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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

Image credit: https://www.12dsynergv.com/innovation—showcase/digital—twinszexplained/
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Introduction

* First applications of digital twins emerged in the aerospace field

Mational Asronautics and Space Ac

A digital twin is an integrated multi-physics, mullti-

1. . : : . DRAFT MobeLing, SimuLaTioN, INFORMATION
scale, probabilistic simulation of a vehicle or system ' :
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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 manufacturmg and constructlon
industries :

Image credits: Siemens Digital Industries

Snap4cCity (C), November 2024 4
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Introduction

* Digital twins are powered by
* Internet-of-Things/Web-of-Things (loT/WoT)
* Big Data
* Industry 4.0

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

Snap4cCity (C), November 2024
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Introduction

* According to VirtualCity project a smart city digital twin should have
six characteristics

e 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.

Snap4cCity (C), November 2024
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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

.‘.

Snap4cCity (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

Snap4cCity (C), November 2024 9

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.
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Introduction

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

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).
Snap4cCity (C), November 2024 10

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.
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Introduction

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

liono

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

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).
Snap4cCity (C), November 2024 11
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Introduction

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

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

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

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).
Snap4cCity (C), November 2024

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
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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)

Phase 2 — Processing Phase 3 — Generating

Data conversion and integration Physical assets and information flow

Digital

Phase 1 — Collecting Phase 4 — Managing

Heterogeneous data tWI ns Quality and status
Phase 6 — Updating Phase 5 — Simulating
Dynamic changes Urban scenarios
Snap4cCity (C), November 2024 13

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.
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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)

Phase 2 — Processing Phase 3 — Generating

Data conversion and integration Physical assets and information flow

CIM construction

Phase 1 — Collecting Phase 4 — Managing

Heterogeneous data Quality and status

Analytics & Simulations

Phase 6 — Updating Phase 5 — Simulating

Dynamic changes Urban scenarios

Snap4cCity (C), November 2024 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.



#l%,  UNIVERSITA x

DIPARTIMENTO DI D\_SF,ERIBUTED SYSTEMS AND

(
/\
A
0\ INGEGNERIA INTERNET TECHNOLOGIES LAS
¢ FIRENZE S5 imone DISTRIBUTED DATA INTELLIGENCE @ s N A p CI Ty
AND TECHNOLOGIES LAB

Requirements

* Based on the literature, we defined a series of requirements to guide
the development of a SCDT framework

Field Data and

Computing for
Representation

Interoperability

whieh function should be which data and whieh kind of user
tncluded to guarantee an software should interaction and animation
accessible, integrated, and be included into should be offered by the
affordable SCDT solution? a SCDT? SCDT interface?

Snap4cCity (C), November 2024 15



NIVERSITA - DINIFO .
EGLI STUDI DIPARTIMENTO DI DISTRIBUTED SYSTEMS AND
I RE N Z E INGEGNERIA INTERNET TECHNOLOGIES LAB

DELL'INFORMAZIONE DISTRIBUTED DATA INTELLIGENCE '

AND TECHNOLOGIES LAB

Field Interoperability

ID Name Description
R1 Network Modeling and The modeling of data networks including gateways, brokers, devices, services and API, external services
Management as web pages, and protocols.
R2 Hierarchical modeling of To model data for terrain, city building and shapes (gardens, roads), services, heatmaps, traffic flows,
entities services, loT devices, public transportation, etc. To be retrievable with relational, geographical, and tem- _@"
poral queries. _’.E
R3 Logics for data transfor- To transform data collected, for example from loT sensors, and other sources and transform them into §—
mation different data models and formats. For example, collecting data from some web service, GIS, FTP and %
process them for interoperability and for ingestion. <
R4 Smart Data Model com- To guarantee interoperable and replicable Smart Cities, interoperability at level of data formats, FIWARE i
patibility Smart Data Models, etc.
R5 Smart City Federation Model and data federation among platforms at level of protocols and APls
R6 Integration with workflow | To enable ticket/event management. For example, when a fault is detected, it is highlighted in the SCDT
management systems and linked to a CMMS (Computerized Maintenance Management System).

Snap4cCity (C), November 2024
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Data and Computing for Representation

ID

Name

Description

R7

Terrain information and

elevation

Terrain elevation must be taken into account to properly elevate the city buildings and to model city

hills and surrounding mountains

R8

Ground information

Road shapes and names, names of squares and localities, etc., exploiting orthomaps, with eventual real

aerial view patterns, and the graph road.

R9

Heatmaps

To be superimposed (with variable transparency) on the ground level without overlapping the build-

ings, to represent distribution of temperature, pollutant, noise, humidity, vegetation, etc.

R10

Paths and areas

To be used to describe perimeters/shapes of gardens, cycling paths, trajectories, borders of gov areas,

elements of origin destination matrices, traffic flows, people flows, trajectories, pipes, severs, etc.

R11

Data analytic

Data analytic processes must be available to let the user develops and/or execute specific data analyt-

ics: prediction, traffic flow reconstruction, anomaly detection.

R12

Single Services

To mark the positions of services, loT Devices, Point of Interest (POI), Key Performance Indicator (KPI),

moving devices as fleets, etc.

R13

Buildings of the city

Each single building should be represented. Multiple LoD could be included: (i) simple LoD1 structures,

or (ii) higher LoD structures represented as 3D meshes, and (iii) BIMs

R14

Automated 3D building

construction

(i) 3D buildings must be created automatically, to be able to scale and replicate the SCDT framework;

and (ii) the used software must be released with open or free license.

R15

Additional 3D entities

To augment the realism of the 3D representation. For example (i) trees, benches, fountains, sema-

phores, and any other city furniture, and (ii) water bodies to better represent rivers, lakes, etc.

Data and computing for representation

Snap4cCity (C), November 2024
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Distribution and Interaction

SNAPAciry

ID Name Description
R16 | Dynamic 2D/3D struc- Elements such as PINs, shapes, paths, should be represented in 3D dynamically, changing colar and
tures shape according to their kind or some real-time value.
R17 | Dynamic data manage- To have elements to be automatically reported in the SCDT as soon as they are included in the platform,
ment event driven rendering of data.
R18 | No reloading Changes in the SCDT must be rendered without the needs of a full reload of the map.
R19 | View Map controls To change the point of view by zooming, rotating, tilting, and panning the scene.
R20 | Dynamic sky and lighting To model and show different sky conditions and to change the light source position, simulating differ-
ent times of day/night.
R21 | Building picking/manipu- To select single building to: (i) show detailed information, or (ii) move into a BIM view of the building,
lation or (iii) to change the building 3D model.
R22 | Services and element To show data associated with loT Devices, POI, KPI, shapes, paths, etc., including real time and histor-
data access ical data.
R23 | Independent element To hide, show, replace specific elements (e.g., to disable the building view to see only the city PINs, or
management to load different heatmaps or paths)
R24 | Web player The SCDT must (i) be accessible thought a web browser without additional plugins, and (ii) the player
must be released with open or free license.
R25 | Business logic call-back To provide the possibility of selecting an element (3D, PIN, ground, heatmap) to provoke a call back
into a business logic tool for intelligence activities, analytics, etc.
R26 | Underground and ele- To provide the possibility of selecting and inspecting specific areas and see detailed 3D elements
ments inspection placed underground, such as water pipes, metro lines, etc.

Distribution and interaction

Snap4cCity (C), November 2024
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3D Building/BIM
Inspection & Substitution
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Snap4City Platform

* Snap4City is an open-source loT platform
developed at DISIT Lab, with continuous
evolution from 2016 (Sii-MobiIity project)

r Su-Maﬁ:hty )

4h+’+

o ..... . '!-.L:"- .-—'-"".‘

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

* Data retrieved by dedicated APIs and exploited by Data Analytics
processes and loT applications can be shown to the user through

dashboards and widgets

C ISNAP4CITV
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A&A, SSO, Blockchain, Resource Managers and Sharing: loT App, Data Analytics, ... iy
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Snap4City Platform

’-------------------

Snap4City Microservice Platform

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

Sensors
and

Lk Data
5] AcFuators Data Knowledge

ol i~ ! g Analytics
o 2 Ingestion ENR : MLOps,

External HUB Storages ML, Al
Services
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Web/Mobile Apps
Dashboards & Interfaces
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SCDT Development Phases

» Data acquisition: city graph, loT sensor/actuators, POls, orthomaps,
paths, digital surface model (DSM) and terrain elevation (DTM),
Images, etc.

Phase 2 — Processing Phase 3 — Generating

Data conversion and integration Physical assets and information flow

Phase 1 — Collecting ?lg_lta] Phase 4 — Managing
WINS

Quality and status

Heterogeneous data

Phase 6 — Updating Phase 5 — Simulating
Snap4cCity (C), November 2024 Dynamic changes Urban scenarios
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SCDT Development Phases

» Data acquisition: city graph, loT sensor/actuators, POls, orthomaps,
paths, digital surface model (DSM) and terrain elevation (DTM),
Images, etc.

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

Phase 2 — Processing Phase 3 — Generating

Data conversion and integration Physical assets and information flow

Digital

Phase 1 — Collecting . Phase 4 — Managing
Heterogeneous data tWI ns Quality and status
Phase 6 — Updating Phase 5 — Simulating

Dynamic changes Urban scenarios
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SCDT Development Phases

» Data acquisition: city graph, loT sensor/actuators, POls, 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 R e TS
integrated into a global digital twin
model and rendered as 3D B
multi-data map and distributed Phase 1 — Coleciing i Prase 4 — Wanagng
as an interactive web interface. A

Phase 6 — Updating Phase 5 — Simulating

Snap4cCity (C), November 2024 Dynamic changes

Urban scenarios
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Data acquisition

e 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
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KM4City Knowledge Base = —

Your data
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* Collected static and real-time data are
semantically indexed in a graph based
RDF Knowledge Base, named KMA4City

,
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i
T
i
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= UL
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e 0
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% Semantic Reasoners -

v
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o | @

» Several APl have been defined in order to
retrieve data from the KB using relational,
spatial, and temporal queries
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Data acquisition

e 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

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

function

function

I
B
% !

mmmmmmmmm

_— | Y OpenSearch

unction

!
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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

Snap4cCity (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

Snap4cCity (C), November 2024 30
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Rooftop texturing

E’"”%ﬁ

I Vi o Eﬁ'ﬁ
Building shapes

Deep network E Rooftop texture Apply the texture on

In . . .
put alignment extraction and warping the 3D model

Snap4cCity (C), November 2024
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Facade texturing

* Facade texturing is more difficult
* It requires specific acquisition campaign
* Asingle photo can include few buildings
simultaneously

* Perspective and radial distortion must
be removed

* Building facades must be segmented
from the image

Snap4cCity (C), November 2024
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Facade texturing

* Facade texturing is more difficult
* It requires specific acquisition campaign
* Asingle photo can include few buildings
simultaneously

* Perspective and radial distortion must
be removed

* Building facades must be segmented
from the image

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

Snap4cCity (C), November 2024
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Google 3D Tiles

 Recently, Google released photorealistic 3D tiles

 REST API can be used to query
@ Google Maps Platform Ouervew  Products  Prcng  Documeniation = Bleg  Cammunty ~
the Google servers and

Guides  Support

retrieve 3D tiles of good

Map Tiles API

overview Photorealistic 3D Tiles 0O - Send fesdback

b .
u a I t t O e S O W n I I I Setup Photorealistic 3D Tiles are a 3D mesh textured with high resolution
imagery. They offer high-resolution 3D maps in many of the world's

Set up your Google Cloud project

Home > Products > Google Maps Platform > Documentation > Map Tiles AP was this helpful? 15 G

Use API keys populated areas. They let you power next-generation, immersive
° ° Use OAuth 3D visualization experiences to help your users:
our web application
Using Map Tiles
» 2D Tiles = Confidently navigate to a location

Street View Tiles i
* Evaluate new places to make decisions
- 30 Tiles
Overview * Understand how the real world changes
Photorealistic 30 Tiles

Work with a 3D Tiles renderer

Work with your own 3D Tiles Before you begin

renderer
Waork with other Maps APls

H Before you start using the Photorealistic 3D Tiles API, you need to review the Terms of Service and Map Tiles API
iandling errors

Policies. You may then start a project with a billing account and enable the Map Tiles API. To learn more, see Setup in

! e
Best practices Cloud Console.

Web API best practices

gilling and monitoring Getting tiles

Usage and billing

Reporting and monitoring After obtaining your API key, you can begin accessing photorealistic tiles by specifying a root tileset URL to a 3D Tiles
renderer of your choice. After that, all subsequent calls for photorealistic tiles are automatically made by the renderer as

Policies and Terms the end user explores the map.

Map Tiles API policies

Terms of Service (4 The render can make at least three hours of tile requests from a single root tileset request. After reaching this limit, you

must make another root tileset request.

< As an example, you can use the following JavaScript code to start exploring 3D Tiles with Cesium JS B5.

&

Q search

On this page

Before you begin

Getting tiles

<+, Recommended for you

@ English ~ H @

Photorealistic 3D Tiles overview
Updated 17 nov 2023

Work with a 3D Tiles renderer
Updated 17 nov 2023

Use API Keys with Map Tiles API

Update

7nov 2023

Contact sales

C ’SNAP4CITY
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Google 3D Tiles

Heatmap

GRALheatmap
Heatmap Controls:
Max Opacity: ¢ ey

m 2023-11-08 23:00:00 m

!
o

SNAP

Florence, ltaly

4CIT‘I
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Google 3D Tiles

+

¢ ISNAD4CIT‘I

Helsinki, Finland
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Google 3D Tile

e The service is not free

A per-request cost is
applied

e Careful consideration
must be taken when
designing your web
application

) Google Maps Platform

Guides  Support

Map Tiles API
Overview

Setup

Set up your Google Cloud project
Use API keys

Use OAuth

Using Map Tiles
2D Tiles
Street View Tiles
3D Tiles

Handling errors

Best practices

Web API best practices

Billing and monitoring
Usage and billing

Reporting and monitoring

Policies and Terms
Map Tiles API policies

Terms of Service [

Overview  Products  Pricing  Documentation + Blog  Community v

Pricing for the Map Tiles API

SKU: Map Tiles API: 2D Map Tiles

A request to Map Tiles API retrieving Roadmap, Satellite, or Terrain Tiles. Note that Session Token and Viewport
information requests aren't billed

MONTHLY VOLUME RANGE
(Price per REQUEST)
0-1,000,000 1,000,001 - 5,000,000 5,000,001+

0.0006 USD per each
(0.60 USD per 1000)

0.00048 USD per each
(0.48 USD per 1000)

ntact Sales (3 for volume pricing

SKU: Map Tiles API: Street View Tiles

Arequest to Map Tiles API retrieving Street View Tiles, Street View Thumbnails, or Street View PanolDs. Note that
Session Token and Street View Metadata requests aren't billed.

MONTHLY VOLUME RANGE
(Price per REQUEST)
0-1,000,000 1,000,001 - 5,000,000 5,000,001+

0.002 USD per each
(2.00 USD per 1000)

0.0016 USD per each

Contact Sales B for volume pricing
(1.60 USD per 1000)

SKU: Map Tiles API: Photorealistic 3D Tiles
Arequest to Map Tiles AP| retrieving 3D Root Tiles.

MONTHLY VOLUME RANGE
(Price per REQUEST)
0-100,000 100,001-500,000 500,000+

0.006 USD per each
(6.00 USD per 1000)

0.0051 USD per each

Contact Sales & for volume pricing
(5.10 USD per 1000)

&

C’SNAPAciry

Q search & English ~

on this page

How the Map Tiles AP! is billed

Pricing for the Map Tiles API
SKU: Map Tiles AP 2D Map Tiles
SKU: Map Tiles API: Street View Tiles
SKU: Map Tiles API: Photorealistic 3D Tiles

Other usage limits
20 Tiles and Street View Tiles
Photorealistic 3D Tiles

Terms of Use restrictions

Manage your cost of use

Related cost management resources

4, Recommended for you

Use API Keys with Map Tiles AP1
Updated 17 nov 2023

Set Up in the Google Cloud Console
Updated 17 nov 2023

Photorealistic 3D Tiles overview
Updated 17 nov 2023
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C %NAP4CITY
Data Analytics in Snap4City
More than 90 data analytics processes are available!

* Traffic flow reconstruction based on a
fluid-dynamic model

|+E

Last sensors measure
2018-02-01T00:10:00
Via pE m»*”mn .
PN &
y le.
4{’/‘%;
5e i

== Free street
Fluid traffic
Fiesole

Heavy traffic

== Very heavy

() Sensor position

";.«
=
&
: Pog
z oggic :
§ R : Gherardo Settignano
%) gnano 4
Nz
; {6 S
5 Mantignano e
)
£ =)
i
go
& E
S ma per
=
:
Car
sall
ViA PISANA
Casellina

Scandicci
At)

uuuuu

Snap4cCity (C), November 2024
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Leaflet | Map data & OpenStreetiap contributors, CC-BY/SA, Imagery Ty % Mapbox
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Data Analytics in Snap4City

More than 90 data analytics processes are available!

* Traffic flow reconstruction based on a

fluid-dynamic model

* Analysis of public transport offer and
demand

&

" SNAPAcTy

-

Snap4cCity (C), November 2024
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Data Analytics in Snap4City

More than 90 data analytics processes are available!

* Traffic flow reconstruction based on a
fluid-dynamic model

* Analysis of public transport offer and
demand

* Assessment of the 15-minute index

15MinCitylndex Dashboard

This Dashboard contains data estimated by the Snap4City 15Min index on the basis of Open Data accessible

15Minindex_Averagelndex
Heatmap Controls: 241

SNAPAciry

Tue 18 May 17:58:21

PRATO : VIA DEL LEONE N.120/C

Max Opacity: ¢ el > 05

2020-09-07 08:00:00

Prato

18Minindex_Averageindex
HEATMAR DETAILS

T
A
A
A
A
A
A
A
A
A
A
A ¢
A =
A
A
A

Province: PRATO
City: PRATO
Address: V\:—;I;’EL LEONE N. aiEMin Inddex
laton: 438238811.09344 et

Critical
Insufficient
satisfactory
Fairly good
Good
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Data Analytics in Snap4City

More than 90 data analytics processes are available!

* Traffic flow reconstruction based on a

[asf sensors measure
2020-09-29710:41:00

fluid-dynamic model Trafﬂc FIOW [
e o |

* Analysis of public transport offer and
demand

* Assessment of the 15-minute index

e Capabilities to perform What-If
analysis

Snap4cCity (C), November 2024 41
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Smart City Digital Twin Uses

Real Urban
Scenario

Decision
Makers

Snap4City Smart City Digital Twin

1
1
1
1
Dashboards for Decision Support System ;
:
1

MONITOR &
TAKE DECISIONS

Traffic Light Plan Optimization

Traffic Reconstruction

1
ACTIONS

1
1
1
1
. 1
1 1
1
1
1
Digital Twin Digital Twin ! DEFINE SCENARIO
. . > . i
. in operation Scenarios ,
1 1
. A 1 - - { 1 1 :
| 1 | 1] = W 1
1 ! v ! 1 v ! : 1
! i - ) L | ! SET CONTRAINTS
i & ! Predictions k o) Optimizations h ;
1 ! 1
L T . g 7w B
= 1 / \ A 1 / \ & ‘ b
g u
i 2 Analytics (Al, ML, XAl,..) & Simulators : :
: E L] L] L] : !
1 o ! ] y ! ] ] ! 1 )
1 & ! ‘ ' ; i ‘ !
- : \ A AN ! !
1
1
E — Results & KPIs 1
1 1
E | Monitoring | What-If Analysis i Suggestion System : E
1
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What-if analys

G.

<< Apply strategy <

Ordinance PA Road Graphs What-If Analysis Plans and
. — strategies

GIS / OSM

Teom —
[ |
Sensor data

=

[ 1] m
Environ. Data [ [
Meteo Anomaly N Notification on multiple
[ — Anomalies and E
Detection channel (SMS, email,

critical cases

Traffic Data D —  E— Telegram, ecc.)
Rtaffic prediction
& reconstruction

Traffic Counting

Workflow management

People

Environmental

predictions

Gestione

Semaphores
management

Semaphores

Gates Gates control

access

People Flows Routing model
and multimodal,

ol

Parkings

[T 1 d n
— lynamic
Parking Status
TV Cam
[T 1
1
Soce M ==
[ T ] £
Mobility =
demand, flow 8' Micro/Meso Scale
I Ee] Simulator
c
Offer of Transport © Gen. ODM Typical
TPL, Taxi, = Trajectories
Trains, ecc. £
=

DORAM

>> production of predictions and reconstructions >>

J_I7 J_I7 X Z X Z

Interactive Business Intelligence Dashboards and tools

<]
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What-if analysis

Takes
Decision

Evaluate

Solutions

Defines

Scenario

{M, Co, [to, -, tu-11}

RoadGraph ¥
TrafficSensors

Traf ficTTT
So

Digital Twin
in operation

A 4

TFR

Y

Snap4cCity (C), November 2024

Compute
KPI

KPIs,

C ,SNAP4CITY
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Optimization

f 1 14
1 best Scenario + KPI In

Takes
Decision

A A

Defines
Scenario

{Poptm} {M, Co, [to, ) ty-11}
RoadGraph 7"
Traf ficSensors P ]
igital Twin ompute
inaparsion So TFR o —>  KPI J
v Optimization process
; Creates a new
Scenario set
Compute
TFR i > KPI?
\ 4
» St TFR (> SRR ! KPI} > Evaluates KPI
—>
[ ]
° Selection of best
° Scenarios
+
KPls
> — Compute K-1
> skt TFR s ——Pl KPI; l— l
Check
Continue termination Terminate
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KMA4City

. "
QT [
e ;:L.- :"1
ol SPAROL

ﬁ Scenario AScenario
Data Model Versions
—
Results:  —
Predictions, ¢
Simulations,
etc.
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GUI - Human Interfaces

~
Data, web pages, etc. (Http(s), WS, ...) 1 Dashboards
Third Parties APIs, services, gateways, pages » ALELEERLELRLLERELLERY Dashboard Builder : e
A ] Data (ODBC, JDBC, Mongo, ...) Dashboard Wizard Dashboard Editor el L e \
Direct storage, databases LR RELEEEER R ERELL = —
GIS, Maps, Heatmaps, . S

E é Traffic Flow, ODM
- . Data Manager
. : ‘ Entities, devices,data | |ooommmmm e Oy, ' '8 F e | Oume B o e L T
- . 4 API/ServiceMap
: : GeoServer : ________________
MicroServices Mig Y] =
- . - . Storage
___________________________ 1 :
DR b s I Widget Collection . G

MicroServices
Client-Side Business Logic

y, \_ J
Processing Logic/loT App (Server-Side Business Logic)
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GUI - Human Interfaces

3D Map Global Digital Twin -Newgui2 Wed 26 Jul 12:36:49

Panel for

Selector additional info

Heatmap

- S A I -
Mo Value
2 3 Vabiua_ - - ,
No Velue T S-S
BT T S AW A GRALheatmap
140 84 . : Heatmap Controls:
Max Opacity: —— 0.25

- 2023-07-26 12:00:00 -

¥

Main map

- b Q S | 3-" A
nox 2 No Malte -

B o
B
<M 2635
B 3660

61-75
76-90

In_map Sl s1-105

B 106-125

W 126-150 >

menu =) 5 ) , - , ) TGOS St Additional
= Air Quility FI-BASSI - NO2 W|d get (CS B L)

40

Privacy Policy ~ Cookies Policy  Terms and Conditions ~ Contact us
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Main functionalities

* The SCDT in Snap4City includes the following functionalities:
* 3D terrain

>
S
S
(’>
0
@,
@,
‘%>
@>
A
A
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o
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* The SCDT in Snap4City includes the following functionalities:
* 3D terrain, over which different orthomaps
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* The SCDT in Snap4City includes the following functionalities:
* 3D terrain, over which different orthomaps

Select A City / Location Air Quality FI-BASSI - NO2
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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

GRALheatmap
Heatmap Controls:

@9 Max Opacity:

- - 2023-11-15 23:00:00 -

7‘5;:"'

P0000DSBTTOO0
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-’

Select A City / Location Air Quality FI-BASSI - NO2

goto

Amsterdam | Barcelona | Berfin | Florence | Helsinki = London | New York | Paris | Rome | Tokyo
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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 |oT devices, Services, Public Transport stops
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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 |oT devices, Services, Public Transport stops

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

Select A City / Location
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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
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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
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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 N WG
 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

* |n the case of Google 3D tiles, the
picking functionality was

implemented exploiting invisible \ARABERAS: 7 SRR ... oo e B
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Main functionalities

 Specific 3D representation have been devised to show
* Sensor measurements
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Main functionalities

 Specific 3D representation have been devised to show
* Sensor measurements
* Traffic flows
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Main functionalities

 Specific 3D representation have been devised to show
* Sensor measurements
* Traffic flows

* Routing paths
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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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Main functionalities

4CIT‘I

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

B e s S e |
el S T
TS e
X =
SPADOLINIT1 STROZZI :
= /ALUE NAME: 48-URBANOAREAMETROPOLITANAFIORENTINA-GTFS_STOP_7@FM8827_600~"
. %-‘z"',ﬂ DETAILS |DESCRIPTION |TIMETABLE |BROWSE [
—— =
T __Value Name: 48-UrbanoAreaMeuopolitanaFiorentina-gifs_Stop_7(@FMB827_600 =
e == Nature: TransferServiceAndRenting -
e = k= subnature: Busstop |
f“ No description available -~
3 L
-
LA
&

B Name: Piazza della Stazione ’ : o N B = O @ Name: percorsi_ciclabili.309

~ Type: unclassified g' : iy s } ‘ )
Length: 58.0e0 e 2 J o Address: VIALE FILIPPO STROZZI 8
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Main functionalities SR

ID: 29723
§ Common Name: Salice piangente
Tree Species: Salix babylonica

* The SCDT also includes 0
* Roads, cycling paths, bus routes

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

1D: 29723
 Common Name: Salice piangente
Tree Species: Salix babylonica

SPADOLINIT1 STROZZI
ALUE NAME: 48-URBANOAREAMETROPOLITANAFIORENTINA-GTFS_STOP_7@FM8827_600"

BROWSE

‘\\\ﬁ ST TR AR T

el e e stizone g - S M s N Name: percorsi_ciclabili.309
Type: unclassified “ 4 [
Address: VIALE FILIPPO STROZZ| 8

AL,
g \

Length: 58.0e0
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3D Multi-data Map Interactive Web Interface

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

e REST calls are used to query Snap4City APl and load data on user demands

* PINs for POls or l1oT Devices, and paths and areas are retrieved with
geographic queries toward the Snap4City SuperService Map (the KMA4City
interface)

* Heatmaps, Orthomaps, and the RGB DTM are instead provided via WMS
protocol with HTTPS requests toward the Snap4City GeoServer

Snap4cCity (C), November 2024
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Deck.gl

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

% deck.gl Examples Docs Showcase Blog

<
¢
we

* It is based on a layered architecture...

D E C K L] G L =
WebGL2-powered, highly performant large-scale data visualizatiop

e ...and provide tools to integrate and | — A
visualize geographical data

deck.gl is a WebGL-powered framework for visual
exploratory data analysis of large datasets.

5= A Layered Approach to Data Visualization
deck.gl mplex by compo:

o : s B
@)} High-Precision Computations in the GPU
By emulating 64 bit floating point computations in the GPU, deck.gl ren

unparalleled accuracy and performance.
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Layered architecture

* Deck.gl layered structure was exploited e g SYO
* Different entities are rendered in different e — “

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

Snap4City (C), November2024 N 000@ Twem in, orthomaps, heatmaps
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Fusion Layer

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

* The FusionLayer extends the Deck.gl architecture

—! TileLayer ——{~>| CompositeLayer —">| Layer I Deck

<> 1 BuildingTileLayer BuildingLayer

| Tileset e Tile

W
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Fusion Layer

* The core of the architecture is the so-called FusionLayer
* The FusionLayer extends the Deck.gl architecture

* The FusionlLayer is specialized to manage the data to be rendered in the SCDT
ti I e S CLIENT SIDE SERVER SIDE

{ Deck lLBuildingTileLayer } FusionLayer { Tilezet } { Tile { BuildingLayer J\ DB
Ej ——
S Layer used to represent
Layer to handle 3D ( > \ 3D buildings
. . Asking for sub layer >
bUIldIng data Creating FusionLayer » Creating files \
B ] Init

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

¥

A

G >

Loading data from DB \
T " Class to create the set
* Sonding cata to tles | GenersingLaver | ] of tile to be rendered

Sending Sublayers <
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Fusion Layer

* FusionLayer implements two main functionalities
1. The bottomUp and topDown Fusions
2. The deeplLoad

Snap4cCity (C), November 2024
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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

Load the <@

Deck request the

Iz there a

FusionLayer for a Is the tile loaded? parent tile? missing file NOCh
; ; K
e & i Parent

NI i
L] l'
Yes

S 5]

Transfer the data No o 5 k=]
from parent to the Is child complete? Lﬂig”r;'ﬁf;ng u=_ g’
current tile % ‘ §

g <

o @

= Q

o =]

Q

topDown

h 4

the current tile

Yes bOttom U p
Transfer the data
from all children to

—r |

Deck has received Y
the file -
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Fusion Layer

* The deeplLoad 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 deeplLoad 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

Snap4cCity (C), November 2024
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Digital Twin of Florence
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Scenario Editor
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Scenario Editor
B |

\ Scenario name: Scenario name
’ ;| . Location: Location
t.. Scenario description: Scenario description
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Scenario Editor

Traffic Flow Analysis By Scenario
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Scenario Editor
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Scenario Editor
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