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Abstract

Nowadays, it is possible to see automatic vehicles by large technology companies like Google and
also by automobile companies namely Mercedes, Renault, Audi among others. Although there are a
few prototypes by these companies, there is something the prototypes lack, the ability to communicate
with the infrastructure itself. Companies, like those mentioned before, use a camera in the vehicle to
identify what is going on around them. The vehicles depend on that device to identify traffic lights,
traffic signs, pedestrians, lanes, obstacles and other elements in the street that are noteworthy of it.
However, in this project, the main goal is to create a model-size autonomous vehicle that allows for
the simulation of real autonomous vehicles behavior, while using wireless technologies to communicate
with controllers and detect traffic infrastructures. Considering the vehicles autonomy, the technologies
used to perform these connections must be low energy consuming and fast transmission.
Keywords:Autonomous, Model, Vehicle, Car, Wireless, Bluetooth, Low Energy, Infrastructure,
Traffic, Ultrasonic Sensor.

1. Introduction

This is a project in laboratory structure on a model
scale project to help understanding the theme of
this theses: “Autonomous driving with V2I Com-
munication”. Before explaining the purpose of this
thesis, it is required to, first, define what is an au-
tonomous vehicle. An “autonomous” vehicle is a
vehicle that relies solely on its on-board equipment
to collect information, take decisions and inform
tasks, follow its path, follow the road rules and in-
form other vehicles of its position and regular status
without human intervention. This type of vehicles
are going to be the future and, at the moment, many
companies are already trying to develop these types
of vehicles.
The number of vehicles is still increasing world-
wide. Ever since the implementation of automated
factories the amount of vehicles in the world is still
on a growing rate1. More people, nowadays, use a
personal vehicle instead of walking, riding or using
public transportation. This growth gave industry a
chance to improve by enhancing the comfort inside
those vehicles[1].
If the world moves one step further, it is possible to
change the driving process to be fully autonomous.
Of course this brings lots of diverse issues, but on

1Evolution of vehicles in the
USA - http://grist.org/article/

u-s-car-fleet-shrinks-by-four-million-in-2009 -
accessed in 27-November-2017

the brighter side this system needs no human in-
terference in driving, providing safety for everyone
on the road and people can occupy their time with
other things while on the road. In addition, there
are many anticipated benefits of automated vehi-
cles, which may include but are not limited to:

• Fewer traffic collisions [2] because of better ro-
bustness and shorter reaction times of comput-
ers;

• Better traffic flow [3] (less congestion and
higher capacity) due to less safety gaps and
automatic system scheduling;

• Higher fuel efficiency [4] because the computer
can work out the best route in current traffic
conditions;

• Simplified physical infrastructure [5] like road
signage.

In this theses, the model vehicle not only will re-
ceive information from the infrastructures but also
it will detect other vehicles or obstacles and allow
to be controlled by a Java or Android application.
For example, if there’s a speed limit, the vehicle will
be able to detect it and regulate its speed accord-
ingly. The communication Vehicle to Infrastructure
(V2I) intends to improve the vehicle automation by
letting the vehicle know what is going on without
the human interference.

1
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This project was supposed to be done using an
Arduino board on a small vehicle chassis with a
DC motor, in a small simple road model. However
due to some unfortunate inconveniences this project
could not be done in Arduino, as such it was pos-
sible to do some changes and to finish it with Lego
Mindstorm EV3. It is noteworthy that this project
in either case is not a real scale model and the tech-
nology used here, most likely would not be usable
in a real scale vehicle but provides an awareness of
possibilities.

2. Background
This project is model-size autonomous vehicle
in a model-size road. Even though they seem
nothing alike, there are some projects from some
companies that work with real vehicles and by
understanding their thought process, it is possible
to help develop this relatively small project. Those
companies accomplished what many thought would
be impossible: for a vehicle to drive on its own
without assistance from a human, even though
only prototypes are available. This is something
that is not really easy to do. It involves various
subjects and technologies such as automation
control (in order to drive on its own), computer
vision (so it doesn’t collide with any object),
and artificial intelligence (to connect and know
what to do in every situation). With all this
challenges, autonomous driving is just a few steps
from happening. There are some companies that
developed some prototypes, universities that build
Arduino prototypes, and, in the possible future,
there will be a revolution in transportation.

2.1. Related Work
For the related work, it was used four model-size
Arduino projects using similar technologies even if
it is only in some parts. The goal of this project
is develop a fully autonomous vehicle with sensors
allowing it to safely drive while gathering informa-
tion from the road. Even though that this project
no longer uses an Arduino vehicle, the logic is the
same. Knowingly that the Lego Mindstorm EV3 is
somewhat similar to the Arduino in terms of size
and technology the following related work gives a
great perspective on what already exists and how
can that be applied to this project. The hardware
may be different, but the logic should be the same.

2.2. Open source hardware and software platform
for robotics and artificial intelligence applica-
tions

As the technology continues to evolve, more
achievements can be reached using new techniques.
Developments in open source hardware and soft-
ware platforms allow the possibility for fast devel-
opment of low budget and better learning curve sys-

tem while doing the same or better as older systems.
In this particular case, the authors used a combi-
nation of open source hardware and software that
allowed them to build multiple systems for research,
teaching and learning purposes in which there is one
noteworthy: An interface between Android app and
remote control gripping robot (Mobile App Con-
troller) . The hardware used for it to work was an
ultrasonic sensor was used in order to detect dis-
tances between the robot and any obstacle in front,
a Bluetooth module allowing the communication to
flow between the Arduino and the Android device
and a camera which is used in the control of the
robot movement. The Mobile App Controller is di-
vided in two parts, the Android and the Arduino.
The Android is the master in terms of communi-
cation while the Arduino receives the inputs. The
application receives the commands from the user by
pressing buttons or tilting the device then through
the Bluetooth module it sends the commands to the
Arduino. The commands are similar to the control
of the vehicle, it has forward, reverse, left and right
while also having the controls for the gripper such
as grip , release, lift and drop. The ultrasonic sensor
allows the vehicle to avoid any obstacle if it detects
anything then the vehicle will abort the input to
move forward and turn either way[6].

Figure 1: Mobile App Controller of gripping robot
- image from: [6]

2.3. Line Follower and Obstacle Avoidance Bot us-
ing Arduino

In April 2017, the International Journal of Ad-
vanced Computational Engineering and Network-
ing published a paper that had the purpose to help
solve the movements and interactions problems in
the industry, some machines need to move from one
place to another and back to the same one. This
group of 5 people designed and build a line follower
and obstacle avoidance robot and this project can
be divided in two parts: The Line Follower and the
Obstacle Avoidance. As mention in the published
paper ”Line follower robot is a system which traces
white line on a black surface or vice-versa. Ob-
stacle avoidance robot is design to allow robot to
navigate in unknown environment by avoiding col-
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lisions.” [7] The first part, the Line Follower, the
robot uses infra-red sensor that detects the black
line in a white surface or vice-versa. The concept
of line follower requires at least two infra red sen-
sors for the vehicle/robot to follow one single line
underneath it. This means a left infra-red sensor,
a right infra-red sensor and a table scenario which
consists on four different movements for the vehicle
(it is noteworthy to mention that this project was
build on a white surface with black lines). One, if
the sensors do not detect anything (both detect the
black line) the vehicle should stop moving. Two,
if only the right sensor detects the black line, the
vehicle should turn right. Three, if the left sensor
detects the black line, the vehicle should turn left.
Finally, the fourth scenario if both sensors do not
detect a black line, the vehicle should move forward.
Regarding the second part, the Obstacle Avoidance
, the robot when it detects an obstacle in front of it
stops the vehicle and by using a bluetooth module
attached to the Arduino Uno it enables the user to
manually avoid the said obstacle with an Android
Device. By doing so, not only it allows the vehicle
to be controlled but also to control itself.

Figure 2: Following line robot with an obstacle -
image from: [7]

3. Implementation

In this section, it will be presented the initial ar-
chitecture of the system proposed. Even though
the final product is not based on this architecture,
this is a great piece of information not only for the
future work but also to give an understatement of
available technologies and hardware. First the de-
sign of the model road where the small vehicle will
be driving on in Road Design. Next, on Communi-
cation a brief summary of multiple communication
technologies and the chosen one for the two types
of communication, Vehicle-To-Vehicle and Vehicle-
To-Infrastructure. After that, in Sensors section the
sensors used are explained. And finally in the Car
section, the vehicle, it is components and roughly
its design.

3.1. Road Design
As previously mentioned in the introduction, the
objective of this theses is to build a functioning
and autonomous vehicle that is able to communi-
cate with the infrastructures however in order to
do that, it is required the infrastructure for the au-
tomobile to drive on. But a simple straight road is
not enough to successfully and accurately test this
project. For that reason, the vehicle not only needs
to safely drive the designated road with two more
vehicles but also needs to be able to do curves, turn
right and left, respect the road signage and avoid
crashing either with other vehicles or any other ob-
stacle.

3.2. Communication
In the current project, communication between ve-
hicles and infrastructure will be used so that the
vehicle is aware of its surroundings. This will make
them aware while not using a camera to actually see
other surroundings while not consuming too much
energy, this means that only low energy technolo-
gies were considered.

There are multiple types of technology possi-
ble for the two different cases: communication be-
tween vehicles and communication between infras-
tructure. For both cases we need to ask ourselves
“what do we need, what is the problem to achieve
it and which technology fixes it?” So, what do we
want? In communication between infrastructures,
any simple low energy technology should suffice for
the vehicle to learn its current position and any traf-
fic laws in the area. However in communication be-
tween vehicles, we need at least 2-way network or
similar between targets. Next, we require enough
bandwidth for the vehicles to send it is position,
lane, speed, deceleration and the number of cars in
front of him. That is, the minimum amount is 1
byte for position (if we use a tinyint), 1 byte for
lane (it was possible to use less, but lets maintain
the minimum size 1 byte to simplify), another byte
for the speed and 1 more for the size of the front
traffic, giving a total amount of 4 bytes. However,
there is a slight problem with this type of commu-
nication and that is the fact that because of the
moving vehicles not always there is a direct line be-
tween both elements. That is why it is required to
ensure that the signal doesn’t break from time to
time, or at least in critical moments.

In the end, they use different technologies be-
cause of their different purpose, as so different tech-
nologies were chosen for either of them. The follow-
ing technologies were taken into account:

• ANT

• Bluetooth Low Energy v4.0

• IrDA

3



• RFID

• Wi-Fi

• ZigBee

ANT :
ANT is a practical wireless sensor network proto-
col designed for low power, ease of use, efficiency
and scalability. Its protocol runs on 2.4GHz ISM
(Industrial, scientific and medical) band. ANT eas-
ily handles multiple topologies such as broadcast,
peer-to-peer, star, mesh, among others. Its design
is suited for any kind of low data sensor network in
wireless sensor networks. According to the propri-
etary company itself, ANT requires minimal micro-
controller resources reducing system costs and its
nodes can operate for years, making it one of the
technologies with the most energy efficiency with a
signal range of up to 30m.[8]

BLE 4.0 :
Bluetooth Low Energy 4.0, as the name indicates, is
a low energy wireless technology developed by Blue-
tooth Special Interest Group (SIG) for a short-range
communication. BLE operates in 2.4GHz with 40
channels of 2MHz reaching a range up to 100m, with
an average energy consumption of 0.0239mA and
data rates up to 1Mbps, where they can be either:
Advertising channels, which are used for device dis-
covery, broadcast transmission and connection es-
tablishment, and data channels, which are used for
bidirectional communication between connected de-
vices [9].

IrDA :
IrDA stands for Infrared Data Association a group
founded by multiple companies in 1993 with the
purpose of the defining a set of protocols for wireless
infrared communications standardizing them. The
IrDA protocols provide connectivity from distances
up to one meter and speeds up to 4Mbps [10].

RFID :
RFID - Radio Frequency Identification - is an AIDC
(Automatic identification and Data Capture) wire-
less technology that allows the read and write of
data through radio signals. This system, according
to [11] is composed by three elements, the reader,
the tags (also known as transponders) and the data
collection application. The reader is responsible to
many things including powering the tags, identify-
ing them, reading its data, writing data on it and
communicating with the third component.

Wi-Fi :
A new technology called Low Power WiFi and, ac-
cording with [12], it uses IEEE 802.15.4, “a stan-
dard specifying the physical layer and media access
control for low-power and low-rate wireless personal
area networks”. It supports a star, tree, cluster tree
and mesh networks. It can also be used as a peer-to-
peer network however it requires a PAN (Personnel
Area Network) coordinator in order to initialize the
network start-up procedure. With a 250Mbps and a
maximum power output of 1mW its range is in fact
lower from 10m to 30m, but offers a better power
consumption in overall, much less than the power
of a regular WiFi.

ZigBee :
ZigBee is a low-cost, low-power consumption, two-
way, wireless communication standard. Is used
mostly in mesh networks for connecting sensors. As
well as IEEE 802.15.4, Zigbee is also a low data rate
wireless network standard with reduced costs. Zig-
Bee can support three types of networks, such as
Star, tree and mesh network as mentioned earlier.
A ZigBee network consists in a coordinator that
is responsible for initializing, maintaining and con-
trolling the network and multiple ZigBee routers.
While a Star network has a coordinator and devices
are directly connected to this coordinator, in a tree
or a mesh network the devices communicate with
each other with multi-hops. A device is allowed to
join the network as an end device and is successfully
joined if the coordinator accept it[13]

3.2.1 Communication between Vehicles

In the end, the technology chosen was Bluetooth
Low-Energy because of not only its library sup-
port ready to work for Arduino but also because of
its low power consumption.

3.2.2 Communication between Vehicle and
Infrastructure

Taking into account all the choices available, the
chosen solution was High Frequency RFID. This
type communication allows the reader to faster read
the tags that represent a traffic symbol. Because of
the lack of need of a reply, the RFID (HF) is a good
solution that provides an acceptable range of 6cm,
which matches in a rough approximate of 77cm if
the calculations were made in real life, this is more
than enough to be detected by the vehicle. RFID
ensures all that while the other wireless protocols
do not.
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3.3. Sensors
The vehicle can not only rely on the communica-
tions to drive autonomously, sensors are required
not only to detect your surroundings that are not
“smart” elements, for instance a ball, branches,
rocks, or even a pedestrian, but also stay on the
road. For those two actions, it will be used two
types of sensors: one to detect distances and an-
other to detect the lanes.

3.3.1 Distance Sensor:

In order to avoid any collision between the vehicle
and anything else, the car needs a sensor to estimate
the distance between it and the target so that it
can estimate its distance and regulate the vehicle’s
speed so prevent the collision while not stopping
if not necessary. For instance if a vehicle detects
an object too far away, it doesn’t make sense to
emergency brake while having 1 meter distance. To
deliver these needs it was taken into account two
sensors: Ultrasonic Sensor and Infrared Proximity
Sensor. After much thought the Ultrasonic Sensor
was better for the job.

Ultrasonic Sensor
An ultrasonic sensor is a device that emits ultra-
sonic waves and waits for its reflective waves. If
there is an object, the sames waves reflect on that
object and are detected by the same device, on an-
other hand if no waves are reflected then there is
no obstacle in front of the sensor[14]. This will help
prevent any collisions by the vehicle.

3.3.2 Lane detection sensor:

A vehicle to safely drive in a road needs to follow
lanes and this vehicle needs a device so that it can
do so without the assistance of a camera. As the
road lines will be on the floor, one way to detect
them is to place a sensor aiming at the floor and
there are only two outcomes, either a lane is de-
tected or it is not. In a way, what is required for
this vehicle to properly function is a device that can
safely and correctly detect if it is on a line or not.
For that purpose, there are multiple choices of sen-
sors that can do it however two were taken into ac-
count: Infrared Sensor and RGB (Red/Green/Blue)
Sensor.

Infrared Sensor:
What is called an infrared sensor is mainly an in-
frared transmitter coupled to an infrared receiver.
This sensor is comprised of a LED, the transmitter,

that emits its radiation towards the ground and that
same radiation is reflected and captured by the in-
frared receiver. The output is different by the type
and colour value (grey values) of the incident object
or surface [15]. This means that for instance, the
white colour has 100% reflection, while the black
colour has 0% and a grey-ish one has somewhat be-
tween those values. This infrared sensor will allow
the vehicles to follow the lines maintaining in road
while preventing going off-road. For instance, let’s
say if the right side sensor detects the black line
then the vehicle knows that its on the edge of going
off-road. To correct its course, it would need to go
slightly left.

3.4. Car
To ideally test this project the perfect amount of
cars should be three. But two is more than enough
there are multiple cases where it is able to simulate
real case scenarios, vehicles in an intersection and
emergency braking while all cars are on a line. Each
vehicle itself will be built with all devices needed
to do the following objective: Driving safely while
communicating with infrastructures and other ve-
hicles.
For that it will require, at least, these elements per
vehicle:

• 1 Model Vehicle Chassis;

• 2 UltraSonic Sensors (back and front);

• 3 Infrared Sensors (left, center and
right);

• 1 HF RFID Reader;

• 4 Wheels;

• 2 Surfaces (included in the Model Vehi-
cle Chassis);

• 4 DC motor;

• 1 Arduino Genuino 101 (with Blue-
tooth Low-Energy Modules v4.0 incor-
porated);

• 1 PowerBank or 1 Battery holder;

• 1 Adafruit Motor shield;

• 1 BreadBoard.

4. Solution Architecture - Adapted
Due to unfortunate events unfortunate events the
previous architecture can’t be used at this point
because the required elements were unavailable. In-
stead a LEGO Mindstorm EV3 was available and
it was used used to finish this project. The previ-
ous architecture was planned for the Arduino de-
vice however in order for the same project to work,
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it is required to do small multiple changes for this
project to be adapted into this piece of hardware.
In this chapter the final architecture is going to be
explained as with each element used.

4.1. Car

For this project and knowingly that there were is-
sues with receiving the supplies previously men-
tioned in the Car section from chapter 3, an alter-
native appeared: LEGO Mindstorm EV3. This de-
vice comes with multiple pieces and hardware that
allows the user to create and command their own
robotic LEGO construction. The good thing about
this type of device is that with the pieces available
anyone can create a robot, a creature, a machine or
even a vehicle. But this full pack can be divided in
three parts: The programmable brick, the hardware
and the LEGO pieces.

4.1.1 Programmable EV3 Brick

The programmable brick is the brain and heart
of the project. It has the same purpose as an
Arduino board. It serves as a control center and
power station, it is responsible for running code,
storing information, collecting information from
sensors and supply energy to all the hardware
connected. For the user interface, the brick has an
LCD display and five input buttons and one escape
button. The LCD display shows what’s happening
inside the brick, as well allows the code to print
information to the user, either numerical or graphic
responses. While the five button allow the user to
provide input to the code and move through the
its environment, the Escape button provides an
Abort option to cancel, abort a running program
and even shut down the device.

The Hardware :
As mentioned earlier, the vehicle comes with multi-
ple hardware devices either sensors or motors how-
ever only four of those were used, but here’s an
explanation of them all.

The Motors :
There are two types of motors for the Mindstorm
EV3, the Large Motors and the medium motors.
For this project only two large motors were used
and these large motors run at 160-170 rpm with a
running torque of 20N cm2

The Sensors :
There are multiple sensors for the programmable

2The torque units are usually Newton metre, but in this
case it is Newton centimetre.

brick, Colour Sensor, Touch Sensor, Ultrasonic Sen-
sor, Infrared Sensor and Remote Infrared beacon
(not available in this pack). Only the Colour Sen-
sor and the Utrasonic sensor were used. The Colour
Sensor is a digital sensor that can detect the colour
or intensity of light that enters the sensor. This
particular sensor has three different modes: Colour
Mode, Reflected Light Intensity Mode and Ambi-
ent Light Intensity Mode. In Colour mode, which
was the only mode one used, the colour sensor uses
an RGB colour model and accordingly detects the
colour and outputs the detected colour to the brick
by detecting the amounts of red, green and blue on
the reflected colour. There are seven colours rec-
ognizable and predetermined by the colour sensor
however due to some issues this seven colours aren’t
reliable so fewer colours were used. The Ultrasonic
Sensor generates sound waves and reads the echoes
to detect and measure distance from objects up to
250 centimetres with an accuracy of 1 cm average.

(a) Mindstorm EV3 Vehicle

(b) Mindstorm EV3 Vehicle - Colour
Sensor

Figure 3: Assembled vehicle

4.2. Sensors
4.2.1 Colour Sensor

The Colour Sensor is a RGB Sensor and not only
it is used to detect the road but also to detect any
traffic signs. It is placed around 2-4 milimetres from
the floor and connected below the vehicle facing di-
rectly downwards without an angle so it has the best
accuracy while examining the surface. The Colour

1Image retrieved from: https://www.lego.com/en-
us/mindstorms/products/mindstorms-ev3-31313 at
28/09/2018
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Sensor will allow for the vehicle to stay on the road,
doing the same as Infrared Sensor, while also de-
tecting other colours representing Traffic Signs, the
same as the RFID. The Colour Sensor does not have
the capacity to safely and correctly detect Traf-
fic Signs with their position. For this main reason
the vehicle will no longer have a Vehicle-To-Vehicle
communication.

4.2.2 Ultrasonic Sensor

Luckily there was an Ultrasonic Sensor compatible
with the EV3 and there was not needed any differ-
ent technology to replace it. It is used to detect any
obstacle in front of it. It is placed in front of the
vehicle like a pair of headlights.

4.3. Communications
Due to the limitations of the programmable brick,
there are only a few technologies available for the
communication, Wi-Fi and Bluetooth. Because of
the exclusivity of these two technologies the ad-
vantage of having a Vehicle-To-Infrastructure and a
Vehicle-To-Vehicle two-way communication is lost.
Therefore only one-way communication was imple-
mented where as the V2I is now made with sensors,
while the V2V was removed and instead it was im-
plemented the communication between the vehicle
and a controller (Computer or Android).

4.3.1 Vehicle-To-Vehicle

This type of communication was removed due to
the fact that, without the RFID there isn’t a way to
track the vehicle’s positioning and also even if it was
to give out the current speed or the traffic sign there
is no way that the receiving vehicle knows what
information is for it or even the sender’s position.
This lack of knowledge may give incorrect inference
which causes more problems than solves them.

4.3.2 Vehicle-To-Infrastructure

For the Vehicle-To-Infrastructure, the vehicle will
use the previously mentioned Colour Sensor allow-
ing the car to determine whether it is on the road or
what traffic sign is currently active. No information
is given to the road, being this type of communica-
tion one-way only (the car gets information from
the road).

4.3.3 Vehicle to Controller

The Vehicle-To-Controller communication refers to
the communication between a controller (Computer
using Java, or an Android application) and a vehi-
cle. The Mindstorm uses Bluetooth PAN network
in order to communicate with other devices instead
of regular Bluetooth. For this communication, there

are three modes of controlling, the Manual mode,
the Semi-Manual mode and Automatic mode.The
Manual mode consists in using the controller to con-
trol every movement, its speed and direction. The
Semi-Manual mode allows the user to control only
the route to take, for instance in the next crossroad
which turn should the vehicle take. Finally, the
Automatic mode, the user can only see the vehicle
status and change to another mode.

Bluetooth PAN :
Bluetooth PAN is a technology that enables an Eth-
ernet network with wireless links between multiple
devices allowing one device to connect with another
via IP address. This means that the Bluetooth net-
work simulates a regular Ethernet network from an
application’s perspective. A PAN is an ad-hoc net-
work of devices communicating on a standard net-
work configuration. In this type of network there
are only from 2 to 8 participating member devices
at the same time, with each one of them with a sin-
gle role such as: A PANU (Personal Area Network
User) which works as a client of the network. A
NAP (Network Access Point) is a device with the
role of the server or router of the network. And
lastly, a GN (Group ad-hoc Network) device acts
similar as a NAP with a little difference. The PANU
device is a device that seeks entry into a network
or participating in a Peer-To-Peer connection. A
PAN-GN is a device that assumes the role of a for-
warding node or host and the attached PANU de-
vices act as clients of that node.

4.4. Road Design
After much thought, the road design was some-
thing that either vehicle whether it is an Arduino or
a Mindstorm, however due to its capacities some-
things needed to change. First of all the the road
will be a single road, so that the vehicle could fol-
low the road using the colour sensor. This means
that the road will be similar to a circuit, in fact one
some of the testing experiments were based of real
F1 Circuits, Singapore to be exact.

The difference between the components before
and after the changes are that now there is only
one lane, the traffic signs are adjacent to lanes so
that the vehicle who’s always driving in the right
side of the lane’s limit can detect it. There are five
colours used:

• Blue - Lane;

• Green - Safe zone, can go faster;

• Red - Tight curve, go slower;

• Yellow - Crossroad (can go left, front or right);

• White - Offroad.
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(a) Model road design

(b) Singapore’s F1 circuit 3

Figure 4: Model road and what was based on.

The road consists in white paper sheets A3 while
the lanes and the traffic signs are made from elec-
trical tape. The objective at this point was to build
a road that fulfill the needs and encompasses all
traffic signs and scenarios. Further explanation will
be provided in Chapter 5.

5. Conclusions

Initially this project was to be made with Arduino-
based vehicles, however things didn’t work out as
supposed to and some changes needed to be made.
Even with the changes it was still possible to prove
that with fewer and more simplistic technology it
was still possible to build an environment where
vehicles could drive in a road autonomously with-
out outside assistance, obtain road signage informa-
tion from the road itself without human interference
with the help of a Colour Sensor, prevent crashes
thanks to the Ultrasonic Sensor and still, if wanted,
managed to be controlled by a human through the
control interfaces.
The Colour Sensor used in both vehicles allow the
vehicle to maintain its course along the tracks and
detect any traffic sign simulated in different colours.
The Ultrasonic Sensor prevents the vehicle from
crashing with the other vehicle or any obstacle.
The Programmable Brick connects all sensor and
motors, coordinating the information and decid-
ing what to do with that same information. Each
LEGO Mindstorms EV3 had the same code and
same type of hardware. Although in this case it
wasn’t needed, it is proven with the controller com-

3Image retrieved from: http://www.singaporegp.sg at
12/09/2018

munication that these vehicles can communicate
with each other through Bluetooth PAN if wanted
to, as the communication are made with sockets.
In the end, the results were not expected as in the
initial objective with multiple sensor communica-
tion but it was still able to prove that with two dif-
ferent Sensors (Colour and Ultrasonic) it is possible
to build an autonomous vehicle. The communica-
tion V2V with Bluetooth or any other technology
is possible but without the correct Sensors, there is
no advantage in doing so.

5.1. Future Work
Autonomous vehicles are appearing more and more
often as technology is evolving, and sensor com-
munication is really important to enter this world.
This model-size project is able to simulate a possi-
ble future road with future vehicles. But, there’s a
lack of sensor that was not used due to compatibil-
ity issues or availability. Although it is possible to
work on top of this project, learn from it and even
develop it further, it is better to attempt to finish
the Implementation presented earlier that will pro-
vide a good head-start to a new project and also
give the ability to learn sensor communication, un-
derstand how devices work with each other and still
communicate in a network. The LEGO hardware is
limited and an Arduino is only limited as its power
capacity. No only it is possible to use the Arduino
architecture but also to improve it to use other de-
vices, other sensors, other functionalities, numerous
possibilities are at bay.
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