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DIGITAL TWINS
= AI + Machine Learning + 
Software Analytics + Data + … 

+ IoT

DT: living digital simulation models that update and 
change as their physical counterparts change. 

 Continuously learns and updates from multiple sources to 
represent its near real-time status, working condition or position; 

 Learns from itself, using sensor data that conveys various 
aspects of its operating condition from: 

 human experts;
 other similar machines;
 other similar fleets of machines and; 
 the larger systems and environment in which it may be a 

part of. 
 Integrates historical data from past machine usage to factor into 

its digital model. 

Physical
domain

Cyber
domain



civic analytics: data 
science to enable 
data-driven and 
evidenced-based  
public sector 
decision making in 
city  operations, 
policy, and planning.

Urban Physical System

Cyber system 

Understanding Urban 
dynamics using 
observational and 
measured  data –
physical, natural and 
social sciences 

Design of the 
cyber 
model

Models - Building a 
bridge between digital 
and physical world -
virtual  replica of the 
city and of its networks 

Urban management 
social, financial and 
environmental 
benefits  

decision 
making 
operation, 
policy, 
planning
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Data science framework of urban sensing 
Data mining and integration, Modeling and analysis, 
Visualization, Advance methods in computational 
science
Address domain-specific urban challenges

Sensors, AI,  Machine Learning, Software Analytics, Data, IoT

Why Digital goes Human?  A City is much more than a 
Network-of-Networks. Simulations and HPC are simply 
not enough to represent other realms such as the 
city social, economical, architectural connections.
These too must be included. AI can help

The Digital Twin City approach. 
Digital goes human: senses and responds 



Sensors and diagnosis
collect, represent, cross-correlate and interpret data coming from IoT and 
sensors based on monitoring systems and third-party  data providers

Urban Physical System

Cyber system 
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Sensors, AI,  Machine Learning, Software Analytics, Data, IoTCognitive mapping
Representation of all the 
information layers associated 
to the cognitive maps. 
Elaborate schemes, allowing 
for thematic queries, analysis 
and support. 

Scenarios and 
participation
Co-design activities 
development of future 
scenarios and 
strategies, on-field 
actions carried out to 
implement them.

Data lake

The Digital Twin City approach. 
Digital goes human: senses and responds 



Infrastructure

Public 
realm

Mobility

Buildings

Digital 
layer

Smart city 
approach

A new approach: 
each layer is a subsystem. Each 
layer, and their interactions, can 

be simulated (HPC, AI)

Multiple, combined smart 
systems : the digital layer 
is superimposed onto the 
other layers 

DT: living digital simulation models, that update 
and change themselves as their physical 
counterparts change. 

 Learns from itself, using sensor data that conveys 
various aspects of its operating condition 

 Integrates historical data from past



Infrastructure

Public realm

Mobility

Buildings

- System interactions are implicitly taken into consideration;
- Quasi-real time information and learning;
- Flexible approach: no system prevails onto the others, but in case of 

emergency (natural disasters, terrorist attack, economical conditions, etc.) the 
DT can be optimized for one or more specific goals;
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The DT is an element of the decision process: through the DT, 
one can create an efficient, safe and participated Urban Policy 



Infrastructure

Public realm

Mobility

Buildings
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Governance
Participation and planning
Financing innovation
Circular economy
Civic economy

Understanding urban dynamics using 
observational and measured data –
physical, natural and social sciences

Data science to enable data-driven and 
evidenced-based public sector decision 
making in city operations, policy, and 
planning.

Morphology
Economy

Social behavior
Energy and mobility

Waste

Climate changes
Environment & social stress reduction

Health & well being
Nature based solutions

Multifunctional inclusive public spaces



ACCESSIBILITA’ migliorare l’accessibilità degli spazi pubblici per i pedoni (bambini e anziani in particolare); a spazi e servizi pubblici per le persone diversamente 

abili. PATRIMONIO CULTURALE migliorare la gestione sostenibile del patrimonio, materiale e immateriale, garantendone la tutela e la valorizzazione QUALITA’ 

DELLA VITA migliorare la disponibilità e la gestione dei servizi urbani (verde, spazi pubblici, TPL ecc.);  Alert Climatici: ridurre le situazioni di disagio (isola di 

calore, qualità dell’aria ecc.) e di rischio (eventi atmosferici, ruscellamento stradale ecc.)


