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1. Introduction
The transition towards a more connected world
leads to the need of adapting the already exist-
ing infrastructures and the newly built ones to
cope with a growing demand for telecommuni-
cations.
In fact, the access to services for such a con-
stantly growing number of people is one of the
greatest challenges for the urban planners, for
the political entities and for the whole scientific
community.
To reach this goal, it is fundamental to trans-
form our cities into Smart Cities and our com-
panies into Smart Companies, where Informa-
tion and Communications Technologies (ICTs)
target to improve the sustainability, the worka-
bility and the liability.
One of the most interesting features of smart
infrastructures is the capability to localise the
players in motion [2]. Reliable and accurate
localisation technologies enable such a break-
through transformation, where the location in-
formation is updated with low latency. To this
extent, the currently available localisation tech-
nologies are 5G and Ultra-Wide Band (UWB),
which offer some differences in terms of diffu-
sion, costs and performances. The work of the-
sis is carried out within a collaboration with

Movyon, the technological branch of Autostrade
per l’Italia. The main aim of the company is
to identify the most suitable technology to pre-
cisely localize moving vehicles. As such, a first
topic of this thesis to compare the technological
options available on the market. Then, in a sec-
ond phase, the thesis focuses on the development
of a Matlab simulator for testing different mobil-
ity scenarios in which assessing the performance
of localisation algorithms as well an optimiza-
tion of sensors deployment (third phase).
This thesis, which focuses on vehicle localisa-
tion, can be considered as the first step of a much
wider project whose objective is to carry out the
shift of the highways towards smart infrastruc-
tures.

2. Phase 1 - Scouting of tech-
nologies

In the first phase of the project it is possible to
distinguish two different activities: research of
on-going or concluded trials and study of tech-
nological solutions used therein.
First of all, it is conducted a research over the
projects which are already developed, or in a
sufficient progress state, to see which are the lo-
calisation solutions used in the mobility sector.
Later on, it is carried out a more detailed study
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over these solutions, with a special attention on
5G connectivity[3] and on the Ultra-Wide Band
(UWB) one [4].
After the conclusion of this task, several differ-
ent companies’ proposals have been investigated,
in order to select the most suitable alternative
both in terms of costs and performances.
In figure 1 we can see the characteristics of the
5G solutions from different companies, while in
figure 2 are reported the UWB ones.

Figure 1: 5G technologies features

Figure 2: UWB technologies features

At the end, the choice has fallen on Ubisense
UWB technology, since it is the only solution
available in the market with a bandwidth up to
800 MHz, an updating frequency of 30 MHz and
the joint use of distance and angular measure-
ments. In addition, Ubisense system provides a
via cable synchronization of its devices, making
it even more accurate with respect to systems
which use wireless or Global Navigation Satel-
lite System (GNSS) synchronization [5].
Therefore, even if the original aim of this project
was the 5G localisation, the only available tech-
nology with similar performances is the Ubisense
UWB one, and this is the main reason for the
choice.

3. Phase 2 - Simulation of mo-
bility scenarios

The second phase of this thesis work is a simu-
lation phase in which the focus is to create and
define several use cases representative of real sit-
uations. The scenarios are simulated with MAT-
LAB software.
The scenarios include an highway section, a
motorway tollgate, a queue of trucks stuck on
a lane, Indianapolis circuit and Castelletto di

Branduzzo circuit, as detailed in the next sec-
tion.

3.1. Scenarios definition
The following scenarios have been considered of
interest and thus simulated:
• Section of a highway, useful case to simulate

the behaviour of the localisation technology
in presence of an accident/construction site
along one of the lanes. The goal of this sce-
nario is to verify if the technology is able to
detect the number of vehicles which change
lanes and the exact point on the road where
the lane change occurs.

• Tollbooth scenario, to consider the presence
of a really high number of vehicles interact-
ing with each other, and the interference
of the infrastructure with the GPS localisa-
tion.
In fact, the proximity of tolling frequen-
cies (5.8 GHz) and ITS band for Vehicle-
To-Everything (V2X) communications (5.9
GHz), forces the vehicle to reduce the trans-
mit power of a 5G signal, which might de-
grade cellular positioning.

• Trucks lane, representing the common sit-
uation of trucks stuck on a lane and the
vehicle to localise which is moving in the
adjacent one. The goal of this use case is to
understand how the presence of trucks can
interfere with the localisation of the vehicles
moving on the other lane.

• Indianapolis Motor Speedway, indicating
the 4.0 km-long oval track famous auto-
mobile racing circuit located in Indiana,
USA. This is a geometrically simple sce-
nario without any particular physical obsta-
cle, but it is the most challenging setting for
localisation due to very high speed.

• Castelletto di Branduzzo circuit, which
refers to the modelling of a circuit in the
province of Pavia.
This motodrome is the choice for the de-
velopment of the experimental phase of the
localisation, since it presents very different
stretches of road, both straights and curves,
which can be considered a good proxy of
different real behaviours of a vehicle in ev-
eryday situations. These characteristics can
be appreciated in the top view image in fig-
ure 3.
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Figure 3: Castelletto di Branduzzo circuit in
MATLAB

3.2. Scenario simulations in Matlab
After defining which are the interest scenar-
ios, the next step is to create them on a
software. This whole phase is based on the
waypointTrajectory function. This command
generates the trajectory of a vehicle imposing
the crossing through specified points in space.
Multiple virtual scenarios have been generated
in order to become familiar with this function
and its criticalities, but the goal remains the
creation of the previously defined scenarios into
MATLAB.
The softwares ’Google earth PRO’ and ’TCX
converter’ are used to import the real roads
into MATLAB. The waypointTrajectory func-
tion requires as input even the instant of time
at which the vehicle reaches each point, which is
called TimeOfArrival.
The speed of the vehicles must be entered and
to determine it, the TimeOfArrival must be
calculated. Two parameters are taken into ac-
count: the distance between the waypoints and
the point on the route where it is located. If the
waypoints are located along a curve, the speed
will be significantly lower than in a straight line.
In figure 4 it is shown one of the results ob-
tained by using this function. It corresponds
to the "Castelletto di Branduzzo circuit" men-
tioned above.

Figure 4: Trajectory function

After modelling all the scenarios, it was used an
add-in app in MATLAB, which makes possible
to build them in a much easier way: The "Driv-
ing Scenario Designer" app.
Using this app it is possible to overcome some of
the passages explained in the previous section.
In fact, the import of the maps into the Driving
Scenario Designer is instantaneous as the inser-
tion of the waypoints directly on the map, in or-
der to describe the desired trajectory. The great
advantage of using this application is the ability
to better visualise scenarios and the comfort of
having useful preset tools to be able to change
their characteristics. Another useful function is
the one that allows to generate the scenarios in
3D through a rendering, which is very useful dur-
ing the presentation of the project to Movyon
allowing a better understanding of how the sim-
ulations work.
Figure 5 shows the scenario for the trucks lane.

Figure 5: Double trucks lane using the Driving
Scenario Designer - 3D

4. Phase 3 - Optimisation of de-
ployment

The third part of the project consists in the cre-
ation of an optimiser for the geographical loca-
tion where placing the UWB sensors in order
to achieve a better accuracy in the vehicle’s po-
sition estimate. A good geometry is achieved
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when the reference stations are arranged uni-
formly around the vehicle. For this reason, the
system must be designed in such a way that the
best geometric arrangement is obtained over the
considered area. From the estimation theory,
the Cramer Rao Bound (CRB) is used to calcu-
late the best achievable localisation accuracy. It
is calculated as:

CRB = σ2
ρ(H(u)TH(u))−1 = σ2

ρGDOP (1)

which shows how the accuracy of localisation de-
pends on two terms. The first term σ2

ρ is char-
acteristic of the measurement error, and in case
of wireless localisation systems it is influenced
by various effects, such as interference, thermal
noise, reflections and weather. The second term
is the Geometric Dilution Of Precision (GDOP),
which represents the impact of the geometry of
reference stations on localisation.
The focus of the optimizer is on this last term
in order to obtain the optimal sensor layout.
Matrix H calculation depends on the kind of
method used to carry out the measurements and
can be seen in table 1.

Table 1: H-matrix generation according to the
method used

In table 1 subscript j refers to the closest receiver
to the vehicle and ax1 is equal to:

ax1 =
s1x − ux
|s1 − u|

(2)

where six is the x coordinate of the i-th receiver
and |s1 − u| is the distance between the receiver
and the vehicle [1].
In the project it is used an hybrid system of 2D
localisation, as the purchased Ubisense system
which can use both the Time-Difference of Ar-
rival (TDoA) and the Angle of Arrival (AoA)
methodologies.
The optimiser that defines where these sensors
should be placed is created with MATLAB: it
randomly places the various receivers on a map
and determines the best settings, through a con-
sistent number of iterations which lead to an

optimal result. The sensors have to be placed
respecting two fundamental limits:
• Placement limit, since they can obviously

be placed on the sides of the road, but not
on the top of it,

• Range of the receiver limit, since placing
a sensor too far away from the points it is
supposed to locate would be useless because
it would not be able to receive the signal.

An example of the candidate positions of sensors
is reported in figure 6 with green dots.

Figure 6: Optimal area definition

Considering the aforementioned area, the MAT-
LAB code randomly positions the sensors within
it. Then, it checks that it is guaranteed a min-
imum distance between sensors and that each
point on the road can be detected by at least
two receivers. Otherwise, it randomises again
the possible positions of all the receivers.
If these two conditions are met, the software pro-
ceeds with the GDOP calculation along all the
points on the road. Finally, the sensor layout
with the lowest Circular Error Probable (CEP)
of the GDOPs for all the points is saved.
The result obtained in the section of the moto-
drome related to figure 6 is shown in figure 7.
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Figure 7: Output example
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5. Conclusions
Starting from the existing state-of-art in the field
of outdoor vehicle localization, this research first
identifies a suitable technology which can be in-
stalled on the desired scenarios: Ubisense RTLS
Dimension 4 sensors.
Once the technology has been selected, the fo-
cus moved into creating simulations of the cho-
sen use cases in MATLAB, in order to represent
real-life situations: the section of a highway, a
tollbooth, a street with stuck trucks on a lane,
Indianapolis Motor Speedway and Castelletto di
Branduzzo circuit.
The last phase represents one of the most im-
portant tools that can be used in the experimen-
tal part with devices. The results obtained are
the outcome of the best possible location of the
devices, thereby increasing the efficiency of the
localisation system and decreasing its planning
time.

References
[1] 5GAA Automotive Association. System ar-

chitecture and solution development; high-
accuracy positioning for c-v2x. Technical Re-
port 1, 5GAA, www.5gaa.org, 2 2021. Tech-
nical Report 1, Working Group 2.

[2] Mircea Eremia, Lucian Toma,
and Mihai Sanduleac. The smart
city concept in the 21st century.
Electronic document available at
https://reader.elsevier.com/reader/sd/pii/S
187770581730940?token=20244694B720429
9001BD8AD4FF6242BD1A45210C7482AA
A02BD555077A3911ED6A0E1BDFAC84C
2140748F68D85 2B6F9originRegion=eu-
west-1originCreation=2022 0907144724,
2017.

[3] Ryan Keating, Mikko Säily, Jari
Hulkkonen, and Juha Karjalainen.
Overview of positioning in 5g new ra-
dio. Electronic document available at
https://ieeexplore.ieee.org/stamp/stamp.jsp?
tp=arnumber=8877160, 2019.

[4] Bruno Silva, Zhibo Pang, Johan Åkerberg,
Jonas Neander, and Gerhard Hancke.
Experimental study of uwb-based high
precision localization for industrial appli-
cations. Electronic document available at

https://ieeexplore.ieee.org/stamp/stamp.jsp?
tp=arnumber=6958993, 2014.

[5] Ubisense. Ubisense - transforming physical
space into smartspace, 2022.

5


	Introduction
	Phase 1 - Scouting of technologies
	Phase 2 - Simulation of mobility scenarios
	Scenarios definition
	Scenario simulations in Matlab

	Phase 3 - Optimisation of deployment
	Conclusions

