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e Controlling Status: management, and operational
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
o What-if analysis on scenarios ?"Mmd:vvﬁmmfddézasy“’
o Simulation and predictions e
© Resilience e
* Be ready for Unexpected Ll Bl NP
Unknows
:r’z Operational
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Dig ital Twin I/SNAPACITY

- Digital Twin
+ Connected with real systems

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

86

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

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

» Useful to perform
« Discussion with city users

* Support decision makers
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i
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* By Case Experiments for analysing
* New solutions, impact of disaster (natural and provoked)

* Reduction of costs in the analysis, in reduction of mistakes
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Main tasks ,/SNAPACITY

e Controlling Status: management, and operatio
o Monitoring via KPI
o Predictiong vs KPI
o Anomaly detection

Nd

Digital Twin j

o Neuro-Symbolic ans

o Risk assessment Models & ’ Predictions,

o Early warning on critical conditions Data Anomaly Detection,

o Fast What-if analysis Decision /" Analysis, As.f,essment
e Making plan: tactic and strategic, Support System Warning

medium and long range, micro/macro Simulations,

o Simulation & optimization Scenarious TFR, Crossroad,

o Generative Al Prescriptions, scenarios . Public Transport, 7

o Resilience to Unexpected unknows Routing, .. , .

o What-if analysis wrt scenarios _ EN

o Collaboration with stakeholders il e, ::\§\

\

Optimization <
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Main tasks VS Snap4City Tools SNAPAcTy

FIRENZE - TRAFAIR - AIRQUALITY HEATMAPS
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Monitoring

KPI

A e 8

\, Digital Twin j " J:::" s
Models & ™ Predictions, = \
Data Anomaly Detection, ~

E " S Analysis, Assessment
‘ — Decision .
-. | Warning
L\ R - fl Support System
'L Simulations,
R— — Scenarious TFR, Crossroad,
7 :
Public Transport,
Routing / Dynamic Routing ROUting, .-

Vil s S,

What-If Analysis,
Optimization
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Digital Twin Solutions f stainability

OPERATION AND PLAN - CONTROL ROOMS - DECISION SUPP MS - WH LYSIS - OPRNMIZATION /APPLICATTIONS
- DEVELOMENT ENVIRONMENT
- - ) ! : AND RO AND D D METHODOLOGY
HORIZONTAL AIPLATFORM [} P(OBILITY AND TRANSFORT thedng : s e i -ISUAL PROGRAMMING, BIL, AL HpC

» TRRINING COURSES

« LIVING LABS

= GUICUSTOM STYLES

» FUL] APPLICATIONS, DASHBOARDS
AND VIEWS

= MOBILE APPS

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

API - MICROSERVICES - GIS - BPM
VIDEO - REPORTS - MAPS - 3D ...
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VISUAL PROGRAMMING, ADAPTERS

EXPERT SYSTEM, KNOWLEDGE BASE
SEMANTIC REASONING

SMART DATA MODEL BIG DATA ANALYTICS, ARTIFICIAL INTELLIGENCE DATA FLOWS, WORKFLOWS
EXPLAINABLE Al, MACHINE :
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-" Actuators I
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Proc.Logic o '

GW
Sensors and Y

External
Services
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Digital Twins

‘ N I N .
Snap4City Microservice Platform

/7

<4 MicroService Based, Proc.Logic
<

A

e A
‘ Data ‘ Knowledge ‘

Ingestion

Server-Side Business Logics, SSBL

2

x Bases &
MLOps,
HUB Storages ML, Al '
v

o

\/

Data
Analytics: };

Web/Mobile Apps
Dashboards & Interfaces

&

/SNAPACITY
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SNAPAciry
- Digital Twin Global - Fire

demonstrator

High Level Types

- IoT Device Models /

« GIS, maps, orthomaps, WFS/WMS, GeoTiff,
callbrated heatmaps, Satellite data, any klnd

< traffic flow, typical trends, .

» trajectories, events, Workflow, ..

M, Digital Twins, ..

Gio 11 Giu
Prato

Synoptics, animations, ..

——  KPI, personal KPI,..

eropo;to‘j;\lrenze

!
Amerigofmespucci

e social media data, TV Stream,

* routing, multimodal, constraints, ..

—

e decision scenarios, ....

* eftc.
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3D Digital Twin

@ SnapdCityDocker X @ Dashboard Management Systen X +
« > C A Non sicuro | dashboard/dashboardSmartCity/view/Baloon-Dark.php?iddasboard=Ng==#

¢ SnapACity @ dashlocal
Ciao

Fri 13 Oct 18:29:18

DOUBLE MAP

si 1t https://www.youtube.com/watch?v=le2XNF8Ftxo
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https://www.youtube.com/watch?v=le2XNF8Ftxo
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 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), January 2025
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e Controlling Status: management, and
operational

Monitoring
o Monitoring via KPI
o Predictions vs KPI KPI
o Anomaly detection N\__ Digital Twir j
o Neuro-Symbolic analysis Models & X predictions,
o Risk assessment Data Anomaly Detection,
o Early warning on critical conditions Decision / Analysis, Assessment
o Fast What-if analysis Support System Warning
e Making plan: tactic and strategic, Nes Simulations,

medium and long range, micro/macro Scenarici_usj TFR, Crossroad,
o Simulation & optimization Public Transport,
o Generative Al Prescriptions, scenarios K (J Routing, ..
o Resilience to Unexpected unknows What-If Analysis,
o What-if analysis wrt scenarios Optimization <
o Collaboration with stakeholders

2024/8 Snap4City (C), January 2025



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.
14


https://sdgs.un.org/goals
https://environment.ec.europa.eu/topics/air_en
https://www.snap4city.org/951

& -4

S,
2,

»\g

{ s
REZHIE

Ry S
Hspns
vesET Ran

\OREy,

33

C /SNAPACITY?

2010t

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==
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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

Snap4cCity (C), January 2025
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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
Dec 19 Jan'20 Feb 20 Jun 20 Jul 20 Aug 20 Sep 20 Oct 20 MNow 20
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
1°/phase
22228 Previous
Dec 19 Jan 20 Felb 20 Jun "20 Jul 20 Aug ‘20 Sep 20 Oct 20 Maw "20
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ACTION

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

B L/ INPUT Convld + Max Pooling 6 BI-LSTMs layers FullyConnected

e
\ ‘o

9 7 P e £ 1
PS 9. v
Q 2% \ o @ o
SO0 s
P 6 - ‘ 16
= e (LU A A M m
oy 4 ¢ B 0% v S .',x'w‘dkl\. |,n el AT I —
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3: e ' i > o R o I AP N N
Urban data: RF CONV-BI-LSTM ss00

b Date'tlme — XGBOOST 000 A
* Traffic DNN N
e Temporal LSTM N

* Seasonality BI-LSTM
Autoencoder BI-LSTM

e Pollution _ Attenti CONV-LSTM e
e Weather SaFo8 ’

CONV-BI-LSTM %09

\ehicleFlow

0 100 200 300 400 s00

SnapA4City (C), January 2025



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
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. 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), January 2025
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https://ieeexplore.ieee.org/abstract/document/9530580
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pad Parking

= sNAPAary Parking Conditions Monitoring Wed230ct162441 @D
Parking Slots Parking KPls e
‘ Status of Slots + e ‘
HARS T . Select Group:
A | Types of Slots Group capacity : 26
a As Pins . Grouped by slot type
P
mpo
A Geolocation pStles / Event Car A
A Types of Parking Zones Free Slots: 4/22
/ Busy Slots: 2/22
. . Parking Status
. Fines on Parking Zones -Free Busy Bluetooth Slots: 3/22
, B 5usy Busy Authorized Slots: 5/22
A Parking Meters [ eusy bluetooth B .a_qmj.ﬂ
| Busy authorized o To Be Fined Slots: 5/22
. -Epusyr paiduser . ;
A Recharge Stations sy paid anon b S — o0 Sl 122
Busy paidanon over Edifclo / ; Do Not Care Slots: 2/22
. e Ay ; S-S Emm - . o Not Care Slots:
‘ Parking Structures TE) be fined eﬂgie\l::;lale ..'_/,/,{ Y 2 A e -/_ ,:J"l-fl'ah Bl 7Oy e . e oo [ _-—E__l =
Fined ~— Piagentina, /& g . v //:' W e e 5o it
/I Forbidden S e U )
Do not care 29 A 7 . S 1052 Event Moto A
T/ '/ A s ./ A & OpenStreetMap contributo
DISIT:OrionUNIFI:METRO1095 - VehicleFlow 8m © e SLE
agp carh Busy Slots: 1/4
_\/\/\I/L/\/\WW W Busy Authorized Slots: 0/4
0
Management 18:00 20:00 22:00 23. Oct 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 To Be Fined Slots: 1/4

¢“SNAPciry

Fined Slots: 1/4

® My Profile

SnapA4City (C), January 2025
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- 1T, ~ b - - engh |
cnvironment and Wwaste N
Goals: )
* Reduction of emissions and EC taxations

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

n

i 'P‘ﬁ’mg

* 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) g

| 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), January 2025 22



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

* 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

Inlnro‘
\ [\4

- € SNAP4cn'v .,w:n

Snap4City (C), January 2025 23
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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 SHap OMIE ) anuary2025

25
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— { " 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 #
o — « DOC: -2053 #
Ocmpancy : > | - : « PAC:67.95 %
Number ‘ . y £ « POA: 44.26 %
i - g :44.26 %
-0 | ‘ L e : : . POC: 30,07 %
50-100 3 f « Energy Hot: 4473978 kwh
25-50 « Energy Cold: 916361 kWh
\ 10-25 « Power Hot: 36 kW
-0»10 « Dowar Cald- 01 AN
Building 27B Trends Mon9Ou TS e
S — P p— p— p——
Ispra - Occupancy 8m Ispra - Occupanc 8m - - =
P i P pancy B e - o AR = — .
- RO R— - B > e~ "he =s
883 1K w W W/AQ.\,,-\V” A2\ . — 5 ~ . F;\ f"\_m )
\ s \ fRoey 7~ ] —F i WL W W
\ J \ / \ / \ / \ J i e o
o . / : \ J . y ,
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 e = ©
Oct Oct Oct Oct Oct Oct Oct

H‘—MPLM mmw =

Prrcuntage Per Zones - Monthiy Time Trend Comparison

HeatPowsr 8m  HeatEnergy Sm  Energy Trends

0 kW 1931273 Kwn

Cold Power  8m  Cold Eneray  Bm

0 kW 886311 kWi

Snap4City (C), January 2025
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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

Snap4City (C), January 2025
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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, ..

SnapA4City (C), January 2025 30
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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 SnapAcCity (C), January 2025 31
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* Prediction of
people flows
on the basis
of Wi-Fi data

* Anomaly
detection

* Resolute
H2020

e (Classification
of city areas

DINFO

DIPARTIMENTO DI
DELL'INFORMAZIONE

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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COMMUMICATIONS

— I

iVionitoring Passages

-

\

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

Privacy Policy ~ Cookies Policy ~Terms and Conditions ~ Contact us
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& milestone
VMS vs Snap4City: sending and getting events, Al solutions

Snap4City
Data
Analytics

Snap4City
Dashboards

Events + info .
XProtect e _ Snap4City
Video Lo e Data

Management Interoperabil
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* Gmail [g§ SnapdCity @ Snapd Calendar &% Translate

[ Reset | Reset Map J Filter ]

Firenze
Statuto
L \

EventWebCam

D eEvent iviahagement

@ Google Scholar Cita... DISIT m DISITold ' Facebook @ DataCenter ¥ Trello ﬂ; Km4City majortools  #8 Impostazioni » YouTube iE Google Forms & News »

Tue 31 Oct 23:14:19

Creating Event

People Invoived K2
impact R

Show Search:

(]

Privacy Policy ~ Cookies Policy  Terms and Conditions

device dateObserved
fireonplazgardon202310317221304273Z 2023-10-31T22:13:04.273Z
Telecamera4_22320231031T14213584Z 2023-10-31T14:21:35.84Z
CarCrash202310317134436250Z 2023-10-31T13:44:36.250Z
CriticalTrafficJam202310317132718888Z 2023-10-31713:27:18.888Z

FloodedRoad20231031T1323092122 2023-10-31T13:23:09.212Z

Contact us ¢ ' ’SNAPAciry

=

B Tuttii preferiti
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e Controlling Status: management, and
operational

Monitoring
o Monitoring via KPI
o Predictions vs KPI KPI
o Anomaly detection N\__ Digital Twir j
o Neuro-Symbolic analysis Models & X predictions,
o Risk assessment Data Anomaly Detection,
o Early warning on critical conditions Decision / Analysis, Assessment
o Fast What-if analysis Support System Warning
e Making plan: tactic and strategic, Nes Simulations,

medium and long range, micro/macro Scenarici_usj TFR, Crossroad,
o Simulation & optimization Public Transport,
o Generative Al Prescriptions, scenarios K (J Routing, ..
o Resilience to Unexpected unknows What-If Analysis,
o What-if analysis wrt scenarios Optimization <
o Collaboration with stakeholders

2024/8 Snap4City (C), January 2025



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/

Snap4cCity (C), January 2025 42
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st |DINEO [DISIT o e ;
FIRENZE | B . | M. CENario colcor CITY .
\N. F :

Select 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 i gl ’I Edlt 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 | |
Update
Editi (7] iy identifier |
I I ng — . B -~ . = — og®
L+ S8 o = composition
Drag & drop [ O Road ypes: OselectAll  [unselect Al elemLocation
Sp||t & JO[n l =4 abandoned bridleway Bbus_guidewaytbus_stop M construction elementClass
D I » ‘ & ’ corridor ®crossing P disused elevator eIementType
€ ete ‘ 9 emergency__access _poinﬂemergency_bay isiand Iiving_street m
DO and Undo o '?’ | motorway motorway_link Mno platform (e
o ' primary upfimary_llnk private raceway Mrazed oPeratlngStatus
R Presidential rest_area ®road secondary_linkservice Speed Limit
- ‘@\ﬁew’ services steps teniary tertiary_link Btrack [ trafficDir
®show Road graph trafﬁc_island Biram trunk__link Punclassified via_ferrata m
| hOW Traffic Sensors | ®secondary yes ®bus_guideway Eohmmilitary Trench hlghwayType
.l. 3 © OpenStreetMap contributors

https://www.snap4city.org/976 Properties of Road Elements
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Computing Predictions And Heatmaps

e —
1to-yiate dei G

oA

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

Model:

[Z I gg/mm/aaaa - - (m]

QeNs=IE] gg/mm/aaaa — -
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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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https://www.snap4city.org/944

booklets

* Smart City

https://www.snhap4city.org

/download/video/DPL SN
APACITY.pdf

Snap4cCity (C), January 2025

https://www.shap4city.org/d

https://www.snhap4city.o

ownload/video/DPL SNAPA4I

NDUSTRY.pdf

rg/download/video/DPL

SNAP4SOLU.pdf

50


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

UNIVERSITA DINFO
DEGLI STUDL ' o5 arivento oi DISTRIBUTED SYSTEMS AND
FIRENZE  INGEGNERA INTERNET TECHNOLOGIES LAB
DELLINFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

ko “SNAP/ciry :;1

UNIVERSITA D N o

DEGLI STUDI DGHF\I!HM:NEIN DISTRIBUTEDS?ST‘MS
7 E INGEGNERIA AND INTEANET

F [ R.E N Z h DELLINFORMAZIONE TECHNOLOGIES LAB

¢“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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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.
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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
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%?ﬁﬁ% DINFO DIHSITLA MicroServices CL/SN APlcity

DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE
AND TECHNOLOGIES LAB

> 60.000 downlg Areas

OPen Data CKAN Data Load / Search / Retrieva]
Ticket Managgment, workflow KPI, POI, GIS Data, Scenarios

BIM Servers Entities Time Series, Public transport
Social Networks High Level Types: heatmaps, ODM,.|.
Video Management system T / Entity Discovery
Gateways Delegation Mart aent

Dashboards

StapiStic, Optimizatiom Snap4City
Simulation Microservices
Artificial Intelligence Proc.Logic
hat-if Analysis Support 2 SSBL

Geo Utilities Support
Routing & Traffic Flow

MLOps support

Python support
R Studio Support

Widgets: Graphic Libraries\
Interactive Widgets

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

Data Logs, A&A, Security
Ownership Management
VPN remote access

Node-RED
Snap4City (C), February 2025
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Km4C: Km4City 1.6.8
Using
— DCTERMS: for metadata Dublin Core Metadata Initiative
— FOAF: friends of a friends
— Good Relation: entities relationships
— iot-lite: 10T Vocabuary
— OTN: Ontology of Transportation Networks
— OWL-Time: time reasoning

— SAREF Smart Appliances REFerence extension for building devices available at
https://saref.etsi.org/saref4bldg/

— Schema.org for people and organizations
— SSN: Semantic Sensor Network Ontology (see https://www.w3.org/TR/vocab-ssn/
— WGS84 Datum of Geo-Objects

— G@GTFS, General Transit Feed Specification, and Transmodel, for public transport infrastructures:
lines/rides time schedules, real-time records, paths, etc.;

— BOT: Building Topology Ontology. https://w3c-lbd-cg.github.io/bot/
— SACITY: SAREF extension for Smart City. https://saref.etsi.org/saref4city/v1.1.2/

Snap4City (C), January 2025 59
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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), January 2025
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- https://www.snap4city.org/do
C*SNAPcrry b wnload/video/ClientSideBusin

' SNAPTech essLogic-WidgetManual.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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¢“SNAPcrry 2

* Powered by

{_*SNAP4Tech

Data Analytics on Snap4City,
Machine Learning Operation
MLOps on Snap4City via ClearML

From Snap4City:
« Development Life Cycle user manual:
»  https://lwww.snapdcity.org/download/video/Snap4Tech-Development-Life-
Cycle.pdf
* See Client-Side Business Logic Widget Manual:
o https://iwww.snapdcity.org/download/video/ClientSideBusinessLogic-
WidgetManual.pdf
+ Videos and PDF of Training slides https://www snap4dcity. ora/944
* You may read the TECHNICAL OVERVIEW,
hitps://www snap4city org/download/video/Snap4 City-PlatformOverview pdf
hitps://www.snap4city.org
https://www .snap4solutions.org
https://www snap4indusfry.org
https://twitter.com/snap4ci
hitps://www.facebook.com/snap4city

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

Access Level: public

Date: 16-12-2024

Version: 0.6
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https://www.snap4city.org/944

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

Snap4City (C), January 2025
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AND TECHNOLOGIES LAB

Course: https://www.snap4city.org/944
— Introductionary course to Snap4City technolog
— Italian version CN MOST: https://www.snap4citworg/1068

Older version Course https://www.snap4city.org/57
— 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:
e https://www.snap4city.org/download/video/Snap4Tech-Development-Life-Cycle.pdf

— Client Side Business Logic:
e 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

Snap4City (C), January 2025
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www.snap4solutions.org

My Dashboards in All Org.

Dashboards of My Organization

My Dashboards in My Organization

My Data Dash Dev OpenSrcDash

My Data Dashboard OpenSrcDash

Extra Dashboard Widgets
Notificator

Data Management, HLT
Knowledge and Maps
Processing Logics / 10T App
Entity Directory and Devices
Resource Manager

m Nevelonment Toaols

Privacy Policy Cookies Policy

DINFO

Dark

DISIT

Snap4City Advisor Assistant
23-
24 - Dashboard 2

25 - what one should be to adopt snap4city - 04:39PM on
December 06, 2024

26 - TEST SOURCES

27 - How can | visualize a map on a dashboard? - 05:50PM on
December 06, 2024

28 - How can | visualize a map on a dashboard? - 06:46PM on
December 06, 2024

29 - which is the HPC support on snap4city - 09:30PM on
December 06, 2024

30 - csbl
31 - Data Analytics
32 - Industria 4.0

33 - Ciao qual'é I'AP| per prendere le user info da access token?
- 04:02PM on December 10, 2024

34 - quale & il modo corretto di definire un modello dati in
snap4city - 09:39AM on December 11, 2024

35 - che cosa é snap4city - 04:28PM on December 11, 2024
36 - install

37 - may you provide python code to call smart city API -
03:08PM on December 13, 2024

SnapAdvisor

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

Search more

Q how to build a smart application

g To build a smart application using Snap4City, follow these steps:

1.

Develop Processing Logic [ loT Apps: Create your Processing Logic [ loT Apps using Node-
RED in JavaScript. This involves handling data ingestion, adapters, transformations,

wrappers, business logic, transcoding, integration, interoperability, algorithms, etc.

Create Data Analytics: Implement algorithm and processing in RStudio or Python, including

machine learning (ML), artificial intelligence (Al), explainable Al (XAl), etc.

Design User Interface: Build dashboards, client-side business logic, synoptics, widgets,
templates, styles, etc. If necessary, implement client-side business logics in JavaScript on

dashboard widgets.

Implement Server-Side Business Logics: Use Processing Logic as Node-RED and JavaScript

for server-side business logics.
Manage Data Instances: Handle high-level types' data instances.

Ensure Security and Compliance: All data streams should be protected, authenticated, and

PR I SR [ Al b [ el AAAAT P Pl o2 T PSRRI | SR, S R S

‘ h’ype a question on Snap4City documentation

Snap4cCity (C), January 2025
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UrbanDT4TF, CN HPC: Digital Twin mobility

DI-DTPlatform, CN HPC: Digital Twin, mobility, environment
Sasuam, CN MOST, PNRR: Al, mobility

OPTIFaaS, CN MOST, PNRR: Al, mobility, DSS
LeverageOPTIFaaS, CN MOST: PNRR, mobility

TOURISMO, Interreg, EC: Tourism, NLP, DSS

ELLIE, Horizon Europe, EC: Al, VR

CN MOST, PNRR: sustainable mobility, platform

ISPRA JRC contract, EC: DSS, SOC, control room, energy

The IE, PNRR: Al, NLP, Legal Aspects

AMMIRARE, Interreg, EC: Al, environment, Big Data
CAI4DSA, FAIR PE1, PNRR: Al, Neuro-Symbolic, PINN, NG-DSS
SADI-MIAC, RT, partner: Al, Tourism, Retail, Computer Vision
Energia, RT, conv: Al, PINN, DSS

RFI contract: mobility, Al, DSS

PRIN UNICagliari: mobility, DSS

Talent Hub, ECRF, conv: NLP, match demand vs offer

Snap4City (C), February 2025
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