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SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES
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e Controlling Status: management, and operational

DINFO

PARTIMENTO DI
INGE NERIA
DELLINFORMAZIONE

o Monitoring via KPI
o Computing predictions data from the field and KPI &=
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 LA \
* Executive-management [P T\ ¢ WO\ o
* What is the right direction for the company? ; oW

o What-if analysis on scenarios

o Simulation and predictions

* Short-term focused (3 months to 2 years) \erop t%renze ?

T . « Focused on specific business department fimeri pucci
Ta ctica I * Middle-management
* What activities to be planned in strategic alignment?

o Resilience

* Be ready for Unexpected
Unknows £ Operational

dlldp4LiLy \L“), ULLUUEI 2uz4
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FTTIMENTO DI
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DISTRIBUTED SYSTEMS

AND INTERNET I y
TECHNOLOGIES LAB CI

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), October 2024
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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 <

Snap4City (C), October 2024
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Digital Twin -
J v

 Digital Twin
e 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.

e Easier to understand the context, review ' _ = - =
from multiple points of view |

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

* By Case Experiments for analysing

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

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

SnapA4City (C), October 2024 13
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100%
OPEN
OURCE l

Powered by
C FILARE

FREE
TRIAL

PEN Test
Passed

BPHEU GDPR
'?,/.' COMPLIANT

¢“SNAP/

Appliances and Dockers

Installations

“3  SciEce cLoun

=S

Node-RED

@roundation
EQ15

digital ecosystem

<X

NVIDIA.

a8 | wveems | pinro | pisiT  gol P ~ H - -
@ s e | B <'sNAPAcry Digital Twin Solutions for Sustainability

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

SMART ENERGY AND ENVIRONMENT AND
HORIZONTAL Al PLATFORM MOBILITY AND TRANSPORT
e g & - [ 2 ¢ _* B 55

» DEVELOMENT ENVIRONMENT

CITY USER’S SERVICES AND JRUDLIIAGTL T
TOURISM MANAGEMENT + VISUAL PROGRAMMING, ML, Al, HPC
- TRAINING COURSES
+ LIVING LABS

= GUI CUSTOM STYLES

» FULL APPLICATIONS, DASHBOARDS
AND VIEWS

= MOBILE APPS

RS

VISUAL ANALYTICS - SYNOPTICS - GRAPHICAL WIDGETS - ANALYTICS - BUSINESS INTELLIGENCE - SIMULATIONS

PREDICTION - ANOMALY DETECTION - CLUSTERING - ROUTING - SENTIMENT NLP - TRAFFIC FLOW - PEOPLE FLOWS - SDG
15 MIN CITY INDEX - KPI - HEATMAPS - ORIGIN DESTINATION - ETC...

-

- &
P&

e

’ ST | e .
EXPERT SYSTEM, KNOWLEDGE BASE L A VISUAL PROGRAMMING, ADAPTERS
SEMANTIC REASONING BIG DATA ANALYTICS, ARTIFICIAL INTELLIGENCE DATA FLOWS, WORKFLOWS
SMART DATA MODEL EXPLAINABLE Al, MACHINE LEARNING, GENERATIVE Al PARALLEL DISTRIBUTED PROCESSING
10T DEVICE MODELS, STORAGE OPERATIVE RESEARCH, STATISTICS DATA DRIVEN F

FULL INTEROPERABILITY, ANY: DATA, BROKERS, NETWORKS AND VERTICALS
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1

Digital Twin Development Platform

Wl I I D D D D D D D D D D B B B B .
Snap4City Microservice Platform

’

7 Things Edge 4
)5 " : % Proc.Logic v v"‘
R[ i

GW
Is Sensorsand Y
=’ Actuators Dat

— Data Knowledge : ?
4 ' Analytics:
) Ingestion Bases &

. HUB St MLOps,
o External orages ML, Al

Services

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

Web/Mobile Apps
Dashboards & Interfaces

<€

--------------------'

SnapACity (C), October 2024 27



PEN Test  EAEU GDPR
Passed RS COMPLIANT

* ok

https://www.Snap4City.org A, &

* 11 running installations in Europe
* Snap4.city.org, Greece, Merano, Cuneo, ...
* Toscana, Pisa, Sweden, ISPRA, Snap4.eu,
e Altair, Italmatic, Romania, ....

* 16 projects, 12 pilots on 10 Countries
e >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 |oT Applications/node-RED
> 750 web pages with training
> 75 videos, training videos

Snap4City (C), October 2024

Main Organizations/areas

* Bari(l
* Bisevo, Croatia
* Bologna(l)

* Brasov (Ro), by ICEBERG \S
* Capelon (Sweden: Vasteras, Eskilstuna, Katlstad) v

* Cuneo (I s’
* DISIT demo (multiple)

* Dubrovnik, Croatia

* Firenze area (I

e Garda Lake area (l)

* Greece (Gr)

* Helsinki area (Fin)

* Limassol (Cy)

e Livornoarea (!

Node-RED
Antwerp area (Be)

K-\‘!}. 24”‘”(\4

-~

* Lonato del Garda(l) s\

* Malta (Malta) X £
* Merano (l) L/Z ;
* Modena (1) -

* Mostar, Bosnia-Herzegovina
* Oslo & Padova (Impetus)

* Pisaarea (I

* Pistoia (I

¢ Pont du Gard, Occitanie (Fr)
* Prato(l

* Rhodes (Gr)

* Roma(l

* Santiago de Compostela (S) '

* Sardegna Region (l)
* Siena(l)
*  SmartBed (multiple)

¢

* Toscana Region (1), SM
* Valencia (S)

* Venezia area (!

*  WestGreece area (Gr)

* +|srael, Colombia, Brasile, Australia, India, China, etc.

¢“SNAP/ciry

30
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Technical Architecture

Entity Directory: /[ APl Manager
Smart Data Models -
loT Data Models Federa.ltlon
Smart City API

Digital Twins

|

<«— Sy OpenSearch

| storage l
‘ KB, graph \

GO0
Q >

G-

ﬂ

ﬁ

-v GeoServer [ Entitylnspector ]

Q) BIMserver.center [ Data Managers ]

Social Media

BIM  GIS

Gateways, satellite
External Services

ML, Al, XAl, DA

Artificial Intelligence:

T T adm

Studio

]4_,

On Edge
On Cloud

Web Scraping
Tv CAM streams

loT App

Event Driven

Y SNAP/ciry

/
Front-End Applicationq
Facilities

. [ Traffic Optimiz. ]

Scenario Editor

( Business Intellig.
CSBL

[ TrafficLightPlan ]
[

J
N

[ PublicTransport ]
[

f Dashboard Bld
& Manager

b [ Parking Mng. ]
[

Lighting Mng. ]
|

[ CustomThemes

)

Building Mng. ]
|

[ Synoptics

~

Environment ]

[ KPI Support
1

Waste Mng. ]

|
|
[ MobAppSupport
| |
[ Service Map
| |

Energy Mng. ]
|

| HLT Manager

Tourism Mng. ]

[ 3D Digital Twin

)
)
)
)
)

[

[

[

[ |

[ Sharing/poolI ]
[

[

[

Mobile Apps ]

[ Market/Sharing Place

Third parties solutions

alytics, ...

2024/8

A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data An
N
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* POI, IOT Devices, shapes,.. BT —
 FIWARE Smart Data Models,
* |oT Device Models

* GIS, maps, orthomaps, WFS/WMS
GeoTlff calibrated heatmaps

- Satellite data, any kind.. T e = B |
e traffic flow, typical trends, .. | BE, A N
* trajectories, events, Workflow, .. A Uy e T e P
* 3D Models, BIM, Digital Twins, .. =
 OD Matrices of several kinds, .. |w |

e Dynamic icons/pins, .. = B o
e Synoptics, animations, .. e "j' X o
* KPI, personal KPI,.. e : N :
* social media data, TV Stream, | — S e L = GO0 0N c
e routing, multimodal, constraints, |.. e pr—s v &
* decision scenarios,
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Standards and Interoperability (10/2024) "’SNAV

Compliant with:

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

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

* @General: HTTP, HTTPS, TLS, Rest Call, SNMP, 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
Milestone, TIM, HERE, ....

*  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,.. https://wvwv.snap4citv.orq/65

* Mobility: DATEX, GTFS, Transmodel, ETSI, NeTEX, ..

e Social:Twitter, FaceBook, Telegram, ..

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

e OS: Linux, Windows, Android, Raspberry Pi, Local File System, AXIS, ESP32, etc.

S8 Ny e -
- Foundation "~ FI AT E@ls — -
=5 @ \— bee smart city

Node-RED g q |O X dugutal ecosystam

" sigfox

partner network
0% | praristuni | DINFO

3

% | FIRENZE

Y ckan  HGIL @esri taia My sciEnce cLou

Pl O § OF T

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

Ingestion, aggreg. = exploitation

loT App Visual
Programming, no coding
e Data transformation
* Integration, Interoperab.
Scripting Data Analytics
Data ingestion
Business logic Server Side

e Edge and Cloud =
» MicroServices data - =
event driven develop — = -
via visual language — =
Node-RED

Snap4City (C), October 2024
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Snap4City

flow1 Flow 1

Node-RED

= ==  Data Adapation
= Beka Trgmgﬁ@[rm@f@m Conversion
Data Integration, Interoperability
IMJSH[TH@SS Logic vs Dashboards
Editin B 10T A \P QJJ cations Data A@@HW‘D’@S control
Everywhere: Cloud, on loT Edge Devices

Snap4City (C), October 2024
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Open Data CKAN

Ticket Management, workflow
BIM Servers

Social Networks

Video Management system
Gateways

Data Analytics

Statistic, Optimization
Simulation

Artificial Intelligence
What-if Analysis Support
Geo Utilities Support
Routing & Traffic Flow
MLOps support
Python support
R Studio Support

oS

Node-RED

Areas

Entities

Snap4City
Microservices

Proc.Logic
SSBL

Snap4City (C), October 2024

Data Load / Search / Retrieval

KPI, POI, GIS Data, Scenarios

Time Series, Public transport

High Level Types: heatmaps, ODM,...
loT / Entity Discovery

Delegation Management

Data Mapping

Dashboards

Widgets: Graphic Libraries
Interactive Widgets

Maps, 3D representations
Synoptics, External Content
Micro Web App

loTApp Management
Data Logs, A&A, Security
Ownership Management

VPN remote access



DINFO

Expert System semantic queries =~ %% = CCsNADian

* via:

e Smart City API for
Apps and third

party
* MicroServices
data driven
develop via visual
language
Node-RED

Snap4City (C), October 2024 40
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Federation of Smart City Services C SNABicr

Semantic Reasoners  -rs5S

KKKKKKKK

, »Cbg[ﬁ IIIII

=5 * Km4City Semantic Reasoner

- [t
Area l e

City API

A ServiceMap interoperability

s * Seamless for multiple
NLCICEL U [ =| Mobile Apps
T * Smart City API
- s =l Smar Y=
esi @ | ,(ﬁj é (iiy | city Alt°l = E Sup er:
| Area 3 p—— * distributed access and
- S F Smart City API sharing services

************ * Each city control its own data

Pl smart city ) e Final user can pass from one
y Klﬁé( oy API . P ;
city / area to another in

D e IndEpEndent'service’ SN - - T seamless manner: without
changing the mobile Apps

Snap4cCity (C), October 2024 42



Solutions: reliable, secure and fast to realize

* Via Snap4City tools
 Dashboard Wizard

 Dashboard Builder
* Data/Visual Analytic

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

Snap4City (C), October 2024
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IOT and data World

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

https://www.snap4city.org/793
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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.

Snap4cCity (C), October 2024
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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)

Snap4City (C), October 2024



UNIVERSITA | DINIFO | DISIT Z e
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS b‘
FIRENZE | BSEER oone | RBNEREL cao CITY ==

F=+)

o=+
- — - — “
0 aye
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Sensor 3D Columns

Additional 3D elements
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What-If
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Roads

3D Terrain, orthomaps, heatmaps




& SnapdCityDocker X @ Dashboard Management Systen X -+ v

HET

FLORENCE SCDT

Fri 13 Oct 18:29:18

DOUBLE MAP

A S

'mn“-“u,:,_-."“ ! MM*“

- -Om‘ we ‘*’ - - y "M” _.-“,m nn-.-:...u —e
0” " "q"u %‘ J
2 e L [ uﬂi
f | W’ m..m..

s S N ", \-
e = '\..,w\f.'u "
V- h(...“ y S e =4

Jpe s

: £
i —)
2 i

w‘."‘“

v

>

O
¢



https://www.youtube.com/watch?v=le2XNF8Ftxo
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whveRn DINFO  DISIT
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
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DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

 cone Control Horizontal Platrorm

— 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.

e Integration of any kind SnapACity (C), October 2024
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% FIRENZE | B, | vionito
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, optimization
o etc.,

Aerop t%renze
Ameri pucci

Snap4City (C), October 2024 60
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. w o >

DISTRIBUTED SYSTEMS

AND INTERNET I y
TECHNOLOGIES LAB CI

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), October 2024
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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.
62
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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
Weight Covernment
Average Services
m
Slow
Mobility 5 s ’ Health
3 /3
5 3 3 \S
Food Average
Services 9
' 5
3 |
3 v
Economy 5 Housing

Culture
and
Cults

Environment

Entertain.

Social Education

Security

1SMin Indexes 4 Max Value Suff. value

Snap4City (C), October 2024
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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

SELECTOR - MAP

{
+ MAPS ~

J Carpi

Correggio
Bomporto

I'Emlli;\

Rublera,__

+

Nonantola

Scandiano S Castelfranico
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
W 200- 350
B 350-500
B s500-650
B 650- 800
B s00-
B >0

15 MINUTI INDEX BOLOGNA CITTA

METROPOLITANA - NEWGUI

~ Heatmap Controls:

Max Opacity:

punto_|

( c——
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

Y SNAP‘ciry

1]
POVERTY

il

GOOD HEALTH
AND WELL-BEING

4

‘I CLIMATE
ACTION

Snap4City (C), October 2024
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Snap4City

User: roottooladmini, Org: DISIT “~&= Node-RED
Role: RootAdmin, Lewel: 7

GP5 to COMUNE GP5 to COUNT GPS to ZCS GPS and Values to |

GFP35 to Florence Qu

GPS to Heatmap\al

subflows

_ i
InjectedTimest |
@@ Dashboards |

GPS List As String

& My boards in All Org. ~ input

@ Dashboards of My Organizati y 1
| inject ()

@& My Dashboards in My Organization

catch .#.
@ Extra Dashboard Widgets ~ 4
————

[J service-search-near-marker

Select Categories sef msg.complete

status ) -
& N | Coniroller Join p—
Data, my Data, C | link o _\;\\\5‘/
. [T Le b & T
- —
N K dge and Ma| | matt |_l[| =" Increment GPS List Index [ —
: i Reset GPS List Index
IOT Applications « | hitp I_i[l Z
. 107 Acpiicatons e L L
il N .
MicroSery for ICT Applications | wEEZEEE "_r' Join
MicroServi afnaly | - 4
Change FileMame
10T MicroServices for Final Users m cEV e g
10T MicroServices for Developers | udp 0
Doc: IOT Applications —_— - Increment Categories List Index

= . a amgp2 (o]
How to Develop 10T Applications a7 \
Creatae A MicroService from RestCall | il
-
= 10T D F )
Ll B Sy T e TR - 1

=% Resource Man:

%3} Development Tools =

& Management & link | | xmestamp R, -~ Reset Calegories List Index S E
T J

Decision Support Systems = ,-_7]

o8 Settings ~ . ) timestamp —_— Check GPS List Index
lrhnn response |

User Management and Auditing - — §
() websooket | | fimestamp | ———u Reset GPS List Index [ " E

o |
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FIRENZE

Smart City Control Room ﬂ@ ¢“SNAPLcry

«‘Pﬂm-

G

Florence Metropolitan City

* Multiple Domain Data =  Firenze og, 3 '
* Thousands of Open/Private data, POI, |OT, etc. | — ,g:;_:f:f

* mobility and transport: accidents, public transport, - m__@
parking, traffic flow, Traffic Reconstructlon KPI, . , === Tt e

* 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), October 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, ...

Snap4City (C), October 2024

¢“SNAPciry

«‘Pﬂm-

G

€ C' | [ smartds.disit.org:8080/dss/home.jsp;jsessionid=F5523F87F9603F98CODFF2587B7D78F4#

=EHY@E@0

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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Trattic Flow Tools

Spire and Virtual Spires (cameras), Bluetooth, ...
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Air Quality Sensors
Weather Sensors
PM10 Heatmap
PM2.5 Heatmap
CO Heatmap
CO2 Heatmap
O3 Heatmap
NO2 Heatmap
Europ. AQ!l Heatmap
Air Humidity Heatmap
Air Temp. Heatmap
Wind Speed Heatmap
Gral Pred. HM NOX {3m)
Gral Pred. HM NOX (6m)
Traffic Sensors
Traffic Flow
Cycling Paths
Accident Heatmap

Accident Heatmap 2

> o> rrrrrr >rrrryr >

Only HRes Anym. Gral

>»

Schools

Air quality
trends

Firenze - Trafair - AirQuality Heatmayps

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

Multi Map
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Traffic Flow Monitoring - Firenze - Cloned?2?

Wed 11 Nov 15:01:32
# IN FLOW Firenze IN Traffic Flow (number of vehicles) Inc Daily Inp... Daily Inputs (monthly) (last value is incremental, real time)
212892 258 4392
15 966.9 193 B29.4
10 644.6 129 719.6
. Current ; Current
10549 #ofvehicles e Previous 97137 #ofvehicles _ - Provious
o 0
0400 08:00 12:00 19. Oct 26. Oct 2. Nov 9. Nov
# OUT FLOW Firenze OUT Traffic Flow (number of vehicles) Inc Daily Out... Daily Qutputs (monthly) (last value is incremental real time)
18828 2727912
4121 204 5934
9414 136 3956
. Current o Current
13720 #ofvehicles .. Previous 97457 #ofvehicles .- Provious
0 o
04:00 08:00 1200 19. Oct 26. Oct 2 Nov 9. Nov
ZTLin ZTL in Traffic Flow daily trend, entering in ZTL QoS as perc. of measures taken QoS as perc. of measures in ZTL
40152 100 956
30m.4 75 7 -
F— cp  Aualita bassa flusso totale < 70 T qualita bassa flusso ZTL < 70 11/11/2020
. weE Current Current : Current
2468 #ofvehicles . 5 Previous 25 Previous 239 Previous 15:01:33
0 o 0
0400 08:00 08:00 16:00 08:00 16:00
total of the day, yearly
2963k
222225
148150 Current
T4 075 Previous
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outflolv total overfthe day Yearly
Current
Previous
Drec 19 Jam 20 Feb 20 Jun 20 Jul'20 Aug '20 Sep 20 Ot 20 Nowv '20
COVIDY9 fansecammor
88912
BEEE.4 o
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ACTION

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

g sy 4 © INPUT Convld + Max Pooling 6 BI-LSTMs layers FullyConnected
oA o9 =
R~ * g‘g = ' E—

i S e TR — SSSEES
((((((((( ” Q 99 gy = ... 48 ...48 (3 s s s s s s ©
o =55 goees
o T e R e ol is
Urban data: RF CONV-BI-LSTM ﬂ

= Date'tlme — XGBOOST 3000
* Traffic DNN
e Temporal LSTM 2 2000
e Seasonality BI-LSTM £ oo

Autoencoder BI-LSTM

* Pollution _Att tion CONV-LSTM =
*  Weather . - )

CONV-BI-LSTM 500 1

0 100 200 300 400 s00
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* Making decision on mobility
and transport solutions =2
what if analysis

* Controlling pollution

* Dynamic Routing for
Firebrigade, Ambulances,
general public

* Planning Public
Transportation routing

@@ Firenze
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Qualita Trasporto Pubblico - Cloned

Firenze - 6 linee Sat 22 Jun 07:45:48

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 13 (in Sec) o Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 31 (in Sec)

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 17 (in Sec.) Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 36 (in Sec.)

Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 23 (in Sec.) Andamento del ritardo medio sulle corse attive nei 5 minuti - linea 6 (in Sec))

Andamento settimanale - Linea 13 D Andamento settimanale - Linea 17 Andamento settimanale - Linea 23

16, Jun 17.Jun 18. Jun 19 Jun 20.Jun 21 Jun 3 17.Jun 18.Jun 19, Jun 20.Jun . 16, Jun 17.Jun 18.Jun 19 Jun 20.Jun

Andamento settimanale - Linea 31 (am) Andamento settimanale - Linea 36

Andamento settimanale - Linea 6

16.Jun 17.Jun 18. Jun 19.Jun . 21 Jun 8 . 17.Jun 18. Jun 19.Jun . . 16, Jun 17.Jun 18.Jun 19 Jun 20.Jun
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oM
3\.0‘2\“0 ®' Select scenario
NV

Select studio
o ° ; r Padiglione
lgeﬂ?d‘)‘m. Spadolini SR | INCID1 (My Own) vk
e Fortezza :
" da Basso & 7 =
;‘ " Qo
N I = >
. . 2 . B RIE
%/U uuu & L - b "N @
o S
; e Qf | Viale Fratelli Rosselli, San lacopino, Quartiere 1, Fire
Oq’u, A < ”S 5
8 A <7</,ﬁ y’ 32 R, Via Luigi Alamanni, San lacopino, Quartiere 1
account for: S i
o [ -
N !
N e <l
» t 29km, 4min30s

. Firenze
— RO u t I n g P::;‘::' N | 4 Continue onto Viale Fratelli Rosselli 25m
ol RS | P Turn right onto Via Jacopo da Diacceto 500 m
2% @ x 4 Keep right onto Piazza della Stazione 150 m
g r® Turn right onto Via della Scala 600 m

4 Keep right onto Piazzale di Porta al Prato 400 m |‘

— Traffic Flow reconstruction
— Evacuation paths
— Rescue team paths

Assessment on the basis of
changes:
— Mobility demand assessment
— Mobility Offer assessment

https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MjE5M

Jlilgp=reiLy \V), YLLUUCI vt

HNUIL T (VY Uwil)

3\ 1 \.‘ }
\

2787m.30s

“ 4 Continue onto Viale Fratelli Rosselli 70 m
\ \\ 4 Keep left onto Viale Fratelli Rosselli 150 m

P Turn right onto Viale Fratelli Rosselli15 m
N Tum left onto Viale Fratelli Rosselli 40 m

‘\ B Arrive at destination om

P TR
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{ i f
| Description: Not Available. | L) | Description: Not Available ]
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{ Weighting | / 3 Weighting ‘
2 £ Fastest with traffic v i
| | Fastest with traffic v B g ‘}5 & st with tra <
§ s
i & b
& Start date & time b & f d Start date & time
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L] 7 ] ! 95 %
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v ) \
Ty o+ “ , 4 n+ B
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5 " 7 5 4
1 2 y | o = U * {
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of 4 3 Arp, 5 3 Ny g Vi /s
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1 CLIMATE
ACTION

earning Al to surely Park!

-
-, — e e e e e o e e e e e e e e e e e o e e e e e e
. ope
- e "1 Explainabilit
AR : , 1.. Explainability
10 4 '
' freeParkslots 015 15 - fos \
20 r -
50D -0.10 2 : b w I
30+ F i | 4 20 T-02
I averageVehicleSpeed -0.05 ELER : %0 = I
' 401 = - ] !
vehicleFlow -0.00 45 - [ 3 v - gg 1.5 01
averageVehicleTime -| " 50 - L3 I
I —-0.05 55 4 - 20 0.0
vehicleConcetration - 60 4 45 4 1.0
-0.10 65+ 50 -=0.1 I
I temperature 70 - '55 - -
o -0.15 75 80 0.5
humidif -
I ty 80 65 -=0.2 I
dayWeek -0.20 85 70 I
.................... 90 75 - — 0.0 0.3
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.
I
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—» | Multi-step
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1024

Predictions

16

v~ Weather Features
IQ AAAAAAA

Aug 14 Aug 15 Aug 16.Aug 17 Aug 18 Aug 19 Aug

\
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Deep Learning for Short-Term Prediction of
Available Bikes on Bike-Sharing Stations  E.i

- /e Bi-LSTM m\%

s 22 4 (timesteps)

—— prediction
groud_thruth

[
o

g

bikes_available

|5

A @@ (35] A
@ &) |
A a : ! — ] !
X 0 100 700
R astiona

=y
o
—~
=]
c
3
o
o
=
o
-
-
o
]
-+
c
=
o
n

0000 - 0000
000 - 000
000 - 000

uoidipaid
Q

. NEURON +
sigmoid

1st Layer 2nd Layer 3rd Layer Output Layer

E. Collini, P. Nesi and G. Pantaleo, "Deep Learning for Short-Term Prediction of Available Bikes on Bike-Sharing Stations," in IEEE
Access, vol. 9, pp. 124337-124347, 2021, doi: 10.1109/ACCESS.2021.3110794.
https://ieeexplore.ieee.org/abstract/document/9530580 Snap4City (C), October 2024
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= f%‘;SNAMcm Monitoraggio Parcheqgi Sat13May23:2620 @@

Selector Selector - Map Parcheggi: Numero Posti Liberi 4m
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Smart City / Smart Parking + Environment
Reverberi, Lonato del Garda ER-:=<';citelum

Enetec
o ‘ GROUPE @DF

Lonato del Garda
Your SmartCity made true

* Multiple Domain Data
* Smart Parking, Environment, Wi-Fi

* Multiple Decision Makers
 City Officer, operators
e Data monitoring, alerting
 analytics

* Historical and Real Time data
 Dashboards

* Services Exploited on: ==
* Dashboards, API "
* Since 2019

pressure (5 humidity % (5n)  temperature (Go)

976 2 82 7 107
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UNIVERSITA D|NF°
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND

a

FIRENZE BEERNES S azone  DSrRBUTED DATAINGE LiGNGE B0 e
AND TECHNOLOGIES LAB Y
Vg =
r_l - J \ \ \+;‘ 2 ) "., su
Environment and waste R
J J J J J J _J J J CJ J ] e W - . m \\ 3 5y 4 (9"
* Goals: N\

* Reduction of emissions and EC taxations
* Cost reduction for waste collection,
* reduction of waste collection impact on mobility

* Environment Management producing prescriptions: b
— Monitoring and long and short-term predictions, warning for: Ey
« GHG, emissions, pollutants, aerosol, chemical plants analysis '
* land slide, coastal erosion (blue economy) £l

| S

— Traffic Flow impact emissions, predictions
* Waste Management and Optimisation:

— costs reduction, optimal routing production, pay as you throw,
— avoiding out of bins, predictions of waste production on bins, alarms

e KPI: SDG, 15MinCitylndex, QOS, costs, Km, colleting time, EC KPI, emissions
* Mobile App: final users services/informing and operators

— Info Waste for operators, participation, optimal routing, RAEE Collection, ..
e Participatory: problem reporting, ticketing, etc.

* Integration of any kind: env/weather, mobility, ticketing,
presences, POI, ..

Snap4City (C), October 2024 100
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EAQI Heatmap and sequence
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Y

DISTRIBUTED DATA INTELLIGENC

Vorkriow

¢“SNAPciry

Scattered loT sensor Data of Value {V}

/

IOT App

Web and Mobile Apps

/ Data Grid {V’} of {V} /
IOT App
V’’ values on GPS ~ak
x| | \(\
Area @m Alert ‘/YJ
Heatmap C . Assessment df\\ﬁ_.,
Data Server On Demalnd Fine . AleTTS A% =3 e zas

1 . Firenze - Trafair - AirQuality Heatmaps )

Interpo atlonCc u Conditioned == S

< Routing d’ o o \

Heatmap GeoTIFF

GeoTIF of {V’
Generation é”

Snap4City Heatmap Server

o e
2=ttt

@ GeoServer

heatmaps
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DISTRIBUTED DATA INTELLIGENCE
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Dataset Construction Previsional Model

Dataset Model training
Construction And validation

1 y

a
4
3
8
=
=

o =
S 5
= 2
‘s -
2 3
£ &
= =

Model] . E % %
Data

SNAPA4City]Advanced APIs

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

Field: rain,
weather, etc.

(%)
Q
(%)
Q . ,
Eandslide D; S Big Data Model execution
& Storage | Predictipns Shap Assessment
Real Ti :> and KB Data Analytics 10T App
€al lime - Management
data from S
)
(7p]
@
Q0
k=

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), October 2024
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Comparing Predictive Model/ar

et O o
encoder

I3 0.000173 0.000334 0.000600 0.009218
0.000173 0.000334 0.000259 0.009218

0.0131 0.0182 0.0160 0.0960

Accuracy 0.99 0.99 0.99 0.99
Sensitivity 0.79 0.36 0.24 0.19
Specificity 0.99 0.99 0.99 0.99
TSS 0.78 0.35 0.23 0.18
0.01% 0.02% 0.01% 0.11%

0.63 0.35 0.33 0.64

0.70 0.36 0.27 0.29

0.70 0.36 0.28 0.35

2.40 1.72 1.55 1.64

0.70 0.36 0.27 0.29

0.89 0.68 0.99 0.92

Global Explainable Al
- Feature relevance
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Local Explainable Al - una

The local explanation puts in
evidence the features which
provided major contribution to the
prediction

For example considering
FigurelOa, the value of
VelMaxSIR, MaxTempSIR, Day3
and Humidity contributed
significantly to the classification of
the observation as a landslide
event

P - 1 » I - f“J . - - -
erstanding the single event
base value higher = lower
" 0.4311 1.00 - (a)

DD D N N I & € (((

MaxTemperature Humidity Day3 MaxTempSIR VelMaxSIR Temperature Day15 MinTempSIR

base value higher = lower
0.4311 1.00 1 (b)
W) ) ) ) (({
WindSpeed Humidity LevelSIRIdr Day15 Day3 Temperature Day1 MaxTemperatu
f(x) base value
0.00 0.4311 (c)
Bl @@ @ aaaqeaaa

Day3 MaxTempSIR MaxTemperature Temperature LevelSIRIdr Day15

FIGURE 10. Local feature relevance via SHAP, as interpretation of
events in terms of feature values: (a) and (b) are events with predictions
of landslide. (c) a no landslide event.
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Smart Waste — Map view

=] Smart Waste Management

Thu 5 May T1:14:28

Select the bins Kind, Fullness and Status + he VALUE NAME: FI67896
from the dropdown below and press £ pescH
SUBMIT to see the results on the map. BETALS meron fEpes W, KN i

Last update: 2022-02-28 12:46:12.899Z

Kind Status | N anee S
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a5 Olotto i S paper [SURLid] vanie 4Tours 24 houn7 30 days6 montr 1year
plastic [SURI id] | R B | ap pre=n -

Via_Dei_Medici: ORGANIC fullness (<]

A i m.rdmm\u . & \ = i
i
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* Reduction of costs for waste collection
* Optimization of waste collection for the next day, forecast
* Production of rides and paths for the drivers on waste collection

* Operator:
* Refine a search by using the filters on the left side
* Click on a waste bin pin on the map:
* A popup with real time data is shown
* The fullness status of the selected group of bins is shown in the synoptic below the map
* Specific fullness weekly trends are shown below the map

* Chick on the «Table view» button to access the other dashboard
Snap4City (C), October 2024
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Search bins on map by filtering
per:

@,

Kind (All, generic, plastic,
paper, glass, metal, organic)
Status (Active, Not Active)
Fullness (Full, Half-full, Empty)
Address

Group of bins (by GrouplD)

GOOD HEALTH
AND WELL-BEING

4
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D DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND

FIRENZE  NGrcnema INTERNET TECHNOLOGIES LAB c IT
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENGE

L

| | - IAND’T-ECHNOL(LGIESLAB | s P - = 22 - o = ‘
y User Behaviour/services, Tourism and Sarety
‘:‘?ﬁ LI '

Goals:
* Improve Quality of Life and quality of services,
e Over tourism mitigation, sustainability
e Costs reduction of services
* Improve accessibility to services: citizens, Tourists, commuters, etc.
* Improve Security/Safety of city users

* People Flow Analysis / Management: in/out-door, retail, attractions
— Counting, tracking, Flows, ODM, sentiment, etc.,
— multiple sources: thermal & TV cameras, radar sensors, PAX sniffers, mobile data, ...
— Data and/or OD matrices from: Wi-Fi, traffic data, mobile phone data

— Suggestions: info Tourism, digital signages, engagement, ..
* Tourists Flows & Retail Management: predictions of presences, services’
reputations, suggestions on second offer, over-tourism, notifications, early warning,
* KPI: 15 MinCitylndex, energy vs people, over-tourism, accepted suggetions, precision

* Mobile App: final users services/informing and operators Real Time Counting
— Info Tourism, people flows, info mobility, sharing, ...
— Participation, engagement, ..

* Participatory: problem reporting, ticketing, etc.

@ number of Pedestrians number of Bikes number of Strollers

* Integration of any kind: env/weather, mobility, ticketing, presences, POI, ..
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. . CIty User Behaviour/services, Tourism and Safety (202419

* 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.
e Collecting complains, requests, participations from City users via mobile apps
* Computing predictions of any kind
» Solutions for Planning (optimization and what-if analysis)
* 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), October 2024 115
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» 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,
» Recency and frequency, permanence, typical trajectory, etc.
* Computing User engagement and suggestions for sustainable mobility (Rule Based, ML)
 Social media analysis on specific channel, specific keywords: see Twitter Vigilance,
* Reputation, service assessment: MultiLingual NLP and Sentiment Analysis, SA
* Tweet proneness, retweet-ability of tweets, impact guessing
* Audience predictions on TV channels and physical events, locations
* Prediction of attendance of events and on attractions
 Virtual Assistant construction, LLM, NLP, Sentiment Analysis (DL, NLP)
» Video management System integration for security
e 15 Minute City Index, etc. (modeling and computability)
 Computing SDG, etc., (DP)
o [+r
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* Prediction of
people flows
on the basis
of Wi-Fi data

* Anomaly
detection

* Resolute
H2020

e (Classification
of city areas

DINFO
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DELL'INFORMAZIONE

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

¢“SNAP/crry

ool 1 1
perac il Wt e |
- Predicting City Areas Crowd level el S
\ Wi-Fi based k characterizing Users’ Behaviors Pkl . ’“’
v g EpT—— T — > e .-t
- ? 9
¢
» % %
; ‘ 9
9
S
2

Guessing number of users of Wi-Fi Access Points

/Cluster conficriz/ce
AP average and confidence,

Actual AP trend for today

Predictive

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

SnapdCity (C), July 2021
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People Counting and Trackin
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-
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Monitoring AXIS CAM Q1952, Genova Mon19.Jun 18:38:55 @@

Pedestrian RT Stroller RT 9m Bike RT Pedestrians 10 Min 9m Stroller 10Min 9m Bikes 10 Min
0 0 5 0 5 Access Q1952

Real Time Counting Numbers Of Passages Every 10 Minutes, Last 7 Days 4m ©

16:00

@ number of Pedestrians + number of Bikes number of Strollers @ number of Pedestrians @ number of Bikes number of Strollers

Total Number Of Passages Per Day Number Of People Passing Avery 10min Compared With Yesterday

/’\.

960

L B
7. Jun 8. Jun 19. Jun

® Total in a day
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Valencia, FSMLR =

* Tourism Domain
* Counting People
* Environmental data
* Social Media

 Dashboards

* Monitoring and real time control

* People flow
e Twitter Vigilance

* Historical and Real Time data

* Services Exploited on:
e Dashboard

e Since 2020

Y SNAP‘ciry

;) = (=2 ]
Herit-Data ValencFSMLR wd interreg .
x o . 4 /Mediterranean ==
A
e HERIT-DATA
A
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“ - = ‘ \’,.. v

Ciao roottooladmin
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il 0s.
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ZERi=
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Santa Maria /IURISM(
(s Real . VALIRLIAPOS

HERIT-DATA - VALENCIA FSMLR - NEWGUI

SELECTOR - MAP
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VALENCIA:ORIONVALENCIA-UNIFI:CRIPTASANVICENTE_NEW - CONSERVATIONSTATUS

* ‘— SR o S S
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https://www.snap4city.org/dashboardSmartCity/view/index.php?iddasboard=MzE1MA==
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Severity
Low (White) v

=1 Waiting v

eyl

o,
e,

Pg,rft‘e
Vetchio

Via Roma

Bargo degh Albizi

Via dei Pandk

Yiale pjessand

| == Freo syoot

Fludd trafic

Event Registration

Insert Alarm Data

Hame
Kind
sevmity
People Involved
impact
Description

Road accident in Piazza Donatello involving 2

cars.

Search:

device
Telecamera2_22620240916T142852693Z
Telecamera2_22620240916T142613303Z
evento1609_120240916T7142419313Z
Evento160920240916T142139572Z

Telecameral_22520240916T13252553Z

<< Prey

Y SNAP/ciry

Thu 26 Sep 16:16:52

Creating Event

Name: Accident in P.zza Donatello

Kind: Road Accident

Severity: Yellow

#people: 10

Impact: Traffic Jam

Description: Road accident in Piazza Donatello involving 2 cars.
GPS: 43.77808930410576,11.267997622489931

City: FIRENZE

Address: PIAZZALE DONATELLO

Next >> Last

dateObserved
2024-09-16T14:28:52.693Z
2024-09-16T14:26:13.303Z
2024-09-16T14:24:19.313Z
2024-09-16T14:21:39.572Z

2024-09-16T13:25:25.53Z
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Creating Event

[ Reset | Reset Map J Filter ]

People Invoived K2
impact R

Firenze
Statuto
L \

Show Search:

device dateObserved

(-} fireonplazgardon20231031T221304273Z 2023-10-31722:13:04.273Z

EventWebCam M 3 ; e N Telecamerad_22320231031T14213584Z 2023-10-31T14:2135.847
CarCrash20231031T1344362507 2023-10-31T13:44:36.2502

CriticalTrafficJam2023103171327188887 2023-10-31713:27:18.8887

FloodedRoad20231031T1323092122 i 2023-10-31T13:23:09.212Z
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VMS vs Snap4City: sending and getting events, Al solutions
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Citizen Engagement/Participation via Mobile Apps

Produced information

GPS Positions
Selections on menus
Views of POI

Access to Dashboards
searched information
Routing

Ranks, votes
Comments

Images

Subscriptions to nojftications

Viewed ?
Accepted ?
Performed ?

Snap4City (C), October 2024
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Derived information
* Trajectories

* Suggestions
* Engagements
* Notifications

Produced information

¢“SNAP/crry

il [ I

:: 4|CITY ||
Vv

«'P‘ﬁm"u

B‘M

Hot Places by click and by move
Origin destination matrices
Most interested topics

Most interested POI

Delegation and relationships
Accesses to Dashboards
Cumulated Scores from Actions
Requested information

Routing performed
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To propose suggestions and Engage city user
we need to know how they ar moving

Speed distance
Previous median speed I

Previous speed |

Sport Facilities

User Type

Green Areas

Rail Line
Linear acceleration of Y-axis
BDS
Cycle Paths
Linear acceleration of X-axis
Time Slot
Linear acceleration of Z-axis
Non-Working....
Bus/Light-rail Line

== Average linear magnitude of...
Tourist Trail
Phone Year

Accuracy DL

Location Measure kind e

0 20 40 60 80 100

(T

M PublicTransport M PrivateTransport W Walk M Stay

Artificial Intelligence
Classification

Suggestions
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DISTRIBUTED SYSTEMS

AND INTERNET I y
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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 2

o Generative Al Prescriptions, scenarios What-If Analysis,
L Optimization <

o Resilience to Unexpected unknows

o What-if analysis wrt scenarios
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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.
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27 DEVELOPMENT N\ % )
o
[ o E‘,_-pﬁmfg]
9 comomeAH 4 o e 15 Minute City Index: e
AND WELL-BEING EDUCAIION

— 13 subindexes: energy, slow mobility, fast

mobility, housing, economy education, culture
| ' and cults, health, entertainment, gov, food,
security...

*  Optimization of car sharing/pooling

*  Monitoring and Prediction of energy consumption
e Stimulating: Bike sharing, e-bikes, car charge, etc.
e Sizing energy plants

_Si...1* Predictive maintenance
ANDINFRASTRUCTURE ..
* Decisions Support Systems
* Process optimization, control
* Industry 4.0 integrated solutions

~ + Reduction of emission, reduction of congestion
* Smart City infrastructure: monitoring and resilience, long
terms predictions
» Effective and Low cost smart solutions
* What-if analysis, Simulations
* Origin Destination matrices computation

Optimization of Waste Collection

business intelligence tools for decision
makers

Reduction production costs
Monitoring resource consumption

1 CLIMATE

ction of emission, reduction of congestion 16 PEACE, JUSTICE Shortening justice time
ACTION

itoring and Predicting: NO2, NOX, CO2, Traffic IAPQIIUI(IJONS Prediction of mediation proneness
pollutant, landslide, waste, etc. kY. Assisting institution is taking legal decisions

Anonymization and indexing legal docs.
Ethical Explainable Artificial Intelligence

ic flow reconstruction

O

and vs Offer of Mobility analysis
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Available Al Solutions on Snap4City

https://www.snapdcity.ore/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/
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FIRENZE | B&tRFSkuazione | FECHNOLOGIES LaB

OSM data with non
clear double
bidirection lane on
Viale Redi,
Florence.

Editing OSM data
and present Tiles

Correcting road
graphs from OSM

YellowsSquare, g
Florence

openstreetmap-website

OverpassAPI <<service>>
web -
<<SEIVICE>>
L db
<<service>>» {I E
overpass-api ) X ] PostgresDB
pass-api Query response iD editor | stg
Query tool "
AN iDlegge e scrive sul
database tramite il senizio
Dati OSM per gene Tiles ‘db’ con OSM AP1 v0.6 Dati OSM
i
H

After Corretion of OSM
data defining a clear

double bidirection lane
on Viale Redi, Florence.

o

— _

T — - Regeneration of the
[Eo;-;si;-bq. T TILEs for the maps

! Tiles access E
<Process>: web interface
renderd
T, AN
i" |
| /dataftles
\_t__ - .
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st |DINEO [DISIT o e ;
FIRENZE | B . | M. CENario colcor CITY .
\N. F :

rege|
+
SeIeCt ma p ‘ Scenario name: Scenario name |
‘ -__l Location: | Location ’
Zoom l;‘ Scenario description:| Scenario description |
— ReferenceKB: |Reference KB |
® ’ Save Road Graph:  [Yes v
u Save traffic Sensors: [Yes v
r/ Save other Sensors: |Yes v
From: |gg/mm!aaaa Dl .
To: ’gg/mm!aaaa Dl ’I Ed It Road
| Save || Show Summary H Cancel | ’ Segment
- = VA — —_
O . Category Street: primary W
O g Nr.Lanes: | 3 ‘
O Speed Limit (km/h) |
Direction: | Positive direction v |
. Restrictions: Select or create restriction b
New Scenario | l
s 73 identifier
Edltlng IQ . "~. !—TT—_F ege
L+ S8 o = composition
Drag & drop (5] O Road ypes: OselectAll  CUnselect Al elemLocation
Sp||t & JO[n lz abandoned bridleway Bbus_guidewaytbus_stop M construction elementClass
Dele te | ‘ i ’  corridor crossing P disused elevator eIementType
‘T] emergency__access _poinﬂemergency_bay isiand Iiving_street m
DO a n d U n d O o ? | motorway motorway_link Mno platform (e
- '—’ ) ' primary upfimary_llnk private raceway Mrazed oPeratlngStatus
—_— Hresidential Drest area road ®secondary_link@service Speed Limit
- ‘ b ’ services steps teniary tertiary_link Btrack [ trafficDir
®show Road graph trafﬁc_island Biram trunk__link Punclassified via_ferrata m
| hOW Traffic Sensors | Hsecondary Pyes ®bus_guideway Zohm:military Trench hlghwayType
.l. 3 © OpenStreetMap contributors
https://www.snap4city.org/976 Properties of Road Elements T
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Traffic Flow Analysis By Scenario Mon23Sep125312 @@

Scenario \ INIT to ACC Compute Compute Show TFR
° > | Piazzale Donatello | Load Scenario: ® it O Ace TERS KPI

Editor y : A Hﬂ N — [oico0s V]
s A \ \ i Sl:enarmswamngluheulutessed._

degl. 1glesi 1 fu ic| - Scenario version: | 2024-09-23 11:58:27

Some 19 N :
i \ A Giardino 95 | | oad Scenario || Clean
o Points of X \ L | | | Data Update

Interest i Campeggi .

. \ . +()32 ®La Spiga
Traffic | y ne P, enrico909 2024-09-23 12:06:03 {tfr)
Sensors \ / Mesticher

E b w ( - Danatello
Ai I' b M.ytheca 4 2R E
ir Qua Fivs tta I el L 1 00" .
o Quality . a. i % X 3,:,:";,”, —— 2024-09-23T15:00:00402:00 ~

Sensors BagHopatal
Fluid traffic

Haavy traffic

Weather

HETE N RE o () Sensor positicn

(ow) AN KPI Value
Total CO2 emissions [ug/m#3]  13,979.071

Bus Stops \
o / Dd D ¢ orionUNIFI_DISIT_deviceNameenrico909_2024-09-23T10-06- Tl i) FoTemeEs I O
%] Traffic state objective function [#]3.935
J Tram Stops (£ | ; Traffc Heatmap Controls: @EZED [ numberof vehides [#] 51.394
Eshow Road graph Max Opacity: 1 total kilometers [km] 3.886
Shaw Traffic Sensors ‘ - 2024-09-23 15:00:00+02:00 total travel time [s] 314.575

| Filter by road types

= Wery heavy

= £ OpenStreetMap contribut

DISIT:OrionUNIFI:METRO1098 - VehicleFlow Time Series

I 12. Aug 19. Aug 26. Aug ; g 23. Sep

@ DISIT:orionUNIFEMETRO1098 - concentration

€ SNAPAcrry E
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Selectornew

Traffic Flow
Manager New

https://www.snap4city.org/dashboardSmartCity/view/Gea-Night.php?iddasboard=Mzk3Nw==

4 @orconaturale
regionale
— | delle Alpi
Apuane
[ ==
10
\ Seravezza
Pietrasanta
N\

Camaiore

‘Inam\gglo Massarosa

> Luccar capannori

San Giuliano
Térme

Pisa
Ne

0-2%
2-3%
3-4%
4-5%
5-6%
6-7%
7-8%
8-9%
9-10%
10-100%

“Cascina

ODM Origin Destination Ma
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o =
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|
Pistoia___  yiontemirla
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Castelfiorenti

Certaldo

Pogaibonsi

Privacy Policy

Cookies Policy  Terms and Conditions

Contact us

Barberino
di.Mugelio

e BorgoSan

Lorenzo..

Parco Nazionale,
delle Foreste
Casentinesi,

Monte
Falterona
e Campigna

B0y 105sieve
\
\

Reggello
i)
1% | S
Figline g{nc‘:a
Valdarno
N\

San Giovanni
Valdarno.
BRNY

\

Montevarchi/

Wed 1 Nov 10:47:28 — 1=

Origin-Destination Map
Controls:
Show all polygons:
Time period: | week v |
Precision: municipality

Flow:| outflow v |
Max Opacity: < c——(

<Prev | 2022-07-07 00:00:00

<< week

Hover over a zone

Free street

Fluid traffic

Heavy trafiic
- \ery heavy

Sensor pesitien

FirenzeFIPILITrafficRealtime
Traffic Heatmap Controls:

Max Opacity:

2023-11-01 03:00:00
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DEGLI STUDI PARTIMENTO DI DISTRIBUTED SYSTEMS m
FIRENZE | B | S5 RESE: 1o CITY .

O’ri’g‘iﬂ”ﬂﬁgﬁﬁﬁﬂbh Ma’tﬁ% based 6h1‘Mbb&ite%prs&“ﬂaﬁ“ torferrcond

“« n » 2018-06-01T00:00:00.000Z 1] @ 4.2mps
Forli OD Flows
98698
0%
Precision: | communes v
Flow: |outflow v |
. Organization: | Tuscany v |
La Spezia
m Opacity: ¢ —ft > 040
Massa
Pistoia
Prato
Lucca

Pisa

Livorno

Arezzo

Siena 0.5-0.6
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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

e Optimization and what-if analysis traffic light, infrastructure

— Reduction: travel time, waiting time, stops, CO2 emissions, consume fuel, travel 3 A : Sl
time for tramways o | v

* 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. M .
* Data Integration of any kind: env, weather. Tickets, presenges, RQI, sat, etc. 152
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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
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Tools for Mobility and Transport ozas)

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)
*  Whatif 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 loT Time series. (analysis, ML)
* Impact of COVID-19 on mobility and transport
*  Computing SUMI, PUMS, etc. (mainly DP)
* Definition of Scenarios: traffic, road graph, conditions, etc.
* Etc.
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Sensors by

o Weather Sensors
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Computing Predictions And Heatmaps

e —
1to-yiate dei G
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d calturn el

! Load Scenario:

@ 1nit O Acc

: | paol v

paolo6_vehicleFlow

Heatmap Bntrols: [ 2an

Max Opacity: =]
2024-10-09 12:47:00

0.35

v Free street
Fluid traffic

Huavy Iraffic

= Very heavy

FirenzeFIPILITrafficRealtime
Traffic Heatmap Controls:
Max Opacity: »

- 2024-10-13 16:56:00+02:00
m

N = Open

() Sensor position

tMap contfibutg

11im @ ©

® METRO1128 - vehicleFlow METRO1128 - Predicted - vehicleFlow

Sun 13 Oct 17:22:50 1=

Compute Compute Show
Predictions Heatmaps Heatmaps

Data Update

Select a Scenario v

Scenario Version v

Select a color map
Clustered: @ Yes O No

File: @ Yes O No
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[Z I gg/mm/aaaa - - (m]
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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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AND TECHNOLOGIES LAB
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UNIVERSITA DINFO x
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FIRENZE  NGEGNeRA INTERNET TECHNOLOGIES LAB CITy -
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE geBsls

| J r

) / e

p

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
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What-if Analysis on Pub Transport

UNIVERSITA
DEGLI STUDI

FIRENZE

 Simulation / analysis of Demand and Offer of transportation

 Definition of scenarious impact on
* Traffic, Pollutant, parking, public transport, private flows, etc.

DINFO

DIPARTIMENTO DI

DIS

DELLINFORMAZIONE

DISTRIBUTED SYSTEMS
INGEGNERIA AND INTERNET
TECHNOLOGIES LAB

Y SNAP/crry

.
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Mar h. The public transportation system has been analyzed in the City, considering the service offer vs. mobility demand The top-i th/rry most
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@ Drop-offs/Vehicle Arrival

05

1 =

hicle Arrival

50 = Pick-ups
@ Drop-offs

People

11
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i uuvesth DINFO  DISIT ;
Al =
Y & < DEGLI STUDI S5 cohiento ol DISTRIBUTED SYSTEMS AND
ills FIRENZE  INGECNERA INTERNET TECHNOLQGIES LAB ITy
A YIRS DEL L'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE C
-

Trattic Light Plan Optimisation, Digital Twin
 Match Multiple Objectives and Synchronization:
— public and private traffic, tramway priority

— Micro and Macro Scales MD.SI'

— AI: Genetic Algorithms’ Reinforced Learning CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE
* Fixed and Actuated Cycles
* Adjusted on Demand

* Validation/integ. with SUMO simulation
— Travel Time, waiting time, waiting count
— Specific travel time on directions
— CO2 emissions, etc.

e Reductions from 5% to 15%

m O N m >
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Dptimization of Traffic Light Plan

L Traffic Flow Simulation e

Current Scenario: alessandroscen... » Effects

— T —— I Widget1

» SSAO
CANCEL PAUSE HELP

» S
s Data Update

Close Controls
slow

— =
Delay: 91.0 ms AlessandroScenario29 2024-09-23 11:16:43 (acc) v
Stats

Create Microsimulation

time: 626.000 s
payload: 0.7 KB
simulate: 0.43 ms
snapshot: 0.25 ms

alessandroscenario29-20240923091643 v

Vehicle Summary N

car(s): 8

tram(s): 2

Run Simulation

Click Summary

4
Quick Find \’
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! H Snap4City X H Dashboard Management Syste. X ﬂ Dashboard Management Syst X

< C M 23 snap4city.org/dashboardSmartCity/view/Gea-Night.php?iddasboard=NDI4Mg==

%
\’-
(o}

o N~ ] L} ED e

= 4 Traffic Flow Simulation Mon140ct19:47:07 @@

» Lights Widget1

Current Scenario:  alessandroscen... S, Effects

CANCEL PAUSE HELP
Data Update

D
¢
3

Close Controls
slow

—.
Delay: 30.0 ms

AleScenario4 2024-09-05 13:36:17 (acc)

Stats

Create Microsimulation
time: 1172.000 s —

payload: 2.6 KB

simulate: 1.67 ms

snapshot: 0.54 ms ! g

- —~— alessandroscenario30-20240926095651 v

Vehicle Summary

car(s): 43

\ Run Simulation

Click Summary

Quick Find
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Doy
/
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Poggetto

e
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|
'Via Guido Spadolini
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Traffic MTTall MTIT MTT MTITT MTT TW MTTTW

Load dir N dir M dir A Careggi Costanza
4TW-NTNS-MWD-P 1.5 3542.50 198.90 242.14 197.64 436.00 427.00
4TW-NTNS-MWD-A 1.5 3242.71 178.33 243.28 195.79 436.00 427.00
4TW-NTNS-MWD-P-A 1.5 3242.71 178.33 243.28 195.79 436.00 427.00
2TW-NTNS-MWD-P 1.5 4538.02 207.40 456.14 615.00 436.00 427.00
2TW-NTNS-MWD-A 1.5 3940.07 179.30 428.67 481.53 436.00 429.75
2TW-NTNS-MWD-P-A 1.5 4380.63 182.05 456.59 654.21 436.00 427.00
SUMO Actuated 1.5 3409.13 280.09 515.34 200.66 497.54 499.81
Webster 1.5 6474.95 465.45 441.93 210.50 1379.25 493.87
WebsterAdjusted 1.5 4035.08 195.82 441.09 205.66 463.87 447.06
-5% -8% -45% -3% -6% -4.5%

Reductions of Travel time of
3-45% and elimination of the
#istops for the tramways

ATWD-NTNS-MWD-P-A: optimization by prioritizing traffic directions, the normalized
number of vehicles stops, NTNS , the mean waiting delay MW D, for all traffic lights,
and post synchronization, with Penalty and Adjust dynamically performed

Snap4City (C), October 2024
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e CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE
[ trerceCuins zzazon=121 Baumscly - SUMO 1780 o X

Aiuto - 5 X

@ File Modificars Configurazione  locaizza  Simulazions  Finestrs  Lingua

e = — = e = v v 0 0 v v =5 ]
w Gn @ ' Formato dell'arx — | Rallensarnento [ms) 2.::, ,_‘; | Mehiplica domanda di wraffico: f 15:_1 | S5 T

& ”\ﬁ @ &
0 %

ﬂ :l;l'-:lavu
AR / )
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* |dentification of Scenario
(Scenario Editor), any changes

— Definition of traffic loads by flows

 What-if or Automated Optimisation

* Automated Optimisation:
— Stochastic Relaxation, Simulated Annealing, Traffic Flow Reconstruction
— Multiple objectives targeting

* Travel time, emissions, fuel consumption, traffic status IVID ey

. Li m iti n g t h e n u m b e r Of C h a n ges CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE
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show

Scenario
Editor

Some
Points of
Interest

Traffic
Sensors

Air Quality
Sensors

Weather
Sensors
(ow)

AND TECHNOLOGIES LAB

. J v 2

o

[rarric infrastructure Optimization

*“sNAPAcTy Traffic Infrastructure Optimization Mon 140ct 19:45:10 @@

s W : Lot 7 ° r A ad hl
M ) @ L7 L BN e N A | i P e __ o Before
+ | : . | INIT to ACC Optimize Scenario Optimization \ / ey <
¢ seopelde 17 Vi | Load Scenario: ® it O Ace results A iy
—_ 5 Slag, .| E i
L 5 “n9 g Scenarios wailing to be processed: [ AlessandroScenancld v g
et B 1 7
=
\P?:7'Ner|Tl & | Scenario version: | 2024-09-26 11:52:20 w
17 leopoldo | /&
_é:“‘ 2 I - SR
& S SN
& & 52: R,
14 _\S &2 .
Maye, iy . 5
o Viapn w38 3
s Mg, s s o0 "
s Scuola 38 i rahb%m’ -
= éﬁ’ ;”':T"” Chiesay Fabbroni
g T Immacolata. | Gioi s
- larcani Concezione c 2
H f-f' 1 21 zg’
i } R 4
o S g Fetch Data =
RA*a 7 ks e B A=
CRCO 5‘@ _}‘u,. Mo" ¢
N Via g z atll=p contributors
s G g affaello 208 4 iz
Imp, 'Schin, 4 "5
e ~ | c
@)% P MERERE  Optimization completed! After
i - <oy
. ",
~ . (1L e Lanm Vi ok L
i o Recoct =4 et iale o
=] ] ey
o i Road Types: [gelectan  [lunselect All i
A b R abandoned hridleway v} us_guidewarﬂ:us_smp construction L
b d Ecoridor WBcrossing disused elevator 5. 5.1610000000000005
£
< Eemergency_access_poini@emergency_ba Esland Biiving_street
» A o e gency_bayJ = i | Fuel 0.6710494492002909 | 0.3491240463440088
3" Bonaini "% ) motorwa)' motorwar_link Cdno [] plarrorm r
Ramitoe . 13
g5 utol Edprimary Sprimary ik Eprivate  Eaceway  Edrazed i 17002.113327545154 | 13283.979223768334 i
EBresidential Bdrestarea Eroad E3secondary_link@service |
services eniary Eeriary_tink  Chrack !
'1' i Eshow Road graph Btafic_island Eram Erunk ik Eunclassified  Evia_ferrata

secnndary

| =
i show Traffic Sensors |

|

[] ﬂ:us_guwdeway ﬂnhm-mihtary-Trench
15 {Ban ) | - A

28 3

2 089 " opensectiap contr =
Bia € OpenStrestMap contribut 4 = Leafiet|® Op
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Trattic Infrastructure Optimisation VIDST

- CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

/Manual Processing\

(OYOXO) KPI1n
W Automated‘ l
: . Simulation KP11b |
/Stochastic Relaxation Solution \

/Scenarlo \

Simulatio P11 ijective: traffic state » Changes, KPI10pt1
¥ n /a improvement
& ’Fiesole &
3’2%}; , '/ A C Objective: reduction of » Changes, KPI110pt2
Ce;;f'?f % : R \‘ fuel consumption
| | ! —
Firenze\ 4 \_\ Objective: reduction of » Changes, KPI10pt3
dicci A \ \ CO2 emissions
¥ Bagnoa R Changes Proposals | \ /
/\_ As possible \ Se‘lectio
\E\,\ j$ solutions \ ny ;1
\\ \ \ Y . TS5 -
~ 1 Transportation Infrastructure
>~ "’ / Ch
~. \ , Optimization anges X
KPIs Area Identlflcatlon / ~
conditions

Snap4City (C), October 2024 176



AND TECHNOLOGIES LAB CENTRO NAZIONALE PER LA MOBILITA SOSTENIBILE

UNIVERSITA DINFO - > SR
FIRENZE REQEOY  emsmesmes,, VIS SNAP/ o]
FIRENZE DELLINFORMAZIONE DISTRIBUTED DATA INTELLIGENGE CITy —r= -reévm i'

Stazione
’ '. |' -
AV Belfiordy

a A

|3 Gusdo Spadolin

i |
_Viale Filippo Strozzi \

Co. ‘ \' -‘- \ \‘ y

Case max 4 changes KPI estimation on the best solution Travel Time [s] PathA | PathB | PathC | PathD | Total

Optimization Target Traffic State Fuel COo2 _ _ Time

Optim 4 Traffic State 91.341-21%  17.964 128536 Original Scenario 183.2 59.6 809 | 1325 | 4564

Optim 6 CO2 92.859 19.192 127876 -23% |-2pum> Fuel 890 - @12 WSO T TGRSR 2969

Original 115.475 75 680 165822 Optim 6 CO2 89.5 53.2 58.4 100.1 301.3
-51% -14% -28% -28%
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Environment and vwaste
Goals:

* Reduction of emissions and EC taxations

* Cost reduction for waste collection,
* reduction of waste collection impact on mobility

Environment Management producing prescriptions:
— Monitoring and long and short-term predictions, warning for:
* GHG, emissions, pollutants, aerosol, chemical plants analysis
* land slide, coastal erosion (blue economy)
— Traffic Flow impact emissions, predictions
— What-if analysis, optimisation tools
Waste Management and Optimisation:
— costs reduction, optimal routing production, pay as you throw,
— avoiding out of bins, predictions of waste production on bins, alarms

KPI: SDG, 15MinCitylndex, QOS, costs, Km, colleting time, EC KPI, emissions

Mobile App: final users services/informing and operators

— Info Waste for operators, participation, optimal routing, RAEE Collection, ..

Participatory: problem reporting, ticketing, etc.

Integration of any kind: env/weather, mobility, ticketing,
presences, POI, ..

~ "m
¢“SNAPlcry B

LA EN s Y AR //
& & A ’ )
S S\ 4 ; 2
¥ 3 é“ 8B
5 Lo B RN 7 18/ &
@ AR /
\ 7 (F
R & 5
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/ /
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i

(l 2635
i 36-60

B 91105
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Enwronment waste, land, etc., domain (o2

* Goals:
e 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.
* Production of suggestions, nudging
 Computing and predicting of long terms KPI indicators of the European Commission
* Solutions for Planning (optimization and what-if analysis)
* I|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
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Tools: Environment, waste, land, (o024

 Pollutant Predictions: short, long and very long term European Commission KPls
« NOX, PM10, PM2.5 pollution on the basis of traffic flow, 48 hours (ML, Al,
DL)
 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)
* Etc.
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Environment and Quality of Life
Air Quality Predictions

Multiple Domain Data

* Traffic Flow data, Pollutant: NOX, CO2,

PM10, PM2.5, O3, ....
e 3D City structure, weather, ...

Multiple Decision Makers
* Pollutant Predictions: NOX, NO2,
 City officers, energy industries
e Dashboards, What-IF analysis
* Traffic Flow Reconstruction

Historical and Real Time data
* Billions of Data

Services Exploited on:
e Dashboards, Mobile App

Since 2020

Y SNAP‘ciry

Snap4City (C), October 2024
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* Prediction Traffic Flow Manager on mult|ple C|t|es

— NOX Pollutant e m— CERRE TN W 2 e e
diffusion on the o —— N be ¥ W ("_" “
basis of Traffic L . R : b ‘ . £ I
Flow (prediction),
weather and 3D

structure

— NO2 progressive Tl - Y
average (Lon = B , 2 W
term )g (Long ' AR ] e

* Project:
— Trafair CEF EC

— Mixed solutions I 13 oo
of Fluidinamics
modeling and Al

Sun 2 May 231631
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Computing Traffic Flow
into CO2 sensor area

DISTRIBUTED SYSTEMS AND
INTERNET TECHNOLOGIES LAB
DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

—

CO2 trom Trartic

¢YSNAP/crry B

—

* Traffic Flow is one the main source

of CO2 (ton of CO2 x Km x Vehicle)

e K1: Fluid Flow
* K2: Stop and Go

Dense estimation of CO2 into the- ./-f«
city is very useful to know to target |

EC’s KPIs

13

CLIMATE
ACTION

[
J

FIOW Data

nnnnnnnnnn

Computing CO2 on the basis of
traffic flow data

a3 &
A 55D {
‘Caedini e
02 i
ppm
. e ‘Sév-mdlctu
B 290395 >
395-400
aco410 L o4

Traffic Flow data

S. Bilotta, P. Nesi, "Estimating CO2 Emissions from IoT Traffic Flow Sensors and

o,

CO2 estimation |

Reconstruction", Sensors, MDPI, 2022. https://www.mdpi.com/1424-8220/22/9/3382/
Snap4City (C), October 2024
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* European Air Quality Directive

* Predicting critical days

— PM10 with an accuracy of more
than 90% and precision of 85%;

— PM2.5 with an accuracy of 90%
and precision greater than the

95%.

* Simulating Long terms values

— For long terms predictions

¢“SNAP/crry

Air Quality Directive WHOguidelines
Pollutant Averaging period Objective and Iega.l nature and Comments Concentration Comments
concentration
99" percentile
PM, One day 25 pg/m? (¥)
(3 days/year)
The target value has become a
PM, . Calendar year Targetvalue, 25 pg/m?® | o o cince 1 January 2015 10 pg/m?
PM . Not to be exceeded on more 99" percentile
10 One day Limit value, 50 pg/m? han 35 d 50 pg/m? (*)
than ays per year. (3 days/year)
PM,, Calendar year Limit value, 40 pg/m®  (¥) 20 pg/m?
) . Not to be exceeded on more
0, Maximum daily Targetvalue, 120 pyg/m® than 25 days per year, averaged | 100 pg/m*
8-hour mean g 1eUHE ' He
over three years
Not to be exceeded more than
NO, One hour imi 3 P
5 Limitvalue, 200 pg/m?® (¥} 18itimes acalendar year 200 pg/m? {*)
NO, Calendar year Limit value, 40 pg/m? 40 pg/m?
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EC’s

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

2020 values
+30
460

predictive models are:
Month

:agzOfT heYear 4410
Tmean +120
Humidity k&«:: +130
windMean +180
NoxDomestic

numberOfVehicles 13 enox
NO2cumulated £ @
NO2progresseveMean QRSN

numberOfVehiclesCumulated

KPl on NO2 montr

g/m3

o 58 8 4883 8

alue of No_2 inm

mean progressive \

19

¢VSNAPcry B

-

iNn aadvanc

r

|*

—

2014
2015
2016
2017

2018
2019
2020
2021

50 100 150 200 250 300

day of the year

Air Quality Directive

Objective and legal nature and

WHOguidelines

Pollutant Averaging period X Comments Concentration Comments
concentration
99" percentile
PM, One day 25 pg/m? (*)
(3 days/year)
Y Calendar vear o N The target value has become a Brp—
a3 ¥ argetvalue, 2> pg/im limit value since 1 January 2015 Hg/m
PM o Not to be exceeded on more 99" percentile
0 One day Limit value, 50 pg/m? than 35 d 50 pg/m? (*)
an ays 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 Targetvalue, 120 pyg/m? than 25 days per year, averaged | 100 pg/m?
: 8-hour mean & ' He ys per year 5 re
over three years
Not to be exceeded more than
NO, One hour imi 3% P (*
N 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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$LORE,

Waste Manager:
* Collects and monitors data from bins (status, temperature, and a number of alarms, etc.) and trucks
(weights collected, when possible) according to differentiated waste collection;
— Interoperable with different waste bin sensors and lockers.

— Monitor waste bin status including alarms of critical conditions notified from the citizens, and/or detected by
sensors such as: fire, up-side-down, hurts, too filled, run out of battery, errors, etc. (some of these events can be
enabled on the basis of the sensors positioned to the bin)

* supports of policies as Pay As You Throw, PAYT, provided that the bins are controlled with fobs, NFC, rfid,
etc.

« promoting citizen engagement/participation, to help cities optimize their waste management practices
and move towards a more sustainable future. The engagement is especially addressed to the city
commercial operators which have special need in providing a large amount of waste (such as restaurants,
fast food, bars, and shopping centers). https://www.snap4city.org/1018

* Reduce costs: optimize waste collection and management in urban environments

— identify the bins that risk to become full in advance (using predictive technologies based on Al, Deep Learning).

— Computer the optimal path for waste collection provided to map on mobiles, reduction of costs for waste
collection.

— dashboards provides statistics and forecast.
e Custom user interface and theme can be defined for each municipality as usual on Snap4City.
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Smart Waste — Map view

=] Smart Waste Management

Thu 5 May T1:14:28

Select the bins Kind, Fullness and Status + he VALUE NAME: FI67896
from the dropdown below and press £ pescH
SUBMIT to see the results on the map. BETALS meron fEpes W, KN i

Last update: 2022-02-28 12:46:12.899Z

Kind Status | N anee S
14 T BN “bsa’i‘_{ \ Description Value Buttons
gl i YRl
[Group | [All v 7 2 \ dateObserved 202202 Last  Last  Last o Last Last lLast = Last
- o 28T12:46:12.800Z value 4 hours 24 hour7 days 30 days6 montr 1year
Fullness 11 /é =
Last  Last Last Last Last Laot = Laot L
4 X generic [SURIid] value 4 hours 24 hour 7 days 30 days6 montt 1year ‘g
All v S rocoaiare o
o 3 glass [SURI id] == I I D D B it
) / o our 7 daye 30 days6 montr 1 year
4 Lost  Last —Last  Last  Last Last [Last
L—--J i ? G s [URED valle 4 hours 24 Tour7 dave 90 GayeG montr 15ear
i - | Last  rast  Last Last Last  Last
X WSS | organic [SURIid] ue 4 houre 24 hour 30 daye6 montt 1 year
St RN Last  Last t Last
a5 Olotto i S paper [SURLid] vanie 4Tours 24 houn7 30 days6 montr 1year
plastic [SURI id] | R B | ap pre=n -

Via_Dei_Medici: ORGANIC fullness (<]

A i m.rdmm\u . & \ = i
i
ORGANIC PAPER GLASS GENERIC
 I—
ﬁ 5] <
[ soEA %

Privacy Policy ~ Cookies Policy ~ Terms and Conditions

¢*sNaP4

* Reduction of costs for waste collection
* Optimization of waste collection for the next day, forecast
* Production of rides and paths for the drivers on waste collection

* Operator:
* Refine a search by using the filters on the left side
* Click on a waste bin pin on the map:
* A popup with real time data is shown
* The fullness status of the selected group of bins is shown in the synoptic below the map
* Specific fullness weekly trends are shown below the map

* Chick on the «Table view» button to access the other dashboard
Snap4City (C), October 2024
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Search bins on map by filtering
per:

@,

Kind (All, generic, plastic,
paper, glass, metal, organic)
Status (Active, Not Active)
Fullness (Full, Half-full, Empty)
Address

Group of bins (by GrouplD)

GOOD HEALTH
AND WELL-BEING

4

%'ﬂlm,
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Trajectorywaste2 Fii 17 May 18:34:15

DISIT:orionUNIFI:113043.960_
485172.926-Rest

Zecturgerbrug

Trajectorywaste2

Selector - Map
DISIT:0rionUNIF1:113043.960_ 4 £
485172.926-Rest

2 date:

ect 2 ride among

Fri 17 May 18:30:58

Selector - Map

o DISIT:orionUNIFI:113043.960_
485172.926-Rest B m—— - B

T e —-

; 116977.080_488279.962-REST e - 5103 - N e I —
Nzoo|! & - | .080_ .962- & m—
5104 -Haaﬂemmerwe‘g! — F T T T T 1S T ¢ T T : § T T T

Sl =
ol

E:]‘ DETALS | DESCRIFTION  RTDATA
2\ Q f llzsmpdmzzm 12.04 10:10:34.000+01:00
) lotermeeriaan =

4 B

i ’; Di] d Description Value Buttons
D 2 t 202112
e % Ena\ennseum wronsacey LSt 4 2h (703 em 1y

VALUE NAME: 116977.080_488279.962-REST

Sportpark
Multatuliweq

Please select a date: ]

gg/mm/z33a

Please select a ride among

weight 25 last 40 240 70 30d 6m 1y 2y

avsues 0ofop—+
EnspAnH pUELPIRS |

1
Tobias 1 €. Asserstraat

:

Keep data on target widgel(s) after popup close:(| 4 Q
)

st

il L

(B~

2 e nra

g]mwm

——eASIEaH
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A Weight - 10 Year

\ 4
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City Energy and Buildings

* Energy consumption reduction, increment of efficiency,
* Areas and building sustainability
* Improve accessibility to services, security and safety

Energy Monitoring: Building, floors, rooms, recharging poles,
cabinets, Community of Energy, Data centers, Energy for Hot / cold,
air condition, energy vs temperature and usage, etc.

Energy Management: Predictions, early warning, identification of
critical conditions

Smart Light Management: LED/mixt, cabinets, lights vs traffic, lights
VS security, energy saving, luminaries profiling, group management.

Smart Building Management: consumption, number of people, etc.
— Communities of Energy, Photovoltaic plants, sustainability
— What-if analysis, optimisation tools

KPI: Energy consumption, efficiency, pros/cons
— Light profiling and adaptation
— Autoclave industrial plants simulation, Photovoltaic plant simulation
— consumption / usage, energy vs temperature

Mobile App: monitoring, info-recharge, eSharing, booking, ..
Participatory: problem reporting, ticketing, etc.

222222

Integration of any kind Snap4City (C), October 2024
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¢ G Oa |s : Tue 3 May 10:37:74 DIDA DATA 2 - NEWGUI
* increase efficiency, cost reduction, sustainability

CNA NN A A A

» Accessibility to services, Security/Safety : 5 mEip
* Solutions for Operation (monitoring, managing, mobile apps, .
digital signages, control rooms) : B
* Monitoring: usage, energy, environmental conditions, people eI
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.
* 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 i -
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¢YSNAP/crry B

Smart Buildings, Snap4Building oz

* Digital Twin for monitor, control and manage distributed
infrastructures

2D/3D representations of the whole set of buildings, BIM
modeling

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.

grouped in Zones

s T ‘ﬁ’mg

Tue 3 May 14:37:14

CNA NN

DIDA DATA 2 - NEWGUI

4m @
A AM

BB OEe

4m
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2 T
Smart Building € SNAPicrry|

Ciao roottooladmint
Tue 3 May 14:37:14
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PIRENZE | BEEREro0 | sgmeuspprorees ISPRA JRC Site SNAPicity

— { " Mon 23 Oct 12:42:28 1=}
e
ISPRA Site
All/ Single Building:
Al v
Variable:

Popup on Shape Click
v

Add To Map

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 %

Occupancy

Number

B >100
50-100

« Energy Hot: 4473978 kWh
2550 « Energy Cold: 916361 kWh
\ 10-25 « Power Hot: 36 kW
-0,10 « Dowar Cald- 0 N
Building 27B Trends Mongoct1nATIe e
P R — P ceuspaney Weskty Time Trend Sompare PR rnce g
Ispra - Occupancy 8m Ispra - Occupanc 8m - - =
= REDSY . et N o UM AR fo= e .
- RO R— - B > e~ "he =s
e B = - — - — = . . .
883 ™ /‘_”h'\ /Q.~,\\ 1Ry § " | AMAMAR £ ool CTh A M M o~
\ J \ / \ / \ / A\ J = Y S ss . 5 Y Eae= -
o v, N\ N J . g - g
A . 3 S
18100 17. 0600 1200 1800 15 0600 1200 1500 10. 06100 1200 1800 20. 06100 12100 1800 2L 06:00 1200 18100 22 0600 1200 1800 25. 0600
Oct Oct Oct Oct Oct Oct Oct

HeatPower m  HeatEnsray Sm  Enoray Trends am @ Average Hourly Power am Enama om
0 kW 1931279 kWh - - 0 kWh
I I I I G
. IO I N E— mem
o0 kw 888341 kwh S s S = e e o
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Ispra Floor, Zone And Room Details Fri 6 Oct 18:41:54

Floor PT of Building 58A

« Date Observed: 10/6/2023, 6:30:02 PM
« Capacity: 37
.

ISPRA JRC Site

Allocation: 31
Occupancy: 1
o DAC: -6#
DOA: -30#
DOC: -36#
PAC: 83.78%
POA: 3.23%
POC: 2.7%

CHECERLN RN G Allocation v |

Date Observed: 10/6/2023, 12:01:00 PM
. Zone Id: 58A_PT_B
BU||d|ng 58A PT Trends Mon 8 Oct 13:51:30 =) Capacity: 1

Allocation: 0
mq: 12.16
Average hourly temp. Xi: 24.07°C

Capacity - Allocation - Occupancy Organization:Orion-1:Floor2_58A_PT - Occupancy Average hourly temp. Xs: 20.92°C

a - Average hourly temp. Xt: 6.00°C

| Heat Start temp.: 17.92°C

Y "‘_‘ : J"‘;ﬂ : Cold Start temp: 23.92°C
JLW AW AWA

3.00 400 5.0 604

4 ~ I M il

®Zo0eA-POA 4 ZoneA-POC  ZomA-PAC  wZonwB-POA  WZowB-POC & ZonsB-PAC

Occupancy Per Zones - Monthly Time Trend Comparison Stacked
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iciency, e

e Energy consumption reduction, increment of ef 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.
» 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
* I|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
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ools: Energy Domain (ozas)

* 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.

DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

90 0% 0

. * Powered by
“, SNAP4Tech
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* Field-tested energy
community: the self-
consumer
condominium

* The Self User project
creates in the pilot
condominium, through
the collection and
analysis of data, a model
for calculating and
enhancing the impact of
an energy community on
a community of people,
with a view to actions to
combat energy poverty
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DISTRIBUTED DATA INTELLIC
AND TECHNOLOGIES LAB
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e Costs reduction, increase service availability, risk reduction

e Quality Level

* Solutions for Operation (monitoring, managing, mobile apps, digital

signages, control rooms)
* Monitoring :

e Assets: switches, Wi-Fi,

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

* Algorithms and computational solutions, see next slide

DISTRIBUTED SYSTEMS AND
INTERNET TECHNOLOGIES LAB
DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

servers, UPS, sensors, building, TV

UpsModelSeltec

¢“SNAP/aTy
. Assets Control Domain (o24ss)

P I M Monitoring

_City )
"\_ Digital Twin

K\

Models & Predictions,
Data Anomaly Detection,
Analysis, Assessment
Decision

Warning

Support System

Simulations, é_J
Scenarlous TFR, Crossroad,
Publ|c Transport,
J Routing, .

What-If Analysis,
Optimization

Monitoraggio Generale
uuuuuu 8 : “ 5
Wosumici % .
e %

%4&
.’:
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DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
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Data C

B=

KW AA KW Condizionatore AA ¢ beldi beldo el ol h . _
. 17.50 19.00 187 195 173
16 08 c
- Ep e °C «c °c °c °c
4 24
s E 28.0ct 0300 0600 0900 1200 1500 1800 2100 20.0ct
5 28 E Energy Condizionatore AA, KWh Gm) ©
A4 1.3 £ s
5 2
A EXS 09
Current
T — Previous
consumo basso < 045
Oct 0 3 12 L g 0
KwB s KW Condizionatore B [}
i
L O % 2 = : =
3 » 18 % L ;"E':f::s » TemperaturelDataCenter - Gradi Centigradi  + Temperature2DataCenter - Gradi Centigradi Temperature3DataCenter - Gradi Centigradi
3 10 B 2 06 » DCNewTempl - temperature v DCNewTemp?2 - temperature
8 -
zE 28.0ct 03:00 0600 0200 1200 1500 18:00 2100 20.0ct
5 3
E A Energy Condizionatore B, KWh @Gm) ©
E 15
A2
A0
? Current
Previous
045
,,,,, T = 180 0
KW CC KW Condizionatore CC c
iz
01 8 — 18:00 20:00 2200  28.0ct 0200 & : 14:00
8 14 i Previous
a3 N 04 » HumiditylDataCenter - Percentuale  + Humidity2DataCenter - Percentuale Humidity3DataCenter - Percentuale
& 16% 0 « DCNewHum!1 - humidity ¥ DCNewHum?2 - humidity
3 9 28.0ct 0300 0600 09:00 1200 1500 1200 2100 20.0ct
E £ 188
] F Energy Condizionatore CC, KWh GBm) ©
a3 1 S
A2 208
: 3 12
A, 245 03
Current
Previous
consumo basso < 0.45
ct 9 T 15:00 &

Snap4City (C), October 2024 206



GeNotilLab Architecture for ALTAIR

ALTAIR

@mnmﬂmui

(5 ESSECO!

SNAP/

Analytical Data from the product quality
Lab(LIMS/SAM)

IOT App
Analytics

Dashboards

o Gestore Notifiche Laboratorio - GeNotilab

'| Badgeanas

i :

i i NIRRT
AAHABAARA

|IOT App “ Tools:
Management -- List of Chemical Analyses
-- List of Notifications
-- Define notifications
-- Program, send notifications

-- see notification status

( )

Users

Analysis

p—
ot

Notifications

IOT App
N / Vs Telegram
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SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES
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DEGLI STUDI DINFO DISIT

.
/
DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
FIRENZE  Norchema INTERNET TECHNOLOGIES LAB (: ITy
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENGE

AND TECHNOLOGIES LAB

Industry production Domain o2ass)

* Goals:
. ' i i 5 Barn DINFO D v
Cost reduction, increase control on production G Rkt B, Joop € SNAPAcry i
* Production optimisation =~ pr——
. A Aas ‘M E: Map and 3D BIM modelling to:
o Quallty LEVE' . E' -- represent the details ’
N . . . . . . . — = - Aassociate physical elemgn\ts
* Solutions for Operation (monitoring, managing, mobile apps, digital wihdsta
. Historical and Real Time Data
Slgnages, ContrOI roomS) .Sy;_: i altl r"fjcl)gritor-ing“ oo | 23 - : = = —
* Monitoring KPI: administration, production, commercial, faults, Buses ntelgence
etc. *} 5}’3!22?;3352;2’222‘;11'5327“ i
e “L-ev(_emevntsmt e plant
» Early detection/warning, alarm, of critical conditions — ey B i
* Multichannel Event reporting: email, Telegram, mobile apps, i i B W rmm—"

SMS, etc.
* Managing maintenance operation
 Computing predictions on KP|
* 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
» Algorithms and computational solutions, see next slide
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o — MN'OH — . o T \/ e Valve 786 with trend v
- . g / Altair Production Line
e g Map and 3D BIM modelling to:
= - represent the details
- -- associate physical é“Iem%rﬁs
- - with data \
o e e i e [
Historical and Real Time Data |« | = =
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PINN: Physically Informed Neural Neworks Models

* Solving Navier-Stokes PDE (partial differential equations)
equation, via PINN approach

— Reduction of computing costs for simulating load effect into the
autoclaves curing process

— Validation wrt Open Foam
— Precision on steady and transitory cases

— Definition of Transfer Learning techniques 17

* Videos on https://www.snap4city.org/1010
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Comparison of PINN vs-©penFoam and error

L LK ¢

MFN-PINN (5612) AbsquTe Error
0.250

e i

I )

OpenFoam MFN-PINN AbsquTe Error
0.000 2.000 0.000 0.050 0.100
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https://www.snap4city.org/944

e, uwves DINFO {;
L S .
WA T DEGLI STUDIL 55 erbento o DISTRIBUTED SYSTEMS AND .’ P m
N2\ 3 FIRENZE  Notocha INTERNET TECHNOLQGIES LAB CITy

=\ DEL L INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE

SN AND TECHNOLOGIES LAB

* Operators of the City on: mobility and transport, environment,
energy, tourism, safety, etc. Typically they work on

— Operation: load data, monitor conditions via dashboards, receive multimodal
early warning, act on ticketing systems, etc.

— Planning: solving they problems via optimization tools provided
* Integrators and Researchers. Typically they:

— exploit tools and Al/XAI of Snap4City for implementing advanced solutions,
which remain of their Property Right

— develop new: Al/XAl solutions, applications and tools which remain of their
Property Right

* Living Lab support and Development Support
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On Line Training Material (free of charge)

¢“SNAPciry @

Ist part 2nd part 3rd part 4th part 5th part 6th part 7th part 8th
: e Data Ingestion |System and Deploy| Smart City API: |Design and Develop
Overview Dashboards IOT App, IOT Network| Data Analytics ProcesSes Y Web & Mob. App Sriiart CHRORS
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Estimate Indicators: P1, P2, P3, P4, P5
— loT App/Proc.Logic JavaScript, Data Analytics, Dashboards to see data and results

Load additional data: P1, P2, P3, P5

— loT App/Proc.Logic JavaScript, loT Directory, ServiceMap, advanced interoperability,
Dashboards to see them

Performing Al/XAI on accessible data: P1, P2, P3, P4, P5 (P8)
— loT App/Proc.Logic JavaScript, ServiceMap, ASCAPI, Python, Dashboards to see data/results

Developing Business intelligence: P1, P2, P3, P7, P8

— loT App/Proc.Logic JavaScript, Dashboards to see them, ASCAPI, CSBL for making them
intelligent, JavaScript

Developing Web and Mobile Apps: P1, P2, P3, P7, P8
— ServiceMap, ASCAPI, Dashboards

Deploy, install, test and management: P1, P2, P3, P6
— loT App/Proc.Logic JavaScript, ServiceMap, Dashboards to see them
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DINFO

* Powered by

5NAD4Tech

¥ SNAPmousry

https://www.snap4city.org/d

"ﬁ-..
E -pém-

Development Llfe-Cycle

From Snap4City:

* We suggest you to read the TECHNICAL OVERVIEW:
o https.//www.snap4city.org/download/video /Snap4City-
BlatformOverview.pdf

X snapdcity
s  https:/fwww youtube com/channel/UCItACOPEbNbasf2-udvandg

Coordinator: Paclo Nesi, Paclo.nesi@unifi.it

DISIT Lab, https:/Awww.disi

DINFO dept of Univers |ty 01‘ Florence
Via S. Marta 3, 50139, Firenze, ltaly
Phone- +39-335-54A48474

\33

UNIVERSITA
t[J I‘\/l

DINFO ‘
Bioow | SEREEL

ownload/video/Snap4Tech-
Development-Life-Cycle.pdf
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Technical Architecture C*SNAPlary

/
Front-End —

Entity Directory: APl Manager Facilities Applications
Smart Data Models - , _( Traffic Optimiz. )
loT Data Models Federation — Scenario Editor l

. . Smart City API ) =g [ TrafficLightPlan ]
Digital Twins ( Business Intellig. '

<« 0penSearch |||  cse | (PublicTransport |

| storage I f Dashboard Bld | [ Parking Mng'l ]

P—. G| | & Manager Lighting Mng. |
KB, graph L1 [
[ CustomThemes ]

110 o
on T

Building Mng. ]
|

-v GeoServer [ Entitylnspector ] [ Synoptics

Q k(}) BIMserver.center [ Data ManagerS ] [ KPI Support
MobAppSu or
f [ pPPSupp

t t @ python [

Environment ]
[

Waste Mng. ]
[

Node-RED

[
[
[
] [
][ Sharing/pool |
SerwceMap ][ I
)
)|

Social Media 1 \ Studic Energy Mng. | ]
> HLT M -
BIM GIS — - anager
Gateuays, sefgii Artificial Intelligence: [ Jolile Mng'l )
External Services : MLr AI' XA|, DA [ =10 RE] Twm Mobile APPS ]
Web Scraping On Edg loT App ; — : _
Tv CAM streams On Cloud vent Driven [ Market/Sharing Place |
| |

Third parties solutions

A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ... ‘
2024/8 [ - >/
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My Data Dashboard Dev Kibana

Jupyter2-(175) Hub - Python

¢“SNAP/crry

My Dashboards in My Organization [- Rrteemeinn

Tue 19 Sep 19:27:45

FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -
NEWGUI
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s, wavesh DINFO DISI
/ /. I Ir_‘ )
Q’;‘. )'g DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
= ,"" . F I RE N Z E INGEGNERIA INTERNET TECHNOLOGIES LAB
N AN DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
Lisya [\\‘\ AND TECHNOLOGIES LAB

Agile Development Life Cycle by sprint

Smart Solutions
‘P ’r
Sprint

Sprint
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Development Life Cycle
Smart Solutions

Data Discovery
Data Modeling
Data Analytic
Userinterface +
Business Logic

e Deploy

@ Deploy
@ Deploy
@ Deploy

loT App,
Proc.Logic

ML, Al, XAl
Python, RStudio

Special Tools
Userinterface
Dashboards

‘}
A

=7
A

-
=

Validation

P
<
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.
» /
DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | S, | RERMRET: Py T A C" SNAPiciry

Snap4City Tools | HLT-Data Inspector |

Knowledge and
J Entity Directory Map, ServiceMap Scenario
)

: | loT Dwe_:;torv S e T Editor
AV [= £ HLT & Dat -
JJJJJQJUHJJHE atd Development
‘ Management
LITe f'/r'J@ Tools + 10T App

‘?b\ A —

) 210N B 4

AL oy | o
odelin ogic /lo-App S

- 41/’ e =

I

> ‘ Data Analytic " Test Deploy

1 Data Processes ‘ ; > Al Dev: Python, RStUdIO,....
.

(i

ata Analytic Test ( Deploy }Programming Environments

‘ Userinterface + ,A Usel’lnterface Tes Deplo
Business Logic \ Dashboards " V’ Py

Tables and

Documents W‘ Dashboards
Development Life Management Extra Dashboard
Cycle Manual & Widgets
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Ciao roattooladmin FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -
Wed 14 Feb22:40:02 NEWGUI

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

&P U3 Heatmap MULTI MAP

antAntonio 6 - S L A 572y S } 5-53 g
° NO2 Heatmap R S 0 A 3 5y, : 3
4 g 4 - 5 Typlooms oionninay £ 4 | Scenario name:

o Europ. AQI R /8 7. Bike 5haW I A‘ ) y U3 v ‘ ‘ . N < Location: [ - |
Heatma | - 5% < i Ia ¢ i 2 ) P Scenario description:i,;; ario descriptio
§ IR g : >SS R 4 |

. T} ReferenceKB: |
Air Humidity |
Santa Mdria

L =T 5 Save Road Graph:
) 1 Maddalena 3 26 [ Y:
Heatmap .' C N () e 3 1 v Save traffic Sensors:

dei Pazzi
= / = 57 Save other Sensors:
/4

Q.
Air Temp. G 2

> Carabinie
Palazzo Carabinier|

Heatmap B : Caccin X . B
Wind Speed y 4 X 7 ; 4 4 = S
Heatmap R p p 2 ? : ——— Fluid raffic
Gral Pred. HM
NOX (3m)

Gral Pred. HM
NOX (6m)

Heavy traffic
= Very heavy

Sensor position

[o]e]e]z]+]s]

3 7R X A > . ndj Hotel~ ¢ ) 4 al r FirenzeFIPILITrafficRealtime
Traffic Sensors oy g e e th ] B Traffic Heatmap Controls: 24H
| : - SR i) i 2 s \ Smscl s Ifs Max Opacity: ¢ cnssss———() > 1
“ Traffir Elaw 2 [ ) P’e”apiana" iy Ty i e e S ¢\ Ccloce il <Prev 2024-02-08 23:00:00
7 ! e 5 Fi d

Poste Italiane

<
]
oy

Via defs ¢ _— g N S R
€l Uy - 7R > ooty 20 3 4 Tabernacolo

Firenze Air quality trends

TEMPE... 8m SIRSENSOR_T0S01001096 - TEMPERATURE

Firenze GRAL Scenario

Trafair Main Dashboard

https://www.snap4city.org/dashboardSmartCity/view/Baloon-Dark.php?iddasboard=MzQyMw==
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st |DINEO [DISIT o e ;
FIRENZE | B . | M. CENario colcor CITY .
\N. F :

rege|
+
SeIeCt ma p ‘ Scenario name: Scenario name |
‘ -__l Location: | Location ’
Zoom l;‘ Scenario description:| Scenario description |
— ReferenceKB: |Reference KB |
® ’ Save Road Graph:  [Yes v
u Save traffic Sensors: [Yes v
r/ Save other Sensors: |Yes v
From: |gg/mm!aaaa Dl .
To: ’gg/mm!aaaa Dl ’I Ed It Road
| Save || Show Summary H Cancel | ’ Segment
- = VA — —_
O . Category Street: primary W
O g Nr.Lanes: | 3 ‘
O Speed Limit (km/h) |
Direction: | Positive direction v |
. Restrictions: Select or create restriction b
New Scenario | l
s 73 identifier
Edltlng IQ . "~. !—TT—_F ege
L+ S8 o = composition
Drag & drop (5] O Road ypes: OselectAll  CUnselect Al elemLocation
Sp||t & JO[n lz abandoned bridleway Bbus_guidewaytbus_stop M construction elementClass
Dele te | ‘ i ’  corridor crossing P disused elevator eIementType
‘T] emergency__access _poinﬂemergency_bay isiand Iiving_street m
DO a n d U n d O o ? | motorway motorway_link Mno platform (e
- '—’ ) ' primary upfimary_llnk private raceway Mrazed oPeratlngStatus
—_— Hresidential Drest area road ®secondary_link@service Speed Limit
- ‘ b ’ services steps teniary tertiary_link Btrack [ trafficDir
®show Road graph trafﬁc_island Biram trunk__link Punclassified via_ferrata m
| hOW Traffic Sensors | Hsecondary Pyes ®bus_guideway Zohm:military Trench hlghwayType
.l. 3 © OpenStreetMap contributors
https://www.snap4city.org/976 Properties of Road Elements o
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F I RE N Z E DELLINFORMAZIONE TECHNOLOGIES LAB

Tue 12 Mar 1553:34

T S

Load Scenario: @ it O Acc O TDM

Scenarios waiting to be processed: | FDSA v

‘ @ show Road graph
Show Traffic Sensors |

A [Foory asvpes
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FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -
NEWGUI =

Defining Context via Editing

Scenario:

* Select area and data

e Editing roads, POI, loT
entities, ..

e Save/load, share

Change status

|

UNIVERSITA p—
DEGLI STUDI DINFO | DS

DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | Neecnenia AND INTERNET
DELLINFORMAZIONE | TECHNOLOGIES LAB

A Scenario includes:

 Metadata

e Status and versions,
date time

e Period of validity

* Road graphs, cycling,
pedestrian seg.

* List of data, sensors

* Etc.

Computing in the
Scenario Context as:

¢“SNAP/crry

analytic

KPI, Metrics,
SUMI, SUMP,
15MinCity Index
Heatmaps

OD Matrices =

Traffic Flow
reconstructions

Predictions =i

Routing, constrained —

I 300000000¢

m

i *ﬁm‘

ReLoading Scenario in JavaScript
: e Evolve Scenarios

- swomsanave | e |Jse Scenario to context the
o Data Analytics: R Studio,
i Python for computing

FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS -
) NEWGUI

= -lu -

Firenze - Trafair - AirQuality Heatmaps

routing
Early Warnings
Etc.

Snap4City (C), October 2024
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* Basic Scenario editor
— Single and multiple blocked areas, which can be share among users
* What-if analysis tool

— Ready to use tools for exploiting Basic Scenarios as blocked areas and simulating/computing in real time routing,
in different traffic conditions

* Advanced Scenario Editor

— Create complex and full detailed scenario, with road graph, sensors, of any kind, even new roads, restrictions,
parameters, etc.

— Exploit these scenarios to create
e Simulation
* Business intelligence tools and visual/business analytic tools also working in eal time
* Traffic flow reconstruction
* Traffic infrastructure optimisation
* Traffic light plan optimization
* Pedestrian analysis and simulation
* Match demand vs Offer, simulation and analysis
* Computation of SUMI, SUMP, 15 Min City Indexes, etc.
* Heatmaps computation
* Etc. etc.
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Part

DINFO

DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND

INGEGNERIA INTERNET TECHNOLOGIES LAB

DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

(P T

o

(30K
i ’Pé’mg

¢“SNAP/crry

* """I ‘ e . . e - - o o f = - \
2. DCJJHUQCMCJ JUTQCJ',JCEJQH CJHCJ fchJchJ;jifﬂ’ijC

Part 2: Dashboards
production and
management

SLIDES

Interactive Slides

You You You

Recall on Snap4City Architecture
Dashboards Purposes and Uses

Main Data Kinds: data vs representations
Dashboards Main Concepts and simple
Widgets

Creating a Snap4City Dashboard, wizard
Multi Data Map Widget

High Level Types, video, external services,
synoptics

Selector for the Multi Data Map Widget
Data Inspector vs Data Processes Detalls
Dashboard Management
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SELETTORE

Park 10T

STATO PARCHEGGI

PARTERRE 7m

PARTERRE - ANDAMENTO NUMER

*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

Mean Time om  Mean Time Trend

0

minutes

17.5

minutes

Mean ActiveTime g, Mean Active Time Trend

¢“SNAP/ciry

Tue 14 Jun 2
Total Active Days On App
days
“Total Days On App

244809

T T 160

> &

&)

3D MULTI DATA MAP - DIGITAL TW
FIRENZE - NEWGUI
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DISTRIBUTED DATA INTELLIGENCE
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Visual Representations

100 %

sparklines

Shiderwith-multip
le-steps-for-KPI

o

histogram

o

2y

Bubble-matrix-ch
art

(

Bullet

Sequence-Sunbur

pie-chart-1

Pareto-chart

flow-maps

heatmap

Box-plot staked-area
| ® L]
radar Bubble-maps
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geo-maps

donut-chart

Data-grid

3

Stacked-line-char  Stacked-combina spider-maps
t tional-Chart
waterfall Sunburst Sankey
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Dashboard Builder: Development

Create, save, load
Dashboard Wizard ’ ’ ’
IdgetCoIIect|on delegate, grant access,

change ownerhii

1 o 'f e pE—

..... DataTranszr.matlon

IOT Applications

~—_ Knowledge Base,

N — Km4City S ' '

Applicat
ions

External

alx s ] ﬂ Services
= =

Knowledge and Storage
Data from the Field and
City + MyKPI ++

Public
Dashboard
Collection

My Own Dash/
> October 2024 238




Wizard

Dashboard features Data and widgets

Carmignano e
Fnesnlp

‘\ Aertiporig

x Firenze

———Amerigo

™ )]
v - o q g o
. y Vespucei
Signa, 11
\g_/_(i ) Pontameve
Lastrf a Signa A F|renze ———

- - o = p — a .
, . N JdY)| ;
T ﬂ |
— Scandicel A - . . = = " - . .
3 y- L Bagnoampoh . 2 Q |[aw=
A 7 : ]
i L | | | = lfi—) e = || L |
Montelupo X / ~ N ( \
Fiorentino . 4 \
‘i“_,_,_,_./ Nt x @ OpenStreetiap contributors p

Data sources

All selected (10) ~ Al selected (55) ~ Al selected [776) + Al selected [315] ~ Allselected (47) ~ All selected (2) +

High-Level Type 1 Nature Subnature Value Type Value Name Data Type Ownership

Special Widget Environment Weather Forecast Previ_Meteo special weather 2018-07-0816:00:18 public
2018-07-0816:00:18 public
2018-07-0816:00:18 public
2018-07-0816:0018 public
2018-07-0816:00:18 pukblic
2018-07-0816:0018 pukblic
2018-07-0816:00:18 public
2018-07-0816:0018 public

Special Widget Environment Weather Forecast Previ_Meteo special weather

Special Widget Environment Weather Forecast Previ_Meteo special weather
Special Widget Environment Weather Forecast Previ
Special Widget Environment Weather Forecast Previ_Meteo special weather Vaglia
Special Widgest Environment Weather Forecast Previ_Meteo special weather Vagli sotto
Special Widget Environment Weather Forecast Previ_Meteo special weather Vagli di sotto
Special Widget Environment {/eather Forecast Previ_Meteo special weather Uzzano

o > ' * Select the area of your interest: panning and zooming
e Select the

ngh-LeveIType E N@are Subnatu
‘ I graphic aspect of your interest, or

Meteo special weather valano

0000 OO!

High Level Type of your interest, or

* Make a search if you a have a precise idea or
* Act on filters: nature, subnature, type, name, value, date, health, owner, ...
* Combine them as you like

* Select the lines of your interest

* Then click on Next and get the Dashboard by wizard
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FIRENZE

Mun}elupo
Fiorentino

IS St

All selected . v All selected . v

TransferService.
IndustryAndMa
Environment
Environment

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

\ SYSTEMS AND
HNOLOGIES LAB
TA INTELLIGENCE

O

~Todn

- W e

—

S

New Data In

Data Inspector BETA OS

nector/Wizard

[Hlrs)

¢VSNAPlcy i

Filtering/Searching for
individual fields (even for
some fields not displayed
as geographic
coordinates)

Geographic Filtering

Text Search on all fields

All selected ...

Subnature
Weather
SensorSite
Computer
Air
Air
Sensorsite
SensorSite

SensorSite

Now displaying in Standard Mode
Switch to the Synoptic Mode to select MyKPis and sensors that you need for your synoptics.

Data sources

S8

\ S e
© OpenStreetMap contributors

All selected .. v Allselected _. v All selected .. v Allselected _ v All selected .. v Aliselected . v All selected . v

Value Type Data Type

webpage

Allselected _. v

Model Broker

Santa Verdiana

Value Name Value Unit Last Value Healthiness Last Check Ownership
2023-07-18160...
2024-01-10 01:3.
2024-01-10 013
2024-01-10 013,
2024-01-10 013
2024-01-10 01:3.
2024-01-10 013,

2024-01-10 01:3
S

DIDAI
METROT
AltairStatoPom...
BIMET_SMART.

ARPAT_QA_FI-

METROS14
SI052032FS9390.

METROE31

Mio sensore
Altair-soda Altair Valve State 2021-06-05 00
2021-05-20 13:51.
2021-06-07 17:3.
2021-06-0717.3.
2021-06-07 00....
2021-06-07 00
@»06-3’/ O_C

Search...

webpage

Altair-soda Altair Pump St webpage

Altair-soda Altair pump 43.
Altair valve 541

Altair Pump 4321

webpage
Altair-soda webpage
Altair-soda webpage
Altair Stock sta
Altair Pump 92
Search...

Altair-soda webpage

webpage

Search...

Altair-soda
e

Search... Search... Search... Search... Search...

Search

. 06:00 1200 18:00 12 06:00 1200 1800 13.
Feb Feb Feb

06:00 1200 18:00 14 06:00 1200 1800 15
Feb Feb

0600 1200 1800 16 06:00 1200 1800 17
Feb Feb

06:00 1200 1810

Snap4cCity (C), October 2024

Menu for choosing the
fields to display in the

table
View on Map(via

PREVIEW)

Data and Trend
visualization

Opening Digital Twin

Pass to Synoptic
mode

Select the graph
representation
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All selected (1626 - All selected (73) -

Widget showing a multi-data list of
point of interests, 10T devices,
heatmaps and geometries (e.g.: traffic
flows, cycle paths), with a map
showing the position of the POls, a set
of sources have to be provided

All selected (95) -

Snap4City (C), October 2024
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Mun(elupo
Fiorentino

IS St

All selected . v All selected . v

TransferService.
IndustryAndMa
Environment
Environment

DINFO

DIPARTIMENTO DI

Vt‘spum

)..

All selected ...

Subnature
Weather
SensorSite
Computer
Air
Air
Sensorsite
SensorSite

SensorSite

INGEGNERIA
DELL'INFORMAZIONE

TA INTELLIGENCE
&

\ SYSTEMS AND
HNOLOGIES LAB

New Data Ins

Data Inspector BETA OS

Firenze “————

All selected .. v

Model
DIDAI
METROT
AltairStatoPom...
BIMET_SMART.

ARPAT_QA_FI-

METROS14
SI052032FS9390.

METROE31

Allselected _. v

Broker

Santa Verdiana

Altair-soda
Altair-soda
Altair-soda
Altair-soda
Altair-soda
Altair-soda

Altair-soda

¢VSNAPlcy i

nector/Wizard

Now displaying in Standard Mode

Switch to the Synoptic Mode to select MyKPis and sensors that you need for your synoptics.

\ S e
© OpenStreetMap contributors

Data sources

All selected .. v Allselected _ v All selected .. v Aliselected . v All sel

Value Type Data Type

webpage

Value Name Value Unit Last Value
Mio sensore
Altair Valve State 2021-06-05 00
2021-05-20 13:51.
2021-06-07 17:3.
2021-06-0717.3.
2021-06-07 00....
2021-06-07 00:

2021-06-07 00
S o

webpage
Altair Pump St webpage
Altair pump 43.
Altair valve 541
Altair Pump 4321

webpage
webpage
webpage
Altair Stock sta

Altair Pump 92

webpage

webpage

ected .. v

2024-01-10 01:3
2024-01-10 013,
2024-01-10 013
2024-01-10 013,

2024-01-10 013..

2024-01-10 013,
2024-01-10 01:3
S

Allselected _. v

Healthiness Last Check Ownership
2023-07-18160...

Search...

Nn. 0600 1200 18:00

Feb

12 06:00 1200 1800 13.
Feb Feb

Search... Search... Search... Search... Search... Search...

Search...

Search

06:00 1200 18:00 14 06:00 1200 1800 15
Feb Feb

0600 1200 1800 16
Feb

06:00 1200 1800 17
Feb

06:00 1200 1810

Snap4cCity (C), October 2024

Filtering/Searching for
individual fields (even for
some fields not displayed
as geographic
coordinates)

Geographic Filtering

Text Search on all fields

Menu for choosing the
fields to display in the

table
View on Map(via

PREVIEW)

Data and Trend
visualization

Opening Digital Twin

Pass to Synoptic
mode

Select the graph
representation
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Custom Widget / Synoptic / PIN Development @

Inkscape editor on your computer
SVG Symbols Collection —

Create, save a Custom

Widget in SVG

10T Applications

" Knowledge Base, [ ]

N — Km4City g

— — . Create, save, load,
i i . %.L}_;m TCEls

S L Dashboard Ed|tor delegate, grant access
e

.&\-! I - s o b

gl:”%ﬂ > 1. Create and Load a Custom SVG

. S —— 2. Select/Reuse an SVG
Public /

3. Make and Instance of Synoptic by

Knowledge and Storage Dashboard My Own Dash/App _ _ _
Data from the Field and Collection Ps ° ° Associate Variables with MyKPI
City \__n \__a \__n 4. Create .on Dashboard a Widget based on
ey . = Synoptic HLT such as Ext. Srv.:
\__.a * https://www.snap4city.org/synoptic/v
— 2/synoptic.html?id=xxxx
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Part 3: loT App, process logic, server side BL
 Recall on Snap4City Architecture
 Node-RED
* |OT App = Node-RED + Snap4City

* |loT App === Proc.Logic
 Examples of IOT App for Smartening

Part 3: 10T App, Process Solutions
Logic, Server Side Exploiting/Generating data by using: loT
Business Logic Ap p/P roc.Logic

External Service <-> loT App/Proc.Logic
Dashboards <-> |oT App/Proc.Logic

» Server Side Business Logic

« training material

SLIDES

Interactive Slides
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Front-End —

Entity Directory: APl Manager Facilities Applications
Smart Data Models - , _( Traffic Optimiz. )
loT Data Models Federation — Scenario Editor l

. . Smart City API ) =g [ TrafficLightPlan ]
Digital Twins ( Business Intellig. '

<« 0penSearch |||  cse | (PublicTransport |

| storage I f Dashboard Bld | [ Parking Mng'l ]

P—. G| | & Manager Lighting Mng. |
KB, graph L1 [
[ CustomThemes ]

110 o
on T

Building Mng. ]
|

-v GeoServer [ Entitylnspector ] [ Synoptics

Q k(}) BIMserver.center [ Data ManagerS ] [ KPI Support
MobAppSu or
f [ pPPSupp

t t @ python [

Environment ]
[

Waste Mng. ]
[

Node-RED

[
[
[
] [
][ Sharing/pool |
SerwceMap ][ I
)
)|

Social Media 1 \ Studic Energy Mng. | ]
> HLT M -
BIM GIS — - anager
Gateuays, sefgii Artificial Intelligence: [ Jolile Mng'l )
External Services : MLr AI' XA|, DA [ =10 RE] Twm Mobile APPS ]
Web Scraping On Edg loT App ; — : _
Tv CAM streams On Cloud vent Driven [ Market/Sharing Place |
| |

Third parties solutions

A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ... ‘
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subscribe
receiver

|OT Broker
©FI-UARE
10T Gateway |OT Broker 101 Gateway f
—~ \/_/\\ IOT Agent
- -2 IOT Gateway N A
/T * Adapter/ ~\ W~
’ N B A |OT IOT
Device E novice Device
I
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Snap4City

flow1 Flow 1

Node-RED

= ==  Data Adapation
= Beka Trgmgﬁ@[rm@f@m Conversion
Data Integration, Interoperability
IMJSH[TH@SS Logic vs Dashboards
Editin B 10T A \P QJJ cations Data A@@HW‘D’@S control
Everywhere: Cloud, on loT Edge Devices
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Open Data CKAN

Ticket Management, workflow
BIM Servers

Social Networks

Video Management system
Gateways

Data Analytics

Statistic, Optimization
Simulation

Artificial Intelligence
What-if Analysis Support
Geo Utilities Support
Routing & Traffic Flow
MLOps support
Python support
R Studio Support

oS

Node-RED

Areas

Entities

Snap4City
Microservices

Proc.Logic
SSBL

Snap4City (C), October 2024

Data Load / Search / Retrieval

KPI, POI, GIS Data, Scenarios

Time Series, Public transport

High Level Types: heatmaps, ODM,...
loT / Entity Discovery

Delegation Management

Data Mapping

Dashboards

Widgets: Graphic Libraries
Interactive Widgets

Maps, 3D representations
Synoptics, External Content
Micro Web App

loTApp Management
Data Logs, A&A, Security
Ownership Management

VPN remote access
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Loggia San Paolo

LINKED OFEN GRAFPH

Tipolegy: CulturalActivity - Monument_|ocation
Address: VIA DELLA SCALA, 2

Cap: 50123

City: FIRENZE

Prow.: Fl

Photos:

Description: The rounded arches, the stone
skeleton and the glazed temrscotta medsllions
recall the model of the Loggiato degli
Innocenti. The medallions in glazed teracotta
by Andrea della Robbia and his sons Marco
and Luca contain seven polychrome figures of
Santi Francescani and two works of mercy
Cristc conforta un Giovane and Cristo conforta
un Anziano. Beneath the portico can be
admired the expressive embrace betwesn San
Domenico Guzman and San Francesco d Assisi
by Andres della Robbis

DINFO
IRENZE | B mone

 ANY kind of sensors
* To Get DATA of a Service / POI /sensor

— Historical and real time

DISIT

DIPARTIMENTO DI DISTRIBUTED SYSTEMS
NERIA AND INTE!
TECHNOLOGIES LAB

TPL STOP : Piazza Stazione (Fr. Cc)
Vaibus

LINKED OPEM GRAFPH
Lines:
FI-LU | FI-WG

Mo available routes

Display Bus per page

— Real Time

Search: |

Time Line Direction
T 054500 20770320 | FI-LO | Fiazzale Verdi |
08:18:00 2017-02-20 FI-LU ' Piazzale Verdi
10:09:00 2017-02-20 FI-LU ' Piazzale Verdi
11:09:00 2017-02-20 FI-LU | Piazzale Verdi

12:18:00 2017-03-20 Fl-LU Piazzale Verdi

Showing page 1 of 1

Real-time data currently not available

- - o B |
S4CSearch

¢“SNAPciry

Node-RED

Giardino di piazza dell Indipendenza

AURORA

LINKED OPEN GRAPH
Tipology: Entertsinment - Green_sreas
Address: PIAZZA DELLA INDIPENDENZA, 15
Cap: 50128

City: FIRENZE
Prov.: FI

Note: sreeverdi228

LIMKED OFEM GRAPH
Tipology: Accommaodation - Hotel
Email: info@hotelaurora.info
Website: www hotelaurora.info
Phone: 058210283
Address: VA L ALAMANNI &
Cap: 50100

City: FIREMZE

Prow.: Fl

LINKED OPEN GRAPH
Tipology: TransferServiceAndRenting - Controlled_parking_zone
Address: VIA GUSCIANA
Cap: 50124
City: FIRENZE
Prov.: Fl

Remove from map

i
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How the Dashboards exchange data
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Third Parties APIs
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Server Side
Business Logic

. Client Side Business Logic
in JavaScript (when needed)
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Part 5: Data In

Part 5: Data Ingestion
and Interoperability

SLIDES

|nteractive Slides

DISIT
DISTRIBUTED SYSTEMS
AND INTERNET
TECHNOLOGIES LAB

DINFO

DIPARTIMENTO DI
INGEGNERIA
DELL'INFORMAZIONE

You You
You You You

&

m"mr

T
€
s T ém-"

¢“SNAPciry

-

gestion and Interoperability

When Solutions and tools for Data Ingestion and
Interoperability are needed

Overview of Snap4City Data Storage and Stack
Knowledge Base: Modelling and Setting Up
High Level Types vs Ingestion Process

Data Ingestion Strategy and Orientation
Ingestion of Points of Interest with POl Loader
Models vs Devices/Entities and Registration

Verification of Data Ingestion
« Digital Twin Data Inspector vs Data Processes Details

« My Data Dashboard Dev to assess data on Open Search
Storage

An Integrated Example for Time Series
Entities Ingestion with Data Table Loader
High Performance Ingestion via Python
FIWARE Smart Data Models on Snap4City
Ingestion of MyKPI with Proc.Logic /1oT App
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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, .. [ e e )
 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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Snap4City Entity Instances, loT Devices

Switch To New Layout (Beta) \
User: paolo.disit, Org: DISIT Show delegated dev. | Show publicdev. | Show my dev. | Showall de Add new device
Role: AreaManager, Level: 3
— L &) Y —
Show| v |entries Search: | |
My Snap
Device Identifier $ Device Type Model 4% | Ownership 4| Status 4| Edit Delete Location View
Tour Again
wwwsnapésolutions.org 1dd79caa9576771afad4d38e699c8542022-12-05T18:5413.000Z  orionUNIFI File fileModel MyOowNPUBLIC EEeYE | EDiT [l DELETE | @ | VIEW |
Dashboards (Publid) alert 1610543238306 orionUNIF] event AlertGeneric | [TENEISE  active (e il oeLere IE® ) =
Dashboards of My Organization
My Dashboards in My Organization alert_1610548534047 orionUNIF event AlertGeneric | [N g | active | epiT [l DELETE | @ =
My Data Dashboard Dev Kibana alert 1610613189703 orionUNIFI event PN \yOWNPRIVATE TG S  eoir Bl DELETE | @ [ ViEW |
Extra Dashboard Widgets -
Data Management HLT = alert 1610629197473 orionUNIFI event AlertGeneric  [TETNDNSE  active (e il oeLere IE® ) [ VIEW |
Knowledge and Maps
s = Search Davice locatianion Map orionUNIFI event AlertGeneric MYOWNPRIVATE active m E @ m
Processing Logics /10T App  * \ v
Entity Directory and Devices = orionUNIFI event AlertGeneric MYOWNPRIVATE active Eﬂ E @ m
f My 10T Sensors and Actuators
® 10T Sensors and Actuators orionUNIFI event S gdel- IR MYOWNPRIVATE active Eﬂ m @ m
# Ent'ty Instances, IoT Devices
B 107 Brokers orionUNIFI event AlertGeneric | LRy TN active | EpiT [l DELETE | @ [ viEw |
& FIVH\RESmar Dat=
& coitModaleinT Coyices orionUNIFI event AlertGeneric MYOWNPRIVATE active m E @ m
# 10T Devices Bulk Registration N
) Doc: ICT Directory and Devices
L) Create an 10T Device Instance { . Leaflet | ® OpenStreetMap contributors Previous . 2 3 “ 5 12 Next
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'hackineg Aata 7Entrd [ e
Checking data/Entity ingestion results
—0 * ServiceMap, SCAPI, SuperSM - S pm—, 1 0 ==y ServiceMap or
L : = Super ServiceMag
Semantic reasoners --rigs — LOG / LOD viewer
_ All searches — Super Service Map BaE L
- Metata — SCAPI: Swagger -
- Structure g P et
- Last values of 10T Dev — Last data »
- GTFS * Data Inspector (last data)

Data Inspector

- Onl blic loT D
Rt Digital Twin view

e |oT/Entity Directory

- \ loT Brokers
data), SuperSM
- Faceted search

- Geo search My Data Dashboard,

- Time Series OpenSearchDash
- Private and Public

My Data Dashboare

* Data Inspector (last data) DevDash
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>NaAP&CITY WIth BlOoCKChailn
HOST 1 HOST 2 HOST 3 HOST 4
DATA > Snap4cCity Snap4City Snap4City Snap4cCity
REQUEST INSTANCE INSTANCE INSTANCE INSTANCE
INSERT INSERT INSERT INSERT
T READAPL I bl API API API
Blockchain < CHANNEL >
network
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Part 4: Data Analytics
and Artificial
Intelligence

SLIDES

Interactive Slides

UNIVERSITA
DEGLI STUDI DINFO DISIT

DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
F I RE N Z E INGEGNERIA INTERNET TECHNOLOGIES LAB
DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE

AND TECHNOLOGIES LAB

Part4: D

You You You

¢YSNAPlcny i

ata Analytics

Why and Where use DA, Al and XAl -> General Life Cycle,
scenario editor, monitoring and control

Data Processing: KPI, traffic, emissions, public transport quality,

From Data Analytics, DA to Artificial Intelligence, Al
List of the most relevant available DA and Al Solutions

Predictions and Anomaly detections: parking, biking, NOX,
landslide, people

Computing: Higher Level Types Data and their representations:
traffic, heatmaps, 3D

Human Behavior, Engagement, Typical Time trends, WIFI
sniffing

Using Al in main domains: Mobility and transport, traffic
optimization, Smart Energy, Smart Building,

How Al/XAl, and Life Cycle, Al/ML requirements, XAl,

Using DA, Al/XAl in Snap4City infrastructures
« Data Analytics <-> |oT App / Proc.Logic
+  MLOps, ClearML, exploiting clusters of GPU/CPU

Decision Support Systems and What-If Analysis, transport offer,
DORAM tool

Routing, Multimodal Routing, Dynamic Routing
Predictive Maintenance
Training Material
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/
Front-End —

Entity Directory: APl Manager Facilities Applications
Smart Data Models - , _( Traffic Optimiz. )
loT Data Models Federation — Scenario Editor l

. . Smart City API ) =g [ TrafficLightPlan ]
Digital Twins ( Business Intellig. '

<« 0penSearch |||  cse | (PublicTransport |

| storage I f Dashboard Bld | [ Parking Mng'l ]

P—. G| | & Manager Lighting Mng. |
KB, graph L1 [
[ CustomThemes ]

110 o
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Building Mng. ]
|

-v GeoServer [ Entitylnspector ] [ Synoptics

Q k(}) BIMserver.center [ Data ManagerS ] [ KPI Support
MobAppSu or
f [ pPPSupp

t t @ python [

Environment ]
[

Waste Mng. ]
[

Node-RED

[
[
[
] [
][ Sharing/pool |
SerwceMap ][ I
)
)|

Social Media 1 \ Studic Energy Mng. | ]
> HLT M -
BIM GIS — - anager
Gateuays, sefgii Artificial Intelligence: [ Jolile Mng'l )
External Services : MLr AI' XA|, DA [ =10 RE] Twm Mobile APPS ]
Web Scraping On Edg loT App ; — : _
Tv CAM streams On Cloud vent Driven [ Market/Sharing Place |
| |

Third parties solutions

A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ... ‘
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* Artificial Intelligence usually also includes
— Code, learning and reasoning
— Semantic computing, Knowledge Bases
— Neuro-symbolic reasoning
— Decision Support Systems machine learning
— Problem solving

* Machine Learning usually includes _
— Learn without coding data science deep learning
— Predictions, decisions (classifications)
— Supervised or not
— NLP, vision, pattern recognition

* Deep Learning usually includes

— Capability to learn complex patterns on huge
amount of data

— Generative Al, continous learning, graph NN, etc.
— Specialized ML solutions

artificial
intelligence

data
analytics

Snap4City (C), October 2024 272



UNIVERSITA
DEGLI STUDI gm!ﬂ!fmo

FIRENZE PS5 zone

DISTRIBUTED SYSTEMS AND
INTERNET TECHNOLOGIES LAB
DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

Identification of Process goals and Planning (problem definition)
— Which goals
— How to compute, which language
— Which environment, which libraries
Data Discovery and Ingestion (from the general life cycle)
— Data Collection, Data Preprocessing if needed
Data Analysis: feature engineering, feature selection
— Data ethics assessment
Data review and preparation for the model, splitting, encoding
Model Identification and building: ML, Al, etc....
— Model Training
— Tuning hyperparameters when possible
Model Assessment and Selection (Evaluation)
— Validation in testing

— Assessment on a set of metrics depending on the goals: global relevant
and feature assessment

— Assessing computational costs
— Impact Assessment, Ethic Assessment and incidental findings
— Global and Local Explanation via Explainable Al techniques
Model Deploy and Final Validation
— Optimisation of computation cost for features, if needed reiterate
— Solution on Production (security, scalability, etc.)
Monitoring and Maintenance on production
Documentation, incremental documentation

¢“SNAP/ciry

Model Assess.

& Selection

yL 4

Model Deploy

M

Final
Validation

b\

Solution on
Production
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Models
Identification

“

Data review
and preparation
2

Data Analysis,

Feature
Engineering

|

Identification of
Process Goals

Data Discovery,
Data Ingestion

273



Ny DINFO - DISIT
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
FIRE N 7F  INGEGNER ET TECHNOLOGIES LAB
DELL INFOHMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LA

Simplitied Training and Deploy proc

Solution Setup and Hyper-parametrization

Supervised
Unsupervised

Historical

Training o
bata Prediction
Prescriptions
Real Time : . Results A |
Data l—Ime(ineE xecution NICEING noma |eS
Classifcation
Change: features, .
model param, etc. Assessment Detection
Etc.
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p

Studic

| @
R

— s
o

e @mo 88
T (o] &

| Saving /
Sharing
reusing

Creating
MicroServices

Ontology Schema LOG.disit.org
~—~— Knowledge Base, —~ —  —
SN~ Km4City _—1 P~
3 @u Big Data
D XL -
Q lh;_;i [ EQ?@ G Store

‘@ OF -ﬁ..-mx;—- Facility
< HE EE)EJ_QD ~

S ,,____ =T
Oz E?D*
\& I;' g )
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riRenz: | . (BT Development
° -.
A pgthon jupyter é
N /SNAPAQTY
’ Big Data
Store Facility

_——

— —
I+ Arlemperatirefieatmapluscany O |~ ToDatelme -

@ localhost:8888/notebooks/claffProgr3.ipynb

 a

" Jupyter claffProgr3 Last Checkpoint:a few seconds ago (unsaved changes)

O n Se rve r File ~ Edit  View Inset  Cell Kemel  \Widgets  Help

HeaimapDemo
on
+[@B| 4/ ¢ prRn B C[» Makton v =
Or plt.shou()
thisinput = input() 1 4"_7 ;
if(t ut=="break"): {J -~ Messages on Dashboard -j
if(t )5 B comnectzd fo
else
rito

P

On PC On PCas File.py .
Load |
Anaconda Once Al Model - L python data |
o : lle.py .
ut #15 & L'indice della colonna 'lLabel’ f I a r-l awtlc
inalized Mapping 5 T T

Data..

To make the .PY usable as MicroService you need
to adapt it to get and send data in/out with
Node-RED from a Container.

If you provide a .zip file the main .py inside has

o ' ; to be called doScript.py

Snap4cCity (C), October 2024 277



UNIVERSITA | DINFO | DISIT z
DEGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS
FIRENZE | BSfiSiumaone | FEENGSSEs e CITY

al\V/ - 7 1 - ° - ‘ - -~ -
peveloper in R otudlio + iensor riow

Snap4City R Studio Development Fles Mot Packages Melp  Viewer
. ¥ o et Fename LR
@ Fle Edit Code View Plois Session Euild Debug Profile Tools Help snapdaty (5 @ Qul Mew Folder | O Upload | O Delete 3 e @ e
0 .0 - Go to fle/functior - Addins + K] Project (None) « ) Mome | SeapdCiry - SatinticsOutovt
A Nave
shapécity Console  Terminal —[ ) AnomalyDetectionR =0
AreaManager | Idap Snaj [ sourceonsave | (| o SRun | S| fSource «
[1] "carpark” . 118 anomaliesiatr, " timestamp ] < as. character(dataFlnal[res$amnms$1r\dex ,"alignDateTime"]) a Soee T
@ Dashboards Warning in statisticsResult[indfolder]$statisticsOutputName = unbox 111 anomaliesMatr[, "anoms”] <- as.numeric(resganoms[,"anoms”]) » 0DATrend 9nd
("Predictions") : 112 ] N "
& Notificat number of items to replace is not a multiple of replacement length 13 #table with anomalies = CarParksDayTread pog
otificator arring in statisticsesulc] indfolder§stotisticsOutputiiane = unbox 14 85 Comelationdatrix
("MachinelearningPredictions") : 115 setid (outhD) v N " . ' Yot '
0 10T Appications nircer of et o replsce 15 ot & multiple of replacerent g 15 options digits - 1) . = maanseraiod CliCk on each .png file to visualize the statistics: a new tab will be opened
georr smooth()" using method = "loess’ 117 tBtable <- tableGr‘ub(anumahesMatr rous = NULL, cols = c("Date and Time", "Anomaly"), theme=ttheme_default(base_sizi
= |OT Directory and Devices * [ carpa rk” 118 grid.draw(tBtable) - =
= - Warning in statisticsResult[indfolder]Sstatisticsoutputiiane = unbox 119 h ¢- convertHeight (sun(tBtablesheights), "in", TRUE) = SamooMeanter DayNoenend. oo
. " ("Anomalies") : 120 u <- convertWidth(sum(tBtableSwidths), "in", TRUE) -
W Knowledge and Maps ¥ number of items to replace is not a multiple of replacement length 121 = StatisticsBySensors png
) [1] "NO ANOMALIES ON THE SENSOR -CarParkBeccaria free-" 122 plot <- resjplot - o
Micro Applications [1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi free-" 123 = Sttt sBySensorsAndOuyMoment png
5 [1; "PRESENCE OF AMOMALIES ON THE SENSOR - CarParkPieracciniMeyer fre 124 plothix <- grid. arrange(plui 7tBtable, 2 vehicleFio NTrend pog
W External Services . 125 2, w0l
[1] "NO ANOWALLES ON THE SENSOR -CarParks.Lorenzo_free- 126 heights-c(5,1),
S Py [1] "NO ANOMALIES ON THE SENSOR -CarParkStazionefirenzeS.M.N. free-" 127 as.table=TRUE)
EALEEY ate [1] “carpark” 128 setwd (outhD)
Warning in statisticsResult[indfolder]3statisticsOutputiame = unbox 129 ggsave (paste (columnshame[i], "Anomalies.png", sep=""), plotMix, width=22, height=h:5)
< Resource Manager: Process Loader ¥ ("Anomalies”) 138
nunber of itens to replace is not a multiple of replacement length 31 ), finally = {
[® Development Tools ¥ [1] "NO ANOMALIES ON THE SENSOR -CarParkBeccaria free-" 132
[1] "PRESENCE OF ANOMALIES ON THE SENSOR - CarParkCareggi free-" 133 »
) MEETETR O [1] "PRESENCE OF AMOMALTES ON THE SENSOR - CarParkPieracciniMeyer fre 134 statisticsResult[[indfolder]]$resultFiles[indResult]$sensor=HULL | 1
% Managem " 135 statisticsResult[[indfolder]]SresultFiles[[indResult]]$sensor=unbox(as.character(columnshame[i])) :t {14
[1] "NO ANOMALIES ON THE SENSOR -CarParks.lorenzo_free-" 136 statisticsResult[[indfolder]|SresultFiles|[indResult]]$png-unbox(paste(outkD, paste(columnsName[i], "Anomalies.png”, s RO Rk
Help and Contacts * [1] "MO ANOMALIES ON THE SENSOR -CarParkStazioneFirenzeS.M.N. free-" 137 indResult = indResult + 1 ' 1
138
[J Documentation and Articles ¥ 139
Files Plots Packages Help Viewer -0 e jelsel .
3 - 141 pr.mt(paste(”NO ANOMALIES ON THE SENSOR ", "-", columnshame[i], "-", sep="")) .
My Profile @) New Folder | G| Upload | © Delete ] Rename | {3 More « 142
W 143 .
& Snap4City portal i) tome ©
A Name Size Modified 145 o
nohup.out 8 Mar 30, 2018, 9:47 AM 146 setwd("~/SnapaCity")

147 write(jsonlite::to)SON(statisticsResult[[1]]), "JsonStatisticsResult.json”)

k 148 return(statisticsResult|[1]])
Snap4City 143} »
Snap4CityDEMO i;? N T -
SnapdCityOld 144:4 anomalyDetection(anomalyDate) + R Script &
Environment  History  Connections =0 : s
# [ | 7 import Dataset « | § List + 2o S e
7 Clobal Environment « &
O dataFinal 2794 abs. of 18 variables -
Odataset 35539 obs. of 12 variables v
O dataTest 97 obs. of 15 variables
(O dataTestFinal 97 obs. of 3 variables
0 dataTrain 2793 obs. of 15 variables
OneltDataTest 97 obs. of 4 variables
0p3 Large gtable (784 elements, 9.2 Mb)
0Oplt List of 9
O statisticsResult List of 1 .
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Data Analytlc Container O~

loT App / Node-RED

Lo—‘P‘fﬁm.

Q bl
o pgthon st — & , S @
@ i . # F*'U_m_tflft%m Use Snap4City Data Analytic
‘ 10T Appl|cat|on o Node, and load in the code
& docker python dat/ you developed.

: j— =
Studlo ‘ @

Develop .py or .r program on (i) Snap4City

platform online, or (ii) your Development e ——
Machine. e A
The code has to respect the guidelines @ Deploy the lIoT App = Snap4City Container Manager based on
provided for creating API. =t Marathon/Mesos is creating a Container for your Data Analytic code
The API are called as a MicroService B ocker e |
For example see: E d‘docker
https://www.snap4city.org/641 R C O
https://www.snap4city.org/645 .
Datgnalytic,
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loT edge on
TV Camera

CGSNAP4CITY

Data Inspector

Data Inspector

CROSSVENARIAZ

Big Data [ Yl e IS T
Store S — o
Facility

show data
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loT edge on
g TV Camera

, ¢“SNAP4crry
Devices:

- CrossVenaria2VehicleFlowTrajectoriesV-
[0):176] I - VenariaConteggio

@ Save Counting per Cluster

Monitoring Cross Road Venaria - (AXIS Camera)

Number of Trajectories. ()

Get data Big Data

s Activate

———— m Store
[ mge (c) Facilty
@ analytic From Trajectories Device:

to clusters. CrossVenaria2

Counting in/out with
and flows trajectories

show data
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2 fFe

Historical Training Model
ta

Da
Real Time

Ex ion
Data ecutio

LImprovement

¢YSNAP/crTy &
Simplified Deploy of Transfer Learning Vodel

Results
streams

New Enriched Enriched

Historical . .
Trainin
Data g Model

New Real > New Model
Time Data L!mprovement Execution

Transfer Learning
and Fine Tuning

Results
streams
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Detection
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SO T e

The developers can create their Al models using Snap4City data and
infrastructure (Jupiter Hub):

* 1) to put them in execution (they could develop the solution on their
Computer as well)
— A) on stable container on CPUs via Node-RED, Docker
— B) on some server with GPU/CPUs

e 2) using ClearML and to put them in execution on a process managed
by ClearML on some cluster of GPU/CPU

— 2a) as stable process on ClearML managed Docker, via APl (usable from Rest
Calls as well as from Node-RED Snap4City MicroServices, from the platform)

— 2b) as sporadic process ClearML managed, via APl (usable from Rest Calls as
well as from Node-RED Snap4City MicroServices, from the platform)
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¢“SNAP/crry

Node-RED

*

<CLEARIML

~ S4CDataAnalytic

® localhost:8888/notebooks/claff?

O n S e rve r 7 Jupyter claffProgr3 Last Checkpoint a few seconds ago (unsaved changes)
File Edit Vies = Kemel

Ed ew  Inset  Cell Widgets  Help Not Trusted
Or B+ ¥ A B 4 ¥ PRm
plt.sh

P
On PC On PC as

Once

finalized

|J'| plumber data |J'|

]: analytic ]' -HE-

J: pythen data J_ ddOCker
T

I analytic ITI

Server Execution

®f ©

be put in execution with local scheduler or Cron
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PROJECTS D € WORKERS AND QUEUES WORKERS

CPU and GPU Usage

All Experiments : ¥ prueba_modelo_pp

I AcLEARIML
® o g

PIPELINES | sgbocst_sipeics 47

GP_Fine-Tuning GP_inference
o

@ CPUUsage (vg) (@ GPU Usage favg)

s pipeta 310

gposa ppiea 38 - v0

PROJECTS | All Experiments EXPERIMENTS x — GLEAR\ML

*

RECENT PROJECTS

@) Sevice  serving183 DevOps X X GP_Fine-Tuning

48 Sevice ‘serving master ¥ 0 e
@ Sevies  senving182 . - . - -
& Senvics  Serving 61 CPU Only

@ Inference  Serving 61 CPU Only - serve instance

@ Inference  serving183 - serve instance
RECENT EXPERIMENTS

e Moritor  serving master - statistics controller

@ Inference  Serving 61 CPU Only - triton engine
& Service serving183 Jun 62024943 g 720241533
J Mot Skype Alerts !

& Servic ) 24120
Jn Montor  serving183 - statistics controller & Senvic serving master Jul 102024 1201

@ Inference  serving master - serve instance . e f > AR = & Senvic serving182 Jun 6 2024 10:14

Monitor Serving 61 CPU Only - statistics controlier
* " ’ & Semice Serving 61 CPU Only Jun4 20241720 Aug 720241518

@ Inference  Serving 61 CPU Only - riton engine
@ Inference Serving 61 CPU Only - serve instance Jn 420041722 Aug 52024 11:47

0O 0ODOD0ODO0DODODOODOOOO OTGOOGO

@ Inference  serving182- serve instance PR T——

Sowsormmenauzn ) cowwe  F
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Parts 7 & 8: AP], |

Part 7: Exploiting
Snap4City APIL and
Web/Maobile
Applications SDK

SLIDES

Interactive Slides

You You

Part 8: Developing
Smart Applications &
Business Intelligence
Solutions

SLIDES

Interactive Slides

You You You

¢“SNAPciry @:

Intelligence

]

IinesS

>
D

Viobil, Bus 5

Concepts and tools for using Knowledge Base, ServiceMap, API
Federated Knowledge Bases and Smart City APIs

Access to Protected data

Developing in the smart city loT/WoT context

Smart Solutions Development Life Cycle

Analysis for Innovation (Co-Creation and Co-Working)
Design: Data, Data Models, Data Relationships

Design & Develop: Data Processes Proc.Logic / loT App
Design & Develop of Data Analytics

Design & Develop: user interfaces, visual tools

Visual Analytic vs Data Analytics: Client Side Business Logic
Intelligence

Design and Control of Smart Applications
What is missing here and you can get from former course
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DINFO

. Powered by https://www.snap4city.org/d
.”SNAP4Tech ownload/video/Snap4Tech-
Development-Life-Cycle.pdf

Development Life-Cycle

hittypys://www.snapdcity.org/download/video/SnapdTech-Development-Life-Cycle-v1-1.pdf

From Snap4City:

* We suggest you to read the TECHNICAL OVERVIEW:
o https.//www.snap4city.org/download/video /Snap4City-
BlatformOverview.pdf
napdcity.org

apdsolutions.org

w.facebook.com/snapdcity

s  https:/fwww youtube com/channel/UCItACOPEbNbasf2-udvandg

Coordinator: Paclo Nesi, Paclo nesi@unifiit

DISIT Lab, hittps://www disit org
DINFO dept of University of Florence,
Via S. Marta 3, 50139, Firenze, ltaly
Phone- +39-335-54A48474

o

UNIVERSITA
DEGLI STUDI

{7t | DINFO
FIRENZE o
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i it | DANEO | e é SNAP/ciry &
How the Dashboards / Apps Exchange data (2024/3)

Data, web pages, etc. é

(Http(s), W, ...)
Third Parties APlIs, services, gateways, pages EEEREEFRERRRY Web and Mobile Applications
Data (ODBC, JDBC, Mongo, ...)
Direct storage, databases TEERRRRRRRRRY

GIS, Maps, Heatmaps, Dashboard Builder ___ Dashboards

Traffic Flow, ODM
Data Manager

Entities, devices, data

>

Dashboard Wizard

Dashbo 7 ‘7

slllllllllllllllllllll

| |
| |
| |
| |
| u q
. - API/ServiceMap
u u Brokers
| | ]
| | | ]
: :
- GeoServer -
| | | ]
| | ]
| | |
| | | |
croServices MitroServices
| | | | | |
\ A A 2 / ‘
8 Eveliiland SxtionsiiVss) [ Widget Collection = s

MicroServices ﬁl
Client-Side Business Logic (Visual Editing, and JavaScript)

J L J
Processing Logic/loT App (Server-Side Business Logic)
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 Combining different
filters for selecting
entities from Smart
City APIs

* Be care: filtering too
much may lead to
empty set ©
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Snap4City Smart City APl Docs: Swagger
User: roottooladmini, Org: DISIT +1 swagger

Role: RootAdmin, Level: 7 Advanced Smart City API
Kmdcity Web App API
Looou Orion Broker K1-K2 Authentication API

= et T Advanced Smart City AP| ™ e

Data Set Manager: Data Gate

ernal APl Docs: Swagger

hitps://www kmdcity orgiswagger/externaliascapi-openapiva Json

¥ ce M - Pro ader ¥
= e e BT Ly SMART CITY APl WEB DOCUMENTATION loT device registration APl
@ Development Tools = 10T device registration API
@ Web Scraping Tool Notificator API
@ web Scraping Tool (on)
Servers DISCES scheduler API
@ web Scraping Tool (6l)
B R Studio Development [ https://servicemap.disit.org/WebAppGrafolapiivl v Resource Manager AP|
@ R Studio Development 011 jm of a JSON document shaped conforming to a well-defined schema { Sensors API
Jevice
B RStudio Development 0116 Event Logger API
@ R Studio Development TF Services A4 Ownership API
@ R studio Development GFF
e ] \ Data Manager API
udio Development Gral ‘ / Service discovery and information ‘ )
1. MicroServices from DataAnalytic Device, Broker and Value Mgmt AP1
@ ETL Development Snap4City Application API
v
B ETL Development 1 Events Engager API
@ ETL Development 2 ] Wallet API
alles

# Knowledge Base Graphs ‘ /events/ Eventsearch ‘
< Knowledge Base Queries User Profiler API
¢ Smart City APl Docs: Swagger Locations v i My KPIAPI
¢ Internal API Do ag Snap vs Openmaint AP|
B Testing API by Postnan ‘ /location/ Address and geometry search by GPS ‘ Device Groups APl
& Source Code Access :

Sci-Hub Processing API

Management ¥ :
B — Public Transport v

& settings *

o ‘ /tpl/agencies/ Agency list ‘
User Management and Auditing ~

iz el EaiiEs = ‘ /tp1/bus-lines/ (Bus)Lines list ‘

. — -
https://www.km4city.org/swagger/external/index.html 5

https://www.kmd4city.org/swagger/internal/index.html
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 REST CALL by category = JSON (Options in RED), they are REST ASCAPI calls
— Requesting a category, so that to see all Services of the same category (subNature)

* http://svealand.snap4city.org/ServiceMap/api/vl/?selection=59.581458578537955;16.71183586120606;59.62
875017053684;16.875171661376957&categories=Street light&maxResults=100&format=json
— Please note that in the MoreOption dashboard the GPS area is neglected
* https://servicemap.disit.org/WebAppGrafo/api/vl/?selection=43.64471;11.005751;43.89471;11.505751&cate
gories=Green areas&maxResults=200&format=json
— Please note that in the MoreOption dashboard the GPS area is neglected

* Custom PINS note: “selection” coordinates are used for collecting attributes in custom PINS. Other options
such as “maxDists” cannot be used in custom PIN. All parameters can be used in other cases.

» Different KB links are identified by their ASCAPI links: svealand.snap4city.org, servicemap.disit.org, ....

— Requests to SuperServiceMap for the network of Federated KBs by using /api/...........
Without prefixed KB to obtain merged results from more KBs. For example as:
» /api/vl/?categories=Air_quality_monitoring_station&format=json

* Please note that the direct links to the superservicemap can be of the form:
— https://www.disit.org/superservicemap/api/v1/? .....c.c.cccorinn...
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How the Dashboards & Apps exchange data

Third Parties APIs
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= I _— — Server Side
- SE= e R — Business Logic

Tr
GIS, HTTPs URLs

eq. ServiceURI, KPI

Dynamic Data:

ServiceURI, MyKPI,
Events and Actions

L

ffic Flow, MAPS, Heatmaps

Dashboards

[ —

a0 52

soan

VE0IA

Py

eeeeeeeeeeee

Client Side Business Logic
Visual editor and JavaScript

(when needed)
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https://www.snap4city.org/do
¥ SNAPLcrry g whnload/video/ClientSideBusin
SNAP4Teoh esslLogic- WldgetManuaI pdf

Client-Side Business Logic
Widget Manual

From Snap4City:
e« We suggest you read

Development-Life-Cycle.pdf
» We suggest you read the TECHNICAL OVERVIEW:

o https://www.snap4city.org/download/video/Snap4City-

PlatformOverview. pdf

slides go to https://www.snap4city.ora/577
https://www.snap4city.org
https://www.snap4solutions.org
https://www.snapdindustry.org
https://twitter.com/snap4city
https://www.facebook.com/snap4city
https://www.youtube.com/channel/UC3tAOO9EbNbasf2-udvandg

Coordinator: Paolo Nesi, Paolo.nesi@unifi.it
DISIT Lab, https://www.disit.org
DINFO dept of University of Florence,
Via S. Marta 3, 50139, Firenze, Italy
Phone: +39-335-5668674
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https://www.snap4city.org/download/video/ClientSideBusinessLogic-WidgetManual.pdf
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Course 2023: https://www.snap4city.org/944
— Introductionary course to Snap4City technology

Course https://www.snap4city.org/577
— Full training course with much more details on mechanisms and a wider set of
cases/solutions of the Snap4City Technology
 Documentation includes a deeper round of details

— Snap4City Platform Overview:
* https://www.snap4city.org/drupal/sites/default/files/files/Snap4City-PlatformOverview.pdf

— Development Life Cycle:
* https://www.snap4city.org/download/video/Snap4Tech-Development-Life-Cycle.pdf

— Client Side Business Logic:
* https://www.snap4city.org/download/video/ClientSideBusinessLogic-WidgetManual.pdf

* On line cases and documentation:
— https://www.snap4city.org/108
— https://www.snap4city.org/78
— https://www.snap4city.org/426
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Estimate Indicators: P1, P2, P3, P4, PS5 _
— loT App/Proc.Logic javaScript, Data Analytics, Dashboards to see data and results

*, Load additional data: P1, P2, P3, P5

— loT App/Proc.Logic JavaScript, loT Directory, ServiceMap, advanced interoperability,
Dashboards to see them

Performing Al/XAI on accessible data: P1, P2, P3, P4, P5 (P8)
— loT App/Proc.Logic JavaScript, ServiceMap, ASCAPI, Python, Dashboards to see data/results

Developing Business intelligence: P1, P2, P3, P7, P8

— loT App/Proc.Logic JavaScript, Dashboards to see them, ASCAPI, CSBL for making them
intelligent, JavaScript

Developing Web and Mobile Apps: P1, P2, P3, P7, P8

— ServiceMap, ASCAPI, Dashboards
Deploy, install, test and management: P1, P2, P
— loT App/Proc.Logic JavaScript, ServiceMap, Dashboards-te’see them
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[DigitalTwinMTAP] L. Adreani, P. Bellini, C. Colombo, M. Fanfani, P. Nesi, G. Pantaleo, R. Pisanu, “Implementing Integrated Digital Twin Modelling and Representation into the
Platform for Smart City Solutions”, Multimedia Tools and Applications, Springer, 2023 DOIL: 10.1007/511042-023-16838-
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P. Bellini, S. Bilotta, E. Collini, M. Fanfani, P. Nesi, "Mcbility and Transpert Data for City Digital Twin Modeling and Exploitation’, 2023 IEEE International Smart Cities Conference

Notificator (1SC2), 24-27 September 2023, Bucarest.

F. Alberti, A. Alessandrini, D. Bubboloni, C. Catalano, M. Fanfani, M. Loda, A. Maring, A. Masiero, M. Meocci, P. Nesi, A. Paliotto, "MOBILE MAPPING TQ SUPPORT AN INTEGRATED
TRANSPORT-TERRITORY MODELLING APPROACH", The International Archives of.he Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVII-I/W1-

2023 12th International Symposium on Mobile Mapping Technology (MMT 2023), 24-26 May 2023, Padua, ltaly
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Knowledge and Maps v J H

= M. Fanfani, M. Marulli, P. Nesi, Addressing domain shift in pedestrian detection from thermal cameras without fine-tuning or transfer learning, IEEE SmartComp, International Who S Onllne
Processing Logics /IOT App = Conference on Smart Computing, June 26-29, Nashville, Tennessee, 2023, - o
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Snap4City Tools

Data Management é SNAp4CITy

HLT-Data Inspector
Knowledge and

Map, ServiceMap
Proc.Logic/loT App

Entity Directory
- loT Directory

L evelor BNt HLT & Data :
Devel JPITNICTIL Development Scenario
- ‘ Management Tools + loT A )
LiTe C/CJ% ools + |oT App | Editor
Design evelopm
Data Discovgry Procesting
Data Modeling Logic /10%-Ap est Deploy Python
R Studio
Data Processes Data Analytic oy
Analysis
Data Analytic Special Tools « o Test Deploy
Userinterface + Userinterface T Deol
Business Logic Dashboards es eploy
Tables and Dalshboard
Producti Validation i
Documents roduction Builder, CSBL
Development life Extra Dashboard
Management .
cycle manual Widgets
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Typical costs to setup operative

Learn Visualization Tools or Libraries: 5-
15%

Software Licenses: 5-15%

Development Time: 20-30%
Infrastructure Costs: 10-20%

Data Processing and Storage: 10-20%
Customization and Interactivity: 10-20%
Final Users Training and Support: 5-10%
Maintenance and Updates: 10-15%
Design for Security/privacy: 5-10%
Design for Scalability: 5-15%

In yellow, what is not impacted

¢VSNAPcry B

conaditions

Desing x Scalability: 5-15%
Design x Security
Considerations: 5-10%
Maintenance and
Updates: 10-15%

Final User Training
and Support: 5-10%

Learn Visualization Tools or
ibraries: 5-15%

Licenses:
%

opment
20-30%

Customization and
Interactivity: 10-20%

Infrastructure
Costs: 10-20%

Storage:
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Snap4City strongly reduces the effort/costs for
Learn Visualization Tools or Libraries: 5-15% =2 10%
— Visual tools, visual programming, training course, dev. Manuals, etc.
» Software Licenses: 5-15% =2 0%
— Development environment fully open source
* Development Time: 20-30% = 5%

— Dashboard builder, synoptics, widget exchange, dashboard exchange, clone, delegations, etc.
— Reused cloned and shared solutions, artefacts

* Customization and Interactivity: 10-20% - 10%

— Dashboards with Business Logic: CSBL, Node-red SSBL

— Direct development of Business Intelligence without coding all details
* Design for Security/privacy: 5-10% = only respect the guidelines

— Snap4City is end-to-end secure and GDPR compliant, all is already in place
* Design for Scalability: 5-15% = only respect the guidelines

— Snap4City is scalable from Back-End to Front-End, all is already in place

* Reduction of: 45% for development effort of
smart city solutions
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Identification of Process goals and Planning (problem definition)
— Which goals
— How to compute, which language
— Which environment, which libraries
Data Discovery and Ingestion (from the general life cycle)
— Data Collection, Data Preprocessing if needed
Data Analysis: feature engineering, feature selection
— Data ethics assessment
Data review and preparation for the model, splitting, encoding
Model Identification and building: ML, Al, etc....
— Model Training
— Tuning hyperparameters when possible
Model Assessment and Selection (Evaluation)
— Validation in testing

— Assessment on a set of metrics depending on the goals: global relevant
and feature assessment

— Assessing computational costs
— Impact Assessment, Ethic Assessment and incidental findings
— Global and Local Explanation via Explainable Al techniques
Model Deploy and Final Validation
— Optimisation of computation cost for features, if needed reiterate
— Solution on Production (security, scalability, etc.)
Monitoring and Maintenance on production
Documentation, incremental documentation

¢“SNAP/ciry

Model Assess.

& Selection

yL 4

Model Deploy

M

Final
Validation

b\

Solution on
Production
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Models
Identification

“

Data review
and preparation
2

Data Analysis,

Feature
Engineering

|

Identification of
Process Goals

Data Discovery,
Data Ingestion
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Typical E ffort of Phases without snap4City

* Please note the effort for

Monitoring and

Data eP oc i g a”d Maintenance: 10-15% , L0.15%
l I / essin ction: 10-15%
eployment:

Data Preprocessing:

* Please note that the pie has 15-20%

not taken into account the ~ ™au2or
effort for creating

— an actual applications or

Engineering:

10-15%
Model Training: 20-25% 2

— simple web results rendering

on d as h boa rd odel Selection: 5-10%
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e Effort reduction from 25-35% to 10-15%, >55% reduction of effort for

— Data Collection via
 Direct collection access with Brokers, harvesting of external brokers and data models

e Usage of library of data models, more than 1700 models: saving analysis
— Custom data models, massive automated construction of entities

* Automated enrichment of Km4City Ontology and knowledge base: saving time analysis
* |oT App / Node-red development of data collection processes: fast development

— Data PreProcess via

* Node-red visual programming (node.js) for preprocessing, transcoding, thousands of
microservices and libraries, reuse of blocks and data flows, etc.

* Semantic recovering of data relationships via semantic graph DB with Km4City models
* Eventually usage of Python or R-studio or others when needed

— Reuse and share of Node-RED solutions, large number of cases
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DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND [kma[cITY]

FIRENZE  NGEGNeRA INTERNET TECHNOLOGIES LAB SN Ap4CITy -
DELLINFORMAZIONE  DISTRIBUTED DATA INTELLIGENGE geEEls
e Dlasf A vl itactsnry . |

Part 6: Platform Architecture, interop and Deploy

. Snap4CityArchifecture
* Interoperability of Snap4City Platform

* |Interoperability with respect to
Hardware staff

Part 6: Snap4City « Adding Features and Modules to

Platform Architecture, Snap4City
Interoperability, FIWARE and Snap4City
ME'”IEQE"‘E“ and Snap4City vs State of the Art Solutions
:ZE; %g?%tgd‘%/p%ﬁnning with Snap4City
— Tube Tube Tube Tube

The Role of the Living Lab Support

Interactive Slides ] -, i
«  Snap4City Platform: Administration
Overview

 Snap4Tech: Smart Solutions as a Service

 Deploy Snap4Tech solutions: Docker
Based
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¢“SNAP/ciry
Snap4City Platform

Technical Overview

From: DINFO dept of University of Florence, with its

DISIT Lab, Https://www.disit.org with its Snap4City solution
Shap4City:

*  Web page: Hitps://www.snap4city.org

*  https:/ftwitter.com/snapdcity

*«  https://www.facebook.com/snapdcity

Contact Person: Paolo Nesi, Paolo.nesi@unifiit

Phone: +38-335-5668674

Linkedin: https ww.linkedin.com/in/paolo-nesi-849bas1/
Twitter: httpsy
FaceBook: https

[]

8]

[]

.com;/paolonesi

v facebook.com/paolo.nesi2

[]

(P T

w

i ‘Pém-

¢“SNAP/ciry

 https://www.snap4city.o
rg/drupal/sites/default/f
iles/files/Snap4City-
PlatformOverview.pdf
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JrJ;"'chH ations, different models a TOOL to get them

Micro X:
e 1VM of dockers *
Normal X,Y: docker

« 2VM of dockers

Small X,Y: scalable
e 4\/M of dockers

DataCitySmall X,Y,Z: scalable
« 6 VM of dockers

DataCityMid X,Y,Z,T: scalable

« #VM+X/70VM +Y/3VM +ZVM + TVM of (==
dockers

DataCityLarge: scalable

« depending on your needs

https://www. snap4C|tv org/docker generator/selectlng model
Snap4cCity (C), October 2024 318
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How to adopt Snap4City

Smart City as a Service

10T Applications

Https //wwwsnap4C|tvorg PrekEr e SR ——
R Lﬂﬁé“égﬁ = ey

®csr|:| ! "2;4"_142_" R

" - §
S ploC"y calable Smart aNalytic APplication builder for sentient  pegicerari My 10T Devices Big Data Analytics, Artificial Intelligence

& * m %‘) @ ssssss ¥
Innovations

20

¢“SNAP/ciry Ny

e Virtual Machines or Dockers
e Different configurations
* From small to scalable

Supporting Org

100% Open Source Platform: Github * Exploiting your legacy tools

Further developments Download * Interoperable with any tool
Publishing Appliances and Dockers and deploy °* Novendor lock-in, No tech lock-in
Training courses, docs Mixed solutions! For example:

Consulting ~  Start on Cloud as Smart City as a Service
Forums Q"SNAp/iCITY on -

: i —— * Migrate on premise on the fly
& SCIENCE CLOUD e Start on Cloud into a sand box
* Pass to install on premise what you need

I!i

Snap4City (C), October 2024
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Powered by

Installation on your premise SNAP4Tech
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Micro 6 (technical) [ Web Interface . proxy |

J
N\
/ \ J

/ , Dashboard ] WSServer

[ Synoptics (WS) } [ Erontend [ (nodered) | . Resource Mng }

[ PersonalData } [ DataBase ] [ Kafka | MyLDAP, LDAP ] 1Hour
(- J . .
= w installation
© Dashboard } [ KevCloak
> [ Dashboard Cron } [ BackEnd ZooKeeper ] U y ] and

Smart Data ExtBroker
[ el } [ OD Manager J [ ML [ FIWARE loT J ready to use

2

C )
O @ [ Open Search } [ Open Search J /[ 10T App 01 ]
(o]0]
5

\5

Dashboard [ 0T App 02 ]
[ ServiceMap (SCAPI) ] [ Virtuoso ]
4
Cowon | I B
Broker ORION OrionFilter Mongo 10T ApbDS
\ ) K PP /
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* SLA:
— Including: Direct Contact, POC; Help Desk

* may be an Organization on our cloud to test new tools, and work with the community,
this is typically 5-12Keuro first 2years and 1-2keuro for each successive year depending on
the feature and number of users you are placing.

— Similar to: https://www.snap4city.org/497 with some adaptation on the basis
of your deploy and critical conditions, if any

* Updates, help desk, etc.

e QOur support can be valued on:

— The basis of the complexity of your solution: 10% of the cost
* Or
— Block of: 16 hours, for 3000 euro / 50 hours, for 6000 euro

* larger packages can be negotiated

* Support can be provided by: Snap4, DISIT Lab, and other companies
* Customizations can be assessed separately

Snap4City (C), October 2024
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* Cloud «as a service»: a number of installations are in place

— The largest https://www.snap4city.org ""‘:SNApli
» 20 tenants/organizations, Billions of data Appliances and Dockers
* 1 hour deploy new organization, devices, data, dashboards Installations

* Installations on public or private cloud, or on private servers

— A number of ready to use configurations from 1VM to multiple scalable
solutions: https://www.snap4city.org/471

* VM: Appliances ready to use

* Docker compose, Tool for generating and downloading the docker compose files
— Micro X version can be installed and tested in 4 hours. https://www.snap4city.org/738

https://www.snap4city.org/docker-generator/selecting model
Snap4City (C), October 2024
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Authentication and Authorization:

¢ ‘SNAP4CITY

GDPR compliant

Participatory and Living Lab Supports

Presentation Dashboards Business Intelligence Visual Analytics Smart Applications Web & Mobile Apps
E Dashboard Themes Dashboard Wizard
[
X Dashboard Mng. Dashboard Builder Widget Library 3D Digital Twin CSBL
.t External Interoperability [ ET e AN G EE TR E|6T =1 a1=1S SN SMQTT © FILARE ﬂ §gk°fk° m“"‘"’-"“"“‘
-EU APIMAN
% Operations Operational Tools Artificial Intelligence, DA Tools Al Develop. tools Visual Analytic processes
' Gg)ammmn
e B BY)B = [
Noterep  SUMO
IS Internal Interoperability: API, MicroServices, WS eIl Ll VA \[oTs R BRI 1421 ASCAPI mmbﬁncket ) FIWARE
©
s || I . -
£ || I Persistence & LOGraph
o || = : wy OpenSearch
E 23 Knowledge and Data Management SuperServiceMap Data Management, HLT
?go Eﬂu_g_ L—] Ni-Fi nifié | : | Linked Data triples
g § S Aggregation Processes and Rules Blockchain | & FIUARE -
£ =S Data Process loT/Entity Directory Brokers NMQTT )
..g :| Any protocol and format i I Any protocol and format i
E Connectivity: wired/wireless, loT Edge, etc. o,

® 9@ 0 Q¢

Device Layer
snap4City (C), October 2024
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Any protocol and format | I Any protocol and format |

X Z5Y AT External Saocial
= % | GIS . .
4 . @ e W Q @ (\/, e BIM OsM Gateways Services ERP Media

External Third Party Services
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* RootAdmin * Users of any Role have full control on their own

— The gods of the specific installation, resources: data, devices, dashboards, 10T App,
access to all tools for all etc., which may control according to GDPR rules,
Organl.zatlons — providing access, revoking, etc.

* ToolAdmin o « All users start as Manager roles

a 'Ic')he aqlmlnlstra’gohrs of an biliti — All users have also a Level (numeric). A score

rga}nlzlatlonlwrc some capabilities about what they have exploited in the platform.
on single tools Higher scores correspond to wider exploitation of
 AreaManager (developers) capabilities.

— access to development tools, access * RootAdmin users may
to a wider number of resources, 10T — pass Users to higher roles. Ask to
VI\\;IIt:I bIOth basic and advanced, IOT snap4city@disit.org to become an AreaManager

0dels, .etc. for testing
* Manager (final users) — Provide/grant specific authorizations to data
— limited access to development, IOT access on Tool usage

App development with Basic library.

In the Installation onPremise, you become the
RootAdmin of it, you decide ALL.

Snap4City (C), October 2024
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Platform Management and control

¢ Management =
7 Traffic Analyzer: AMMA

X

7 Container Cluster Monitoring

X

# Container Cluster Intelligence

X

7 Back Office Container Monitoring

E

7 10T App Version Management

X

Smart City AP Monitoring
7 MyKPI Monitoring

KR

Notificator Monitorit & User Management and Auditing »
Web Server Monitori
Back Office DWH Scl

KR

User Management

User Limits Management

Back Office DA Sche:
User Engagement

m m m

Back Office DISCES
- — User Engagement Dash
Mobile Application M
User Role Management via LDAP
Mng Anonym. Photo

Mng Photos Comme % Manage Resource Ownership

L
2
2

Mng Online Helps User Chats Management

7 Config ResDash Auditing Data Access Try-out

X

7 Mesos view @ Auditing Elementsvs Ownership

X

7 DISCES-EM Auditing Personal Data

X

E

/ DISCES-EM tail Auditing Accesses Authetication

x

7 10T App for Conf Clu: Auditing User Activities

Auditing Activities on Queries
Auditing Activities on Articles
Auditing 10T Directory Data
Dashboard Builder Local Users
Organizations vs Groups

Usersvs Organizations

Snap4City (C), October 2024
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User Management

Platform Management tools

Peaple o

* Installation procedures
* monitoring and control tools
* Quality control .

Help desk and SLA
User management tools

» User profiling, limiting

* Auditing tools according to GDPR = —
* Menu profiling

* CRM ==

Training and tutoring tools

Auditing Persona

* Develop. Life Cycle
* Develop. tools

Manual, courses, etc.
* Community

etc.
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Unified Management Model

Y SNAP/crry

SMART ENERGY AND
HORIZONTAL Al PLATFORM MOBILITY AND TRANSPORT SMART BUILDING

ENVIRONMENT AND
WASTE MANAGEMENT
—_

CITY USER’S SERVICES AND
TOURISM MANAGEMENT

e

C
r!
pC
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Smart Cities with Multiple

Services Benefit of a
Unified Knowledge Model
for Management
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EFl FIWARE
IMPACT
STORIES

Snap4City:
FIWARE powered smart app
builder for sentient cities

A | sl | DINFO | DISIT |
FIRENZE | B | W

! n”.m,

B"-M

— https://fiware-
foundation.medium.com/sna
p4city-fiware-powered-
smart-app-builder-for-
sentient-cities-acfe24df49d5

— https://www.snap4city.org/d
rupal/sites/default/files/files
/FF ImpactStories Snap4cCit

y.pdf
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booklets

* Smart City

https://www.snhap4city.org

/download/video/DPL SN
APACITY.pdf
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NDUSTRY.pdf

rg/download/video/DPL

SNAP4SOLU.pdf

334


https://www.snap4city.org/download/video/DPL_SNAP4CITY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4CITY.pdf
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_SNAP4INDUSTRY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4INDUSTRY.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf
https://www.snap4city.org/download/video/DPL_SNAP4SOLU.pdf

https://www.snap4city.org/4

. Scenario:

UNIVERSITA =
INIVERSITA | DINFO | 2

TR, FE G

DIPARTIMENTO DI DISTRIBUTED SYSTEMS
AN TER

F l RE N Z E {l)\‘E%E%IJ“FEORI[RAMAZIONE TE(?!—I{NOELO%ElES LAB

SnapBot: Real Time Smart City services via Telegram

. Scenario:

Copernicus Satellite Data

. Scenario:

SmartBed, Materasso Intelligente

. MicroServices Suite for Smart City Applications

. Scenario:

MODBUS for Snap4Industry Snap4City Applications

. Scenario:

MOBIMART Interreg: MOBIlita Intelligente MARe Terra

. Scenario:

City of Roma case, mobility and environmental data

. Scenario:

Herit-Data video and aims

. Scenario:

Control Room vs Video Wall

. Scenario:

Snap4Home the case of: Alexa, Philips, Sonoff, TP-link, etc. (Italiano)

. Scenario:

how to manage maintenance and accidents workflows

. Scenario:

Snap4Home, how to exploit Snap4City solution on home automation

. Scenario:

Energy Monitoring

. Scenario:

Multipurpose User Engagement Tools

. Scenario:

5G Enabled Water Cleaning Control (smart city, industry 4.0)

. Scenario:

High Level Control of Industrial Plant (industry 4.0)

. Scenario:

Vehicle Monitoring via OBD2

. Scenario:

Events and Museums Monitoring in Antwerp

. Scenario:

High Resolution Prediction of Environmental Data

. Scenario:

Mobility and Transport Analyses in multiple cities

. Scenario:

People Flow Analysis via Wi-Fi

. Scenario:

Antwerp Pilot on Environmental Data

. Scenario:

Helsinki Pilot on Environmental Data

. Scenario:

Firenze Smart City Control Room

. Scenario:

Mobile & Web App: Toscana Where What ... Km4City, Toscana in a Snap

. Scenario:

Helsinki Pilot on User Behaviour

. Scenario:

Antwerp Pilot on User Behaviour

Snap4City (C), October 2024
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Scenarious

Data Analytic: Origin Destination Matrices,

Algorithms and tools

Data Analytic: Traffic Flow Reconstruction
Data Analytic: in general, and the cases of
Antwerp and Helsinki

Data Analytic: Predicting Air Quality

Data Analytic: Analyzing Public
Transportation Offer wrt Mobility Demand
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