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Michael Grieves, Digital Twin: Manufacturing Excellence through Virtual
Factory Replication, 2014

Grieves considered the replication of the virtual factory as a push toward
manufacturing excellence and thus actually contributed to the spread of
the use of this metaphor in production engineering.

In this context, a digital twin is understood to be a mirror image of a
physical process that can reproduce or simulate its operation, while it is
developing in parallel with the physical process itself.
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Very quickly this concept has adapted to other areas of
design that are not strictly manufacturing until it has
extended, with a significant leap in scale, to the design
and management of more complex portions of space,
from single buildings to entire cities.

The leap in scale involves an increase in the complexity
of factors and variables to be considered to create a
copy of reality and the processes that occur in it.

The concept is now used to characterize various digital
simulation models that develop parallel to real-time
processes concerning physical, social, and economic
systems.
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DestinE Platform

The platform will provide evidence-based decision-making tools, applicatiol
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flexible, and secure

T, ECMWEF as well as from Copernicus, and many other

Data Lake

The data lake will bring together data from ESA, EUMET
diverse sources, with new data from the Digital Twins. It will allow discovery and data access as well as big data

processing in the ¢

Digital Twins and Digital Twin Engine

DestinE is creating several digital replicas covering different aspects of the Earth system and based on state-of-

the-art simulations and observations. ECMWF is implementing the Digital Twin Engine, the complex software and
data services needed for Earth System digital replicas, as well as the first two digital twins; Climate Change
Adaptation, which will provide multidecadal simulations, and the Weather-induced Extremes twin, with both

high-resolution forecasts and on-demand simulations.
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Earth replication based on digital modeling aims to be a breakthrough in terms of accuracy,
detail, access to information, speed, and interactivity

Plus: European HPC computers and Al capacity

Focus: climate change, natural hazards, extreme events, marine, and urban ecosystems (socio-
economic impacts and risk mitigation)

Objectives:
« to produce accurate, interactive, and dynamic simulations of the Earth system

« to improve predictive capabilities (water, renewable energy, and food management; risk
mitigation)

« to support decision-making and implementation processes

- Europe chooses DT as a key tool in the green transition (A key component of the European
Strategy for data)



he DS4SSCC Blueprint

Part of the European Data Space for
Smart Communities (DS4SSCC-DEP)
Initiative, is a comprehensive
framework designed to develop a
unified, secure, and scalable data space
for smart and sustainable cities and
communities across Europe.

Co-funded by the Digital Europe
program, this initiative brings together
municipalities, private organizations,
and academic institutions to promote
the European Green Deal and
Sustainable Development Goals. It
focuses on advancing innovative data-
sharing and governance practices to
drive sustainable urban development

g Multi-Stakeholder Governance Scheme:
stablishes core principles, defines roles and
responsibilities, and sets governance structures
and legal frameworks to ensure secure and
reliablé data transactions within the data space
ecosystem.

i) Technical Blueprint: Provides a catalog of
specifications and a reference architecture
model for building the necessary technical
infrastructure. It promotes data sharing and
stakeholders’ trust by recommending
standards, technologies, and clear governance
mechanisms.

i) Roadmap and Action Plan: Outlines a
strategic approach to developing a pan-
European data space for smart Ccommunities,
focusing on middleware service solutions to
enable data sharing and management. This
Bhase also involves refining thé blueprint
ased on insights from local pilot projects.



he CityVerse initiative

Key component of the European
Commission’s Digital Decade Policy
Program 2030.

CityVerse aims to promote
collaborative investments in
knowledge and funding across
Europe, to advance digital
infrastructure and technological
capabilities to support the
development of digital twins across
Europe, according to the EU’s digital
transformation goals.

Minimal Interoperability Mechanisms
(MIMs):

technical specifications developed under
the Living-in.EU initiative to promote
interoperability across European cities and
communities

This approach prevents vendor lock-in,
fosters Innovation, and supports the
development of smart cities by ensuring
that diverse systems can communicate
and collaborate effectively.

MIMs aim to create a flexible, standardized
foundation for data exchange, driving
local digital transformationand
contributing to broader sustainability
oals, efficiency, and innovation across
urope.



Snap4City Digital Twin solution

Framework developed by the DISIT Lab of the University of Florence,
Snap4City is an officially certificated platform of EOSC (European Open
Science Cloud Marketplace) and Gold Member of FIWARE and an officially
recognized FIWARE platform.

Snap4City complies with protocols, such as NGSI (Next Generation Service
Interface), for robust interaction with various loT connections, applications,
and dashboards.

It supports multiple other protocols, including JSON, MQTT, Lightweight
M2M, LoraWAN, OPC, SigFOX, and more, enabling versatile data integration

and communication.
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Snap4City and

DS4SSCC (European Data Space for
Smart Communities)

* Interoperable Data Spaces
 Sustainability and Innovation

e Governance and Technical
nfrastructure

* Pilot Projects and Innovation

 Middleware Services for Data
Sharing

CityVerse

* Open-source and Interoperable
Platform

« Comprehensive loT Integration

« Support for Sustainable
Development Goals (SDGs)

» Digital Twin Technology

 Training and Development
Support



MIMs Requirements

MIM1

MIM?2

MIM3
MIM4

MIMS5

MIM6

MIM7

MIMS

MIM10

Context

Data Models

Contracts

Transparency

Security

Indicators

Analytics

Resources

OASC MIMI:
t Information

OASC MIM2:
Shared Data Models

OASC MIM3:
Ecosystem Transac-
tions Management

OASC MIM4:
Personal Data Man-
agement

OASC MIMS5: Fair
Artificial Intelli-
gence

OASC MIM6:
Security manage-
ment

OASC MIMT7:
Geospatial infor-
mation management

OASC MIMS:
Ecosystem indicator
management

OASC MIM9: Data
Analytics Manage-
ment

OASC MIM10:
Resource Impact
Assessment

Governance

Governance

Capability

Capability

Capability

Work item

Capability

Work item

Work item

Work item

Fully compliant, NGSI V2 and LD

Fully compliant. Devices can be direct-
ly deployed using Smart Data Models,
custom data models, and Snap4City
IoT Device Models.
Reference ontologies are available. By
default, it is provided with Km4City
ontology based on several standard
vocabularies (SAREF, OTN, SSN,
FOAF, etc.). Other ontologies can be
added to the Knowledge Base.
Secure by design, GDPR compliant,
Vulnerability test, etc.
es and transactions can be
tracked by Blockchain.
Secure by design, GDPR compliant.
Personal and public data can be man-
aged.
Possibility to develop ML/AT/XAI
including Explainability modules that
are GDPR compliant. Able to enforce
verification to be fair, and replicable,
etc. according to AI-Act, etc.
Snap4City is secure by design, is
GDPR compliant, passed P]
Vulnerability test, etc.
Ability to manage 2D and 3D data at
local and global scales integrated. It
accepts multiple formats and protocols
for delivering 2D/3D elements, for
example, OCG, WFS, WMS, etc., and
entities in NGSL
Several indicators already available: 15
Min City Index, SUMP/PUMS, SUMI,
SDG, etc.
Full support for Data Analytic Man-
agement. DA processes include statis-
tics, ML, Al, XAl operating research,
simulations, etc., and can be developed
in Python, RStudio, or other languages,
exploiting ps, NVIDIA boards, or
other accelerators, and containers.
Full support for monitoring resource
consumption and performing impact
assessiment.




Snap4City ingests real-time and
event-driven data streams using loT
brokers, indexed and shadow-stored
in an OpenSearch cluster, making
them accessible to various consumer
processes.

Internal brokers utilize Orion Broker
NGSI, supporting smart data models,
with data retrievable in push or event-
driven modes.

Node-RED flows facilitate _
interoperability with external services
like GIS, ITS, TV cam services, CKAN,
BIM servers, and social media, with
dedicated libraries and microservices
for data transformation

Data is stored across multiple systems:
a Virtuoso RDF store for Km4City
ontology, an OpenSearch cluster for
real-time and time-series data, and
the Snap4City GeoServer for
georeferenced data, supportm?
analysis of pollutants, temperature,
energy, traffic, and population density.
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Gateways
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CKAN, satelite

loT App
Edge

Field Interoperability

Snap4City architecture

Distribution and Interaction
Web and Mobile Apps

| Modelling and

Entity Directory: COmpUTng

Smart Data Models
loT Data Models
Digital Twins

Smart Applications
Park

Federation

Smart City API Waste

Light

Energy Environment

Maintenance

Mobile App

Business Intelligence
Visual Analytics tools
‘ Dashboard Bld
@ python

I Data Analytics:
ML, Al, XAl
Event Driven

Third parties solutions

Service Map

HLT Manager
Synoptics
3D Digital Twin

A&A, SS0O, Resource Managers and Sharing: loT App, Data Analytics, ...
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KPI Value
Total CO2 emissions [ug/m#3]  13,979.071
Total fuel consumed [I] 0.249
Traffic state objective function [#]3.935
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5 L Traffic Flow Simulation Rt ca e I =e

Current Scenario: ~ downtown-toron... ; Gl i r Prepare Simulation Execute Simulation KPI Simulation

PAUSE HELP : ~

Close Controis
y \ AlessandroScenario30_20240926095651 v

Delay: 450.0 ms $ R \

» W Get kPl
Vehicles in simulation
112 « car 1548
\ - 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

N « Total Waiting Count (#): 6.177
bike(s): 48 / ‘ « Total Waiting Time (s): 63.047
car(s): 55
person(s): 5 : , Arrival Time | Waiting
Speed Duration | Loss Count Waiting
Quick Find \ Flow (mis) 5) (s) (#) Time (s)
\ flowl | 13634 | 41.161 25211 | 0.036 0.089
flow10 | 16.611 95.131 58.090 | 0.404 2253
flowi1 | 17.330 | 23.485 12.397 | 0.000 0.000
N N | fowt2 | 15420 | 94908 60.891 | 0.980 8.082
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15MinCitylndex Dashboard Mobility and Environment What-IF Analysis [ | Jo]

This Dashboard contains data estimated by the Snap4City 15Min index on the basis of Open Data accessible Thu 5 Dec 17:43:42 This dashboad contalnsidats defivedifon actual sensors and predictivevalies undervalidation Thu 5 Dec 18:0525
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This dashboad contains data derived from actual sensors and predictive values under validation
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