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Abstract

In a very near future, intelligent vehicles will interact directly with each other and with the road infras-
tructure. This integration of information and communication technologies with the transport infrastructure
lays the foundations for Cooperative Intelligent Transport Systems (C-ITS) applications. These applica-
tions run within each intelligent vehicle and are essential to aided and autonomous driving, endorsing
efficient, safe and environmental-friendly transport networks that promote the citizen’s quality of life via
helping the driver in making more informed decisions based on micro and macro traffic situations.

For C-ITS to become a reality, efforts on standardising the underlying architecture of communications
used by C-ITS applications were made by the European Telecommunications Standards Institute (ETSI).
These efforts were followed by the European Union’s Platform for the Deployment of C-ITS (C-ITS Plat-
form) that presented an application bundle expected to be available on future roads in the short term.

In this document, we deploy and enhance a realistic and scalable simulation tool stack with a C-ITS
application bundle compliant with ETSI standards.
Keywords: C-ITS; VANET, C-ITS applications, Day 1 Services

1. Introduction
Smart cities are already being shaped up today
and there have been major efforts to empower with
intelligence the road infrastructure and its users.
A new trend has appeared where a car is more
than a tool, capable of actively aiding its driver mit-
igate some risks related to human interaction and
increasing road safety for everyone.

By empowering a vehicle with the intelligence
and technology to not only make informed deci-
sions based on the data collected through its sen-
sors, but also by information which could be gath-
ered by communicating with the road infrastructure
and other cars driving on it, we’re empowering it’s
decision capabilities. Tomorrow’s car will represent
a step change in form and function, combining the
intelligence of driver-assisted vehicles with the po-
tential of vehicular communications.

This vision has led to the advent of Cooperative
Intelligent Transportation Systems (C-ITS) which
rely on vehicular communication technologies to
enable applications that could potentially improve
road safety, traffic efficiency, and introduce new en-
tertainment and business models.

As these systems will be dealing with road
safety, thorough validation has to be made, but
due to the multidisciplinary areas involved, real

world C-ITS testing is complex and resource in-
tensive. This is where computer generated simu-
lations shine, reducing simulation costs and com-
plexity while offering a realistically simulated con-
trolled environment.

2. Research Aims and Objectives
The Departamento de Engenharia Informática
(DEI) of Instituto Superior Técnico, in Lisbon, is
studying the development of a small scale and con-
trolled environment where C-ITS applications can
be tested in real world. To enhance that initiative,
this research aims to lay the foundations for re-
search on C-ITS enabled environments by using
a computer simulation package before investing in
a real-world endeavour.

We will combine a vehicular network simula-
tor (OMNet++) with a road simulator (SUMO) into
simulation tool stack aiming to realistically emu-
late real-world scenarios using the ETSI standard-
ised architecture & protocol framework for vehicle-
to-everything (V2X) communication. We will also
implement the Day 1 Services bundle which is
composed by a set of C-ITS applications which,
because of their expected benefits and maturity
of technology were considered by the European
Union’s C-ITS Platform as high priority and to be
deployed in the short term. The bundle will be
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tested in scenarios ranging from simple use cases
related to micro traffic control, to more complex
scenarios where cooperation between multiple en-
tities can be used to solve macro traffic problems.

We aim to build a teaching support tool able to
help computer, transportation and mobility engi-
neering students, interested in transports and mo-
bility sector, to learn the organisation of C-ITS sys-
tems.

The thesis work is mainly concerned with the im-
plementation and evaluation of a simulation plat-
form able to simulate several important use cases
of future intelligent roads.

3. Intelligent Transport System
An ITS system is made up by isolated components
capable of gathering, via their sensors, useful infor-
mation for aiding traffic management by enabling
road users to make a safer and smarter use of
transport networks.

As of March 2018 onward, vehicles sold within
the European Union must be compliant with an
ITS application named eCall [5]. This isolated
ITS component automatically establishes an emer-
gency call whenever a dangerous incident occurs
- i.e. car crash, burst tire in the highway. This
voice call also carries the location of the incident
to a trained operator so as to provide adequate as-
sistance.

4. Cooperative Intelligent Transport System
Cooperative Intelligent Transport Systems are
made up by empowering ITS components with
standardised interaction capabilities, allowing road
vehicles to cooperatively communicate with other
vehicles, traffic signals and road infrastructure as
well as with other road users.

With the increased information available, these
systems can potentially decrease road fatalities,
improve the capacity of roads, diminish the carbon
footprint of road transport and enhance the user
experience during travels by enabling road users
and traffic managers to share and coordinate their
actions [7].

According to the EU’s C-ITS’s 2016 report [6]:
”Given the expected benefits and considering the
overall relatively moderated costs linked to deploy-
ment, there is a strong interest in enabling a fast
move at European scale that will translate into mar-
ket production and early deployment.”

5. C-ITS Architecture
Each agent in a C-ITS system is an ITS station
(ITS-S) able to sense its surroundings via the built-
in sensors. The ability to gather information on its
surroundings has paved way to cooperative appli-
cations where two or more ITS stations can ex-
change messages depicting relevant events.

The interconnection between two ITS stations
can be achieved through the usage of Vehicle-to-
Everything (V2X) technologies which enable stan-
dardised message exchange. According to the in-
volved entities, those technologies are classified as
follows:

• Vehicle-to-Vehicle (V2V): interconnection
used by 2 or more vehicles form a vehicular
ad hoc network (VANET) that they use to
communicate.

• Vehicle-to-Infrastructure (V2I): interconnec-
tion used by vehicles to communicate with
roadside units (RSU). The opposite commu-
nication is defined as Infrastructure-to-Vehicle
(I2V).

• Vehicle-to-Pedestrian (V2P): interconnection
between vehicles and pedestrians via their
personal ITS stations and vice versa.

Due to the diverse potential areas of business
in C-ITS systems, many competing stakeholders
such as car manufacturers, telecom operators as
well as road infrastructure managers and owners
are interested in its development. Thus, a common
framework of standards and protocols was needed
to interconnect different stakeholder’s products and
adequate C-ITS scalability.

For this reason, protocol architectures have
been developed by USA, Japan and EU to sup-
port C-ITS applications [8]. This project focuses
on following the European Standards Organisation
(ETSI) guidelines [3] for global use in C-ITS proto-
col and architecture standards. This decision was
made as it is the most popular protocol within the
research community.

Thus, the proposed reference protocol stack in
ITS stations (ITS-S) is on figure 1.

6. ETSI Message Set
As described in section 5, the European Telecom-
munications Standards Institute (ETSI) has pro-
posed [4] a middleware layer (called facilities) re-
sponsible for supporting common communication
requirements of many ITS services. These re-
quirements are Periodic Status Exchange (PSE)
and Asynchronous Notifications (AN) [21]. As
such, the facilities layer defines types of mes-
sages exchanged within the cooperative environ-
ment that address each of the requirements, re-
spectively: CAM (Cooperative Awareness Mes-
sage) and DENM (Distributed Environmental No-
tification Message).

6.1. Cooperative Awareness Message (CAM)
CAM messages are a kind of heartbeat mes-
sages periodically broadcasted by each ITS-S to
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Figure 1: ETSI ITS-S architecture

its neighbours to create and maintain awareness of
ITS-S’s characteristics in the vicinity. They contain
status and attribute information of the originating
ITS-S such as its type, position, velocity and accel-
eration [1]. The details of the message structure
are described as follows:

ITS PDU header: contains protocol version, C-
ITS station id, message id and a time-stamp
from when it was sent.

Basic Container: contains C-ITS station type (ve-
hicle or RSU) and the geographic position.

High Frequency Container: contains fast-
changing (dynamic) status information of the
vehicle (speed, heading, etc).

Low Frequency Container: contains static or
slow-changing station data (e.g. lighting
conditions)

Special Vehicle Container: provides further sta-
tus information for special vehicles (e.g. res-
cue vehicles like a police car of ambulance).

6.2. Decentralised Environmental Notification Mes-
sage (DENM)

DENM messages are event-triggered messages
broadcasted to alert road users of a hazardous
event. These messages contain descriptive infor-
mation about the signalled event such as its type,
location, cause and according to the specific situa-
tion, they can be re-transmitted multiple times while
the event is relevant [1].

As per figure 2, the message structure is com-
posed by:

Figure 2: General structure of a DENM [3]

Figure 3: DENM container’s properties [3]

ITS PDU header: contains protocol version, C-
ITS station id, message id and a time-stamp
from when it was sent.

Management Container: contains basic informa-
tion about the signalled event (position, time-
stamp, etc).

Situation Container: contains further information
that describes the detected event (event type,
cause code, etc).

Location Container: contains the location of the
relevant event.

À la carte Container: contains additional cus-
tomisable information useful for application
specific logic.

7. Cooperative Environment
According to ETSI guidelines [3], the cooperative
environment housing a C-ITS system is made up
by the following ITS sub-systems:

• Vehicle sub-system, made up by motorised
road vehicles capable of providing the full-
stack C-ITS architecture,thus enabling their in-
teraction with other ITS stations.

• Roadside sub-system, composed by all
roadside units (RSU) capable of providing the
full-stack C-ITS architecture, thus enabling
their interaction with other ITS stations.

• Personal sub-system, made up by all hand-
held devices capable of providing the applica-
tion and communication functionality required
to interact with ITS station. They are called
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Personal ITS stations and they can be PDA’s,
mobile phones, etc.

• Central sub-system, made up by all systems
which gather information from C-ITS environ-
ment communications and are designed to be
used by a central C-ITS entity enabling macro
traffic management.

Each of these sub-systems contains ITS stations
of its domain. Some ITS stations, according to their
functional requirements, do not employ the full C-
ITS architecture [20].

8. C-ITS Platform
The Platform for the Deployment of Coopera-
tive Intelligent Transport Systems in the Euro-
pean Union (C-ITS Platform) was created by the
European Commission services (DG MOVE) in
November 2014 with the intention of strategically
defining investment plans that stimulate the emer-
gence of business models, foster interoperability
between stakeholders and discuss public-private
stakeholder cooperation.

The first phase gathered public and private
stakeholders, representing all of the key stake-
holders along the value chain including public au-
thorities, vehicle manufacturers, suppliers, service
providers, telecommunications companies, etc.

Its final product was a report [6] about a shared
vision on the inter-operable deployment of Cooper-
ative Intelligent Transport Systems in the European
Union. This report included the common technical
framework necessary for the deployment of C-ITS,
within whom, a list of Day 1 Services bundle which,
because of their expected societal benefits and the
maturity of technology, are expected to be available
in the short term.

9. Cooperative Vehicular Simulation
Simulator tools have been preferred over outdoor
experiment as they play a vital role in imitating real
world scenarios with reduced costs. They offer
complete control over the testing scenario, allow-
ing for macro and micro level analysis.

In this section, we will review various publicly
available VANET simulators used by the research
community, comparing them to our specific simula-
tion needs. We will only consider libre software[9]
due to their copyright nature and primarily due to
the ability to freely access and modify the simula-
tor’s source code.

VANET simulation software can be divided into
three different categories, they are (a) vehicular
mobility generators, (b) network simulators, and (c)
VANET simulators.

9.1. Vehicular Mobility Generators
Their aim is to generate realistic vehicular mobil-
ity traces used as an input for a network simula-

Figure 4: Interaction between Network and Traffic Simulators:
The Isolated Case [10]

tor, these traces depict the location of each vehicle
at every time instant for the entire simulation time.
The inputs of the mobility generator include the
road map and specific scenario parameters such
as maximum vehicular speed for any given road,
the rate of vehicle arrivals and departures, etc.

9.2. Network Simulators
Their aim is to dynamically build network com-
munication topologies between two moving nodes
based on their location retrieved from the vehicu-
lar mobility generator trace. In the course of the
simulation, the network simulator dynamically cre-
ates ad hoc networks between nodes in range, al-
lowing their interconnection and exchange of mes-
sages. Realistic network simulators are especially
useful to evaluate different physical level communi-
cation standards (e.g. LTE, IEEE 802.11p) as they
can simulate wave collisions with structures such
as buildings [23].

9.3. VANET Simulators
A simulator (or software suite) that utilises mobility
and network simulators in conjunction to reproduce
a C-ITS environment is called a VANET simulator.
Initially, mobility and network simulators were dif-
ferent scientific investigative areas, as such, they
were not created with inter-communication in mind,
even worse, they were designed to work separately
[10]. Fortunately, due to recent interest in VANETS,
network simulators became able to load mobility
scenarios as depicted in Fig. 4. However, they
must be loaded prior to the simulation and no mod-
ification is allowed after the simulation has begun.

The research community then took a different
approach, giving birth to simplistic all-in-one dis-
crete event simulators that closely link vehicular
mobility generators with simplistic network simu-
lators where the lack of elaborated standardised
protocol stacks was compensated by a native col-
laboration between the networking and the mobility
worlds, as depicted in Fig. 5.

Another approach, taken by the research com-
munity, was to federate existing network simulators
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Figure 5: Interaction between Network and Traffic Simulators:
The Integrated Case [10]

Figure 6: Interaction between Network and Traffic Simulators:
The Federated Case [10]

and mobility models through communication inter-
faces [10], seen in Fig. 6.

An article [17] by Oanh Tran Thi Kim et al com-
pared all the mentioned VANET simulator architec-
tures with greater detail.

10. Simulation Platform Stack
Taking into consideration the shortcomings of the
different VANET simulators, the best choice for this
project is VEINS as it is the only simulator able to
fulfil all the simulation requirements. Thus, the cho-
sen simulation platform can be decomposed into
four parts:

OMNeT++ [18] , a network simulator which han-
dles the sending and receiving of packets
where INET provides realistic models of the
radio medium via IEEE 802.11 physical and
link layers. It is used to simulate ITS-G5
channels communication in a Vehicular Ad
Hoc Network (VANET).

Vanetza [14] is an open-source implementation of
the ETSI C-ITS protocol suite responsible for
the routing between participants, featuring:

[ETSI ASN.1] message structure and def-
inition (Facilities) such as CAM and DENM are
implemented according to the ETSI standard’s
definition and allow for new alacarte message
specification.

[Routing Algorithms], more specifically,
topological and geographic C-ITS routing al-
gorithms like the Single Hop Broadcast (SHB)

Figure 7: Architecture of the solution showcasing the intercon-
nection between the different chosen frameworks, composing
the simulation platform [12]

and GeoBroadcast (GBC) are already imple-
mented. To forward such messages, each
C-ITS station in the network (represented
by a Vanetza Router), based on the chosen
routing algorithm, determines the next hop in
the network and sends the packet (message)
down to the physical layer, provided by INET.

Artery [11] is a VEINS framework that provides
the application layer allowing for ETSI Day
One applications to cooperatively communi-
cate with each station via middleware facilities.
It also implements:

[Storyboard] allows the definition of
customisable scenario conditions as well as
effects to provoke various traffic scenarios
like accidents, weather conditions or traffic
jams. Its effects can be specific to a vehicle, a
sub-set of vehicles, an area or a time-frame.
As the Periodic Status Exchange (CAM) and
Asynchronous Notifications (DENM) require
specific triggering scenarios, the storyboard
comes into play to provide them.

SUMO [13] provides the traffic simulation in a
user-friendly GUI and was designed from
scratch to handle large road networks. It
seamlessly integrates with OpenStreetMaps
and it can import realistic road networks from
the world’s road infrastructure which come
bonded with individual road characteristics
such as traffic-light timing, lane count, maxi-
mum speed, etc.

An holistic look over the whole architecture is de-
picted in figure 7

11. Development Environment
All work was compiled and bundeled into a vir-
tual appliance which is a pre-configured virtual ma-
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Table 1: Laptop technical specifications: ThiccPad t420

OS Ubuntu 18.04
Kernel Linux 4.4.19
CPU i5-2520m
GPU intel sandybridge
RAM 8 GB
SSD 120 GB Samsung 840

chine image ready to run on a hypervisor. It was
intended to eliminate the installation, configuration
and maintenance costs associated with running
complex stacks of software.

The appliance was offloaded onto the most com-
monly used format (Open Virtualization Format)
to be used on further development. It is pre-
configured to use 6 GB of RAM and 100% of CPU
execution cap & all available cores of the host ma-
chine it is running on.

The appliance features the complete develop-
ment stack with a pre-configured IDE and build
structure.

All development and testing was made on the the
appliance whose host was a ThiccPad t420 with
technical specifications depicted in table 1:

12. Evaluation Scenarios
To enrich the simulation realism, three different
scenarios with vastly different road network mor-
phologies were chosen for evaluation purposes,
they are:

• Highway Scenario characterised by low-
density traffic in long roads with occasional
highway junctions. Due to this road topol-
ogy, vehicle speed is higher and more con-
sistent, ensuring an easier scenario for C-
ITS communications. In this scenario, we
aim to test the following Road Hazard Warn-
ing systems: electronic emergency brake light,
weather conditions, slow or stationary vehicle,
hazardous location and in-vehicle signage.

• Rural Scenario characterised by very low-
density traffic in low-lightened roads where
junctions and blind corners are frequent, slow
agrarian vehicles are also a recurrent. Due to
this road topology, different vehicle’s speed dif-
ference can be abysmal and when added with
bad visibility is a recipe for accidents. In this
scenario, we aim to test the following Road
Hazard Warning systems: slow or stationary
vehicle, hazardous location, road works, sig-
nal violation intersection safety, additionally
from Cooperative Navigation: probe vehicle
data.

• Urban Scenario characterised by high-
density traffic and filled with pedestrian cross-

Figure 8: Selected OSM map for Highway Scenario: Vasco da
Gama Bridge

ings, traffic signals an road junctions. Due
to this road topology, vehicle’s speed is al-
ways changing and is not consistent, creating
a challenging scenario for C-ITS communica-
tions. Given the complexity of this scenario,
the entire stack of applications will be tested.

13. Implementing Evaluation Scenarios
In this section, the implementation process of the
previously mentioned scenarios is presented. The
chosen locations for the scenarios were specifi-
cally tailored to meet the requirements mentioned
in section 12.

13.1. Highway Scenario
For this scenario, Ponte Vasco da Gama or Vasco
da Gama Bridge (see figure 8 for details) was
chosen as it represents an uninterrupted stretch
of highway with 12.3 Km, the longest bridge in
Western Europe [16]. It was originally built to
avoid the incomming north-south transit from mov-
ing through Lisbon’s interior.

13.2. Rural Scenario
For this scenario, Serra da Estrela, namely the
area around Torre was chosen as it represents
a typical rural environment, with a population as
low as 50 hab/km, compared to Oporto’s 5 736,1
hab/km [15]. It is also the highest mountain on Por-
tuguese continental soil and, due to its altitude, it is
covered in snow 2 to 3 months per year [24].

13.3. Urban Scenario
For this scenario, Downtown Lisbon was chosen;
namely the area surrounding one of the most fa-
mous avenues, the Avenida da Liberdade. The
choice was based on Lisbon being the capital of
Portugal, and the Downtown being a very popular
tourist zone, flooded with traffic at any given hour
of the day, resulting in one of the most polluted air
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Figure 9: Marquês de Pombal, Lisbon [22]

zones in the whole country, registering in 2016 an
average concentration of nitrogen dioxide per cubic
meter of 57,3 mg/m3, superior to European Union’s
target of 40 mg/m3 [2].

14. Implementing Day 1 Services
Day 1 Services bundle, composed by Road Safety
and Traffic Efficiency applications, have been fully
implemented with the exception of Signal violation
intersection safety, In-Vehicle Signage and Speed
Limits, Shock-wave Damping, GLOSA and Traffic
signal priority request by designated vehicles due
to their dependence on RSU communicating with
the traffic light infrastructure. Unfortunately, as of
the writing of this document, RSU support is ex-
perimental and still under development, therefore
the communication is only one-directional, mean-
ing the RSUs can only receive messages and can’t
reply. Nevertheless, the application skeleton and
storyboard bindings were created for all of them.

Depicted in table 2 is the implementation status
and the scenarios referring to each Day 1 appli-
cation. All applications were implemented accord-
ing to the ETSI requirements which include specific
DENM container parameters tailored to each (see
Figures 2 and 3). Additionally, custom storyboard
bindings were made so they can be event signalled
from storyboard’s python scripts.

15. Test Case Documents
For each Evaluation Scenario detailed in section
12, a test case document was compiled whose
goal was to target the appropriate Day 1 Applica-
tions as defined in Table 2 and the method of test-
ing: Highway Scenario TCD in Table 3, Rural Sce-
nario TCD in Table 4 and Urban Scenario TCD in
Table 5.

16. TCD Testing and Results
To test the feasibility of the Simulation Stack as
close to investigation workload as possible, we’ve
conducted a series of experiments aiming to stress
all the chosen scenarios, test case documents and
the implemented Day 1 Services bundle. There-
fore, three storyboards were created via python

Table 2: Day 1 Services Bundle Implementation Status and Tar-
get Environments

Application Name Implementation
Status

Electronic emergency
brake light

Fully
implemented

Weather conditions
Slow or stationary

vehicle(s)
Traffic jam ahead

Hazardous location
Road works

Emergency vehicle
approaching

Probe vehicle data Partially
implemented
due to RSU
support still

being in
development

Signal violation
intersection safety
Green light optimal

speed advisory (GLOSA)
In-vehicle signage

Shock wave damping
In-vehicle speed limits
Traffic signal priority

request by designated
vehicles

Application under Test Method of Testing
Electronic Emergency

Brake Light Specific vehicle
app signallingSlow Or Stationary Vehicle

Hazardous Location
Weather Conditions

Probe Vehicle Data
CAM service
running on
all vehicles

Table 3: Highway Test case Document

Application under Test Method of Testing
Electronic Emergency

Brake Light Specific vehicle
app signallingHazardous Location

Road Works

Probe Vehicle Data CAM service running
on all vehicles

Table 4: Rural Test case Document

Application under Test Method of Testing
Electronic Emergency

Brake Light Specific vehicle
app signallingSlow Or Stationary Vehicle

Hazardous Location
Weather Conditions

Probe Vehicle Data CAM service running
on all vehicles

Table 5: Urban Test case Document
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Figure 10: Linear Approximation of Execution times of each
TCD for 30 seconds of simulation

scripts where the application under test was sub-
jected to a specific method of testing.

Oracle VM VirtualBox [19] was chosen to run
the virtual appliance where the complete simula-
tion stack is installed and pre-configured. The test
results referring to each application were gathered
via statistics explorer in OMNet++ GUI interface
and RAM usage was gathered using HTOP.

To ensure optimal results, the following mea-
sures were taken:

1. All Test Case Documents were ran for 30 sec-
onds of simulation time. This time differs from
real time also known as CPU time, which
refers to how long the simulation program has
been running for.

2. All results were taken as an average of 3 runs;
necessary to mitigate warm-up phase noise.

An analysis on Figure 10 showcases that the ex-
ecution time of a 30 seconds simulation on any
TDC is heavily influenced by the number of simu-
lated vehicles, as expected. We can also infer that
the small differences in execution time between
any two TCDs when the number of vehicles simu-
lated is the same might be attributed to the different
C-ITS applications running in each TCD.

When memory utilisation is concerned, Figure
11 depicts its usage in each TCD scenario. An
interesting finding was its usage was not signifi-
cantly affected by the number of vehicles on sim-
ulation, deferring only in as much as 5%, therefore
the figure does not differentiate between the num-
ber of vehicles simulated. We can also infer that
the main culprit of the memory usage between the
TCD were the scenarios themselves, the highway
one, as expected, being the least resource inten-
sive and the urban being the most, as expected.

17. Conclusions
This thesis work started with the study of the state
of the art on Cooperative Intelligent Transport Sys-
tems. We’ve surveyed the European standards
dedicated to the regulation of the communication

Figure 11: Memory utilisation of each scenario when running
its TCD

aspects and application organisation and analysed
the current development and testing methodolo-
gies for C-ITS systems. The packaged simulation
framework was chosen amongst others as its re-
alism is the foundation for meaningful research. It
was thoroughly explored, birthing a whole chapter
on how to best use it for C-ITS research purposes.
We’ve then characterised the main real road sce-
narios, resulting in the definition of three test case
documents, each one representative of future intel-
ligent roads. Starting from these TCDs, we’ve cho-
sen and imported real world locations that best fit
each scenario requirements. Finally, the developed
solution was evaluated on each TCD and the gath-
ered results were enriched by a theoretical evalua-
tion of the framework’s scalability.

According to the evaluation results, the devel-
oped solution demonstrates itself as a suitable tool
for C-ITS environment research, featuring a mul-
titude of parameter tweaking for advanced users
while maintaining a subtle learning curve thanks
to the bundled frameworks. On the other side,
its scalability is weak as both the network and the
road simulator’s execution is single threaded, cul-
minating in long simulation times. Even though
the stack’s memory usage is very efficient given
its built from the ground up with large networks
in mind, simulation of such large networks on the
thousands of C-ITS stations would be severely bot-
tlenecked by the execution time. On a brighter
note, given all bundled frameworks are still un-
der active development, future advancements in
C-ITS research are to be expected and consider-
ing the developed solution architecture’s modular-
ity and compartmentalisation, it can benefit from
them. One major improvement would be to enable
multi-threaded support for OMNet++ and SUMO.

At last, due to its elevated simulation realism, it
presents itself as a meaningful alternative solution
for the study, development and testing of complex
C-ITS systems and applications without the neces-
sity of having expensive test site facilities. Unfor-
tunately, as it was possible to evince from the de-
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velopment work forces behind the whole simula-
tion package, the development and testing of C-
ITS systems is mainly a concern of car manufac-
turers and research institutes. Considering instead
current universities curricula, it is noticeable that
C-ITS related studies are not yet widely present
as it is a multi-disciplinary field by nature, requiring
Computer, Electronic and Civil Engineering knowl-
edge at the same time; not to mention the social
implications of cooperative applications. Mobility is
a fundamental pillar of modern civilisation and the
complexity of this area is enormous and only by
joining forces of different experts can this endeav-
our be tackled, as such, our motivation was always
to bridge the knowledge gaps and unite different
people with the same goal, to build the future road
system. For these reasons, our solution also aimed
at creating a simulation platform meant as a tool
able to support C-ITS related teaching activities.

In light of such high number of fatalities that af-
flict our roads, we hope our contribution can ex-
pedite the development of future technologies and
obtain their promised benefits.
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