
* Definition of connections among the dashboards and business
intelligence tools
— Dashboards with parameters
— Actions Urls
— Urls on Widgets
— CSBL: full custom
e Definition of Virtual Private Chat Rooms attached to the
dashboards
* Generation of QR for direct mobile access

Snap4City (C), August 2024



Smart Decision Support, system thinking

* Smart Decision SUﬁport System
based on System Thinking plus

* Actions to city reaction, resilience,
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), August 2024

¢“SNAP/crry

am
hhyﬁmn
[ C' [} smartds.disit.org:8080/dss/home.jsp;jsessionid=F5523F87F9603F98CODFF2587B7D78F4#
= 9
Add New Model

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 02 08
Process:line 14 in viale £3 - ] ]
. m 30m to 1Km Parking dimension Parking Type TPL flow Traffic Flow
morgagni 10
Add New Process

Model: Change position of a bus
stop_cloned

Process:line 14 in viale
morgagni 10_cloned

(] 01 0187 0833
Free ‘ Paid \ Day Night

Date creation  15-06-2015 16:45:08

Model: TestGP

Process:Istanza Test GP2

Process:|stanza Test Name Process via santa marta 3 Date last modify 15-06-201517:01:13

Model: TestGP_cloned Name Model ~ Open Restaurant
Start execute  15-06-201517:01:19

End execute  15-06-201517:01:20
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* 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 & Time: 2095-12-0

— be customized 43% 17.2% _

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

e Single DTM root value can be

0, .'
' _,,C-r'".,'f‘*'Via!cEtfurza e
produced on Dashboard ik
Of(’_"}'ft.'.' Indiona Ry i -
* Several DRM root values can be =
represented on dashboard as B

heatmaps for Green/White/Red values

Snap4City (C), August 2024
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From What-If to Decision Support System "’s"“"

e Controlling Status: management, and

operational Monitoring
o Monitoring via KPI > <P
o Predictions vs KPI \, j
© Anomaly detection Dlﬁgcj:arswéglcnx\ Predictions,
o Neuro-Symbolic analysis Data Anomaly Detection,
o Risk assessment DeC|S|on Analysis, Assessment

\ £ . Warnlng
o Early warning on critical conditions >upport SVStem

i s ) Simulations,
e Making plan: tactic and strategic, Scenar|ous TFR, Crossroad
medium and long range, micro/macro Publlc Transport,
; : e Routing, .
o Simulation & optimization (J SRt

o Generative Al Prescriptions, scenarios What-If Analysis,

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

2024/8 Snap4City (C), August 2024
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DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS
F l RE N Z E INGEGNERIA AND INTERNET
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FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS

— —

Monitoring

KPI

\, Digital Twin
Models & ™™ Predictions,
Data Anomaly Detection,

A Analysis, Assessment
Decision Warning
Support System

'k Simulations,

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

What-If Analysis,
Optimization <

Snap4City (C), August 2024
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Correcting road
graphs from OSM

openstreetmap-website

OverpassAPI

<<gervice>» %
overpass-api Query response

<<services>

web .
<<SEIVICe>>
1K :
Query g iD editor '

AN

Tiles

iD legge e scrive sul
database tramite il servizio
‘db’ con OSM API v0.6

PostgresDB

Dati OSM

s

Dati OSM per gene
le tile

openstreetmap-tile-server

b Update DB
« \ con changeset
tostGisDB,

S~ 7

<process:
renderd

<<service>>
map

Tiles access
web interface

Al

| [dataftiles
S~

<EpProcesss>
check-website-for-updates.sh

Snap4City (C), August 2024

Yellowsquare' g
Florence

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

48
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After Correction of OSM
data defining a correct
viability of Piazza Dalmazia,
Florence. Regeneration of
the TILEs for the maps
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Ciao roottooladmint

Wed 14 Feb 22:40:02

&P U3 Heatmap MULTI MAP

antAntonio

° NO2 Heatmap +
o Europ. AQI

Heatmap

Air Humidity

Heatmap

Air Temp.

Heatmap

Wind Speed

Heatmap

Gral Pred. HM

NOX (3m)

Gral Pred. HM
NOX (6m)

o Traffic Sensors

n Traffic Flaw

[o]lw[o]%]e]™]

Firenze Air quality trends

TEMPE... 8m

Firenze GRAL Scenario

Trafair Main Dashboard

¢“SNAP/ciry

(P T

o

U‘«"ﬁm-

FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -

NEWGUI

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

- ficeo
Santa Mdria
Maddalena
dei Pazzl
[
Palazzo Carabinier|
Caccin!
. e

4 Tabernacolo

SIRSENSOR_T0S01001096 - TEMPERATURE

Ak

Scenario name:

Location:

Scenario description:i,;; ario descriptio
ReferenceKB: ] eference k

Save Road Graph:

Save traffic Sensors:

57 Save other Sensors:

Free street

Fluid traffic

Heavy traffic
= Very heavy

Sensor position

FirenzeFIPILITrafficRealtime
Traffic Heatmap Controls: 24H

Max Opacity: ¢( eossssssssmsl) > 1

<Prev 2024-02-08 23:00:00

<
]
oy

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

L
S
(1
@
@
@
@
/A
A
/A
@

O

'@

StreetMap contributo

I
13:00
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https://www.youtube.com/watch?v=Rcf_B2_GOio
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s00gie AP| with Snap4City

* Snap4cCity 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.
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| ~RO
FILE VISTA
30 Proiezioni
% nello spazio ~
Tipo

OGGETT AVANZATE

Vista Resetta Vai
20 lingrandimento a
Camera

DIMENSIONE

@) %
2D N "

Modalita* =
divolo~ | @ Dietro

BIMvision 2.25.3 - C:\Users\giudi\OneDrive - stud.unifi.it\Giuditta\ TES\BIM\094 - ARCHITETTONICO.ifc

MODIFICHE PLUGINS

#¥ Davanti

@, Predefinito % Dall'alto
©. Dalla destra

«® Dalla sinistra

X e ——
Y, om——

® ¢ G wm

Ruota verso  Ruota verso Opzioni Minimappa
sinistra destra > > z 0
Vista Separa i piani

? i - x
Resetta Alcuna Plugin
otif Store
Vedi anche ~
Struttura IFC v B X
Av‘: Tipo Nome Descriz
4 + Piano GF
v Piano 01
v - Piano 02
v + Travi
v Tetti
v - Finestre
04 + Finestra  094-AR-FE.02.1:3.60...
v + Finestra  094-ARFE.02.1:3.60...
v + Finestra  094-AR-FE.02.1:3.60...
v + Finestra  094-AR-FE.02.1:3.60...
v + Finestra  094-AR-FE.LC:3.60x1...
v + Finestra  094-AR-FE.LC:3.60x1...
v + Finestra  094-ARFE.LC:3.60x1... v
>
Classificazione | Relazioni
Valore Um. A

094-ARFE.02.1:3.60x1.70m:
218547

094-ARFE.02.1:3.60x1.70m
172 m
36 m
218547

206
02
Data verifica presenza  05/2021

Bee bk b AFisane
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0 Nome Valore
- LB_UF_UfficioTecnico

Cod_Fuoriporta 122

Cod_Immobile 094

Cod_Infocad 122

Cod_Piano 01

Data verifica presenza  05/2021

infiltrazioni perimetrali

Data verifica stato di 05/2021

conservazione,

fissaggio, funzionalita,

stabilita e tenuta

superfic vetrate

Descrizione Facdiata continua con telaio in
legno, finestre apribili e
avvolgibili

Immagine Immagine raster:
IMG_7428.1PG

Immagine tipo Immagine raster:
IMG_7428.3PG

Periodicita verifica A chiamata

presenza infiltrazioni

perimetrali

Periodicita verifica stato A chiamata
di conservazione,
fissaggio, funzionalita,
stabilita e tenuta di
superfic vetrate

Verifica presenza Si
infiltrazioni perimetrali
Verifica stato di Si
conservazione,

fissaggio, funzionalita,
stabilita e tenuta di
superfid vetrate
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Available Al Solutions on Snap4City

https://www.snapdcity.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 i ,
https://www.snap4city.o

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

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

Snap4cCity (C), August 2024 67



https://www.snap4city.org/download/video/course/p4/
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/997

») SUSTAINABLE
” DEVELOPMENT

\/'\\

LSALS

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...

¢“SNAP/cry

* Monitoring and Prediction of energy
consumption

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

Industry 4.0 integrated solutions
* Decisions Support Systems
Process optimization, control

* Predictive maintenance

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

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

B i et T . :

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

16 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

W

Shortening justice time

Anonymization and indexing legal docs.
Prediction of mediation proneness

- Ethical Explainable Artificial Intelligence

Snap4cCity (C), August 2024
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-

The difference IS on compu

e Simulation models,
e statistics and operations research techniques
e Machine Learning and Artificial Intelligence techniques
o exploitation of heterogeneous data, BIG DATA
o Predictions, Early Warning, Anomaly Detection, ...

o What-If Analysis integrating predictive models and
simulations

o Explainable Al, XAl, providing to the decision-maker | o o

o detailed explanations on the motivations behind the S T
suggestions provided, so that the decision maker can
understand the process and the motivations

o evidence of compliance with ethical aspects with
confidence

o To be able to use the systems as a trusted
expert system.

=
))l‘-_——‘(«(
WindSpeed Humidity LevelSIRIdr Day15 2y3  Temperatu

‘ 11

--“‘- (((((((
Day3 MaxTempSIR MaxTemperature Temp re LevelSIRIdr Dan

— Day3

~— MaxTemperature

o] —— Humidity 21-12-2019

—— LevelSIRFre

—— LevelSIRIdr

e PrecipSIR
MaxTempSIR

1 SHAPValues
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XAI: Explainable artificial

intelligence
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Data Analytic

| N

-

Snap4City (C), August 2024



UNIVERSITA

prensonr DINFO - DISIT
DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND

FIRENZE [Botenesa = - NIERNETTECHNOLOGIES [A3

DISTRIBUTED DATA INTELLIGENCE

with tf.device('/device:GPU:8"):

explainer = shap.TreeExplainer(MODEL)

SHA

shap values = explainer.shap values(X train)

Day3 .
MaxTempS R NG
LevelSIRIdr |
Latce
Humidity |
MaxTemperature ||
PrecipSIR [
LevelSIRFre |
Dey's |
Day! [
Longitude. |
Temprerature [
Day30 [
VeltedsIR G
vevaxSR [
WindSpeed [N
MinTempSIR I
Atituce |G
Vegetation [INREGNGING_
MinTemperature [ NNREREEE

00 02 04 06 08 100 _
Mean(|SHAP value|)

Day3 High
MaxTempSIR
LevelSIRdr
Latitude .
Humidity ~— se—p— - -
MaxTemperature @
PrecipSIR —p— -
LevelSIRFre o
Day15 T:u
Day1 >
Longitude ~~ » seee—— - g
Temprerature —.— w
Day30 e e - - e
VelMedSIR e
VelMaxSIR ¢ e e e
WindSpeed B i S
MinTempSIR B el
Atttude et
Vegetation . -—.—'
MinTemperature + . Low

6 4 2 0 2 4 6
SHAP value (impact on model output)

shap.summary_plot(shap_values,
features_names, plot_type="bar")

shap.summary_plot(shap_val

ues, X_train,features_names)
STTEPFCITY (T, RUEUST ZUZF

'SNAP/ciry s
interpretability

*Feature importance: Variables are
ranked in descending order.

eImpact: The horizontal location shows
whether the effect of that value is
associated with a higher or lower
prediction.

*Original value: Color shows whether
that variable is high (in red) or low (in
blue) for that observation.

*Correlation: A high level of “Day3” or
“PrecipiSIR” content has a high

and positive impact on the classification.
The “high” comes from the red color, and
the “positive” impact is shown on the X-
axis.
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o J ) & 1 - - : - P - I J"
SHAP: Local interpretability

with tf.device('/device:GPU:8"):
explainer = shap.TreeExplainer(MODEL)

shap _values = explainer.shap values(X_ train)

higher = lower
base value g

0.4311 1.00 1 (a)

ﬁi?))))l-__(((((iﬁf |

MaxTemperature Humidity Day3 MaxTempSIR VelMaxSIR Temperature Day15 MinTempSIR

base value higher = lower
0.4311 1.00 . (b)

NI DD D N €€ (((

WindSpeed Humidity LevelSIRIdr Day15 Day3  Temperature Day1 MaxTemperatu
f(x) base value
0.00 0.4311 (c)
BRI EEEEEEEE e«

Day3 MaxTempSIR MaxTemperature Temperature LevelSIRIdr Day15

shap.force_plot(explainer.expected_value,
shap_values([7,:],fields)

Snap4cCity (C), August 2024

The ability to explain each prediction, is a very

important promise in an explainable Al.

(a) value of VelMaxSIR, MaxTempSIR, Day3
and Humidity contributed significantly to the
classification of the observation as a
landslide event.

(b) values related to rainfall in the last days,
LevelSIRIdr and Humidity given a relevant
contribution to the landslide event prediction.

(c) the value of features: Day3, MaxTempSIR,
MaxTemperature, Temperature and
LevelSIRdr have been determinant for the
classification of the observation into a no
landslide event.
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I\/Ioblllty and Transport Domain (2024/)

* Goals:
* Decongestion
* 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
e Optimization of transportation offers wrt multimodal mobility demand
» Algorithms and computational solutions, see next slide
Snap4cCity (C), August 2024
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Tools for I\/Ioblllty and Transport (oous)

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)
*  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)
* Road light controlled by traffic conditions
* Tracking fleets, people, via devices: OBU, OBD2, mobile apps, etc. (DP)
*  Routing and 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 |oT 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.
* Etc.

Snap4cCity (C), August 2024
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Select map [+
= | \
Zoom “i \
o ;
| :‘
v :
O "
O >
O =S
New Scenario B

Scenario name: Scenario name

Location: | Location

Scenario description:

Scenario description

ReferenceKB: | Reference KB

\ |

Save Road Graph: |Yes v

Save traffic Sensors: [Yes v
Save other Sensors: |Yes v

cenario Editor C(‘SNAPlIcnv

From: |gg/mm./aaaa D‘ .

To: ’gg/mm/aaaa e D‘ Edlt Road

| Save H Show Summary H Cancel | _J Segment
P ,

Category Street:

primary W

Nr.Lanes: |3

Speed Limit {km,.‘h]:|

Direction:

| Positive direction |

Restrictions:

| Select or create restriction v |

|

. ] : identifier
Editing L] O AL _ - -
L] o0 o O L O - o _— composition
Drag & drop || & e
> | Road Types: [ ISelect All [unselect All elemLocation
Spllt & JOln l =4 4abandoned bridleway Bbus _guidewayubus_stop ®construction elementC|aSS
D I t B ‘ & P corridor crossing Mdisused felevator eIementType
elete ‘ ) emergency_access _poinimemergency_bay isiand living_street m
Doand Undo [ & | SAnotoiny S e oty &l operatingstatus
. Y primary uprimary_link private raceway Mrazed P 8
P Hresidential rest area road Hsecondary_linkservice Speed Limit
’ - \ew ’ Bservices steps tertiary tertiary_link track trafficDir
®show Road graph trafﬁc_island Btram trunk_link Punclassified via_fen‘ata m
how Traffic Sensors | secondary yes Bpbus _guideway ohm:military:Trench highwayType
_l‘ ! - © OpenStreetMap contributors

https://www.snap4city.org/976
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¢“SNAPciry

ldentification of critical courses of bus lines, over day and week

Effects of changing the position of Bus Stops, courses and line

schedules, bus size, etc.

Effects of changing the contextual conditions:

— The opening of shopping centers, cinemas, schools, etc..

— Changes on city structure and paths

— Size of the buses

https://www.shap4city.org/odanalyzer/#b
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brait srupl | DINFO | DISIT 4
FIRENZE | St oo | RBNEREL e C(' SNAP4CITY
. soals  ClIty User Behaviour/services, Tourism and Safety (2024

* 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)
* Monitoring services: tickets, reputation, usages, areas, etc.
* Monitoring user behaviour (counting, trajectories): indoor/outdoor, hot places/services, ports, beaches,
* 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.
* Collecting complains, requests, participations from City users via mobile apps
* Computing predictions of any kind
 Solutions for Planning (optimization and what-if analysis)
e Reduction of Pollutant Emissions, via optimization
* Optimization plan to distribution of workload on multiple touristic offers/services, area cleaning, etc.
* Predicting reputation of services, touristic and operative
* Algorithms and computational solutions, see next slide SnapACity (C), August 2024
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City Users Behaviour, Safety, Security and Social Analysis (2024/s)

* 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,
e 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
e 15 Minute City Index, etc. (modeling and computability)
 Computing SDG, etc., (DP)
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Predicting City Areas Crowd level S . S
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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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* 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.
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Dperator Interface to manage complains

J
e J
= ¢vsnAPdcy Participation App Dashboard INITtoACK
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‘mobile app.Toscana in a Snap: https://www.snap4city.org/541..
‘User Engagement: https://www.snapé4city.org/486 s o
*MultiPurpose user engagement: https://vay.snap4city.org/548
‘User Engagement admin: https://www.snap4city.org/472

JoAste re3e

https://www.snap4city.org/1018
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Environment and Quality of Life

Air Quality Predictions

= N R T
T TR 8
. . L= QS
* Multiple Domain Data N
* Traffic Flow data, Pollutant: NOX, CO2, | . o
PM10, PM2.5, 03, ... = | by
* 3D City structure, weather, ... T '
. e o T Mo Dt
* Multiple Decision Makers
e Pollutant Predictions: NOX, NO2, ..
 City officers, energy industries e
* Dashboards, What-IF analysis AR L
. Traffic FlOW ReconStrUCtion “‘A_":—?“- """ :. ;223 Air Quality Directive WHOguidelines
[ (] (] | :'_: P Pollutant Averaging period CBlscteiondlicss lnacrsernd Comments Concentration Comments z
* Historical and Real Time data = b o
g " ) . 106-125 8 25 ne cay _ 25 pgm () (3 days/year)
: Bllllons Of Data (-:) 2 ; =121651150 PM, . Calendar year Targetvalue, 25 pg/m? Thit‘laarliz _D'.'Ii t;‘;;z 10 pg/m?
+ Services Exploited on: N S SR T e & i E
* Dashboards, Mobile App R | 4\ Sl s
NO2 co Maximum By . Not to be exceeded on more .
° [ 65.1-:’?“9;."' 0_16-9>'_J,m‘ 0, 3-hour "B Targetvalue, 120 pg/m than25032¥str?§3;y::;;saveraged 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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Enwronment waste, land, etc., domalin ozus)

* 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.
e 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

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE
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Tools Environment, waste, land, (o24s)

 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)

DISTRIBUTED SYSTEMS
NTERNET

NG
(1 <
ANDI
TECHNOLOGIES LAB

 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, PM?2.5, etc

Impact of COVID-19 on Environmental aspects (DP)
Computing SDG, SUMI, SUMP, .. (mainly DP)
Snap4cCity (C), August 2024
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Dataset Construction Previsional Model

Dataset Model training
Construction And validation

1 y

= = =
g g 3
2 4 2
= = =
g g g
- £ =
= = =

Model] . E % %
Data

SNAPA4City]Advanced APIs

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

Field: rain,
weather, etc.
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@
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0 . ,
landslide DB S Big Data Model execution
& Storage | Predictipns Shap Assessment
, :: > and KB Data Analytics 10T App
Real Time Management
data from 5
2
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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 Snap4City (C), August 2024
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'y Local COZ trom (rarric Flow Data

13 forov

e Traffic Flow is one the main source
of CO2 (ton of CO2 x Km x Vehicle)
e K1: Fluid Flow

* K2: Stop and Go A
Computing Traffic Flow * Dense estimation of CO2 into the;m_,“/.i\ 3
into CO2 sensor area . . e / TRy o . |
city is very useful to knowtotarget =~ .+
Computing CO2 on the basis of . =
traffic flow data it f LY
u § P o8
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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KPl on NO2

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

2020 values
+30

predictive models are:

Month +iA0
:agzOfT heYear 441
Tmean +120
Humidity ﬁ": +150
windMean ¥ +180
NoxDomestic

numberOfVehicles [ ocomennes "l 13 wcrov
NO2cumulated A @
NO2progresseveMean RN

numberOfVehiclesCumulated

CUSNApllCITY

montns in adva

"an.m,

=

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>
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Goals: Energy Domain (ozass)

* Energy consumption reduction, increment of efficiency, sustainability
e accessibility to services

Solutions for Operation (monitoring, managing, mobile apps, digital signages, control rooms)
* Monitoring energy consumption (heating, cooling, prod.,..), conditions, charging stations, etc.
* Managing Smart Light for city: dimering, programming, traffic control, controllers, legacy, etc.
e Early detection/warning, alarm, of critical conditions
* 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

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE
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Tools Energy Domain oaus)

* 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

e Collecting and managing Communities of Energy

* Computing KPI

* Etc.
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Smart Light Control of C APcLON B

* Energy Domain
* Smart Light, MQTT, ....
* |oT Orion Broker FIWARE

 Dashboards

* Map coverage on Sweden
* Monitoring and real time control

i HELSINGBORG H22 DEMO - C3PO-NEWGUI =a
Tue 3 May 22:27:27

FFFFF

SET COMMAND

* Energy control, analytics B —
e Direct control
* Historical and Real Time data T s
* Services Exploited on: s
° Multlple LeveIS’ API e ———— | =
° DaShboardS A1 . illuminancelLevel - 7 days

DOCFSEFFFERBARDES

* Since 2020
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UNIVERSITA DINFO ol .
DEGLI STUDT | 15, anvento oi DISTRIBUTED SYSTEMS AND [kmis T}
FIRENZE  Notenera INTERNET TECHNOLOGIES [AB ‘ ITy m€
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE o
AND TECHNOLOGIES LAB

Assets Control Domalin o24ss)
 @Goals:

e Costs reduction, increase service availability, risk reduction
e Quality Level

 Solutions for Operation (monitoring, managing, mobile apps, digital signages, control rooms)
* Monitoring :
* Assets: switches, Wi-Fi, servers, UPS, sensors, building, TV Cams, etc.
* Energy: consumption, operative conditions, UPS continuity, etc.
* Production: continuous serviceability analysis
* Etc.
» Early detection/warning, alarm, of critical conditions

« Multichannel Event reporting, notifications: email, Telegram, mobile apps, SMS, etc.
* Managing maintenance operation, predictive maintenance
 Computing predictions of any kind
 Solutions for Planning (optimization and what-if analysis)

* Reduction maintenance costs, reduction of critical SLA conditions, improve service level

SnapA4City (C), August 2024 142
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UNIVERSITA DINFO x il [P

DEGLI STUDI DIPARTIMENTO DI DISTRIBUT_IED SYSTEMS AND s N A p4 m

FIRENZE MRwaoe  BEabEiialion. CITY =t
* Goals:

* increase efficiency, cost reduction, sustainability
e 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.
e 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
Snap4cCity (C), August 2024 145
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AND TECHNOLOGIES LAB

Smart Buildings, Snap4Bullding (ozss)

* 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 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

Snap4cCity (C), August 2024
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* Set up a Snap4lspra demonstration to:
— Enable the analysis at level of building, floors/zones for Zones

Occupancy vs Energy consumption
— Enable the analysis of parking areas

— Conformance with EU Login
— Exploiting heterogenous data coming from multiple sources
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Building / Floor / Parking:

All/ Single Building:

Variable:
occupancy v

Popup on Shape Click
v

Add To Map

Ispra - Occupancy8m

883

DINFO (DIS!

DIPARTIMENTO DI
INGEGNER
DELL'INFORMAZIONE

IA

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

Ispra Site, Buildings And Services

s

-
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Via Senlandia
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Via Gran Beetagna
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Occupancy

Number

\

N

T T T [l i
18:00 17. 06:00 12:00 18:00 13. 06:00 12:00 18:00 19. 06:00 12:00 18:00 20. 06:00 12:00 18:00 21
Oct Oct Oct Oct Oct
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06:00 12:00 18:00

el | F1]
:: 1} QTY

o - 'Pﬁm_

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 23.

Oct Oct

06:00 12:00

ot g q'
' SNAPdcy [
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Capacity - Allocation - Occupancy

Building 27B Trends Mon 9 Oct 13:47:14

Occupancy Weekly Time Trend Compare Office Mg 9m

100

=

= 803.9

. i 5

\ Temp. 9m

N A U e U A W
3. bet 4. bet 5. Dct 6. bet 7.bct

- i -

DOA - DOC - DAC

l
]\

bt 5. bot : ) ) 206

]

|

|
3,&)«( 4

Percentage POA - POC - PAC 4am o

100

o

*m}

\

A
/U M
bet 4. bet

o

Ve =
S B ERETER
3. bcl 4. bﬂ 5. bﬂ B J)Ct 7. J)ct

® DOA + DOC m DAC

5. bet

Occupancy Per Zones - Monthly Time Trend Comparison Stacked

3. 5.

75

N ,,_,WM"L_.MH L,M

14. Sep 16. Sep

@ Zone A - occupancy

Percentage Per Zones - Monthly Time Trend Comparison

LW

24.'scp 30. Sep

@ Fone B - occupancy @ Zone mf_C_P1_P2 - occupancy Zone D - occupancy

. [
I\ R A

14. Sep 16. Sep

24. ISW 26. ISI:D 28. ISI:I'I 30. Iﬁl‘l

® Zone A - POA + Zone A - POC Zone B - PAC + Zone mf_C_P1_P2 - POA = Zone mf_C_P1_P2 - POC Zone mf_C_P1_P2 - PAC

Heat Power Heat Energy 9m Energy Trends

Average Hourly Power

0 KW 1931279 kWh 8

2‘" 0 kWh
1

Cold Power Cold Energy 9m 4.bet

Heat Power (

kW)
0 kw 888311 kWh Cold Energy (KWh)

En./Pax

&6cl o >
W Heat Energy (kWh) o Kvuh

C .SNApdclT‘l
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UNIVERSITA DINFO . ~ o LB

DEGLI STUDI | ppapmivento ol DISTRIBUTED SYSTEMS ) ) Km/4[CITY)

FIRENZE | BSitEimaone | SERGEEs e ‘ ) CITY L=
__ _J - N B e

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
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DEGLI STUDI IQR!IM‘E DI DISTRIBUTED SYSTEMS m
FIRENZE | BSfiSimaone | FEENGSSEs ae CITY L=zt

e

2y

Building 58A PT Trends Mon9Oct13:51:30 @@

Actual Capacity - Allocation - Occupancy Organization:Orion-1:Floor2_58A_PT - Occupancy

40 252

18.9

Y

. B A ) 5

@ Capacity 0

Occupancy [ i * llocati g g 3 6. 1):! T l):t 8 l)d

= 20 % ﬂ
0

Percentage Per Zones - Monthly Time Trend Comparison

150

da -

\ d , il
NP HLWA] M M TN

2. lSep 2. ISEp 26. ISep 28. ‘Sep 30. 'up

@ Zone A - POA 4+ Zone A - POC Zone A - PAC 4 Zone B - POA ¥ Zone B - POC Zone B - PAC

Occupancy Per Zones - Monthly Time Trend Comparison Stacked
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FIRENZE | BStREfimaone | 2RNGRELs Las Pal i KIing CITY Lz

- PRI )

Parking 58C Fri 6 Oct 18:33:41 (1)

A1_18|A1_19|A1_20 Capacity Free Slots 9m Occupanc... 9m

i

9 TV9 TV

85# 74# 12.9%

|

‘eftv LL'I\TL'W

o~
s
697 TV

OverparkingSlots 9m Unknown State Slots 9m

0# 3#

g

g

Free Slots Weekly Time Trend Compare 9m ©
|A1_24]A1_25|A1_26fA1 27 A1_29)A1_30 Al_33JA1 34 1AL 39|A1_40)

D

85.2

A1_as|a1_a7fa1_ag|a1_ad A1_51JA1 52 A1_55|A1_56 A1_61A1_62]

@ Current
@ Previous

0

30. Sep 1. Oct

SL TVPL TVEL TVCL TV|IL TV 0L TV

g

68 T |v8 Tvjes Tvfzs Tvfis Tv jos TvfeL TV

Percentage Of Occupancy Daily Time Trend Com...9m ©

3.2

Time Trend Comparison ——— ————— ‘ @ Current

@ Previous

6. O 06:00 18:00

Overparking Weekly Time Trend Compare Im ©

. Oct 12:00
® Current
@ Free Slots # Overparking  m Unknown @ Previous

Previous: 4.7 3
18:00
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S ¢. | UNIVERSITA
T2 | DEGLI STUDI
Sl Je -G Ll DIPARTIMENTO DI DISTRIBUTED SYSTEMS
EN VS FIRENZE | NGEGNERIA AND INTERNET
.J‘PJ i \‘\g DELL'INFORMAZIONE TECHNOLOGIES LAB
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* Prediction/estimation of
Average Score of Trip
Advisor as a function of
Twitter Vigilance Metrics +
other information

* Prediction/estimation of
Negative Scores on specific
Museum or service as a
function of Twitter Vigilance
Metrics + other information

standardized PC2 (19.3% explained var.)

Snap4City (C), August 2024
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standardized PC1 (35.8% explained var )

Twitter Vigilance




Interreg ¢“SNAP/ciry

[T

/Vediterranean e

Dubrovnik: Data Analytics o

B‘M

people count vs predicted people count

@ people count

* Assessing impact of 2 e

advertising _ ‘.

E0000 4

* Prediction of presences : oo

on the basis of . ' ’
* Social Media Twitter . . A, L
Vigilance LB T : A

e weather conditions e
e Historical data

INDUSTRY, INNOVATION

AND INFRASTRUCTURE

Twitter Vigilance &
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diterreg E

/Vediterranean e

Pont du Gard: data analytics

* Prediction of the ) ————
number of sold tickets T o forsst
24 hours in advance | — ™

|

* Using: 241

e Historical data 31

 Weather conditions |
 Social Media N

N

= 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
INDUSTRY, INNOVATION
AND INFRASTRUGTURE Ora predetta

Twitéer Vigilance
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AND TECHNOLOGIES LAB

. Industry production Domain (2o24s)

* Cost reduction, increase control on production
e Production optimisation
* Quality Level
 Solutions for Operation (monitoring, managing, mobile apps, digital signages, control rooms)
* Monitoring KPI: administration, production, commercial, faults, etc.
* Early detection/warning, alarm, of critical conditions
e Multichannel Event reporting: email, Telegram, mobile apps, SMS, etc.
* Managing maintenance operation
 Computing predictions on KPI
 Computing predictive maintenance
 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

Snap4cCity (C), August 2024 161



Snap4Altair Decision Support

supervision and control, Industry 4.0

* Multiple Domain Data
* Distributed Control System: energy, flows, storage, sl - ——m

Administrative data Administrative

. P fhope L) Fredns Consoiidated Energy data [ Planning result Outcome I production
DCS Real Time,
chemical data, settings, .. :

p
40:20 2020-10-24 23:00:00 2020-07-24 18:43:00 2020-10-23 18:49:39 [ - @)

¢“SNAP/cry

T

-'.“‘l

ALTAIR

ICIHI 1 [M[1]CIA| l

(> ESSECO'

* Cost of energy, Orders, T ——— o s
) - - - - - - - T N | =T T e e B
* Production Parameters e e
* Maintenance data | T — "o
* Multiple Levels & Decision Makers
* Optimized planning on chemical model = z
* Business Intelligence on Maintenance data
* Historical and Real Time data -
* Billions of Data — oo § &
| o1 B B
 Services Exploited on: = e B

 Multiple Levels,

Mobile Apps, API - =
* Since 2020 - =
Snap4City (C), August 2024 I
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DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
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Workriow ftor Ticket manag

Consumptions/productions

Idregeno ga:

Gloro gas .
>
CLORURO FERRICO STANDARD

CARBONATO DI POTASSIO

S ) — e Lo
T = | HAT
il e — | Events/actions
e z | Busmesslntelligence

 C—

T T e —

Dashboards and actlons

Maintenance‘
[ |

. [N TN TR

wwwwwww

OpeﬁMamt BPM Workflow

‘f;; - ‘-_..“;_: P mar‘iagement team assighement,

S e — F— material control, . 3574 '} ‘i
T et — o

| ——— (S )

|OT App, Data
event firing,
event detection
and firing
Critical event
management
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[ R - -- represent the details

with data .

DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND ) 4 |
F I REN Z E INGEGNERIA INTERNET TECHNOLOGIES LAB (_ Ac cr - r ola
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE J . J f J =4 f — vy J
AND TECHNOLOGIES LAB e - = 4 ==
s 15 ESSECO
: :NW MKW = MN.OH = : = \/ ALTAIR Adm Office TRl
» -~ » / Altair Production Line
A ot i il - . . . Y - D:::ri_- - §
- ' nea mu nen ° nea zea a0 Glamalken bl g
B L e s Map and 3D BIM modelling to:

-- associate physical é‘lé'ﬁ\%rﬂs

ot v b

e Lo ——

Historical and Real Time Data mowes | = ==

Synoptics for real time monitoring

i GHESSECD
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https://www.snap4city.org/dashboardSmartC

higher = lower
base value f(x)
0.8829 0.8834 0.8839 0.8844 0.8849 0 8_8550.89 0.8859 0.8864

o ((

84304'8871 5854 RedoxFeCl3Pot diff_S904B diff_S854 5484 35851

ity/view/index.php?iddasboard=MzA1NA==
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UNIVERSITA | BINIFO | DISIT 2 LT
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS SNAp4INDUSTRY mnﬁm

FIRENZE | befNrkvazone | TEGINOLOSIES La

Explainable/XAl - CNN-LSTM (SHAP)

Explanation of prediction generated by model for fault

[7 722

<—I'

SZash :4"'

higher — lower

base value f(x)
0.8809 0.8814 0.8819 0.8824 0.8829 0.8834 0.8839 0.8844 0.8849 0.88540.89 0.8859 0.8864
>>))»/)/_,!~_—g((
S4304 3S871 S854 RedoxFeCl3Pot diff _S904B diff_ S854 S484 S851

Explanation of prediction generated by model for normality

higher — lower
base value f(x)
0.2428 0.2528 0.2628 0.2728 0.2828 0.2928 0.3(0.30 0.3128 0.3228 0.3328

B ————————— e

S904C S871 KOH_2 charge KOH_1_charge RedoxFeCI3Pot diff S904B potFerricChloride diff _S484 S484 diff_S857 diff _S4304 S851 S487 diff _S904D

= shap history

Mon 23 Aug 09:54:43

Organizationiotobsf:MaintPredHistory - prediction e o

0s ﬂ M

0
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Time trend comparison (Gm) ©
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e, vy DINFO £
oY RITVEMO0 RSN, CvYSNAP4
=\ W F I RE N Z E DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE CITy

o LR
N AND TECHNOLOGIES LAB

* A feature optionally installed and optimally used to certify locally
or in federation with other installations.

* Blockchain technology on Snap4City can be used for:

— Certification of Data Messages =2
* Time Series, NFT with history of transactions, cold chains, transactions chains
* Maa$S, Waste collection Pay as you Throw (PAYT), etc.

— Certification of Devices/Entities =2
* Contracts, transaction, micro-transactions

— Certification of loT Devices/Entities Models
e Usage of Standard models and templates

Snap4City (C), August 2024
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. Dat
Fully non certified ate ] —
instantiate Data ] Time
Entity Model > Entity essage (t+1 Message Series
Data ] [t+1,t+N]
Message
Fully certified - ‘Data —
c Vodel Instantiat; c MData ] Time
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L | 1 Mob Apps

' WSs N
Proc:logic f——" | srv2 [T || Dashboards

I Storage 7

Smart City API WSs

I / \ 2 KnowledgeBase | OpenSearch srvl
v v | 7
: w \ I

v
—

T
Administrator /'
I 7/

AN
\\\\ | NiFi cluster » Kafka
N
N\
Br-oker \ \ @ = = = — Registration of Entities
Filter . . — data flow
Authentication & Authorization | | S
Ownership Management ———— search to verify & enrich
— === Auth. & Authorization
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Ent.Directory
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BCVerify ! Broker Filter
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v
P1: Abstraction BlockChain
4

MSPs
cp
ORG1.MSP <:::::::::)
ORGZ.MSP { CAZ |
&Iockchain network /
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Snap4City with Blockchain

J
HOST 1 HOST 2 HOST 3 HOST 4
> Snap4cCity Snap4City Snap4City Snap4cCity
REQUEST INSTANCE INSTANCE INSTANCE INSTANCE
INSERT INSERT INSERT INSERT
7| READ APLII bl API API API
\_

/\
JSAN

( CHANNEL )
network
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T - - 172



oNvEss DINFO  DISIT

DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND

F I RE N Z E INGEGNERIA INTERNET TECHNOLOGIES LAB
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
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Snap4CityDocker x y X t x 9 x x y selector for the lab

c A Nonsicuro  dashboare b S T php? t-d 9 e p d n h a p t Nuovo Chrome disponi
Snap4CityDocker

Switch To New Layout (Beta)
User: userrootadmin, Org:

Organization
Role: RootAdmin, Level:

Add new request.

10T Applications Show v |entries Search:

= 10T Directory and Devi
Device Identifier From date #| Todate #| RequestStatus #| Report

& My IOT Sensors and Actuaters
10T Sensors and Actuators traffic_9001 N79-01-01T00:00:00 1179-01-21T00:00:00 completed DOWNLOAD REPORT 1000 o]

@

10T Bevicss traffic_2001 1179-01-01T00:00:00 1179-01-11T00:00:00 completed DOWNLOAD REPORT 528 0
10T Devices Management
[ — traffic_9001 1179-01-01T00:00:00 1179-01-15T00:00:00 completed DOWNLOAD REPORT

ke
e traftic 5001 T179-01-07T00:00:00 1179-01-06T00:00:00 completed -

v & HOW TO: Deploy/install your s X Snap4CityDocker X R ccepts Only X 2 a o X 9 e X Snap4City loT Directory X jQuery selector for the label o

traffic_9001 N79-01-01T00:00:00 1179-01-02700:00:00 completed DOWNLOAD REPORT

€« c A Nonsicuro  dashboard/d hoardSma d y a olog p d b s 3 . Bg Nuovo Chrome disponibile

traffic_2001 M79-01-01T00:00:00 1179-01-01T00:00:00 completed DOWNLOAD REPORT

Ext. MS Broker Devices Discovery
Ext. MS Broker Discov: traffic_1002 2024-04-03700:00:00 2024-04-26T00:00:00 tochange pending DOWNLOAD REPORT
Ext. Broker Devs Periodic Update 1

Snap4CityDocker

Switch To New Layout (Beta)

Rules for Discovery Showing 31 to 37 of 37 entries

Doc: [OT Directo User: userrootadmin, Or
Organization

Role: RootAdmin, Level:

Create an 10T D

Create an |OT Device Model
LOGOUT

dd a Y vice intc 4City
Add an 10T Device into Snap4City Add new request

Resource Manager  ~ 10T Applications v Show v |entries Search

OO UOU ™ & & 88880 ses

Development Tools ¥ = 10T Directory and Devices

Device Identifier %| From #| Todate 4| Owner §| RequestStatus #| Report

My IOT Sensors and Actuat
10T Sensorsand Actuators traffic_9001 1170-01-01T00:00:00 1170-01-02T00:00:00 completed DOWNLOAD REPORT % 0

Management ¥

Decision Support Systems v o
traffic_9001 T170-01-01T00:00:00 170-01-01T00:00:00 completed DOWNLOAD REPORT 48 0
10T Devices Management

Devices blockehain verification traffic_9001 TI71-01-01T00:00:00 N71-01-21T00:00:00 error DOWNLOAD REPORT 1008 0

ke
(OT Srokers traffic_9001 T171-01-01T00:00:00 N71-01-11T00:00:00 completed DOWNLOAD REPORT e o
FIWARE Smart Data Mode

10T Device Models traffic_9001 T7-01-01T00:00:00 N71-01-15T00:00:00 completed DOWNLOAD REPORT 720 0

Deploy and Installation =

SuperSetting

10T Devices Bulk Registration
traffic_9001 T7-01-01T00:00:00 N71-01-06T00:00:00 completed DOWNLOAD REPORT 288 0
Ext. MS Broker Devices Discovery

traffic_9001 T71-01-01T00:00:00 171-01-02T00:00:00 completed DOWNLOAD REPORT 2 0
traffic_9001 T7-01-01T00:00:00 N71-01-01T00:00:00 completed DOWNLOAD REPORT 48 0
Doc: 10T Directory and Devices traffic_9001 1M72-02-01T00:00:00 172-02-21T0C:00:00 completed DOWNLOAD REPORT 1008 0
Create an IOT Device Instance
traffic_9001 MN72-01-01T00:00:00 N72-01-NTO0:00:00 completed DOWNLOAD REPORT 528 0
Create an 10T Device Model
< 3

DU OU WSS nedeeee

Add an 10T Davice into Snap4City

Showing 11 to 20 of 37 entries
Resource Manager v Previous

Development Tools  »
Management ¥

Decision Support Systems

Deploy and Installation ~

Superetting v

ard, ory/management/blockchainrequests ph

1801
18/04/2024
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2023 booklets

* Smart City

https://www.snhap4city.org

/download/video/DPL SN
APACITY.pdf
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* Industry

https://www.shap4city.org/d

https://www.shap4city.o

ownload/video/DPL SNAPA4|

NDUSTRY.pdf

rg/download/video/DPL

SNAP4SOLU.pdf
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https://www.snap4city.org/download/video/DPL_SNAP4CITY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4INDUSTRY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf

2013 Km4City
Ontology 1.1
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Road Graph
- Mobility
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- Events
- Parking
- Services
- Linked open graph

o 2014

- Weather Forecast
- Real Time Wi-Fi

- Entertainment
-LOD

‘ - Twitter Vigilance
- Social Media

Analytics,
Km4City 1.4

Sentiment Analysis
o 2015

Km4City 1.5‘

DISIT lab roadmap vs model and tools’ usage

_resolute B H2020

_ - Mobility d oo
Km4City MIOSAIC  pemand / Offer gfetrz‘;h SNAPicrry
1.6.4 Sres P O ~—fg  Analytics and Industry 4.0

(2018-20) OStrategy o (2018-21) Synoptics

- Smart Energy i lﬂj)
o - Sustainable Mobility o ' \—)

- Control Room - Origin-Destination URARAIA
‘ : - Traffic Reconstruction o User engagement - Traffic and Mobility
Km4City 1.6.2 - Offer Analysis - Bike Sharing Impact on Pollution SODA
- OBU, smart devices - Data Analytics ++ NOX predictions
(2016-21) - Social Predictions
N
Nt ) QOO o E@].S - OBD2 2019
dlgltal ecosystem
Il MOBILITY SCN IOT/IOE
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o ‘@ Bt for Cities NS o
o (2017-19) [SHGREEN FIELD PEAS
 Resilience GREEN IMPACT - I0T/IOE, IOT App SfSodad40
Decision Support POR FESR 2014-2020 - L|V|ng Lab Aror “ & hmmw_‘_
- Smart First Aid - Industry 4.0 - Maker Support [T '
- User Behaviour - Critical Plant - 10T Edge - Industry 4.
Analysis, predictions - Monitorin - Smart City 10T
_ Risk Analysis b - SDPR & Securi o
- Privacy ecurity - Smart Lonato
2017 O -
(2017 20) Bl
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*
(2015-18) bee smart city

- Smart Waste
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