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Abstract

In the last few years the transport sector is having remarkable changes. A wave of
technological innovation and disruptive business models has led to a growing demand
for new mobility services. At the same time, the sector is trying to respond to the
pressing need of making transport safer, more efficient and sustainable. In this scenario,
Cooperative Intelligent Transport Systems (C-ITS) has the potential to play a significant
role in responding to these needs.

However, the realisation of real and working C-ITS applications is an activity that
requires many resources in terms of time and investments. Moreover, since those systems
are concerned with road safety and human lives, it is not acceptable that the testing is
done in a real environment. To overcome these issues a series of developing and testing
methodologies have been defined, among which there is the use of well-suited simulation
tools.

In this dissertation a new simulation platform able to simulate several important
use cases of future intelligent roads is presented. The goal is to build a support tool
for computer and civil engineering students interested in deepening the study of C-ITS
systems. The work starts firstly focusing on relevant C-ITS standards like SAE and
ETSI. Then the characterization of a set of use cases based on real road situations is
done. Finally, the set up of the simulation platform with the implementation of some
C-ITS applications is performed.
Keywords: transport sector, C-ITS, road safety, SAE, ETSI

1. Introduction
The main role of the transport sector is to provide
access between spatially separated locations for the
business and household sectors, for both commodity
(freight) and person movements.

However, despite its constant evolution through-
out the past decades it is still characterized by
weak points such as safety, efficiency and environ-
mental sustainability. According to one of the lat-
est NHTSA1 road accidents reports [3], in 2015 in
the USA, there were an estimated 6,296,000 police-
reported traffic crashes, in which 35,092 people were
killed, and an estimated 2,443,000 injured people.

Furthermore, analysing the economic impact of
motor vehicle accidents happened in the 2010 in the
United States, property damage costs for all crash
types (fatal, injury, and property damage only) to-
talled $76.1 billion, representing 31% of all eco-
nomic costs [2]. Considering instead, the environ-

1National Highway Traffic Safety Administration
(NHTSA)

mental point of view, the transport sector is also one
of the main sources of pollution. As stated in the In-
ventory of U.S. Greenhouse Gas Emissions (GHG)
and Sinks 1990-2015, with a share of 27%, this sec-
tor is the second leading source of GHG emissions
in the United States, just behind electricity [10].

In this scenario, Cooperative Intelligent Trans-
port Systems (C-ITS) may have a significant role
in the future evolution of this sector entailing the
reduction of losses of lives, costs and pollution.
A C-ITS system connects vehicles and the infras-
tructure through the use of Information and Com-
munication Technologies (ICT) in a way that road
users and traffic managers share and use informa-
tion to coordinate their actions. This cooperative
element is expected to significantly improve road
safety, traffic efficiency and comfort of driving, by
helping the driver to take the right decisions and
adapt to the traffic situation [1].
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1.1. C-ITS issues and challenges
Normally, any kind of application, before being de-
livered to customers in a real working environment,
needs to pass a testing phase whose goal is to ensure
that it fulfils the starting requirements and that
there are no bugs in the implemented features. This
is even more important for C-ITS applications be-
cause many of them are safety-related, in the sense
that possible system faults and misbehaviours may
cause fatalities with dangerous effects for the in-
volved people. For this reason, it is not possible
to test such applications on real roads, at lest until
they get a well defined level of reliability.

Another problem related to real road testing is
that a C-ITS system has a relatively complex ar-
chitecture involving not only the infrastructure of
connected RSUs, but also vehicles equipped with
proper on-board units, hence its realisation requires
a remarkable amount of resources in terms of time
and investments. All this leads to the necessity of
implementing and testing applications in an envi-
ronment that guarantees, at the same time, safety
and reasonable costs.

1.2. Objectives
The Departamento de Engenharia Informtica (DEI)
of the Instituto Superior Técnico, in Lisbon, is aim-
ing at building a reduced scale prototype of a basic
C-ITS system able to provide an environment where
it is possible realise a first implementation, and rel-
ative testing, of those types of applications. Besides
that, another goal is to have a possible teaching sup-
port tool to help students learning the organization
of C-ITS systems.

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, laying the foundations
for its realisation. Besides that, the development
activity focused had two others objectives. The for-
mer was the characterisation of a set of use cases to
be implemented in the simulator. Those use cases
have been defined considering both standard and
hazardous road scenarios, for example: intersec-
tions with or without traffic light, pedestrian cross-
ing, level crossing, hazardous road conditions (e.g.
icy road). The latter was the definition of a set of
messages that applications use to exchange infor-
mation. Those messages have been defined starting
from the current ETSI2 technical specifications re-
garding C-ITS applications.

2. State of the art
The state-of-the-art analysis is focused mainly on
the study of current issued standards and the
methodologies used by academic community and

2European Telecommunications Standard Institute
(ETSI)

other stakeholders (e.g. car manufacturers and IT
companies) to develop and test future C-ITS appli-
cations.

The first part is an analysis of the C-ITS stan-
dards that have been issued by two important
American and European organizations, respectively
the Society of Automotive Engineers (SAE) and the
European Telecommunications Standards Institute
(ETSI). In particular, since our work is mainly re-
lated to application development we will focus on
protocols defining message formats and applications
architecture.

The second part, instead, analyses what are the
current methodologies, tools and facilities used by
the academic community and other stakeholders to
develop and test future C-ITS applications in a way
that guarantee accuracy, reliability and safety. In
particular there is a survey of current test site in-
stallations and simulation platforms used to vali-
date the developed systems.

2.1. Standard message set
Due to their nature, C-ITS systems are character-
ized by the cooperative element. This means that
all the components of those system, namely vehi-
cles, RSUs and control unit, must be able to interact
in an effective way. Besides that, due to the wide ex-
tension of cooperative ITS systems, there are many
competing stakeholders among which there are car
makers, IT companies, telecom operators as well as
road infrastructure managers and owners.

To speed up the C-ITS development, the main
standardization organizations have issued a series of
standards. The two main protocol communication
architectures are the DSRC and C-ITS both defin-
ing a complete protocol stack based on the ISO OSI
reference model.

As stated in [7], with the exception of some ser-
vices, such as multimedia or common Web access,
many C-ITS services have common communication
requirements:

Periodic status exchange: C-ITS services typ-
ically need to know about the status of vehicle
or roadside terminals. This implies the peri-
odic exchange of data packets with information
about location, speed, identifier, etc.

Asynchronous notifications: this kind of mes-
sages are used to inform about a specific ser-
vice event. In contrast to the previous status
messages.

In order to support these two types of communi-
cation requirements, both the SAE and ETSI have
defined some standards describing message format.

The SAE standard has not been deeply surveyed
because it is not freely available on the Internet. Al-
though this limitation, a complete study has been
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possible because of free available ETSI standards.
In fact, both specifications are perfectly compli-
ant covering the standardization of the very same
aspects, namely communication stack architecture,
message set definition and so on and so forth.

The ETSI standard includes the definition of two
type of messages:

CAM messages exchanged among ITS entities to
create and maintain awareness of each other
and to support cooperative performance of ve-
hicles. A CAM contains status and attribute
information of the originating entity (e.g. lo-
cation).

DENM an event-triggered message used by ITS
applications to alert road users of a hazardous
event using ITS communication technologies.
The DENM contains all the information re-
lated to the detected event (type, location,
etc.).

2.2. Development and testing methodologies

Surveying the current literature and some European
funded projects it has been possible to understand
that there are three main way of developing and
testing applications. These methodologies are: real
road testing, the use of dedicated testing facilities
and simulations performed on well-suited tools.

The first approach consists in performing tests
on real roads. On one side, this solution is char-
acterized by the fact that tests are carried out in
real traffic, weather and road status conditions. On
the other side, it may expose both testers and oth-
ers standard road users to potential harm caused
by possible system issues and misbehaviours. An
example of a real execution of this type of testing
is the Drive C2X3 initiative, an European funded
project involving many car makers such as Volvo,
Ford and BMW, components suppliers as BOSCH
and Continental, communication equipment vendor
like NEC and others research and government orga-
nizations. The tests have been carried out in a total
of seven national test sites across Europe. Those
test sites encompass both common used roads and
specific testing site closed to normal traffic.

The second approach, instead, makes use of spe-
cific built road infrastructure that are closed to nor-
mal traffic, where it is possible to simulate various
real road scenarios as well as particular hazardous
situations. In this way it is possible to have a more
controllable and safer environment with less expo-
sure to possible harm, but with still a good level of
accuracy. For instance, at the Swedish Test site in
Gothenburg, Sweden, Stahlmann et al. [8] in collab-
oration with AUDI AG have performed Field Oper-

3Drive C2X project - http://www.drive-c2x.eu/project

ational Test (FOT) for evaluate a GLOSA4 system.
However, the realisation of field tests both on real

road or testing sites is rather complex and expen-
sive. For this reason, simulations are essential to
prepare the tests in real world situations and reduce
their costs [5]. Nevertheless, it is necessary that
those simulation tools are enough accurate in order
to model realistic traffic scenarios and communica-
tion amongst the participating entities. Examples
of tools developed by academic institutions with the
collaborations of car makers are: VEINS, VSimRTI
and MSIECV. Examples of research works based
have been performed by Katsaros et al. [4] to moni-
tor the impacts of GLOSA system on fuel and traffic
efficiency used an integrated simulation tool based
on the Fraunhofer VSimRTI. Instead, Szczurek et
al. [9] through the MITSIM software, a micro-
scopic traffic simulator, performed an investigation
for analysing the relevance of the Emergency Elec-
tronic Brake Light (EEBL) application.

3. Future road scenarios
This section gives a description of future intelligent
road scenarios. It presents a more in-depth descrip-
tion of what are the equipment needed to implement
the road infrastructure and an overview of some sce-
narios where C-ITS technologies may be involved to
improve safety and efficiency. Those scenarios have
been taken from current literature and standards.

3.1. Roadside units
One of the main components of a C-ITS system is
the RSU, a device installed along the road able to
communicate with vehicles and the central unit.

Studies show that in areas of low vehicle den-
sity, important safety broadcasts messages can take
more than 100 seconds to reach all nearby cars [6].
The installation of milestone RSUs, at a constant
distance along the road track, may avoid the frag-
mentation problem guaranteeing a seamless connec-
tivity. This may also permit to further broadcast
warning messages (e.g. road accident) and have
better control over road status (e.g. ice presence,
fog, etc.) and traffic congestion.

Those RSUs may carry on also a further func-
tion, the Active Road Sign. Nowadays, road signs
are just passive entities made of a pole and a sign-
post laying on the side of the road. On the contrary,
the Active Road Sign is an RSU that mimics a tra-
ditional signpost with the difference that it is able
to communicate with the approaching vehicles and
send to them the necessary information (e.g. the
speed limit value).

3.2. Intersections
Intersections are road situations where the cooper-
ative element of C-ITS is of paramount importance.

4GLOSA - Green Light Optimal Speed Advisory
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Indeed all the users that are involved in those cases
must to cooperate among themselves in order to cir-
culate safely. A set of different situations have been
analysed.

Pedestrian and bicyclist crossing meeting
point of different road users. Providing it with
proper devices and communication functional-
ities may help road users to locate each other
preventing accidents.

Level crossing intersection where roads and rail-
way meet together. Providing it with well-
suited communication equipment it may in-
teract with approaching cars informing them
about the train arrival.

Intersection with or without traffic light
crossing where the priority is established by ei-
ther stop/give way signals or traffic light. Tra-
ditional road signs and traffic lights may be
substituted by roadside units able to commu-
nicate with drivers and send warning informa-
tion, if necessary.

Slip Road a road entering or leaving a motorway
or dual carriageway. In this situation, vehi-
cles merging into the normal traffic flow must
take care of cars present on the main road.
These manoeuvres may be supported and im-
proved by a specific C-ITS application support-
ing drivers actions.

3.3. Road hazards
Road hazards might be encountered while driving
along roads, for instance obstacles (rocks, animals,
etc.) or bad road surface conditions (ice, mud, oil).
When these situations occur the vehicles that are
involved can warn the others vehicles that are mov-
ing towards the same place in order to let them take
the appropriate countermeasures (e.g. slow down or
change path).

Another possible road hazard is represented by
stationary vehicle on the roadside or accident.
These situations may be notified to driver thanks
to proper message exchanging among the involved
vehicles.

Some of the described scenarios have been imple-
mented in the simulation platform.

4. Simulation platform description
This simulation platform provides the possibility of
reproducing a simplified city environment made of a
road network with intersections, curves, pedestrian
crossings and traffic lights. In addition, there is also
a railway track that, in the points where it crosses
the road network, is provided with level crossings.

To give a better representation of the possible sit-
uations that can be encountered on real roads, the

tool includes also the possibility to simulate differ-
ent dangerous situations like icy road. Besides the
road and railway tracks, there is also a C-ITS in-
frastructure that includes a basic set of components,
like roadside units and sign posts. Considering in-
stead the road users, the simulator is provided with
cars and pedestrians able to move throughout the
city environment.

In addition to its basic features this tool allows
also the definition of custom scenarios as well as the
modification of the existing ones.

4.1. The agent-based modelling and the Anylogic
platform

The simulation platform has been developed
through the creation of an Agent-Based Model
(ABM). The principle of this modelling method is
to observe the whole system by characterizing the
behaviour of the agents, of the system and the envi-
ronment in which they interact and move. Then the
system is modelled as a collection of autonomous
decision-making entities called agents. An agent
has a set of possible actions, rules of behaviour and
variables that give an indication of its internal state.

The simulation platform has been developed
thanks to the the Anylogic simulator is a software
that allows the modelling and execution of a com-
plex system.

4.2. Simulation model architecture
The model organization reflects the C-ITS archi-
tecture taking into account both components and
their interconnections. The first analysis allowed
the identification of the various entities. These en-
tities have been then modelled as agents, and are
as follows:

• Car

• RSU

• Pedestrian crossing

• Level crossing

• Icy road

4.3. Inter-agent communication
A particular consideration merits the modelling of
inter-agent communications in order to get the best
representation of the real C-ITS communication
system. For this reason has been done an analysis of
all the possible interconnections established among
the various C-ITS entities. Those interconnections
are characterized by three common aspects: the
communication protocol, the communication range
and the exchanged messages.

Taking into account all those aspects and the lim-
itation of the model representation, the inter-agent
communication has been modelled as a simple con-
nection between agents without the implementation
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of a specific communication protocol and with lim-
ited distance in a way that it can be established
only if two agents are within a certain distance.

The inter-agent message exchange is done by cus-
tom CAM and DENM messages. In our specific ap-
plication, the usage of standards ETSI messages is
not completely suitable for two main reasons. The
first reason is that since we are building a simplified
representation of a C-ITS system it is not possible
to represent all the information. The other reason
is that it has been necessary to add some other in-
formation to the CAM message in order to be able
to represent information about active road signs. In
fact, the standard does not provide any representa-
tion for this data.

5. Implementation
After the description of the simulation platform
characteristics and the definition of all the prelim-
inary aspects, the real implementation work has
been done. The creation phase has been divided
in two different activities. Firstly, the creation of
each agent model defining their functionalities. Sec-
ondly, the creation of the city environment, imple-
menting some previously described scenarios and
the agents movements.

5.1. Agents implementation
Each agent is characterized by a state chart that
defines its operations and a set of parameters that
represent its state. The implemented functionalities
and details of each agents are as follows:

Car agent models a car able to move along the
road path and interact with other agents. In
particular, managing various CAM and DENM
messages may adapt his speed to the external
conditions, and if necessary, stop. Besides that,
it is also capable of detecting ice on the road
and broadcast warning messages.

RSU agent represents the various RSUs that can
be installed along the road track. It can carry
on different functions according to the config-
ured parameters. Possible types are: milestone
RSU, and two type of active road signs, i.e.
speed limit and curve warning. It is able to
communicate with nearby vehicles and, when
configured, with another RSU.

Pedestrian crossing represents a generic pedes-
trian crossing. It is made of two stop lines
where cars stop in case there are pedestrians
crossing. With a pedestrian detector able to
discover approaching pedestrians it can inform
the vehicles about the warning by means of
DENM messages.

Level crossing models a level crossing. It is made
of two stop lines where cars stop in case of a

train passage.With a car/train detector it may
notify cars about the tram approaching in or-
der to let them stop.

Icy road an agent mimicking an icy road haz-
ard. It is characterized by a functionality that
detects a car and sends to it a message. The
exchanged message aims at letting know the
car about the hazard.

5.2. City scenario implementation
The modelling phase included also the creation of a
city scenario represented by a map made of roads,
intersections, pedestrian and level crossings. In ad-
dition, throughout the represented track are placed
a set of different RSUs and road hazards (e.g. icy
road). Inside this city scenarios vehicles move along
the roads dynamically establishing connections with
other nearby agents. An example of implemented
scenario is depicted in figure 1.

Figure 1: Level crossing scenario

Once the city scenario has been defined, then the
definition of cars, trains and pedestrians paths has
been done. All these activity required two different
steps. The first one is the definition, for each agent
type, of the agent population. An agent popula-
tion is simply a set containing agents of the same
type that are present in the simulation during the
execution.

The second activity is the definition of the agent
path. This path has been established by means of
Anylogic functional blocks connected in a waterfall
fashion. An example of car path definition is de-
picted in figure 2.

Figure 2: Car path definition

6. Evaluation
In this section we present the evaluation results of
the developed simulation platform with the analysis
of the Anylogic capabilities and the developed use
cases as well as a focus on the performance aspect.
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The evaluation phase has been mainly a qualitative
process that has been performed throughout the
whole thesis work. The results have been obtained
comparing the main functionalities and characteris-
tics of future road scenarios with the functionalities
that where possible to implement into the simula-
tion platform. Instead, the performance evaluation
has been done through the usage some monitoring
tools.

In the last part of this section, taking into ac-
count the obtained results, there is the description
of a possible solution able to overcome some of the
encountered development problems.

6.1. Anylogic simulator evaluation

This analysis is focused on the evaluation of the
functionalities that were needed by the simulator.
The first analysis focused on the possibility of cre-
ating a city scenarios with intersections, pedestrian
crossing, etc. in order to have a simulation envi-
ronment that mimics real road situations. Since it
was of a paramount importance having the possibil-
ity of creating a C-ITS infrastructure, the possibil-
ity of establishing V2X communications and proper
message exchanging has been evaluated. They have
been successfully obtained through inter-agent com-
munication.

Finally, in order to have a sort of positioning sys-
tem (e.g. GPS) it has been evaluated the Any-
logic positioning mechanism and verified if it was
compatible with our initial requirements. Also this
evaluation has been positive, indeed it is possible,
through dedicated API, to get the current position
of each agent moving along the road track.

6.2. Agents evaluation

Each developed agent have been evaluated compar-
ing the initial requirements with the functionalities
that have been possible to implement.

Car the first analysis is focused on which are the
accessible and modifiable parameters of the ve-
hicle, proving that position, speed, and accel-
eration values are available. Then it has been
considered the possibility of defining a track
along which the car can move and the possi-
bility of connecting the vehicle to other agents.
Both aspects have been proven. Furthermore,
the possibility of executing parallel actions has
been evaluated resulting that this is not achiev-
able because of the Anylogic limitations. Fi-
nally, has been tried the possibility of changing
the car path in consequence of a specific situa-
tion or event (e.g. icy road). Also in this case
the expected result has not been obtained.

RSU the agent analysis is focused on three main
aspects: the possibility of placing it anywhere

along the road track, the possibility of com-
municating with cars and connected RSUs and
the possibility of implementing different type
of applications. The first aspects has been eas-
ily verified and successfully obtained thanks to
the drag-and-drop functionalities provided by
Anylogic.

The second aspect evaluation aimed at test-
ing two type of communications: the first one
between cars and RSU and the second one be-
tween two different RSUs. These result have
been completely obtained establishing an inter-
agent communication between RSUs.

The last aspect, instead, has been partially ob-
tained. In fact, besides the fact that it is pos-
sible to deploy both milestone RSU and Active
Road sign, it has not possible to run these func-
tions concurrently.

Pedestrian crossing the analysis aimed at eval-
uating the possibility of creating an entity that
could be put along a road track and where
pedestrians could cross the road. The first
evaluated aspect has been the possibility of in-
terconnecting this entity with both cars and
pedestrians. Exploiting these interconnections
it has been verified the possibility of detecting
those agents and to establish a proper message
exchange between the pedestrian crossing and
the cars in order to stop them in case pedestri-
ans are occupying the carriageway. All these
aspects have been successfully evaluated and
demonstrated by simulation execution.

Level crossing The level crossing analysis aimed
at evaluating the possibility of creating an
entity that could be put along a road track
where there is the intersection with a railway
track. The first analysis focused on the capa-
bility of detecting approaching cars and trains
and to establish inter-agent communication.
Once that those aspects have been successfully
proven, then has been tested the possibility of
notify approaching cars about the level cross-
ing status both in case there is or not a train
passage, obtaining a positive result.

Icy road the analysis is focused on different as-
pects. First of all, like the RSU agent, it has
been evaluated the possibility of placing the
hazard on whatever part of the road track.
This first result has been successfully achieved.
The second phase of the evaluation is focused
on the interaction between car and icy road
agent. This functionality has been completely
achieved thanks to the inter-agent communica-
tion.
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6.3. Performance evaluation
Besides the qualitative evaluation of the Anylogic
platform and developed agents a performance eval-
uation has been performed as well. The evaluation
has been done using the built-in Anylogic tools and
the Windows Task Manager. The tests have been
conducted in an unloaded system running only the
operating system and the Anylogic simulator.

The considered simulation has been executed
with the full city road topology with the following
characteristics:

• 13 roads

• 3 car entry points

• 7 intersections

• 4 curves

• 1 railway track

• average of 600 car agents per hour

• average of 2 trains per hour

• average of 80 pedestrians per hour

• 2 pedestrian crossing agents

• 13 RSU agents (including active road signs and
milestone RSUs)

• 3 level crossings agents

• 2 icy road agents

From the Windows Task Manager evaluation it has
been possible to observe that there is not heavy
system usage both from a CPU and RAM point of
view. Moreover, from the built-in Anylogic memory
usage indicator, besides a model allocated memory
of 2048 MB, only 132 MB are being used, meaning
that it is used only a share of 6.45%. In light of these
results it is possible to evince that the simulator is
quite frugal on the system resources usage.

6.4. Architecture proposal for future applications
Observing the way in which the agents logic has
been defined, it is possible to notice that it is based
on a state chart definition. Those state charts
are characterized by a set of states and transi-
tions among them as well as a set of possible asyn-
chronous events.

This solution is characterized by a series of issues.
It is not possible to define different control flow that
run concurrently and the code development cannot
be organized in a modular fashion.

For these reasons a possible solution has been de-
signed and proposed.

The solution consists in the realisation of a stan-
dalone Java application that is able to communicate

with the Anylogic tool via a proper interconnection.
The general system architecture is depicted in fig-
ure 3, where on the left side there is the Anylogic
tool with the implemented model, on the right side
there is the standalone application and finally, in
the middle of these two entities, there is their inter-
connection represented by a TCP connection.

Figure 3: Architecture of the proposed solution

Concerning the Anylogic tool and its model, the
proposed solution is based on the fact that the
agents logic is characterized by a simple state chart
with simple operations mainly devoted to the man-
agement of inter-agent communication and the in-
teraction with the external Java application.

Considering instead the standalone application,
it is characterized by a set of applications running
on multiple threads and a database of messages.
Each application corresponds to the agent inside the
Anylogic simulator. Such application implements
the real agent logic.

The messages that pass over these TCP connec-
tions are meant to keep the application and its rela-
tive Anylogic agent status synchronized. Moreover
it is used by the Application to send specific con-
trol messages to the agent or receive CAM/DENM
messages collected by the agent.

Regarding the database of messages, this can be
considered as a possible support utility (e.g. mes-
sage log) that may help in debugging and analysis
phases.

In figure 4 is depicted the possible organization
of two type of applications running two different
agents logic. The considered agents are the car and
the RSU. The applications architecture has been
defined in a layered fashion. The composing layers
are the facility layer and the application layer.

The facility layer is characterized by different
modules, that differs accordingly to the specific con-
trolled agent. It is meant to provide a set of API,
through which the entities in the upper layer can
request services. Example of services are the CAM
and DENM messages that prove the functionality
of sending or broadcasting the messages.

The application layer, instead, contains all the
possible applications that may run on a specific
agent. An axample is the Icy Road Warning Sys-
tem able to detect ice on the road, and in case,
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broadcast a DENM message.

The proposed solution, since it is a standard Java
application, may benefit of all the Java features (e.g.
inheritance, modularity, etc.) by solving the prob-
lem encountered with the definition of agent logic
through state charts. Furthermore, because of the
full availability of Java standard libraries, it is possi-
ble to enable concurrency by means of the definition
of multiple threads.

Figure 4: Possible application architecture

7. Conclusions

The thesis work started with the study of the C-ITS
state-of-the-art, mainly focusing on current stan-
dards, development methodologies and testing tech-
niques.

Then, as a preparatory activity for the realisation
of the simulation platform, an analysis of possible
road situations has been done. Starting from these
scenarios a simplified city environment and a basic
set of C-ITS infrastructure and applications have
been created. Along with this activity the defini-
tion of a set of messages exchanged by vehicles and
roadside units have been done.

The developed solution demonstrates the feasi-
bility of developing future C-ITS applications that
can be applied in different road scenarios. Because
of that, it may represent an alternative solution for
the study, development and testing of initial pro-
totypes of future C-ITS systems and applications
without the necessity of having expensive testing
site facilities. Some examples are the realisation of
the milestone RSU and the Active Road Sign sys-
tems.

Furthermore, this solution may represent a good
teaching support tool for lectures or laboratory ac-
tivities giving students a better understanding of C-
ITS systems. The interested users may be not only
to professors, but also IT and civil engineering stu-
dents interested in deepening their knowledge about
C-ITS systems.

7.1. Future works

Since this thesis work is the initial step for the re-
alisation of the simulation platform there is a series
of future works that could introduce new function-
alities or even improve the current solution.

The set of defined use cases is not yet complete
leaving aside a number of possible situations and
scenarios. Therefore, a possible future work could
be a deeper analysis of the literature related to the
study of particular scenarios and then implement
them into the simulation platform.

The defined functionalities stated at the begin-
ning of the thesis work has not been completely im-
plemented yet. In fact, from the evaluation phase
it has been possible to notice that due to the lack
of some Anylogic functional blocks, some desired
features were not possible to implement. To over-
come these limitations a future work may aim at
exploring the possibility of defining custom blocks
implementing custom functionalities (e.g. adaptive
re-routing).

Lastly, another future work is the implementation
of the solution proposed in section 6.4 that intro-
duced a possible architecture for future application
development. Indeed, currently, the agent logic def-
inition has been done through a set of state charts
that does not allow to run different control flow at
the same time (.i.e. multi-threading or multipro-
cessing).
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[8] R. Stahlmann, M. Möller, A. Brauer, R. Ger-
man, and D. Eckhoff. Technical evaluation of
glosa systems and results from the field. In
2016 IEEE Vehicular Networking Conference
(VNC), pages 1–8, Dec 2016.

[9] P. Szczurek, B. Xu, O. Wolfson, and J. Lin.
Estimating relevance for the emergency elec-
tronic brake light application. IEEE Trans-
actions on Intelligent Transportation Systems,
13(4):1638–1656, Dec 2012.

[10] United States Environmental Protection
Agency. Inventory of U.S. Greenhouse Gas
Emissions and Sinks: 1990-2015, 2017.

9


