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Abstract

Aquatic unmanned robotic systems have gained popularity due to their abilities to perform a wide
range of operations at low cost and no risk to human lives. Therefore, navigation systems are being
developed to increase the controllability and raise the level of autonomy of such vehicles. The
research presented in this thesis covers investigations and development of unmanned vehicles (UVs)
and their navigation systems. In addition, a control concept called the Braitenberg algorithm is
explored as a basis for controlling UVs.

The Braitenberg algorithm is a concept based on a thought experiment that models the animal
world in a minimalistic and constructive way, from simple reactive behaviours through the simplest
vehicles, to the formation of concepts and generation of ideas. The concept is used on a large variety
of experiments, wheeled robots and other land robots, but unknown to the world of boats at this
point. The Braitenberg concept is therefore implemented as a control algorithm in a simulation for
controlling an unmanned surface vehicle (USV) and navigating in sheltered waters with obstacles.
The obstacles are randomly placed in the environment and ctional sensors on the vehicle have a
xed detection range. The algorithm gives control inputs so that the vehicle is attracted to a set
of waypoints while avoiding obstacles along the way.

Using the Braitenberg algorithm, the surface vehicle is able to use GPS positioning data to navigate
through a course de ned by a set of waypoints while detecting and avoiding the obstacles in the
environment.

The simulation shows that using the Braitenberg algorithm as a basis for an autonomous navi-
gation system is a viable solution for making a USV able to track waypoints and avoid obstacles
autonomously.
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Chapter 1

Introduction

1.1 Background

Around two-thirds of the earth is covered by oceans, but compared to land, not much of the ocean
has been properly explored. Climate change, environmental abnormalities, personnel requirements,
and national security concerns are all contributing to a strong demand from industrial, scienti c,
and military communities to develop new and innovative unmanned surface vehicles (USVs).

Despite the strong demand for methods of exploration, normally only semi-autonomous USVs have
been used rather than fully-autonomous USVs. The reason for this is that fully-autonomous USVs
still face numerous challenges. Limitation in autonomy arise due to the challenges in automated and
reliable guidance, navigation and control (GNC) [4] functions for all di erent operating conditions.
The vehicles must be able to operate in sophisticated and hazardous environments, and the risk of
sensor, actuator and communication failures must be reduced to a minimum. Further development
of fully-autonomous USVs is required in order to minimise both the need for human control and
the e ects to the e ective, safe and reliable USVs operation due to human error.

USVs can be developed for a wide range of potential applications in a cost-e ective way, such as
scienti ¢ research, environmental missions [27], ocean resource exploration, rescue missions [18] and
military uses [34].

Bene ts of using USVs:

" USVs can perform longer and more hazardous missions than manned vehicles.
Personnel safety is far greater since no crew is needed onboard during operation.

Maintenance cost can be lowered where no operator equipment or safety equipment for crew
are installed.

The possibility of keeping low weight and a compact design of USVs give them enhanced
manoeuvrability and deployability in shallow waters (riverine and coastal areas) where larger
crafts cannot operate e ectively.

USVs have greater potential payload capacity and are able to perform monitoring and sam-
pling at deeper depth compared to other vehicles as aircraft/UAVs and spacecratft.



Figure 1.1: The Otter, an USV from Maritime Robotics [23]. The USV is used for research and
bathymetric measurements.

With many advantages of small USVs, the motivation to develop small scale and cost e ective
autonomous systems is high. The development of such systems could include doing more research
on self-adapting systems, machine learning, arti cial intelligence and of course combining several
of these creating sophisticated systems. One step towards a self-adapting intelligent control system
can be to utilise a control theory called the Braitenberg algorithm.

The Braitenberg algorithm is a concept based on a thought experiment done by the Italian-Austrian
cyberneticist Valentino Braitenberg. The experiment models the world of animals in a minimalistic
and constructive way. It is inspired from looking at behaviour of insects and animals around a
source of food or a source of light. They use sensor organs to detect the smell of food or the
intensity of light and are drawn to the source. In the same way they can be repelled from poison
or the light source.

This concept can further inspire the creation of self adapting vehicles from simple reactive be-
haviours through the simplest of vehicles, to the creation of concepts and ideas for more sophisti-
cated systems. For the simplest vehicles, the motion of the vehicle is directly controlled by input
signals from sensors such as light sensitive photo cells. Although the control and the vehicle can be
simple, the resulting behaviour may seem to be complex or even intelligent [3]. A vehicle adopting
this control theory might able to navigate itself through di erent unknown environments, seeking
out the source of control signal and avoiding di erent obstacles.



The Braitenberg concept can from an engineer point of view, be seen as and implemented in a
vehicle with propulsion actuators and sensors that can detect the strength of a signal source. An
example of a Braitenberg vehicle type called 2a / 2b is shown in Figure 1.2.

Figure 1.2: Simple Braitenberg vehicle

The vehicle is a two wheeled driven robot with two photo cell sensors. Version (a) gives more
power to the right wheel if the sensor on the right is closer to the light source, making the robot
drive away from the source. Depending on the application, the connection between the sensors and
the wheels can be switched as to have the robot de ect from the light (a) or be attracted to it
(b). By moving the light source to a desired position, the Braitenberg algorithm can be used as a
navigation system.



1.2 Motivation

There are many reasons for developing fully autonomous vehicles, and the di erent approaches to
the challenge is just as plentiful. Enabling USVs to work in any unstructured or unpredictable
environment without human supervision is crucial. A key feature is to develop a navigation system
that is self adaptive. A robust self adapting navigation system should be able to be deployed in
many di erent environments and situations, and still be able to perform its prioritised tasks.

There are several existing products and projects that are closing in on achieving fully autonomous
surface vessels. Examples are the navigation system from Sea-Machines, which integrates with
existing vessel systems and onboard sensors to manage pre-planned and dynamically charted mis-
sions [30]. Another project currently in development is the autonomous container ship Yara Birke-
land developed together with Kongsberg [35]. When deployed, this ship will autonomously trans-
port fertiliser for Yara in Norway. In addition, it is a zero-emission vessel. Yara Birkeland aims to
start autonomous operation this year 2020 [36].

Figure 1.3: (a) A USV with control system delivered by Sea-Machines. (b) 3D model of Yara
Birkeland at port.

Although development on autonomous systems are progressing, the systems of Sea-Machines and
Kongsberg are applied to large vessels. These vessels have the possibility to carry large sensor pack-
ages and great computational power which greatly improves the possible autonomous capabilities.
Developing an autonomous navigation system for smaller vessels gives a di erent set of challenges.
Vessels of a size that one person can carry, is not able to house the same amount of sensors or
powerful computers. These vessels will most likely be powered by relatively small battery packs
and computational power and operation time is limited.

Developing a navigation system that is less dependent on advanced and complex sensor systems,
that will require less computational power, will give great benets to small size USVs. Such a
low demanding navigation system will let the USV prioritise tasks other than navigation. Vessels
intended for research or surveillance could extend their operational time before needing a recharge.

This is where a bio-inspired Braitenberg algorithm might be able to contribute to a low demanding
autonomous navigation system. The concept of Braitenberg describes how the complex behaviour
of animals and insects can be described in a simplistic way. If a navigation system with complex
behaviour can be solved using simple methods, then the computational power of a robot can
be used for other purposes. In addition, through the literature study done for this thesis, the
Braitenberg algorithm has not yet been used as a basis for navigation system of USVs. Only for
land based vehicles like wheeled robots and snakes. Therefore, exploring the use of the Braitenberg
algorithm as a basis for navigation system of USVs is very interesting. The Braitenberg algorithm
can contribute to the development of creating fully autonomous USVs.
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1.3 Objectives

The main objective of this thesis is to explore the current state of autonomous surface vehicles
and improve the level of autonomy by using the Braitenberg algorithm as a means of navigation.
The navigation system will be purposely made for smaller size USVs that will navigate through an
unknown environment, detect and avoid obstacles and shorelines. An USV developed in previous
projects will be used as simulation model and physical robot, see section 2.3.

The Braitenberg algorithm will be implemented in a simulation following these steps:

Develop a digital robot simulation model that can use GPS data to track a waypoint and
navigate to the waypoint. In addition, use the same model to have the robot be repelled from
a point.

" Develop a program that can autonomously track a set of waypoints navigating through the
environment and avoid obstacles as they are detected along the track.

~ Combine human control input with Braitenberg control to allow detours and extra obstacle
avoidance if necessary.

As a result of the objectives, the aim is to raise the level of autonomy. An autonomy classi cation
system called ATRA is used to de ne the level of autonomy during the di erent stages of robot
development. See Table 1.1.



Table 1.1: The ATRA framework [11, 17], applied to aquatic surface robots with the di erent
levels of external system independence (ESI), of environmental complexity (EC) and of mission
complexity (MC). (ES) refers to External System.

The target is to add features to a USV in order to reach level 7. However, regarding level 6, the
global path planning and mission planning will be added through manually setting coordinates
for waypoints. In addition, the robot might not choose to drive the optimal path as the robot is
entirely dependent on the sensor data in an unknown environment for navigation.



1.4 Assumptions and Prerequisites

When deployed, small USVs are exposed to many environmental e ects and factors. Many of which
are di cult to model. Therefore, the following boundaries are set:

Vessel:

The navigation system will be designed for a prototype robot of size approximately 40x50cm, driven
by two water jets and have a very shallow hull construction. The construction is completely water
proof, but not intended for subsurface operation. The robot was constructed in a previous project
and this thesis is a continuation of that project. More information on the robot can be found in
Section 2.3 Review of previous projects.

Environment:

The robot is designed to operate in sheltered waters with calm seas. No noticeable waves.

Detectable obstacles are above sea level. Any subsurface obstacles like reefs, rocks and logs
will not be detectable.

Water currents are neglected.
Wind force can be applied if time allows it, constant force and direction.
Sensors:

Constant GPS signal, always available. Accuracy is considered ideal.

Robot is equipped with sensors that can detect obstacles at a distance of 5 meters and is able
to place these in the global coordinate system at the correct position. The exact sensors are
not de ned. However, LIDAR or acoustic sensors are viable options.

1.5 Disposition

Chapter 1 gives an introduction to some commercially available unmanned surface vehicles and
their uses. It also gives the objectives of this thesis and sets the boundary limits of expected new
research and development.

Chapter 2 explains the work previously done on this project, provides an overview of current state
of USV systems and describes the development of navigation systems over the last years.

Chapter 3 describes the implementation of the Braitenberg algorithm and how the simulation is
set up.

Chapter 4 describes how the simulation environment is set up and how the controller code is
developed.

Chapter 5 contains a selection of important and interesting results obtained from the simulation.

Chapter 6 highlights challenges during setup of the simulation and the development of a fully
autonomous USV.

Chapter 7 concludes the thesis and summarises improvements and challenges learned from the
project.
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