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I. INTRODUCTION

The purpose of this document is to provide technical
information about the identification and modelling of the
Yellowfish autonomous surface vehicle (ASV), developed in
Universidad Loyola Andalucı́a within the line of research
entitled ASV4Sustainability of the Optimization and Control
of Distributed Systems research group1.

This document is divided in four sections, starting
with a presentation of the Yellowfish ASV in Section II,
together with some technical details about its components
and the on-board electronics. Later, Section III presents
a theoretical introduction of rigid-body kinematics and
the standard reference frames to be used. Section IV
discusses the modelling of autonomous vessels, mentioning
the classification of the models, and the transition
from the complete model of a vessel to a simplified
3-degree-of-freedom (DOF) model, which will be the base
for the subsequent identification process. The identification
of the Yellowfish ASV is described in Section V, including
the inertia matrix and the actuation system. Finally, some
conclusions and future insights are drawn in Section VI.
An appendix is added for the rigid-body physical equations
required to transform measurements and variables in different
reference frames.

II. THE YELLOWFISH ASV: TECHNICAL DESCRIPTION
AND ON-BOARD ELECTRONICS

The Yellowfish ASV developed in Universidad Loyola
Andalucı́a is shown in Fig. 1. It is being used in research
projects for different purposes, for example the monitoring of
water pollution. However, in this report, only the elements with
a role in the motion of the ASV are analysed, independently
of the application.

The motion of the ASV structure is considered as the
element to be controlled. Therefore, as a control system itself,
in this section four different aspects are detailed, namely
(A) the system, (B) the controllers, including hardware and
software, (C) the actuators, and (D) the sensors.

A. Structure

The Yellowfish is a catamaran sort of vessel, measuring
128× 98× 80 cm, and total mass about 24.5 kg.

1https://eventos.uloyola.es/59990/section/28306/laboratorios-de-
optimizacion-y-control-de-sistemas-distribuidos.html

Fig. 1: The Yellowfish ASV

The ship has a catamaran construction with two identical
fibreglass hulls of size 128 × 25.5 × 30 cm. They are
attached to each other through a metal structure (see Fig. 1).
A waterproof box for the electronics is placed on top of them.

B. Controllers

1) Hardware: The Yellowfish ASV includes a Raspberry
Pi 4 model B coupled with a Navio2 for the command/data
processing and driving the actuators. Some of the components
are illustrated in Fig. 2, and will be described in detail in the
following subsections.

Raspberry Pi 4 is a mini-computer that has an integrated
operating system adapted to the characteristics of Navio22.
The main function of the Raspberry is to support the telemetry
of the system, communicating all the information of the drone
and allowing for the possibility to modify its settings. Besides,
this is where the controller’s software is programmed.

Navio2 is a sensor board with enough elements (such as
GPS, IMUs, UART, Radio or PWM, among others) to satisfy
the control needs of the ASV. In addition, it allows for the use
of external sensors, as is the case of an external GPS in the
Yellowfish.

2https://navio2.emlid.com/
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Fig. 2: Components of the Yellowfish ASV

2) Software: The control software that is implemented
in Navio2 is called Ardupilot. This means, Navio2 holds
Ardupilot for all aspects of sensor configuration and control
of the vehicles in which it is installed.

With respect to the Raspberry, it is programmed in Python
language, and allows for an online communication and
configurability of the ASV, based either on Dronekit (as
application programming interface) or Mission Planner. All the
signals integrated in the vehicle are connected via MAVlink
communication protocol3 to them.

Mission Planner is used in the ground station to
tele-communicate with the ship in order to visualise its status,
modify parameters and send missions and tracking points.
Communication is done either by via radio or user datagram
protocol (UDP).

C. Actuators

The Yellowfish ASV is equipped with two propellers T200
Thrusters from BlueRobotics for drone steering. The operating
voltage ranges from 7-20 volts and its full throttle current
between 24-34 Amps. It is activated by a high discharge Li-Po
battery with 20000 mAh of 22.2 V.

Note that this catamaran configuration provides two control
actions for the three degree-of-freedom ASV, which leads
to an underactuated scheme. This issue will be analysed in
Section V-B.

D. Sensors

1) GPS: The position of the Yellowfish ASV can be
obtained by a GPS unit named Reach RS+. The Reach RS+
has two Global Navigation Satellite System (GNSS) receptors
with Remote Sensing (RS) and is usually used with Real Time
Kinematic (RTK) and Post Processed Kinematic (PPK), which
provides higher centimetre accuracy than a normal GPS.

This sensor is connected to the Navio2 controller through
a micro-USB port and the information is received through the
Mission Planner software.

3mavlink.io

2) IMU: Navio2 is also equipped with an inertial
measurement unit (IMU), and a gyrocompass, whose
measurements can be accessed via the protocols described
previously.

The links to the datasheets of the main devices are provided
in Table I.

TABLE I: Data sheets of the components of the Yellowfish
(clickable links)

Component Datasheet link
Propellers https://bluerobotics.com/store/thrusters/

t100-t200-thrusters/t200-thruster-r2-rp
Raspberry Pi 4 model B https://datasheets.raspberrypi.com/rpi4/

raspberry-pi-4-datasheet.pdf
Navio2 https://navio2.emlid.com/#navio-specs

GPS https://atyges.es/wp-content/uploads/2020/
01/Datasheet-RS.pdf

III. KINEMATIC PRELIMINARIES

In this section, the most commonly used reference frames
in ships and rigid solid kinematics are first described. These
are thoroughly explained by Fossen in [1] and are presented
in summary form below. Then, the dynamical variables for a
3-DOF vessel are detailed, as well as the rigid-body kinetics
and the general dynamic model considered in the literature.

A. Reference Frames
When analysing the motion of marine vessels, some

geographic reference frames are needed.
NED: The North-East-Down (NED) coordinate system
{n} = {xn, yn, zn}, with origin on, is defined relative to
the Earth’s reference ellipsoid [2]. It is usually defined as
the tangent plane on the surface of the Earth moving with
the craft, but with axes pointing in different directions than
the body-fixed axes of the craft. For this system the x axis
points towards true North, the y axis points towards East, and
the z axis points downwards normal to the Earth’s surface,
as shown in Fig 3. For marine crafts operating in a local
area, with approximately constant longitude and latitude, an
Earth-fixed tangent plane on the surface is used for navigation.
This is usually referred to as flat Earth navigation and it
will be denoted for the sake of simplicity by {n}. For flat
Earth navigation one can assume that {n} is inertial such that
Newton’s laws still apply.

BODY: The body-fixed reference frame {b} = {xb, yb, zb},
with origin ob, is a moving coordinate frame that is fixed to
the craft. The position and orientation of the craft are usually
described relative to the inertial reference frame, while the
linear and angular velocities of the craft should be expressed
in the body-fixed coordinate system. The origin ob is usually
chosen to match a point midships in the water line. This point
will be referred to as CO. The centre of gravity (CG) of the
marine craft is defined in relation to CO, as presented in Fig. 4.

For marine crafts, the body axes xb, yb, and zb are chosen
to match the principal axes of inertia, being usually defined
as:

mavlink.io
https://bluerobotics.com/store/thrusters/t100-t200-thrusters/t200-thruster-r2-rp
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Fig. 3: The North-East-Down coordinate system [1]

Fig. 4: Body-fixed reference frame [1]

• xb - longitudinal axis (directed from aft to fore),
• yb - transversal axis (directed to starboard),
• zb - normal axis (directed from top to bottom).
The vector rg is defined as the vector from CO to CG, i.e.

rg ≡ [xg yg zg]T .

B. Dynamical variables for a 3-DOF vessel

The different motion variables are defined according to the
notation presented in [1] and indicated in Table II for a 3-DOF
vessel.

Based on this notation, the general 3-DOF motion of a
marine vehicle can be described by the following vectors:

η =
[
x y ψ

]T
, (1)

ν =
[
u v r

]T
, (2)

τ =
[
Fu Fv τr

]T
, (3)

TABLE II: Notation used for 3-DOF marine vehicles

Forces and Linear and Positions and
moments angular velocities Euler angles

motions in the
Fu u x

x direction (surge)
motions in the

Fv v y
y direction (sway)
rotation about the

τr r ψ
z axis (yaw)

where η denotes the position and orientation vector expressed
in the earth-fixed frame {n}, ν denotes the linear and angular
velocity vector expressed in the body-fixed frame {b}, and
τ is used to describe the forces and moments acting on the
vehicle in the body-fixed frame {b} [1].

Note that heading angle ψ is defined as the angle from the
xn axis of {n} to the xb axis of {b}, considering positive
rotation about the zn axis of {n} by the right-hand screw
convention. Hence, yaw r is defined as the time derivative
of ψ.

Another important angle is the so-called sideslip (drift) β,
defined as the angle from the xb axis of {b} to the velocity
vector of the vehicle, considering positive rotation about the
zb axis of {b} by the right-hand screw convention. It is
mathematically defined as:

β = sin−1
( v
V

)
, (4)

where V is the total speed of a marine craft moving in the
horizontal plane, defined by:

V =
√
u2 + v2. (5)

The aforementioned angles are represented in Fig. 5.

Fig. 5: The heading angle ψ and the sideslip angle β [3]



C. Rigid-body Kinetics

In order to derive the marine craft equations of motion, the
motion of rigid bodies, hydrodynamics, and hydrostatics must
be studied.

The rigid-body kinetics can be expressed in vectorial form
as follows, according to [1]:

MRBν̇ +CRB(ν)ν = τRB , (6)

where MRB is the rigid-body inertia matrix satisfying:

MRB = MT
RB > 0, ṀRB = 0. (7)

CRB(ν) is a matrix of rigid-body Coriolis and centripetal
forces, that can be parameterised by a skew symmetric
matrix [4]:

CRB(ν) = −CT
RB(ν). (8)

τRB is a generalized vector of external forces and moments
about the origin acting as an input to the system:

τRB = τhyd + τhs + τwind + τwave + τ , (9)

where τhyd and τhs are the hydrodynamic and hydrostatic
forces and torques, respectively. τwind and τwave are the
environmental forces and torques, and τ is the control and
propulsion forces and torques.

The general model (6) can be rewritten as follows, according
to [1]:

Mν̇ +C(ν)ν +D(ν)ν + g(η) + g0

= τ + τwind + τwave, (10)

where the model matrices M , C(ν), and D(ν) denote inertia,
Coriolis, and damping, respectively, and g(η) is a vector
of generalized gravitational and buoyancy forces, including
hydrostatics. Static restoring forces and moments due to
ballast systems and water tanks are collected in the term g0.
Concerning the inertia and Coriolis matrices in (10), it holds:

M = MRB +MA,

C(ν) = CRB(ν) +CA(ν),
(11)

being MA the added mass matrix, and CA the Coriolis and
centripetal effects due to added mass. The latter terms include
the effect of hydrodynamic forces on the craft, and they will
be further discussed in Section V.

IV. SYSTEM MODELLING

In this section, the most commonly used models are briefly
described, with emphasis on those used in naval architecture.
Also, the simplified dynamic model of a 3-DOF vehicle is
presented.

A. Classification of models

Models of different complexity and number of differential
equations of a given craft are used for prediction,
real-time simulation, and controller-observer design. One can
distinguish between three types of models, as illustrated in
Fig. 6 and described as follows:
• Simulation Model: The most accurate description of a

vessel. It includes the marine craft dynamics, propulsion
system, measurement system, and the environmental
forces due to wind, waves, and ocean currents. It also
includes other features not used for control and observer
design that have a direct impact on model accuracy. The
simulation model should be able to reconstruct the time
responses of the actual system [1].

• Control Design Model: A reduced-order or simplified
version of the simulation model that is used to design
the motion control system.

• Observer Design Model: In general different from
the model used in the controller design, since the
purpose is to capture the additional dynamics associated
with the sensors and navigation systems as well as
disturbances. It is of course a simplified version
of the simulation model where attention is paid
to accurate modelling of measurement noise, failure
situations including dead-reckoning capabilities, filtering,
and motion prediction.

Fig. 6: Models used in guidance, navigation, and control [1]

The study of ship dynamics has traditionally been covered
by two main theories [1]:
• Maneuvering Theory: The study of a ship moving

at constant positive speed V in calm water within
the framework of maneuvering theory is based on
the assumption that the maneuvering (hydrodynamic)
coefficients are frequency independent (no wave
excitation).



• Seakeeping Theory: The motions of ships at zero or
constant speed in waves can be analysed using seakeeping
theory where the hydrodynamic coefficients and wave
forces are computed as a function of the wave excitation
frequency using the hull geometry and mass distribution.

For the study carried out in this report, the maneuvering
theory will be used. Maneuvering theory assumes that the ship
is moving in restricted calm water, that is, in sheltered waters
or in a harbour. Hence, the maneuvering model is derived for
a ship moving at positive speed V under a zero-frequency
wave excitation assumption, such that both added mass
and damping can be represented by using hydrodynamic
derivatives (constant parameters).

B. Maneuvering model of a 3-DOF vessel

The rigid-body kinematics and kinetics of a ASV moving in
the horizontal plane under the maneuvering theory, assuming
that yg = 0, can be expressed in vectorial form according to:{

η̇ = R(ψ)ν,
Mν̇ +C(ν)ν +D(ν)ν + g(η) = τw + τ ,

(12)

where τw refers to the environmental forces and torque due
to wind and waves in a single term, in contrast to the
separate terms in (10). Model matrices M , C(ν), and D(ν)
denote inertia, Coriolis, and damping, respectively, and g(η)
is a vector of generalised gravitational and buoyancy forces.
τ = [Fu Fv τr]T refers to the 3-DOF propulsion actions.
Notice that the model (12) is a simplification of (10) assuming
no ballast systems and water tanks, which allows to assume
that g0 = 0.

Matrix R(ψ) represents the rotation matrix between the
body-fixed frame {b} and the earth-fixed inertial frame {n},
given by:

R(ψ) =

cos(ψ) −sin(ψ) 0
sin(ψ) cos(ψ) 0

0 0 1

 . (13)

According to (10), the inertia matrix M can be split into the
rigid-body inertia and the added mass term, this is, M =
MRB +MA, where:

MRB =

m 0 0
0 m mxg
0 mxg Iz

 ,
MA =

−Xu̇ 0 0
0 −Yv̇ −Yṙ
0 −Nv̇ −Nṙ

 ,
(14)

where m is the total mass of the vessel, xg is the xb-coordinate
of the vector from CO to CG, Iz is the moment of inertia
about the zb axis, and X(·), Y(·), and N(·) are the added mass
hydrodynamic parameters according to standard notation [5].
Notice that, given that M is usually assumed to be symmetric
[1], Yṙ is assumed to match Nv̇ . The reader is referred to [1]
for more details of this classical modelling.

C. Lumped Disturbance Model

The use of the kinematic and kinetic model (12) for
controller and observer design requires accurate knowledge,
not only of the inertia matrix, but also of the Coriolis,
damping, and buoyancy terms.

A different dynamical formulation was presented in [6] by
introducing the lumped generalised disturbance vector σ:

σ := M−1[−C(ν)ν −D(ν)ν + g(η) + τw], (15)

that groups together all the terms that are usually difficult to
identify and the external disturbances.

Then, the kinematics and kinetics of the ASV can be
rewritten as: {

η̇ = R(ψ)ν,
ν̇ = M−1τ + σ.

(16)

V. IDENTIFICATION OF THE YELLOWFISH ASV

This section describes the identification of the inertia matrix
and the actuation system of the Yellofish ASV.

A. Inertia matrix identification

This section presents the methods and equations used to
obtain the inertia matrix M of the Yellowfish ASV.

1) Mass: The ASV is comprised of several main parts,
namely, the two hulls, the battery, the electronic components
box, the onboard sensors placed outside the box, and the
structure used to fix them all. Each of these elements has been
individually weighted and their respective masses are listed
in Table III. Some of the elements are uncertain, since they
depend on the particular requirements of a given mission.

TABLE III: Yellowfish ASV mass distribution

Component Minimum Nominal Maximum Units
Metal bars - 2.31 - kg
Hulls - 16.12 - kg
Electronics box 3.10 3.56 4.30 kg
Onboard sensors 0.20 0.40 1.00 kg
Battery - 2.00 - kg

m 23.73 24.39 25.73 kg

2) Centre of gravity: The position of the centre of gravity
(CG) depends on the mass distribution of all the components
of the ASV. Finding the exact position is very difficult, so
two assumptions have been made:

Assumption 1. The mass of the hulls is uniformly
distributed in its volume.

Assumption 2. The mass of the electronics box, the
battery, the metal bars, and the onboard sensors is uniformly
distributed in the volume of the electronics box.

Under these assumptions, it is possible to conclude that the
CG is centred on the yb axis due to the symmetry of the ship
with respect to this axis.



Concerning the xb-axis component of the position of the
CG, it can be computed as follows [7]:

xg =
2xhullmhull + xboxmbox

2mhull +mbox
, (17)

where mhull and mbox are the masses of the hull and of
the aggregated electronics box, and xhull, xbox are the xb-axis
components of the positions of the centre of gravity of those
elements.

The origin of the body-fixed reference frame {b} is denoted
as CO. As a decision of the control designer, it has been
located at the physical position of the Navio2 controller, as
Fig. 7 illustrates.

Fig. 7: Body-fixed reference frame and centre of gravity of
the Yellowfish ASV

Finding xbox is trivial because of the parallelipede shape
of this component. In order to find xhull we have resorted to
a 3D-model in SolidWorks. The 3D-model and the centre of
gravity of one of the hulls is illustrated in Fig. 8.

Fig. 8: The centre of gravity of one of the hulls

To conclude this subsection, all the values used to locate
the centre of gravity of the vessel are presented in Table IV.

TABLE IV: Parameters of the centre of gravity of the ASV

Parameter Minimum Nominal Maximum Units
xhull - -22 - mm
mhull - 8.06 - kg
xbox -12 -15 -18 mm
mbox 7.61 8.27 9.61 kg
xg -18.7 -19.6 -20.5 mm

3) Inertia moment: As for the inertia moment about the zb
axis of the ASV, it was obtained by mathematical calculations
using the parallel axes theorem [7]:

Iz = Ibox + 2mhulld
2
g, (18)

where Ibox is the moment of inertia about the zb axis through
the centre of gravity of the electronic box and dG is the
distance between the parallel axes xh and xb, as illustrated
in Fig 9.

For Ibox, the mass inertia equation for rectangular plates is
used as indicated:

Ibox =
1

12
mbox

(
a2box + b2box

)
, (19)

being abox and bbox the dimensions of the electronic box.

Fig. 9: Reference frames of the vessel hulls

Table V includes the value of the different terms in (19)
and the obtained inertia moment of the ASV.

4) Added mass matrix: The general equations of motion
of a rigid body partially or totally submerged in a fluid have
been under study for many years. These equations contain
terms which, for convenience in the present discussion, are
referred to as added mass terms. Hydrodynamic added mass



TABLE V: Parameters of the inertia moment of the ASV

Parameter Minimum Nominal Maximum Units
abox - 0.50 - m
bbox - 0.52 - m
Ibox - 0.3586 - kg m2

dg 0.21 0.30 0.39 m

Iz 1.07 1.81 2.81 kg m2

Fig. 10: Buoyancy line of the ASV with semi-axes a and c

can be seen as a virtual mass added to a system because an
accelerating or decelerating body must displace some volume
of the surrounding fluid as it moves through it [1].

Thus, a body moving in the fluid behaves as though it has
more mass than is actually the case. The apparent increase
in mass varies with the type of motion and the apparent
distribution of the added mass also depends upon the nature
of the motion [8].

Several methods are presented in the literature to determine
the added mass. One of them, described in [8], [9], considers
that the hull is an ellipsoid completely submerged in water.
There are many arguments against using this approximation
for the Yellowfish ASV, such as the shape of the hulls
or their partial immersion. However, other methods require,
either a detailed fluid-mechanics simulation, or a full-equipped
laboratory to measure several magnitudes and later resort to
numerical identification. Because of this, the approximated
method described in [8], [9] is used as a first approach.

The equation of an ellipsoid, with elliptical cross sections in
all three planes of symmetry, when referred to principal axes
with the origin at the centre of the ellipsoid is:

x2e
a2

+
y2e
b2

+
z2e
c2

= 1, (20)

where a, b, and c are the length of the semi-axes. It is worth
mentioning that xe, ye, and ze are aligned with the rigid-body
axes xb, yb, and zb, but differ in the origin.

The semi-axes of the ellipsoidal approximation to the hull
of the Yellowfish ASV are shown in Fig. 10 and Fig. 11.

Assuming a frictionless fluid, the added mass matrix MA

for a submerged ellipsoid is given by the next parameters

Fig. 11: Buoyancy line of the ASV with semi-axis b

(see [8] for additional details):

Xu̇|ellip = − α0

2− α0

4

3
πρabc,

Yv̇|ellip = − β0
2− β0

4

3
πρabc,

Nṙ|ellip = −1

5

(a2 − b2)2(β0 − α0)

2(a2 − b2) + (a2 + b2)(α0 − β0)

4

3
πρabc,

Yṙ|ellip = Nv̇|ellip = 0,
(21)

where α0 and β0 are computed as follows [10]:

α0 = abc

∫ ∞
0

dλ

(a2 + λ)∆
,

β0 = abc

∫ ∞
0

dλ

(b2 + λ)∆
,

(22)

being
∆ =

√
(a2 + λ)(b2 + λ)(c2 + λ), (23)

where the use of a special system of orthogonal curvilinear
coordinates {λ, µ, ξ} is involved. Thus, xe, ye, and ze are
non-linear functions of these coordinates λ, µ, and ξ, such
that the surfaces defined by:

λ = constant, µ = constant, ξ = constant, (24)

are mutually orthogonal at their intersections (see [10] for
further details).

Adapting (21) for two ellipsoidal hulls, as would be the case
for the Yellowfish ASV hulls, and based on [11], the added
mass parameters are obtained:

Xu̇ = 2Xu̇|ellip,
Yv̇ = 2Yv̇|ellip,
Nṙ = Nṙ|ellip −mhully

2
m,

Yṙ = Nv̇ = 0,

(25)

where ym is the distance between the centres of gravity of
both hulls.

Table VI includes the particular values for all the parameters
needed to obtain the added mass matrix MA.



TABLE VI: Parameters of the added mass matrix of the ASV

Parameter Minimum Nominal Maximum Units
a 511 560 590 mm
b 105 127.5 135 mm
c 30 50 70 mm
α0 0.0345 0.0827 0.1011 -
β0 0.3433 0.6454 0.7668 -
ym - 0.675 - m
Xu̇ -2.15 -1.00 -0.27 kg
Yv̇ -22.59 -10.92 -3.59 kg
Nṙ -4.35 -3.95 -3.74 kg m2

Yṙ - 0 - kg m
Nv̇ - 0 - kg m

Fig. 12: Scheme of the actuation system. Each thruster is
controlled with a PWM signal, and it exerts a thrust T on
the ASV

B. Actuation system identification

This subsection aims to identify the actuation system of the
ASV. That is, deriving a model to relate control signals of the
onboard equipment, to the manipulable inputs of the kinematic
model of Section IV. Hence, we aim to obtain a model between
the control of the thrusters (voltage Vin and PWM signal δ),
and the force and moment exerted on the ASV (Fu and τr),
as sketched in Figure 12.

Attending to the catamaran construction of our ASV, control
forces and moment for the 3-DOF model (12) are given by:

Fu = TR + TL, (26a)
Fv = 0, (26b)

τr =
d

2
TL −

d

2
TR, (26c)

where d is the distance between the two propellers, and TL,
TR are the thrusts of left and right propeller, respectively.

Finding the exact value of the thrust of a propeller is a very
hard task, as the models are highly non-linear and they have
internal dynamics difficult to identify [12].

For this technical report, we have made used of the technical
details of the T200 thrusters from BlueRobotics, as represented
in Fig. 13. In that figure, several curves are drawn, relating the
PWM input value with the thrust, for different values of the
power voltage. It is, therefore, a static model.

For the sake of clarity, the PWM input signal δ, measured
in microseconds, is scaled to range [-1, 1], such that we handle
a shifted δ̃:

δ̃ =
δ

400
− 3.75.

The actuation system has a dead zone, such that no thrust
is exerted if δ̃r < δ̃ < δ̃f . We have experimentally identified
this dead zone, which is not the same as the mentioned in the
datasheet. The results are shown in Table VII.

TABLE VII: Experimental dead zone identification

Datasheet Experimental
δ̃f 0.08 0.0775
δ̃r -0.07 -0.0925

Then, two second-order approximations for the 10V
operating curve are found based on the datasheet: one
for the forward motion and another one for the reverse
motion. Note that the datasheet expresses the thrust in kgf,
being 1 kgf=9.807 N. This yields

Ti(N) =


14.35δ̃2 + 14.97δ̃ − 0.6218, δ̃ ≥ δ̃f

0, δ̃r < δ̃ < δ̃f
−12.8δ̃2 + 9.5δ̃ − 0.3595, δ̃ ≤ δ̃r,

(27)
where i ∈ L,R.

According to the proposed actuation model, the maximum
and minimum values for the force and torque can be obtained,
provided that d = 0.68 m. They have been included in
Table VIII.

TABLE VIII: Force and torque bounds

Parameter Minimum Maximum Units
Fu -45.32 57.40 N
τr -17.46 17.46 N m

VI. CONCLUSIONS AND FUTURE WORKS

This report gathers different sort of information required
to automatically control the Yellowfish ASV, a surface vessel
designed in Universidad Loyola Andalucı́a.

It covers transversal topics, such as, vessel equipment,
modelling or identification.

This report is, of course, a live document, as it will be
updated as new devices are installed, or better identification
models become available.

APPENDIX. RIGID-BODY PHYSICAL RELATIONS

As previously mentioned, the CO of the ASV is located
at the same physical position of the Navio2 controller that
contains the IMU. However, the GPS is positioned at O as
shown in Fig. 14, thus producing an offset by directly using the
positions logged by the GPS. Therefore a position adjustment
is made based on the equations described below.

Consider the planar vector
#    »

OP , where point O is the
location of the GPS antenna and P is the location of CO when
the rigid-body frame is aligned with the earth-fixed frame. In
particular:

#    »

OP =

[
dx
dy

]
, (28)

where, for the case of our ASV, these dimensions are:

dx = 0.2750 m,

dy = −0.2625 m.
(29)



Fig. 13: Propeller PWM-thrust datasheet curves

Fig. 14: Coordinate origin and vector
#    »

OP of the ASV

Then, having measured a GPS position at [xO yO]T , the
current planar position of the CO in the inertial earth-fixed
frame {n} is given by:

[
x
y

]
=

[
xO
yO

]
+R2

#    »

OP, (30)

being R2 the two-dimensional rotation matrix:

R2 =

[
cos(ψ) −sin(ψ)
sin(ψ) cos(ψ)

]
. (31)

Then, (30) can be rewritten as:[
x
y

]
=

[
xO
yO

]
+

[
cos(ψ) −sin(ψ)
sin(ψ) cos(ψ)

] [
dx
dy

]
, (32)

where [x y]
T is the planar position of the CO of the ASV

and [xO yO]
T is the planar position of O where the GPS is

located, both defined in the earth-fixed frame {n}.
Concerning the velocities, if the velocity at point O is

available, denoted VO = [VO,x VO,y]T , the velocity of CO,
with respect to the earth-fixed frame, VP = [VP,x VP,y]T ,
can be obtained as

VP = VO + rSR2
#    »

OP, (33)

being:

S =

[
0 −1
1 0

]
. (34)

Finally, the linear velocities are computed as stated below:[
u
v

]
= RT

2 VP , (35)

[
u
v

]
=

[
cos(ψ) sin(ψ)
−sin(ψ) cos(ψ)

] [
VP,x

VP,y

]
. (36)
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