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Abstract—The deployment of self-driving vehicles is underway
which enables the research for novel autonomous navigation
techniques and the necessity of validation of current systems. Mo-
tion planning and decision-making modules for an autonomous
vehicle are proposed in this master thesis, which, from a robotics
background, evolve to valid applicability in a real car. As such, it
is suggested a Robot Operating System (ROS) implementation of
three trajectory generation techniques based on lane corridors,
clothoids and splines, which are followed by a ROS local planner.
This navigation stack is applied in a 1/8 scale RC car model with
the objective of participating in the Portuguese Robotics Open
2018, organized by Sociedade Portuguesa de Robótica (SPR). The
process of building the customized robot platform, from scratch,
is documented along this work, also focusing on porting it to
ROS - which does not support car-like robots by default. From 3D
modeling to simulation and reality, this master thesis solution can
handle all the proposed competing scenarios, with a high-speed
approach, by delivering a map based motion planning, given an
absolute localization pose. Some tools for rapid robot deployment
are developed - such as trajectory editors - and suggested - such
as graphical state machines - so that the car can operate in
distinct scenarios from the competition ones.

Index Terms—Self-driving cars; Autonomous vehicles; Naviga-
tion; Decision-making; Robotics Operating System.

I. INTRODUCTION

According to the Global status report on road safety 2015
[1] of World Health Organization, with data regarding 180
countries, the number of road traffic deaths is approximately
1.25 million per year, worldwide. On the same year, NHTSA
released a report on the Critical Reasons for Crashes [2],
which stated that 94% of car crashes in the United States of
America, were due to driver error. These impressive figures
reveal a high demand for better transportation systems and
safety measures. This problem has been partially addressed
by several developments on driving systems and sensors with
the purpose of aiding the driver, such as AEB, ESC or ABS.

Substantial technological progress has been made in the
last years regarding environment sensing devices as well as
increased processing power per area unit, which now allows
massive parallelization of tasks. With these developments,
notable work has been made to achieve higher levels of
automation, mainly by the academia, together with major
automotive brands. Yet another effort to achieve the reality
of self-driving cars, is the Autonomous Driving competition,
taking place, yearly, at Portuguese Robotics Open (FNR from
now on) and promoted by Sociedade Portuguesa de Robótica.

This master thesis aims to provide a full navigation and
decision-making stack to an entirely autonomous robot, ca-
pable of fulfilling all the objectives of the FNR competition,

Fig. 1. Autonomous driving tracks for testing and competing.

by proposing an unusual solution in the event history. Despite
the fact that commercial approaches are finding their ways to
the consumer market and autonomous vehicles will emerge in
the streets in the near future, it still has scientific relevance
to explore different methodologies to solve this problem due
to the broad scope of the topic and the high interest on it.
The requirements and guidelines for this dissertation are listed
below:

• Design and build a non-holonomic car-like robot under
3000 e and its software drivers;

• Use ROS as the platform for all the implementation;
• Provide overall robot actuation which includes main

motor, direction servo, brake servo, road lights and traffic
signs recognition feedback;

• Design the main car decision-making system to coordi-
nate the competition tasks and internal processes such as
road lights and feedback on traffic signs recognition;

• Design a motion planning module to generate and track
trajectories for the designed car based on the absolute
pose provided by Ruben’s localization module [3];

• Provide a real-time solution software to meet the perfor-
mance goals of a minimum top speed of 2 m · s−1 and
minimum trajectory generation rate of 10 Hz.

II. CONTEXT AND RELATED WORK

Fig. 2. Example representation of the decision-making hierarchy. The vehicle
starts by planning a global route that will input to the behavior selector
according to the task to achieve. Then, a trajectory is generated and followed,
always considering a reactive layer that takes care of safety measures.



A. Decision-Making Architecture and Hierarchy

By splitting the decision-making architectures into three
categories - deliberative, reactive and hybrid - the overall
decision-making process can be fairly diffuse, as many re-
search groups and companies keep their investigation on
closed source. The evolution of state of the art around self-
driving cars is converging into one main decision-making form
[4], whose structure is expressed in Fig. 2.

1) Route Planning: Route planning is the problem of
retrieving the best route for a vehicle to traverse from the
initial location towards the goal [5]. The result should be a
set of waypoints through the road-network, for the vehicle
to follow. In a real-world scenario, where millions of roads
and nodes may exist, per country, this creates a very complex
problem which is out of the scope of this document.

2) Behavioral Layer: After having a route plan as a set
of waypoints, the vehicle must coordinate several tasks to
accomplish the desired goals. In the competition context, the
necessary functions include handling of the semaphore recog-
nition, changing lanes, avoid obstacles, parking and others.
Each of these tasks has specific requirements and must comply
with the traffic rules and restrictions such as, not crossing
the track borders or not crossing the zebra. There are several
approaches [6] for task coordination of a mobile platform such
as finite-state machines [7] or Petri nets [8].

3) Trajectory Planning: With a global plan defined and
subsequently a selected behavior, the car needs to compute the
trajectory it must traverse through the sequence of waypoints.
Based on the vehicle model defined in Section II-B, this
trajectory goes down to the fundamental core of the robot
motion and consists of a function, that describes the evolution
of the vehicle pose in time, and includes longitudinal and
steering commands to the mobile platform. The state of the
art methods can be compiled in the following list:

• Geometric Methods - includes several classic techniques
(which are intimately related to the map representation of
the free space) such as visibility graphs or cell decompo-
sitions;

• Variational Methods - consists in the continuous op-
timization of a non-linear path function, which has the
advantage of quickly converging (by minimization) into
locally optimal paths, although the global solution is
usually sub-optimal due to the local minima convergence.
This class of methods comprises a well-known approach
named Model Predictive Control [9];

• Graph-Search Methods - motivated by the name, these
methods discretize the space in the trajectory generation
problems using traditional computer science algorithms
for graph searching such as Dijkstra and A* and other
new approaches such as D* or lattice graphs [10];

• Sampling-Based Methods - this approach continues to
rely on the already mentioned graph search algorithms,
however, they do differ in the approach of building the
graph. RRT stands for Rapidly-exploring Random Trees
and consists in incrementally building a tree, starting

from the current robot pose, with random samples on
the free space area. Once again, the new samples only
connect with the nearest neighbor in the tree if they are
feasible, meaning that they cannot collide with obstacles
and should satisfy the robot constraints.

4) Feedback Control and Trajectory Tracking: A sequence
of actions is generated by the trajectory planning module,
however, these methods can’t usually predict model errors or
uncertainty caused by external factors such as road conditions
or extreme weather influence. Therefore, there is the need for
feedback control to stabilize and compensate the deviation
from the planned trajectory - in a closed-loop schema - or
to quickly replan an entirely new sequence of actions - open-
loop. Multiple approaches are covered below:

• Proportional–Integral–Derivative (PID) controller -
which continuously calculate the error value between the
robot pose and the desired trajectory, and generates a
corrective command according to the previously defined
PID values;

• Pure pursuit controller - it works by having a look-
ahead distance point which is coincident with the previ-
ously planned trajectory and will always be the target
pose of the robot. This look-ahead distance must be
adjusted to avoid big oscillations and abrupt reactions;

• Model Predictive Control - all the previous tracking
methods are fine for low-speed rigid bodies however,
they don’t provide accurate and predictable actuation.
This can be achieved by using an MPC through an open
loop design, where the trajectory planning task must be
solved multiple times per second. As soon as it receives
information about its pose, the MPC module replans the
trajectory and applies the result in the following iteration.

5) Reactive Layer: It’s important to note that a reactive
system is not the same as a reflexive system mainly because
the former entails a direct relation between sensors and ac-
tuators, while in the latter can be applied some degree of
perception/processing to the sensor data to provide a simple
feedback actuation and fast response. Even though there are
purely reactive robots and hybrid robots mainly reactive [11]
with robust implementations, their behavior can be challenging
to plan and predict and, thus, not desirable for autonomous
driving purposes.

B. Car Model and Kinematics

The car-like robot, in its most simplistic form, can be
described by the bicycle kinematic model (Eq. 1) which is
composed by two wheels connected by a rigid link, where the
wheels do not slip. While both of the wheels do have one
degree of freedom, where they can rotate about their axes of
revolution, the front wheel has one extra degree of freedom
which allows it to rotate about an axis, normal to the plane of
motion, which models the steering of the vehicle. The motion
is estimated based on the forward kinematics technique [12].



ẋf = vf cos (θ + δ),
ẏf = vf sin (θ + δ),

θ̇ =
vf

d sin (δ).
(1)

Fig. 3. Illustration of the kinematics of a bicycle model according to Equation
1. vf represents the speed of the front wheel, while θ represents the heading
of the vehicle regarding the X axis and δ represents the angle of the steering
wheel. d is the distance between the ground contact of both wheels.

III. ARQUITECTURE

Fig. 4. Representation of the proposed decision-making hierarchy.

After reviewing the state of the art methods that led to the
current panorama of self-driving vehicles, the hardware and
software architectures are explained in detail. Due to the tiny
amount of waypoints and intersections, it is suggested the
integration between the route planning layer and the behav-
ioral module, which brings simplicity to the decision making
process. The motion planning and local feedback control are
intimately bounded with the proposed goals, so it’s suggested
the use of a mix between previously recorded global trajectory
with an open-loop approach for local trajectory generation as
depicted in Fig. 4.

This dissertation implements a system architecture based
on absolute positioning in a map - supplied by a parallel
master thesis [3] - from where the path planning module
computes its trajectories towards a goal. Although this fact
makes the approach critically reliant on an accurate and
precise localization pose, it creates the opportunity to explore
procedures on localization error handling and recovery. The
presented solution is prepared, by design, to be applicable to
a real-world structured scenario and to be easily migrated to
other analogous environments to the FNR.

A. Competition Architecture

According to the competition guidelines, at the beginning of
each challenge, the robot is positioned at the start mark (zebra),
and the specific task code is displayed in the semaphore,
which corresponds to a particular challenge. When the team is
ready, the challenge is triggered by showing direction arrows
or parking commands. The base structure of all challenges is
to fulfill two full laps to the track with an hypothetical parking
at the end. Challenges are described succinctly in Table I.

Code Description
D1 Driving at pure speed challenge
D2 Driving with signs challenge
D3 Driving with signs plus tunnel plus obstacles challenge
D4 Driving with all plus a road working area challenge
P1 Parallel parking without obstacles
P2 Parallel parking between obstacles
B1 Bay parking without obstacle
B2 Bay parking with obstacle
V1 Vertical signs detection challenge

TABLE I
TABLE OF TASKS TO FULFILL IN THE COMPETITION [13].

B. Hardware architecture

The team opted to build a robot from scratch to better
resemble a real-world scenario of an actual vehicle and due to
previous experience in the competition with a specific chassis,
which has car-like kinematics, wheel suspensions and one me-
chanic differential per axle. From 3D modeling to construction
and dimensioning of an entirely original robot platform, in
partnership with another student [3], this dissertation covers
the methods for porting it to the ROS framework through
SolidWorks 3D model conversion to URDF.

Fig. 5. Exploded view of the SolidWorks robot model.



C. Software architecture

All the components presented in this chapter are combined
in Fig. 6 which characterizes the overall structure of this
master thesis approach. The flow start is triggered by a human
order through FlexBe, which will mainly call move_base
goals, semaphores recognition and parking challenges. The
remaining challenges are handled by the move_base stack
and its ability to overcome the multiple obstacles through
the costmaps, whose performance will heavily depend on
the defined configuration. move_base will be configured to
generate trajectories based on a global pose on the map,
through absolute positioning (received as a TF by the lo-
calization module [3]), with logical barriers (road lines) that
are enforced via costmaps. Static maps are loaded through
map_server package, while the costmap_2d package allows
some specific sensor messages to be directly transposed to the
map, such as pointcloud or laserscan data. Regarding control,
the local_planner should output cmd_vel commands to the
robot electronics or Gazebo simulation for actuation, while it
may or may not receive odometry messages for a closed loop
approach.

Fig. 6. Overview of this master thesis software architecture.

IV. IMPLEMENTATION

A. Gazebo

This master thesis implements its environment by making
use of the Autonomous Driving Simulator for the Portuguese
Robotics Open [14], [15], a gazebo environment developed
by another competitor, that resembles the competition track
with useful utilities such as spawning obstacles or direction
semaphores. After the environment setup, the developed robot
can be spawn through the URDF for simulations purposes.

Fig. 7. RViz visualization of the car’s 3D model, loaded using URDF with
transforms from both sensors and actuators to the base frame, base_link.

Fig. 8. Car-like robot platform developed for the master thesis, from the
SolidWorks 3D model (on the left) to the real model (on the right).

B. From 3D model to reality

SolidWorks URDF conversion doesn’t represent the real
model with fidelity by not taking into account the proper
weight and its effect on suspensions, thus, a manual TF
calibration was needed. By analyzing the data feed from the
sensors, one can iterate and adjust the several TFs so the
sensed data can match, as depicted in Fig. 10.

C. Costmaps and obstacle representation

Costmaps are implemented through the costmap_2d pack-
age, which is able to load different types of occupancy data
into distinct occupancy grid layers. As such, here are presented
the default layers, albeit more can be created: obstacle_layer
with the data feed from the sensors, static_layer with a
static map previously recorded and inflation_layer to define
navigation areas.

D. Global Planning

On global planning, two main methods will be explored for
generating trajectories: one based on corridors another based
on pre-recorded trajectories which were the method applied
in FNR. The latter approach was also complemented with



Fig. 9. Gazebo simulation environment with URDF spawned robot.

Fig. 10. Data feed of the corner of an obstacle, the semaphore structure and
the ground, from 3 distinct coupled sensors (Kinect in RGB-D, ZED in depth
heatmap and Hokuyo in red). RViz provides a visual clue of the calibration
state of the several sources.

a trajectory designer tool based on RViz for easy trajectory
generation and editing.

1) Corridors approach: This method takes advantage of
costmaps fundamentals and relies on the ROS global planners
for trajectory creation. In a real case scenario, autonomous
vehicles must drive within the boundaries of their lane (with
some freedom inside it) and should only bypass another
vehicle on special occasions. With this in mind, this approach
attains the freedom of generating multiple trajectories within a
lane by manipulating costmaps and setting lines as obstacles.
If robot footprints are properly set, the robot will navigate in
the center of the lane to avoid collision with the virtual barriers
and taking the closest path computed by the global planner,
thus, navigating curves on the inside as pictured in Fig. 11.

2) Custom global planner and trajectory editor: The pre-
ceding method makes use of two global planners that generate
and publish trajectories based on costmaps, however, there’s
no possibility of publishing pre-defined lines as a global plan
to be followed. This was required for this master thesis as
one cannot guarantee the reproducibility of those trajectories
and because of the need for optimizing the same trajectory
for competition purposes. For optimizing the design and

Fig. 11. Corridors approach with decaying inflation_radius of 0,5 meters
in blue where the half lap trajectory in green is generated by the plugin
global_planner. Pink areas represent obstacle zones where cyan ones represent
the minimum allowed distance from the line.

implementation of the suggested curves, a custom trajectory
editor was implemented through interactive_markers.

interactive_markers is an RViz library that allows spawning
markers into RViz environment and then letting the user
manipulate the content through a client-server interface. The
GUI is displayed in Fig. 12.

Fig. 12. Trajectory editor for cubic spline interpolation of waypoints.

E. Local planning

The current state of local planning in ROS is somewhat
limited in terms of supporting other robot kinematics than
differential or omnidirectional ones. Three local planners
were tested - base_local_planner, dwa_local_planner and
asr_ftc_local_planner - and discarded due to the lack of
support to car-like kinematics. Limitations on using this
group of planners include the intrinsic use of rotation in-
place - which is impossible on a car-like geometry - and
the need for conversion of the robot rotational velocity in
the geometry_msgs/Twist output command (cmd_vel) to
a corresponding steering angle value.

There is a ROS official Ackermann interest group which,
among others, suggests the use of ackermann_msgs
/AckermannDrive which supports having a steering angle
natively, however, move_base does not support this type of
messages. Therefore, to comply with the ROS navigation



stack, it will be used the geometry_msgs/Twist command,
with adapted semantics, where the angular velocity will be
replaced by the steering angle, which is natively supported by
teb_local_planner.

F. State machines

Customized state machines, based on FlexBE, provide
fully functioning decision making flows for the competition
challenges, which include runtime remote monitoring and
live RViz visualization through network setup. FlexBE [16]
consists of a GUI based on a well known ROS library
named SMACH, which is a robust implementation that al-
lows creating complex behaviors as a connection of several
states resulting in a hierarchical state machine. A significant
advantage of this is the modularity of code, where the same
functionality can be used in different parts of the task in
hand, as well as an easy inspection of the state transitions and
flows. FlexBE implements a drag and drop interface, where
one has a list of available states with generic and parametric
functionality that can be connected between each other.

Fig. 13. FlexBE example of a competition behavior flow.

G. Operation flow of the robot

The operation of the robot was optimized since the be-
ginning of the development to save time and effort during
the process. Several details were already disclosed in other
sections regarding building behaviors, designing trajectories or
even assembling the robot. As the robot operates as a headless
server, some tools were deployed for remote access such as an
SSH server - to access the remote terminal - or a Samba server
- to access the remote filesystem. The robot always connects
to a dedicated Wi-Fi router with a static IP address.

V. EVALUATION

A. Other teams’ approaches

Typical approaches on the FNR Autonomous Driving com-
petition are mainly reactive, even though they are mostly based
on ROS. A conventional method to navigate the track is some
form of algorithm that detects the line and follows it, applying
special cases to deal with intersections, zebra, and parkings. It
is also a common practice to use robot platforms that require
one attached laptop, where some element of the team programs
directly on the robot, without a network setup and with a
less agile workflow. The following navigation methods were
presented, ordered by competition results:

Fig. 14. Two complete laps - as in competition - of a desired spline trajectory
(in green) versus the executed trajectory (in purple), navigating between
obstacles and with a working area.

• 1st place - Conde, Faculdade de Engenharia da Universi-
dade do Porto - ROS based, line following robot capable
of achieving all the challenges except avoiding obstacles
and navigating in the working zone;

• 3rd place - ROTA-2018, Universidade de Aveiro - ROS
based, deep supervised learning approach where the robot
correlates the camera feed data with the human driving
commands, on training. After the learning process, the
robot is able to follow the lane lines by itself, which made
them achieve the highest speed in the 2018 competition
with 54 seconds;

• 4th place - Vai Sozinho, Instituto Politécnico de Leiria -
Pure line following of the rightmost lane line based on
direct RGB camera feed processing.

B. Competition results

By understanding the current state of the competition, one
can instantly acknowledge the innovation that this master the-
sis brings to the FNR in both navigation/localization methods
and workflow - by mainly debugging and testing the robot
with a joystick and network data analysis.

The ISR N3E Xuning team achieved the 2nd place in the
competition with the results summarized in Table II. Note that,
on the referred table, bay parking without obstacle B1 was not
executed, during the competition, by lack of time. As detailed
in the present section, this challenge is implemented in the
same manner as B2 and was ready to compete at the time.
The successful execution of this behavior could have given
victory to the team.

Task Competition Post
Driving at pure speed of 1 m.s−1 X X
Driving at pure speed of 2 m.s−1 X
Driving with signs X X
Driving with signs plus obstacles X X
Driving with all plus a road working area X X
Parallel parking without obstacles X X
Parallel parking between obstacles X
Bay parking without obstacle X
Bay parking with obstacle X X
Vertical signs detection challenge X

TABLE II
CHALLENGES COMPLETION CHECKLIST ON FNR AND AFTER COMPETING.



The IST team executed the greater variety of challenges,
emphasizing the obstacle avoidance and working area ones,
which gave the team a competitive advantage. Fig. 14 depicts
the executed trajectory of two full laps, with obstacles and a
working area, on the testing track, after competing. By the
time of the competition, the system was still fresh and not
thoroughly tested or calibrated. This resulted in some sub-
stantial localization errors combined with multiple trajectory
convergence issues.

C. Evaluation of performance

In this section, an overview of each challenge approach will
be provided along a reliability test for all the tasks. Outside the
competition event, experiments were carried in both simulation
and in a real sized track, assembled on IST facilities. This track
mimics the original competition scenario with the possibility
of executing all the included challenges stated in Table II and
presented in the following sections. The methodology defined
to evaluate the competition challenges consists in testing each
behavior 50 times, on multiple frequent circumstances and
recording all the common causes of failures and success rates.
Each sub-section will also present an image comparison of
RViz versus reality, with the robot intended behaviors and the
environment data as seen by the robot sensors.

1) Driving at pure speed: This challenge consists in driving
at the maximum possible speed through the whole track, exe-
cuting two full laps. It doesn’t require semaphore detections,
thus, not needing to stop on the zebra between each half-lap.

Fig. 15. Driving at pure speed.

2) Driving with obstacles: For handling obstacle avoidance,
the ideal velocity should be low so that there’s plenty of time
for teb_local_planner to recompute its trajectory and optimize
it for obstacle bypassing, while following the same global plan.
The planning horizon of this task should be extended for the
local planner to be able to generate a smooth motion.

Fig. 16. Driving with obstacles.

3) Driving in a working area: Maintaining low velocities
for the same reasons presented in Section V-C2, a similar
approach is used for this experiment. It is worth noting that the
exact same navigation configuration is used by this task and

the previous one, which is excellent for code generalization
and scalability for other obstacle avoidance scenarios.

Fig. 17. Driving in a working area.

4) Parallel parking without obstacles: This task requires
that the robot traverses a very short distance with no obstacles.
The parallel parking is an independent challenge that does not
require to be executed at the end of two full laps, contrarily
to the bay parking.

Fig. 18. Parallel parking without obstacles.

5) Parallel parking between obstacles: The current task
is perhaps the most difficult to achieve with a significant
success rate, as it heavily relies on teb_local_planner ability
to generate feasible maneuvers and proper motion execution.
The robot boundaries must be well defined, and a careful
calibration of the local planner must be performed. The full
behavior can be decomposed in two steps: robot approximation
of the parking area, for measuring the obstacles contours and
place them on the occupancy grid. Posterior computation of
the move_base goal followed by parking attempt with the
previously computed goal pose.

Fig. 19. Parallel parking between obstacles.

6) Bay parking with and without obstacle: The same al-
gorithm solves both bay parking challenges. Although this
master thesis implements a parking slot detector, a simpler
method was deployed that consists on testing each slot for
feasibility and, if failed, trying the next one. This technique is



highly scalable but it needs to be decomposed in two steps
(due to sensor range limitations): scanning the parking lot
for obstacles and parking motion. Bay parking requires to be
always executed at the end of two complete laps.

Fig. 20. Bay parking with and without obstacle.

D. Simulation versus reality - a fidelity comparison with
increasing speed

Fig. 21 mingles a reliability test with a performance com-
parison between simulation and reality. The real data is not
trustworthy because of the lack of a localization ground truth
(through a motion capture system) and by depending on the
onboard sensors and a third-party localization module [3].

Fig. 21. Side by side comparison of the execution of the same trajectory for
10 laps, both in simulation and in reality, with increasing speeds and varying
teb_local_planner parameters.

E. System assessment

1) Advantages:
• The developed system operates as a headless server

providing a great work-flow, ease of code deployment
and RViz real-time visualization, that was shown to the
public during the competition;

• Scalable and flexible navigation architecture that supports
different kinds of global planning trajectories which
are then followed by a flexible local planner. The
teb_local_planner is able to overcome local tasks, such
as obstacle avoidance, effortlessly, without having to
recompute the global plan;

• Easy migration of the whole system and platform to other
environments, even with different tasks;

• Capability of handling high speeds with proper parameter
calibration. Although this is highly dependent on Rúben’s
localization error [3] and fine tuning of the robot control,
this master thesis proves that it can handle variable
sources of error and recover from it.

2) Limitations:
• The car linear motor was inadequately dimensioned for

the developed robot and revealed to have a torque deficit,
especially when actuating from stationary states. This
provokes a very long acceleration and a lack of coherence
between the sent commands and the real motion;

• Although high command frequency is real-time safe, a
well-tuned robot would require to be implemented over
a true real-time system to guarantee that timings are
respected;

• The center of mass the developed robot is excessively
high which amplifies the suspension effect and inserts
instability to both localization and navigation modules.
More lightweight sensors could be a solution;

• The developed robot platform has hardware limitations
regarding the reliability of the connected sensors and
battery life. Better system design with industrial grade
equipment could be a possible solution, although it could
exceed the defined budget;

• Even though teb_local_planner is also referred to as an
advantage, it was proven to be very sensitive to parameter
calibration in certain situations, causing unpredictability
in the executed motions, particularly for high speeds.

VI. CONCLUSIONS

The final FNR results and the achievement of a 2nd place
very close to the 1st, demonstrate a high-performance system
with the greatest variety of accomplished tasks, especially
on obstacle avoidance and working areas. Pre-competition
work emphasizes the development of the system whereas post-
competition focuses on testing and fine-tuning the produced
system to achieve more reliability and smoother results, pri-
oritizing high speeds. A discriminated list of original con-
tributions is presented below, that may provide value to the
academic community:

• The dimensioning, design and materialization of a mobile
base robot from scratch, based on an RC car chassis,
fully functioning and capable of providing an academic
research platform with car-like kinematics. This platform
includes state of the art sensors paired with a powerful
computing platform for heavy parallelization of tasks;
RViz based trajectory editor capable of designing trajec-
tories by spline and clothoid interpolation of key-points,



in an interactive way with the user. Only the interpolated
key-points are saved, providing a compact way to define
paths;

• Custom move_base global planner capable of publishing
customized trajectories created with the previously men-
tioned key-point trajectory editor, on demand, according
to the goals in the map;

• Lane corridor navigation approach based on the inflation
of move_base costmaps. Here, trajectories are dependent
on road design and lines represent barriers for navigation
with a decaying associated cost, making the cost of
navigating in the center of a lane lower than near the
lines;

Fig. 22. Final prototype participating in the Autonomous Driving competition
at FNR.

REFERENCES

[1] “Global status report on road safety 2015,” 2015.
[2] “Critical reasons for crashes investigated in the national motor vehicle

crash causation survey,” 2015.
[3] R. Capitão, “Autonomous driving of competition robot: Localization and

perception of the environment,” 2018.
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