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Abstract

WRSC (World Robotic Sailing Championship) is an autonomous sailing competition that
aims at stimulating the development of autonomous marine robotics. In order to make
autonomous sailing more accessible, some scholars have created a generic educational
design [1]. However, these models utilize expensive and scarce autopilot systems such
as the Pixhawk Flight controller. The goal of this project is to make an affordable, user-
friendly RC sailboat that can be used as a means of learning autonomous sailing on a
smaller scale.

The high level requirements of the sailboat are as follows: dual-mode capability to allow
the user to switch between sailing under radio control and autonomously, return to base
functionality, data communication to a ground control system to monitor the state of the
boat. The dual-mode capability offers many benefits to amateur users as the convoluted
steering system on RC sailboats presents a steep learning curve. Users are less likely to
potentially lose their sailboat to the wind or waves when equipped with the autonomous
functionality and return to base feature. However, in the event that the autonomous
system cannot navigate a difficult environment (harsh winds, etc.), the user must have
the skill to manually control the boat back to base. Furthermore, the ability to monitor
and track the state of the boat and data processed from on-board sensors can offer the
user a means of assessing their control. It can also point to where there may be issues
within the boat and its limitations.
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1 Introduction

As mentioned previously, this design relies on low-cost sensors that are easy to set up
and install into any standard RC sailboat. The affordability of the design contributes to
its marketability among amateur users who are not willing to spend the extra money on
alternative systems. Thus, the sailboat offers a “return to base” feature that diminishes
concern of an amateur losing his/her boat via lack of steering ability.

Users are also able to monitor real-time sensor data that is critical in tuning the au-
tonomous steering feature of the sailboat and potentially useful in understanding manual
control. This ground control system receives data from the on-board MCU via a telemetry
transceiver. The only communication the operator maintains with the sailboat is via the
RC remote control. The remote control features two joysticks for manually steering the
boat and 3 buttons for toggling autonomous mode, returning the sailboat to base, and
setting a new base position.

The sailboat has 3 modes of operation: manual mode, autonomous mode and return to
base. In manual mode, the rudder and sail winch positions are controlled by the operator.
In manual mode, using the RC controller, the operator is able to move two servos that
control the rudder and sail winch position. In autonomous mode, the sailboat is able
to maintain its compass heading upon activation. Finally, in return to base mode, the
sailboat navigates to a base position de�ned by GPS coordinates. This base position is
initially set to the location that the boat was �rst turned on, however, this position may be
changed in manual or autonomous mode by the user via a switch on the RC remote.

1.1 Subsystem Overview

See Fig. 1 below for a block diagram overview of the entire system.

Figure 1: Block Diagram of the system
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Ground Control System: The ground control system sends the necessary signals for
control through the RC remote and displays the sensor, position and servo data on the
user's laptop.

Power Subsystem: The Power subsystem provides the necessary voltage supply to the
different components in the On-Board Processing System. The power comes from a 3V7
Li-Po battery that is connected to a 5V boost and a 3V3 linear regulator. The 5V line is
connected to the wind vane encoder, the receiver and the telemetry radio. The 3V3 line is
connected to the microcontroller, the eCompass and the GPS.

Controller Subsystem: The controller subsystem controls the position of the rudder
servo and the sail winch. When in manual mode, the microcontroller outputs PWM sig-
nals that depend on the position of the RC joysticks. In autonomous and return to base
mode, the PWM signals depend on sensor inputs.

Sensor Subsystem: The sensor subsystem is constituted by 3 sensors: eCompass, GPS
and wind vane encoder. The eCompass senses the current compass heading, the GPS
tracks the sailboat position and the encoder outputs the relative position to the wind.

Figure 2: FlySky FS-i6 Remote
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2 Design

2.1 FS-i6 Remote Con�gurations

The FlySky FS-i6 Remote allows the user to manually control the rudder and sail, trigger
the autonomous mode and return to base functionality, and set the base position. The left
gimbal differs from the right gimbal in that it maintains its position after moving it. This
is particularly useful for controlling the rudder since the rudder maintains its position
often. Furthermore, the position of the rudder is not visible to the user unlike the sail so
the visibility of its position on the remote can be useful. The right gimbal is then used to
tighten and loosen the sail.

As shown in Table 1, position 1 corresponds to when the user is in manual mode, position
2 enables autonomous mode and position 3 triggers the sailboat to return to base. The
remote requires all switches to be set to their top position when powering on. This ensures
the sensors have time to initialize and calibrate prior to any autonomous functionality
executes. A visual of the gimbals and switches is shown in Fig. 2.

Table 1: Remote to Channel Con�gurations

Channel Remote Mapping Use

1
Right Gimbal
 ; !

Winch Servo
 : Tighten Sail
! : Loosen Sail

2
Right Gimbal
" ; #

N/A N/A

3
Left Gimbal
" ; #

Rudder Servo
" : Rudder ! Starboard
#: Rudder ! Port side

4
Left Gimbal
 ; !

N/A N/A

5 SwC Sailing Mode
1: Manual
2: Autonomous
3: Return to Base

6 SwD Set Base Position
1 ! 2: Sets Base Position
to Current GPS Location
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2.2 Processing Sensor Output

2.2.1 GPS

The GPS is used to offer the user a method of tracking the sailboat to map its course and
allows for the return to base functionality. The NEO-6M GPS module outputs NMEA sen-
tences that are parsed by the TinyGPS+ library [2]. The data used from the GPS includes
the speed, heading and the GPS coordinates of the current position of the boat. It is impor-
tant to note that the heading determined by the GPS is only used to initialize the desired
heading within the return to base functionality. The GPS determines the heading through
comparing its current location to its previous location the last time it was updated. Since
the GPS is updated frequently to get an accurate speed and location, the heading is ex-
tremely inaccurate when the boat is not travelling 5 m between updates.

When the user initiates return to base mode, the desired course heading � is calculated
using [[3], eq. 1]. � 1, � 1 refers to the current latitude and longitude of the boat and � 2 and
� 2 refers to the latitude and longitude of the base position respectively. All coordinates
are assumed to be in radians. Furthermore, the distance to base� is provided to the user
and is calculated using [[3], eq. 2 ].

� = atan(
sin(� 2 � � 1) cos(� 2)

cos(� 1) sin(� 2) � sin(� 1) cos(� 2) cos(� 2 � � 1)
) (1)

� = atan(

p
(cos(� 1) sin(� 2) � sin(� 1) cos(� 2) cos(� 1 � � 2))2 + ( � 2)2

(sin(� 1) � sin(� 2)) + (cos( � 1) � cos(� 2) � cos(� 1 � � 2))
) � 6372795 (2)

2.2.2 eCompass

The LSM303 library is used with the eCompass is to acquire the current heading � and
heeling angle � xyz [4]. The best positioning of the eCompass is within close proximity
to the rudder and winch servos. The magnetic �eld of these servos produces hard iron
distortion that was accounted for using hard iron calibration The calculation for hard iron
offsets is shown in [[5] , eq. 3] where � is one of x,y,z axes. The hard iron offsets are used
to adjust the acceleration values in each axis, as shown in 4 whereGp� corresponds to the
acceleration in the axis � .

H � =
1
2

(min(Gp� ) + max( Gp� )) (3)

Gp� = Gp� � H � (4)

The heeling angle � xyz is approximated as the roll of the sailboat. This simple calculation
is shown in Eq. 5 below.

tan � xyz =
�

Gpy

Gpz

�
(5)
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2.2.3 Shaft Encoder

A wind vane is �xed to the top of a shaft encoder to determine the relative wind angle
with respect to the bow. The encoder is attached to two interrupts that are triggered
upon movement in both directions. The order that each interrupt is triggered corresponds
to the direction the wind vane is turning. The RotaryEncoder library is used to get the
position of the shaft encoder through timing the frequency and order of interrupts [6]. The
position value from this library does not reset until it reaches over�ow. This behaviour is
accounted for in the mapping function between the position output from this library to a
relative wind angle is shown in Eq. 6. � w is the relative wind angle, � is the output from
the encoder and � corresponds to the direction of rotation.

� w =

8
<

:
360� map((� mod 1190); 0; 1190; 0; 360); if � < 0

map((� mod 1190); 0; 1190; 0; 360); else

9
=

;
(6)

2.2.4 Receiver and Servos

The 6-channel receiver outputs a pwm signal that is directly processed by the MCU. Un-
like standard RC sailboats, there is no direct connection between the receiver and servos.
The output 50 Hz waveform from the receiver ranges between a 2.3% and 11.9% duty
cycle, and the range expected by the servos is between a 5% and 10% duty cycle. Each
channel is attached to an interrupt pin that triggers whenever the pin changes value. The
pulse width is calculated using the stored previous time that the interrupt was triggered.
Since the rudder and sail movement are limited within the movement of the servo itself,
the adjusted servo pulse width range is calibrated to the desired behaviour. These ranges
are shown in Table 2. The movement range of the rudder and winch corresponds to the
angle of the rudder and sail relative to when it is centered, respectively. No adjustments
are needed for the switches (Channels 5 and 6), however, the range of accepted pulse
width values for each mode and setting the base position is calibrated.

Table 2: Receiver and Servo Pulse Width Ranges

Channel Use
Pulse Width Range
Receiver (� s)

Pulse Width Range
Servo (� s)

Movement
Range (°)

1 Winch Servo 950 - 2050 1205 - 1916 -45 - 45

3 Rudder Servo 1000 - 2000 1400 - 1611 0 - 90
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2.2.5 Telemetry Radio

The telemetry radio used in this project is a SiK Telemetry Radio Version 2, produced
by mRobotics. Due to the design of the electronics, (check Fig.1), only single direction
communication is required from the telemetry radio, hence the TX pin of the telemetry
module on the sailboat is connected to the STM32 chip. In addition, the telemetry radio
transfers data through serial communication, hence the module at base is connected via
USB, which is then detected and read by the LabView program.

The LabView program consists of two sides, the user interface window and a coding
window. The user interface window is designed so that the user can read off data from
the boat, while providing the data log for quick debugging and choosing directory for
saving the log �les. Currently, the data displayed updates at a rate of 1 Hz, due to the
Arduino code on board is programmed to send data every second (however, such rate
can be increased when needed). In addition, a log for showing what is being entered into
the GPX �le is also displayed on the right of the user interface screen. This provide the
user with a log of the GPS coordinates, but also shows when an error has occurred in the
transferred data which affects the latitude and longitude values. The user interface of the
ground control system in Labview can be seen in Fig.3.

The coding window in Fig. 4 shows all the coding for displaying the data and other
functions like logging the data into a �le (or reading data from serial port). The entirety of
the code is placed inside a while loop, which keeps the program running until manually
stopped. The entirety of the code can be separated into 3 sections. The blue section is for
separating the received data storing the current values into their corresponding variables.
Since there are 14 different data that are being sent through, many cuts in the received
data are needed to separate them into each variable. The green section is for generating
the GPX �le. The code takes the latitude and longitude data (from the blue section) and
insert them into each line of the �le (at the corresponding locations) to generate the �le.
The red section creates the log, which takes in the raw data (before being cut) from the
receiver, adds the date/time to the start (for easier tracking of data), and prints them in
the new line.
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Figure 3: User interface of the ground control system in LabView

Figure 4: LabView Program Setup
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