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Introduction

• A Digital Twin is a virtual replica of a real entity

• Originally named Mirrored Space Model by M. Grieves in 2002

• Renamed digital twin by J. Vickers of NASA 
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Introduction

• First applications of digital twins emerged in the aerospace field
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A digital twin is an integrated multi-physics, multi-

scale, probabilistic simulation of a vehicle or system

that uses the best available physical models, sensor

updates, fleet history, etc., to mirror the life of its flying

twin.
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Introduction

• First applications of digital twins emerged in the aerospace field

• Then, digital twins appeared in the manufacturing and construction
industries
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Image credits: https://aec-business.com/earthcam-4d-and-bentley-bring-construction-digital-twins-to-life/

Image credits: Siemens Digital Industries
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Introduction

• Digital twins are powered by
• Internet-of-Things/Web-of-Things (IoT/WoT)

• Big Data

• Industry 4.0

5

Image credits: https://aec-business.com/earthcam-4d-and-bentley-bring-construction-digital-twins-to-life/

Image credits: Siemens Digital Industries
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Introduction

• More recently the concept of digital twins has been adopted in the 
context of Smart Cities

• Digital twin technology can undoubtfully help to face future urban 
developments in several domains
• Mobility

• Environment

• Energy

• Urban planning

• …
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Introduction

• According to VirtualCity project a smart city digital twin should have 
six characteristics
• Realistic: The digital twin is a realistic 4-dimensional (in both space and time) 

visual and acoustic virtual experience of the physical counterpart.
• Interactive: The digital twin is intuitive, accessible, and supports multi-user 

interaction.
• Simulated: The digital twin is a simulation of the physical twin.
• Integrated: The digital twin is continuously synchronized with the physical 

twin.
• Scalable: The digital twin is open-ended, scalable from the building to the 

district to the city level.
• Open: The digital twin is driven by open data and models. 

7
Chalmers University of Technology (2018) Virtual City@Chalmers. https://virtualcity.chalmers.se/about/
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A smart city digital twin, even if based on a 3D digital replica of 
the urban environment, must go beyond, including dynamic real-

time information, aggregated in an accessible interactive 
interface where the users can perform analysis and simulations to 
study possible evolution of the cities, and from which (with some 
limits) should be possible to apply changes in the real counterpart

Chalmers University of Technology (2018) Virtual City@Chalmers. https://virtualcity.chalmers.se/about/
Snap4City (C), November 2024
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Introduction

• In (Ketzler et at. 2020) a digital twin is said to be composed by three 
main layers

9Snap4City (C), November 2024
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• In (Ketzler et at. 2020) a digital twin is said to be composed by three 
main layers

10

A first layer a first layer included the heterogeneous data 
types such as 3D buildings, maps, data from sensors, etc., 
realizing the so-called City Information Model (CIM). 
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A first layer a first layer included the heterogeneous data 
types such as 3D buildings, maps, data from sensors, etc., 
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implement analytics and software. This can be achieved with an adequate 
IoT/IoE platform able to manage and manipulate huge amount of data. 
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Introduction

• In (Ketzler et at. 2020) a digital twin is said to be composed by three 
main layers

12

Ketzler, B., Naserentin, V., Latino, F., Zangelidis, C., Thuvander, L., & Logg, A. (2020). Digital twins for cities: A state of the art review. Built Environment, 46(4), 547-573.

A first layer a first layer included the heterogeneous data 
types such as 3D buildings, maps, data from sensors, etc., 
realizing the so-called City Information Model (CIM). 

A second layer aimed to cover basic functionalities, communications and can 
implement analytics and software. This can be achieved with an adequate 
IoT/IoE platform able to manage and manipulate huge amount of data. 

A final layer devoted to visualization and 
distribution thought 3D engines and web 
applications
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Introduction

• The three-layer definition is in line with the smart city digital twin life-
cycle proposed in (Lei et al. 2023)
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Introduction

• The three-layer definition is in line with the smart city digital twin life-
cycle proposed in (Lei et al. 2023)

14

Lei, B., Janssen, P., Stoter, J., & Biljecki, F. (2023). Challenges of urban digital twins: A systematic review and a Delphi expert survey. Automation in Construction, 147, 104716.

CIM construction

Analytics & Simulations
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Requirements

• Based on the literature, we defined a series of requirements to guide 
the development of a SCDT framework
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Data and 
Computing for 
Representation

Distribution 
and 

Interaction

Field 
Interoperability

Which data and 
software should 
be included into 

a SCDT?

Which kind of user 
interaction and animation 

should be offered by the 
SCDT interface?

Which function should be 
included to guarantee an 
accessible, integrated, and 
affordable SCDT solution?
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Field Interoperability
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Data and Computing for Representation
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Distribution and Interaction
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Snap4City Platform

20

• Snap4City is an open-source IoT platform 
developed at DISIT Lab, with continuous 
evolution from 2016 (Sii-Mobility project)

• The platform manages heterogeneous data 
sources (IoT devices, Open Data, external 
services, etc.)

• Data retrieved by dedicated APIs and exploited by Data Analytics 
processes and IoT applications can be shown to the user through 
dashboards and widgets

Snap4City (C), November 2024



Snap4City (C), June 2022
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Snap4City Platform

22

Digital 
Twin

Digital 
Twin

Real 
World
Real 

World

Web

Things

Data 
Ingestion

HUB

Data 
Analytics
: MLOps, 

ML, AI

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

Knowledge 
Bases & 
Storages

Sensors 
and 

Actuators

Edge

GW

W
eb

/M
o

b
ile

 A
p

p
s

D
as

h
b

o
ar

d
s 

&
 In

te
rf

ac
es

External 
Services

Snap4City Microservice Platform

B
ro

ke
rs

Proc.Logic

Snap4City (C), November 2024



SCDT Development Phases

• Data acquisition: city graph, IoT sensor/actuators, POIs, orthomaps, 
paths, digital surface model (DSM) and terrain elevation (DTM), 
images, etc.

• Production: Heatmaps computation, traffic flow reconstruction, ODM 
productions, 3D building construction, etc.

• Integration and distribution: 
acquired and produced data are 
integrated into a global digital twin 
model and rendered as 3D 
multi-data map and distributed 
as an interactive web interface.

23Snap4City (C), November 2024
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Data acquisition

• Data acquisition is handled directly by the Snap4City platform

• Static data are ingested with ETL process and sent to the KB or to specific 
databases, e.g., road graph ingestion from OSM to KM4City

• Real-time data from IoT sensors can be ingested using IoT App (i.e., NoreRED
flows) and sent to an OpenSearch cluster for indexing 

26Snap4City (C), November 2024



KM4City Knowledge Base

• Collected static and real-time data are
semantically  indexed in a graph based 
RDF Knowledge Base, named KM4City

• Several API have been defined in order to 
retrieve data from the KB using relational, 
spatial, and temporal queries

27Snap4City (C), November 2024
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Data acquisition

• Data acquisition is handled directly by the Snap4City platform

• Static data are ingested with ETL process and sent to the KB or to specific 
databases, e.g., road graph ingestion from OSM to KM4City

• Real-time data from IoT sensors can be ingested using IoT App (i.e., NoreRED
flows) and sent to an OpenSearch cluster for indexing 
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Production

• Ingested data can then be used as 
input for analytic processes in order 
to obtain
• Traffic flow reconstruction

• Heatmaps, e.g., to describe the pollutant 
dispersion

• Etc…

• In this phase, the 3D map to be shown 
in the SCDT is built

29Snap4City (C), November 2024
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3D Map Production

• To obtain 3D building models, a Digital Surface Model (DSM) of 
Florence was used

• Our algorithm exploits also the OSM building shapes, in order to 
segment building patches from the DSM

30Snap4City (C), November 2024
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Building shapes

Orthomaps

Deep network 
alignment

Input
Rooftop texture 

extraction and warping

Apply the texture on 
the 3D model

Rooftop texturing
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• Façade texturing is more difficult
• It requires specific acquisition campaign 

• A single photo can include few buildings 
simultaneously

• Perspective and radial distortion must 
be removed

• Building façades must be segmented 
from the image

• The correct 3D model face must be 
selected to apply the texture

Façade texturing

Snap4City (C), November 2024
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• Recently, Google released photorealistic 3D tiles

• REST API can be used to query
the Google servers and 
retrieve 3D tiles of good 
quality to be shown in 
your web application

34

Google 3D Tiles
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Google 3D Tiles

Florence, Italy
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Google 3D Tiles

Helsinki, Finland



• The service is not free

• A per-request cost is 
applied

• Careful consideration 
must be taken when 
designing your web 
application

37

Google 3D Tiles



Data Analytics in Snap4City

• Traffic flow reconstruction based on a 
fluid-dynamic model

• Analysis of public transport offer and 
demand

• Assessment of the 15-minute index

• Capabilities to perform What-If 
analysis for routing and traffic 
congestion

38

More than 90 data analytics processes are available!
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Data Analytics in Snap4City

• Traffic flow reconstruction based on a 
fluid-dynamic model

• Analysis of public transport offer and 
demand

• Assessment of the 15-minute index

• Capabilities to perform What-If 
analysis
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More than 90 data analytics processes are available!

Traffic Flow

Routing
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Smart City Digital Twin Uses
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Snap4City Smart City Digital Twin
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What-if analysis
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What-if analysis
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Takes 
Decision

Evaluate 
Solutions

{𝑀, 𝐶0, [𝑡0, … , 𝑡𝑁−1]}

𝑅𝑜𝑎𝑑𝐺𝑟𝑎𝑝ℎ
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Optimization
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Optimization
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Node-RED
Proc.Logic

Scenario 
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Ex-MLOps
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Analytic

AnalyticAnalytic, ML, AI, 
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Data
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GUI - Human Interfaces 
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Storage

API/ServiceMap

Processing Logic/IoT App (Server-Side Business Logic)

Dashboard Wizard

Ready-to-use Widget Custom Widgets
(Synoptics)

Dashboard Editor

Widget Collection

Client-Side Business Logic

Third Parties APIs, services, gateways, pages

Data Manager

Direct storage, databases

Dashboard Builder

Entities, devices, data

GIS, Maps, Heatmaps, 
Traffic Flow, ODM

Data, web pages, etc. (Http(s), WS, ...)

Events and Actions (WSs)

Dashboards

Data (ODB , JDB , Mongo, …)

MicroServices MicroServices

MicroServices
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GUI - Human Interfaces 
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Selector

Main map

In-map 
menu

Panel for 
additional info

Additional 
widget (CSBL)
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Main functionalities

• The SCDT in Snap4City includes the following functionalities:
• 3D terrain, over which different orthomaps and heatmaps can be shown

• PINs are used to represent IoT devices, Services, Public Transport stops

• Each PIN can be clicked to 
open a pop-up with detailed
information

• RT-data can be queried and
shown in dedicated widget
using CSBL 
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Main functionalities

• The SCDT in Snap4City includes the following functionalities:
• 3D building of the city are represented

• Each building can be picked, to accesso to additional information

• For specific buildings, after selecting it
the 3D model can be changed

• When available, access to 
inspect the BIM of the building
is provided
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Main functionalities

• The SCDT in Snap4City includes the following functionalities:
• 3D building of the city are represented

• Each building can be picked, to accesso to additional information

• For specific buildings, after selecting it
the 3D model can be changed

• When available, access to 
inspect the BIM of the building
is provided

• In the case of Google 3D tiles, the 
picking functionality was 
implemented exploiting invisible
extruded buildings

Snap4City (C), November 2024



Main functionalities

• Specific 3D representation have been devised to show
• Sensor measurements

• Traffic flows

• Routing path, also for 
What-if analysis
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• Specific 3D representation have been devised to show
• Sensor measurements

• Traffic flows

• Routing path, also for 
What-if analysis

Snap4City (C), November 2024



Main functionalities

• The SCDT also includes
• Roads, cycling paths, bus routes

• Additional 3D elements like trees
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Main functionalities

• The SCDT also includes
• Roads, cycling paths, bus routes

• Additional 3D elements like trees, that can be 
requested with different level of details

Snap4City (C), November 2024



3D Multi-data Map Interactive Web Interface

• The architecture implements a client-side business logic developed in 
JavaScript exploiting the Deck.gl framework

• REST calls are used to query Snap4City API and load data on user demands

• PINs for POIs or IoT Devices, and paths and areas are retrieved with 
geographic queries toward the Snap4City SuperService Map (the KM4City 
interface)

• Heatmaps, Orthomaps, and the RGB DTM are instead provided via WMS 
protocol with HTTPS requests toward the Snap4City GeoServer
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Deck.gl

• Deck.gl is a JavaScript framework to handle large database and create 
web applications

• It is based on a layered architecture…

• …                                   
visualize geographical data
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Layered architecture

• Deck.gl layered structure was exploited 

• Different entities are rendered in different
layers, each with its own safe context to 
avoid interferences and be able to load
each of them independently

• Data are rendered with a tiled approach, in 
order to display only the visible data. This is 
fundamental to handle large SCDT 
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Fusion Layer

• The core of the architecture is the so-called FusionLayer

• The FusionLayer extends the Deck.gl architecture

• The FusionLayer is specialized to manage the data to be rendered in the SCDT 
tiles
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Fusion Layer

• The core of the architecture is the so-called FusionLayer

• The FusionLayer extends the Deck.gl architecture

• The FusionLayer is specialized to manage the data to be rendered in the SCDT 
tiles

71

Layer to handle 3D 
building data

Class to create the set 
of tile to be rendered

Tile class, a geo-referenced object 
that can contains multiple layers

Layer used to represent 
3D buildings
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Fusion Layer

• FusionLayer implements two main functionalities

1. The bottomUp and topDown Fusions

2. The deepLoad
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Fusion Layer

• The bottomUp and topDown fusion are used to reduce server calls 
and exchanged data by reusing data already downloaded for tile at 
different zoom levels
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Parent

Children

topDown
bottomUp

Snap4City (C), November 2024



Fusion Layer

74

• The deepLoad function is used when dealing with data available at a 
single zoom level (e.g., traffic flows, 3D buildings)

• In the standard Deck.gl, such data would be retrieved at the available 
zoom regardless of the actual zoom used in the map

• At low zoom level, this behavior would lead to a very large number of 
tiles to be rendered, slowing down the performance

• The deepLoad solve this problem by requiring data at the available 
zoom, then creating virtual tiles with dimension according to the 
actual zoom level and filling these virtual tiles with the retrieved 
data, thus reducing the rendering processes to be carried out

Snap4City (C), November 2024



Digital Twin of Florence
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OCULUS
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Digital Twin of Florence
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Scenario Editor
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Scenario Editor
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Scenario Editor
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