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Abstract² This paper is concerned with the design and
implementation of a new concept of robot to clean the
underwater sections of ship hulls without using any magnetic
attachment. The use of this type of robots on a regular basis to
preserve a clean hull, usually when ships are in port or
anchored, will improve the efficiency of the ships and will
permit a reduction in the use of chemicals that are harmful to
the environment to prevent the growth of marine life on the
hull. The main contribution of the robot described in this paper
is that it is a completely novel design that through an
appropriate morphology solves the problems that arise when
moving along hulls, including changing planes, negotiating
appendices, portholes, corners, and other elements. It thus
provides a basis for completely autonomous operation. The
design and implementation of the robot is described and some
simulations and tests in real environments are presented.

I. INTRODUCTION
Hull cleaning is a very important operation in ship
maintenance. As time passes, ship hulls are invaded by
barnacles, algae and other marine life. This is what is usually
called biofouling and it leads to two perverse effects. On one
hand, it can end up reducing vessel speed by up to 10%, and
according to some statistics it may result in a 30% to 40%
fuel consumption increase in order to counter the drag these
organisms produce. To reduce or delay this effect, most ship
hulls are painted with different types of antifouling paints
that contain biocides in the form of different substances, such
as the now illegal Tributyltin (TBT). These paints and
biocides have been found to be contaminants with a strong
impact on marine life as the toxic paint disseminates copper
and other heavy metals into the underwater environment
affecting the organisms that live there.
Even when these antifouling substances are used, ships
need to undergo cleaning operations at regular intervals, both
for removing fouling that was not avoided by the paint and to
remove the paint itself (which has around a 5 year effective
lifespan) through blasting operations that produce large
amounts of toxic waste in addition to the very high cost of the
process. According to [1] the US navy spends over 500
million dollars annually to prevent and treat fouling.
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In the last few years, some authors, such as [1], [2] have
proposed robotic solutions to the fouling problem. The main
idea behind their contributions is that it is better to stop
marine life from colonizing ship hulls than to clean them
afterwards. As a consequence, they suggest that it would be
much better to continuously (or at least at frequent intervals)
clean the hull so that whatever marine life is there has no
chance to really fix itself and grow and is thus easy to clean.
For this option to be feasible, they propose using robots that
clean the ship hulls while they are in port (which in the case
of military ships is almost half of their operational life).
In this line, the US Office of Naval Research has
presented a ship hull grooming robot, called the Robotic Hull
Bio-inspired Underwater Grooming (HULL BUG) tool [1].
This robot attaches itself to the ship hull and proceeds on to
cleaning it much in the same way as current robotic vacuum
cleaners. It removes the marine biofilm and other marine
organisms before they get solidly attached. A series of
prototypes of the robot have been tested. However, as the
robot is wheeled (in a traditional four wheel configuration)
and fixed using suction as a single unit, it cannot go from one
surface to another or over fins or other hull appendices. It
basically avoids them and concentrates on the areas without
obstacles, leaving the rest for human cleaners.
The same approach is followed by researchers
participating in the HISMAR European project [2]. They
propose the concept of a robot that is magnetically fixed to
the hull and uses waterjets to clean the fouling. Its
morphology is a little different from [1@ DQG WKHUH GRHVQ¶W
seem to be a real implementation of the robot. However, it
seems to present the same drawbacks as the HULLBUG.
Finally, as far as we are aware, there is a commercial hull
cleaning robot produced by SONARBEAM [3], its SS100
model, which is very similar in concept to the previous two.
It is also magnetically attached to the hull and moves over it
using silicon wheels in a four-wheel configuration.
As indicated before, hull cleaning is a great concern in the
operation of most types of ships and there are many patents
and a lot of investment on developing new cleaning methods
and equipment, particularly robots. However, not much has
been published on this topic in the literature. Apart from a
few papers presented in conferences, we have found just one
published in a journal [4]. A few papers have been presented
in conferences related to the control of this type of robots. An
example is the one by Verners, & Sulcs [5]. In this paper a 6wheel wired remote controlled robot with permanentmagnetic adsorption and magnetic wheels is presented.
Summarizing, all of the robots that have been developed
for underwater hull cleaning are based on a wheeled
configuration that in most cases is magnetically attached to

position and orientation it may be placed. For that purpose, it
has been designed to achieve almost neutral buoyancy
avoiding preferential orientations.
The description of the robot is divided into the following
five sub-sections that reflect different aspects of its design.

Fig. 1. Robot architecture

A. Mechanical design
In order to have a device that can go over or around an
edge and change from one working plane to another of
different slope, the robot (Fig. 1) has two identical modules
capable of fixing individually to the surface. These two
modules are joined together by a rigid arm, articulated at its
ends. The details of the kinematics are shown in Fig. 2, which
depicts the six hinge joints of the robot (H1, H2, and H3).
Each module consists of two parts: a suction chamber and
an upper housing. They can rotate concentrically with respect
to each other (H1). The rotation is achieved by the action of a
DC gear motor which rotates at 500 rpm acting on a worm
gear with a 1:180 reduction. The advantage of using a worm
gear is that it enables a large reduction in one step while
blocking the relative rotation when the motor is not
operating.

Fig. 2. Robot hinges

the hull. This is fine for many ships that have metal hulls to
which these units can be fixed and that present few
appendices and obstructions to the motion of these robots.
The problem is that there are many ships that have
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present many appendices on these hulls, such as fins, full
keels and fin keels. In fact, smaller ships usually present a
ratio of these types of appendices to unobstructed areas that is
much higher than larger ships. Some other boats present
sudden changes in their surfaces, as is the case of flat or V
bottom ships. In these cases a more appropriate approach in
terms of the morphology must be sought and a different
attachment mechanism proposed.
This is the objective of the work presented here. We have
addressed the design of an underwater cleaning robot that
does not require magnetic attachment and that can operate
over irregular hulls with appendices, corners, and all types of
obstructions. This robot is principally, but not exclusively,
aimed at cleaning sailing and sport boat hulls. To this end we
propose a completely unconventional morphology and
actuation for the robot that is quite intelligent in terms of
being adapted to the environment in which it will operate and
that with a very low number of actuating elements is able to
cover all of the needs in this environment.
II. ROBOT DESIGN
The conceptual design of the robot has been carried out
bearing in mind that it must be effective when cleaning the
submerged surfaces of boat hulls of any material, whether
magnetic or non-magnetic. It has also been considered that
these surfaces can be flat or curved and may display sudden
changes in their orientation. The robot should be able to fix
itself and move over these surfaces overcoming any obstacles
present. It should also be able to move to a different working
surface by passing over the edges dividing both surfaces even
in cases presenting large slope changes, as in the case of full
or fin keels. The robot should also remain stable in whatever

The linking of the modules to the rigid arm is performed
on the housing of each module by means of a double
articulation that allows two different relative rotational
motions between the connecting arm and each of the
modules. The first one (H2) is a rotation in the plane
perpendicular to the base-plane of the module and coincident
with the geometric centers of each module. The other one
(H3) is a rotation around the axis of the arm. These degrees
of freedom allow the robot to adapt perfectly to the different
types of boat hull surfaces and, in addition, to overcome
sudden changes of plane or boat surfaces.
The rotation of the upper housing of a module that is
fixed to the hull surface transmits a translational motion to
the other module through the arm, forcing it to describe a
circular trajectory that is concentric to that of the first
module. Fixing and turning each module alternatively
achieves the displacement of the robot.
The main characteristics of the robot are shown in Table
I.
B. Attachment System
The robot must be able to attach itself to any magnetic or
non-magnetic surface. Consequently, we have opted for an
arrangement combining thruster forces and negative
differential pressure. Other options, such as the use of suction
cups or thrusters, have been discarded after performing
different tests and determining that they were less
appropriate. If we use suction cups, in case of an adhesion
failure, the robot would not be able to return to the surface it
was working on. In the case of using thrusters the adhesion
force of the module to the surface would be insufficient for
the same power. To achieve the necessary suction each
module has a DC geared motor connected to a propeller. This
propeller rotates at 500 rpm within the suction chamber
causing a pressure differential between the inside of the
suction chamber and the outside.

