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Digital Twin Solutions for Sustainability

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

- DEVELOMENT ENVIRONMENT
SMART ENERGY AND ENVIRONMENT AND CITY USER’S SERVICES AND MRCULLUAGIL Lo
HORIZONTAL Al PLATFORM
MOBIETY ARSI IEANSEORT SMART BUILDING WASTE MANAGEMENT TOURISM MANAGEMENT * JIOUBL FROGRAMBIING, ML AL AFC
K n = , S al—— - TRAINING COURSES
S - oy = B el S +LIVING LABS
: ‘ - GUI CUSTOM STYLES
=

+ FULL 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...

EXPERT SYSTEM, KNOWLEDGE BASE
SEMANTIC REASONING

-~ . - P
- ’ i VISUAL PROGRAMMING, ADAPTERS
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 ; ?
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Digital Twin ¢“SNAPLcry
» 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.

1 ° j :' ;\-j _: '. 3 - - ' _-_:-"_“-_'g\a- 223
* Easier to understand the context, review F=—=52"
from multiple points of view S

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

* By Case Experiments for analysing

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

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

Snap4cCity (C), October 2024
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e Controlling Status: management, and

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

Models & Predictions,
o Neuro-Symbolic analysis Data Anomaly Detection,
. A Analysis, Assessment
o Risk assessment Decision

Warning

o Anomaly detection <

o Early warning on critical conditions >!PPortsystem o
Simulations,

e Making plan: tactic and strategic, = Scenarious 5, TFR, Crossroad,
medium and long range, micro/macro Public Transport,

] . . . Routing, ..
o Simulation & optimization (J g
o Generative Al Prescriptions, scenarios What-If Analysis,
. Optimization <
o Resilience to Unexpected unknows
o What-if analysis wrt scenarios
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\, Digital Twin j

Models & Predictions,
Data Anomaly Detection,

S Analysis, Assessment
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Support System
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Public Transport,
Routing, ..

What-If Analysis,
Optimization <
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High Level Types

Snap4City (C), October 2024

e POI, IOT Devices, shapes,..
* FIWARE Smart Data Models,
* |oT Device Models

* GIS, maps, orthomaps, WFS/WMS

GeoTiff, calibrated heatmaps,
e Satellite data,
e traffic flow, typical trends,

* trajectories, events, Workflow, ..
* 3D Models, BIM, Digital Twins,

 OD Matrices of several kinds,
e Dynamic icons/pins,

* Synoptics, animations,

* KPI, personal KPI,..

e social media data, TV Stream,

* routing, multimodal, constraints,

* City area scenarios,
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Ingestion, aggreg. = exploitation

* loT App Visual
rogramming, no codin

e Data transformation

8

* Integration, Interoperab.

 Scripting Data Analytics
* Data ingestion
e Business logic

e Edge and Cloud

* MicroServices data
driven develop via

visual language
Node-RED

Snap4City (C), October 2024
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Technical Architecture

Entity Directory:
Smart Data Models
loT Data Models
Digital Twins

600
QO
060

Social Media
BIM GIS ' I
Gateways, saiﬁlliiﬁ

External Services

Web Scraping
Tv CAM streams

APl Manager

Federation
Smart City API

|

<«— &Y OpenSearch

| storage l
‘ KB, graph \

q;a GeoServer [ Entitylnspector ]
Q’Bl"servencenter [ Data Managers ]

t t @ python’

! ) Studio

Artificial Intelligence: I :

|

ﬁ

G G

Event Driven

4 Front-End
Facilities

Scenario Editor

( Business Intelllg
CSBL

Y SNAP/ciry

Applications

. [ Traffic Optimiz. ]
[

[ TrafficLightPlan ]
[

[ PublicTransport ]
[

f Dashboard Bld
& Manager

]
)

Parking Mng.
|

Lighting Mng.
|

[ CustomTheme

’J

Building Mng. ]
[

HLT Manager

3D Digital Twm

Synoptlcs Environment ]

KPI Support Waste Mng. | ]
MObAppSUppOft Sharing/poolI ]

Service Map I

)

Tourism Mng. ]
I

Mobile Apps ]

Energy Mng.
|
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Market/Sharing Place

ML, Al, XAl, DA
Third parties solutions

A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ..
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https://www.Snap4City.org

PEN Test  BJRIEU GDPR _':'_"SNAPtIcnv

Passed AR COMPLIANT

* Update: 29-10-2024

* 12 runninginstallations in Europe

* Altair, Italmatic, Romania, Rhodes, ....

e >40 cities/area

* Widest MULTI-tenant deploy has
* 24 Organizations / tenant

> 8850 users on

> 1800 Dashboards

> 17 mobile Apps

> 580 loT Applications/node-RED
> 750 web pages with training
> 75 videos, training videos

Snap4City (C), October 2024

; . Ant_wergarea!Be[
* Snap4.city.org, Greece, Merano, Cuneo, .;. 21l = )
g . ologna
» Toscana, Pisa, Sweden, ISPRA, Snap4.eu, - soovise

¢ Capelon (Sweden: Vasterds, Eskilstuna, Karfgt.ad)

* Cuneo (I R

e DISIT demo (multiple)

% = S * Dubrovnik, Croatia

e 16 projects, 12 pilots on 10 Countries
’ * Garda Lake area (1)

*  Greece (Gr)

* Helsinki area (Fin)

* Limassol (Cy)

* Livornoarea (I

* Lonatodel Garda (I)
* Malta (Malta)

* Merano (l)

*  Modena (I)

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

e Pisaarea(l

* Pistoia (I

¢ Pontdu Gard, Occitanie (Fr)
e Prato(l

* Rhodes (Gr)

* Roma(l
> 2.2 Million of structured data per day ; Setezodecomo
* Siena(l)
¢ SmartBed (multiple)
¢ Toscana Region (l), SM
* Valencia (S)

* Varna (Bulgaria)

* Venezia area (I

*  WestGreece area (Gr)

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

FI B ‘P‘ﬂam-

o

Node-RED
Main Organizations/areas S S

iy PR E

)

<) %
Brasov (Ro), by ICEBERG 53 ﬂ'“\% s

P

Firenze area (I

Santiago de Compostela (S)
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SCALABLE SMART ANALYTIC APPLICATION BUILDER FOR SENTIENT CITIES
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e Controlling Status: management, and
operational
o Monitoring via KPI
o Computing predictions and KPI
o Anomaly detection, Early warning
o Control Rooms, situation rooms

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

DINFO

NN A
[(k\\‘% DEGLI STUDI | pparmivenTo o1
P\ ¢ \9' FIRENZ DEL LINFORMAZIONE

Anerop 'tc&renze
Ameri pucci
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Control Room
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From What-If to Decision Support System ""*5"“"

e Controlling Status: management, and

operational Monitoring
o Monitoring via KPI <Pl
o Predictions vs KPI
\, Digital TwinL/_\ j

' ] Predictions,
o Neuro-Symbolic analysis

Models &
/ Data Anomaly Detection,
o Risk assessment Seatan / Analysis, Assessment

o Anomaly detection <

i e " Warning
o Early warning on critical conditions  >upport System

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

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

o Resilience to Unexpected unknows

o What-if analysis wrt scenarios

2024/8 Snap4cCity (C), October 2024
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https://www.youtube.com/watch?v=le2XNF8Ftxo
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Available Al Solutions on Snap4City

https://www.snap4city.org/997 More than 80 Available Solutions & 300 Al applic.

* Mobility and Transport

* Environment, Weather, Waste, Water

* City Users Behaviour and Social analysis
* Energy and Control

* Tourism and People

» Security and Safety

* High Level Decision Support Solutions
* Asset management
* Resilience and Risks Analysis T ,
https://www.snap4city.o

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

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

Snap4cCity (C), October 2024 21



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

(@) SUSTAINABLE ¢“SNAP/cry

> DEVELOPMENT i‘:ALS

QUMITY
[WCAT]ON

e 15 Minute City Index:

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

3 MowiLaEhe

s

security...

Optimization of car sharing/pooling

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

Predictive maintenance
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
ACTION

O

ction of emission, reduction of congestion

itoring and Predicting: NO2, NOX, CO2, Traffic
pollutant, landslide, waste, etc.

ic flow reconstruction
and vs Offer of Mobility analysis

1 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

0&3

Shortening justice time

Prediction of mediation proneness
Assisting institution is taking legal decisions
Anonymization and indexing legal docs.
Ethical Explainable Artificial Intelligence

Snap4cCity (C), October 2024
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* G@Goals:
* Decongestion, Decarbonization, costs reductions
* Improve Accessibility to services
* Improve Security/Safety of city users

* Operation and Plan:

— Traffic monitoring, prediction, reconstruction, identification of critical conditions
(early warning), fleet management, dynamic routing, multimodal routing, city
user behaviour analysis

* Optimization and what-if analysis traffic light, infrastructure

— Reduction: travel time, waiting time, stops, CO2 emissions, consume fuel, travel . T o]
time for tramways 2] |

* 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, .. el || B
* Mobile App: final users and operators
— Info Mobility, traffic reconstruction, charging, participation,
— Parking, payments, overparking, fine reporting, ..
* Participatory: problem reporting, ticketing, etc. N 20— -
* Data Integration of any kind: env, weather. Tickets, presences, POI, sat, etc. 25
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ol Traffic Flow Simulation et v

» Lights

Current Scenario:  downtown-toron... » Effects

Prepare Simulation Execute Simulation KPI Simulation

» SSAO

T T WA

CANCEL PAUSE HELP

» Scene

Close Controls
slow

\ AlessandroScenario30_20240926095651 v

L=~ 4
Delay: 450.0 ms - ‘ > B Get kPl
Stats :

\ Vehicles in simulation
time: 112.000 s » car: 1548

payload: 5.0 KB « tram: 16
simulate: 12.35 ms

snapshot: 1.68 ms Totals

= Mean Arrival Speed (m/s): 13.723
« Total Duration (s). 1193.980

Vehicle Summary

- « Total Time Loss (s): 601.207
2 « Total Waiting Count (#): 6.177
bike(s): 48 7 ‘ « Total Waiting Time (s): 63.047
car(s): 55
person(s): 3 Arrival Time Waiting
Speed Duration Loss Count Waiting
Quick Find \ Flow (m/s) (s) (s) #) Time (s)
\ flow1 13.634 41.161 25211 0.036 0.089
flow10 | 16611 95.131 58.090 | 0.404 2253
flow11 | 17.330 23.485 12.397 | 0.000 0.000
flow12 | 15.420 94.908 60.891 | 0.980 8.082
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City User Behaviour/services, Tourism and Saftety

Goals:
e 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, ..

Snap4City (C), October 2024 31
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