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Abstract—The exploration of the planets oceans use to be
an expensive task. Today however with the use of autonomous
boats, data can be gathered for years at a significantly cheaper
price. For this summer my goal was to improve the boat in
the Autonomous Systems Lab. I was tasked with creating a
proof of concept design for much smaller microcontrollers. The
rudder is currently connected directly to the main controller
which makes debugging errors more difficult. Making the rudder
self-contained makes maintenance quicker, improvements easier,
and testing simple as the rudder can be removed from the rest
of the system. This project has required the use of a model
rudder, which is mechanically identical to the rudder system
on the boat. Using this model I have moved the rudder system
onto its own micro-controller, which send and receives messages
using the centrally-shared CAN bus. Using CAN we gain several
advantages: integration with off-the-shelf marine sensors that
talk NMEA2000, independence between all subsystems, high-
bandwidth for future use, modularity, and a tie-in to Simulink
for doing hardware-in-the-loop simulations.

Index Terms—Autonomous, Surface Vehical, Internship, Un-
dergraduate.

I. INTRODUCTION

THE Autonomous Systems Lab at UC Santa Cruz focuses
on creating vehicles (land, air and sea) that can operate

autonomously. These vehicles main purpose is to collect data
for the use by other research groups. The Sea Lion is an
autonomous sea vessel that is currently being worked on by
PhD candidate Bryant Mairs. Sea Lion is currently run off
of one micro controller. This single processor is in charge of
all sub-systems of the boat(rudder, sensors, etc.). This causes
many issues with delays, and wires being routed all over the
boat. To fix this problem we decided to switch to a design
that used many small micro controllers all over the boat, and
have them talk to each other using a cenerally shared CAN
bus. This project required us to address many aspects of the
boat each of which we will talk about in this paper. Including
the design of this new board, the reasons for this change, the
rudder subsystem, and smaller projects that were completed
along the way.
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Fig. 1. The new microcontroller CAN node etched at UCSC

II. DESIGN OF THE NEW BOARD

The new smaller microcontrollers were designed by Bryant
Mairs. The point of these smaller microcontrollers is that they
would be spread throughout the boat each connected to its
own subsystem. These new boards have a limited number of
I/O pins. This is a design feature to help keep the board as
small as possible. The main purpose of this small node is to
be able to communicate using a CAN bus. The bus is how the
subsystem will be controlled, each system having its own set
of messages that it will react to,when one of those messages
is sent it will execute a routine. Similar to running a function
in software. However instead of that function being executed
on your system it will send it to a different system and they
will execute it for you.

What makes this entire system truly modular is the fact
that many of these CAN messages are actually messages used
in maritime products(sensors, rudders, motors). Where ever
possible we are using a set of messages called NMEA 2000.
NMEA2000 is a set of maritime messages; some control the
rudder, other gather data, while others monitor the compass.
Since we are using messages that other hardware already
understand and speaks it makes the entire system very easy to
change. Since these are common messages that all maritime
sensors and actuators use, we are able to switch between
different parts with almost no change to the code.

III. REASONS THESE CHANGES WERE REQUIRED

When Sea Lion was run off a single microcontroller we
ran into many problems. The largest problem we had was
the fact that we could not test any one part of the system
by itself(hardware in loop testing). For example, in order to
test the rudder in a real world situation we would need to
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hook up all the parts of the boat and pretend we were actually
on the water. Only this way would we be able to see what
problems the rudder would run into. The new use of a single
Micro controller allowed us only connect our prototype rudder
and run the system just by sending the subsystem real world
CAN messages. Being able to do this has made the debugging
process of each subsystem much easier. We have been able to
test out each system individually before hooking it to the larger
network.

This change from single microcontroller has also allowed
us to use a standard message system on the boat. Since many
of the maritime sensors we were using already used CAN. We
were able to just connect the microcontrollers to a system that
was already in the boat. This allowed us to not have to route
more/new wires, and to just use a system that was already in
place.

IV. RUDDER SUBSYSTEM

The rudder subsystem is one of the simpler sub-systems on
the boat. This made it an excellent candidate for our proof of
concept project. To understand how the rudder is controlled
an understanding of what the rudder looks like must first be
obtained. Figure 2 is labeled so that we can explain each of
the parts of the rudder system. 1. Is the rudder itself. In the
real boat this is connected to the actual rudder, however this
is just the prototype. 2. Is where the stepper motor is placed,
the stepper motor is controlled by the microcontroller. 3. The
stepper motor drives the 1:10 gears, which control the rudder.
4. As the rudder moves it moves the potentiometer that is
connected to it. We use this potentiometer to determine what
angle the rudder is at. 5. We have a sensor on each side of
the rudder(port and starboard), this sensor is used as a limit
switch for the rudder to make sure it doesn’t go more than
45 degrees in either direction. These sensors are also used to
calibrate the rudder initially.

Fig. 2. Solidworks 3D view of the prototyping rudder subsystem

V. CALIBRATION

The calibration of the rudder is the most important part
of this whole project. The hardware with which the current
rudder is connected has one major design flaw, and that is that
when the rudder is initially plugged in, the rudder has no idea
which direction it is at. The calibration works by using the two

sensors shown in figure 2, labeled number 5. These sensors
are set at 45 degrees and -45 degrees. Referring to figure 3,
the rudder moves towards port until the sensor notices it. Once
the sensor has noticed the rudder, we know that we are at 45
degrees. We measure the value stored in the potentiometer, and
associate that value with 45 degrees. We then move towards the
starboard sensors. Once we have hit the starboard sensor we
know that we are at -45 degrees, so we store the potentiometer
value. Now that we have these two values we can calculate
any other angle we would like. So we use this value and begin
moving the rudder towards the center until the two values tell
us we are in the center.

Although this current method of calibration works, we are
in the process of implementing new hardware to make the
rudder know which angle it is at, immediately without need
for calibration. When this does get implemented the code for
the rudder may need to change a little bit. However what is
nice about this modular system is that the messages that are
sent to the rudder will not need to be changed at all. This
means only updating the function on one part of the boat, and
not the others.

Fig. 3. A flow chart explaining how the rudder is calibrated at the beginning
of the trip

VI. SMALLER PROJECTS

Working on this project there was a lot of ”technical debt”
that needed to be paid off. For example good comments were
not kept about what was being done in certain functions in
Simulink. It was our job to make sure that whoever started
working on this project next would have many resources
available that could help them understand exactly how to
continue/understand the code. To facilitate this a set of tutorials
were made that explained some of the ways in which we
used Simulink. The first set of tutorials were step-by-step



SURF-IT SUMMER INTERNSHIP SUMMER 2012 3

walkthroughs on how to build, program, test simple programs
using Simulink. The first tutorial involved making LEDs flash
on an explorer 16 board. The second tutorial involved the
different ways in which were could configure the UART to
display messages.

The following set of tutorials were designed for people
that already had a good understanding of Simulink. They
were designed to explain the different ways in which the Sea
Lion code stored, used, and edited variables. There are many
different ways to access Simulink data from a C function, we
wanted to make sure that the next person to work on Sea
Lion would have a good starting base before trying to edit the
code. The methods of storing data in Simulink is very helpful,
not only because it allows us access to the data, but because
it allows the code blocks to look neat and orderly. However
it is important when using these methods of storing data to
document where and why the data is being stored/edited.

VII. CONCLUSION

The new rudder subsystem works great. It currently is still
waiting to be implemented into the boat. Slowly but surely
all the other systems on the boat will become smaller and
controlled by the CAN node. It is an on going process that is
always evolving as more and different hardware is added to
the boat. However the changes that were made this summer
were greatly appreciated, and will not be soon forgotten.

The Surf-It internship has taught me a lot. I now have a
better understanding of what being a graduate student is like.
This summer has also sparked my interest is Autonomous
systems even more than it had previously been. I will be
continuing my education into a graduate school while studying
robotics and autonomous systems.


