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Fast Ship Electronic System for Seakeeping
Experimental Studies
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Abstract—In this paper, a new distributed electronic on-board
system for seakeeping studies is introduced. The system is based
on a controller area network bus (CANbus) and includes motion
sensors, actuators for submerged moving wings, an embedded
personal computer (PC), a miniaturized inertial unit, and a digital
radio link. This paper describes the system architecture and the
main system operations along seakeeping experimental studies
with a scaled ship. The on-board system can be applied to scaled
or real ships.

Index Terms—Control equipment, distributed control, field
buses, marine vehicle control, marine vehicle electronics.

I. INTRODUCTION

HEN a ship moves in the presence of ocean waves,

she experiments oscillatory accelerations. The vertical
component of these accelerations may cause seasickness, par-
ticularly if the frequency of oscillation is near 1 rad/s. [1].
Vertical accelerations are different across the ship. An ac-
celerometer near the bow will measure vertical accelerations
mainly due to pitch motions. Near the ship center of gravity
(CG), there are vertical accelerations due to heave motions.
Passengers at the ship sides will suffer vertical accelerations
in great part connected with roll motions. There are means to
alleviate the oscillatory ship motions in response to encountered
waves [2]-[4]. Along the study of our team [5], [6], several
moving actuators have been investigated. In particular, this
paper considers a fast ship that is able to surpass a speed of
40 knots, with actuators such as transom flaps, T-foil near the
bow, and lateral fins to smooth vertical accelerations (Fig. 1).
Such actuators must move in the most efficient way. Conse-
quently, there is a problem of control design to be solved,
combining experiments and theoretical methods. For this paper,
a scaled-down replica of the fast ship with actuators has been
built (Fig. 2). A distributed electronic on-board system has been
developed to cope with the experimental needs.

This paper focuses on the electronic on-board system. It
involves several technical and functional aspects, with peculiar-
ities associated with marine surface vehicles. The seakeeping
experiments require the ship to be able to execute some prede-
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Fig. 1. Location and motions of actuators in the fast ship. A T-foil near the
bow, lateral fins, and transom flaps.

Fig. 2. Scaled-down ship with actuators. (Top left) General view. (Top right)
T-foil. (Bottom left) Two waterjets. (Bottom right) Lateral fin.

fined trajectories and maneuvers. Consequently, the on-board
electronic system must control the ship heading and speed and
should provide self-localization capabilities for autonomous
maneuvering. To get seakeeping improvement, alleviating ver-
tical motions, the on-board system must adequately control
the motion of the actuators. Finally, the scientific information
of interest, about the six motions of the ship in response to
encountered waves, must be also measured and recorded by
the on-board system. The on-board system handles a set of
sensors, including a miniaturized inertial unit, several radio
control (R/C) servos, a digital radio link, and a memory card.

The on-board electronic system can be installed in many dif-
ferent ships, scaled or real, for experimental work or practical
application.

This paper is structured as follows. Section II provides a
description of the seakeeping experimental context, from which
the requirements for the electronic on-board system are derived.
Section III describes the on-board electronic system archi-
tecture. Section IV considers the system operation, including
experimental data processing and monitoring, and the ship
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using actuators such flaps, T-foil, and fins. This is better than
the traditional study of seakeeping performances using a towed
ship, because the autonomous ship has free motions.

The use of lateral fins for antiroll actions is a classic topic.
However, the use of T-foils and transom flaps for antipitch
actions is subject to study, for fast ships.

The system has several simultaneous real-time functions,
such as course and speed control, seakeeping improvement
action, ship motion data acquisition, self-location capabilities,
and motion monitoring from distance. Experimental confirma-
tion of the system working correctly has been achieved. The
measurements obtained with the on-board system have been
calibrated with respect to the CEHIPAR consolidated measure-
ment system that has been applied to our ship in previous
experimental studies [5].

An ESS has also been developed, with a digital radio link
with the scaled ship. This is used for experimental and data
analysis tasks. One of its functions is real-time ship behavior
monitoring.

The proposed distributed on-board electronic system inte-
grates different functions, such as data recording and monitor-
ing and course control and seakeeping improvement action, and
could be used in different types of ships.

Work in the near future will exploit the scaled autonomous
ship for systematic experiments in CEHIPAR and for open-air
maneuvering and seakeeping experiments.
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