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(57) Abstract: A method for automatically controlling the mooring maneuver of a boat with respect to an object, the boat being provided
with at least one distance sensor configured to detect the relative distance between the distance sensor and the object along a direction
inclined with respect to a reference axis of the boat by a set angle. The method comprises the steps of: detecting (801), by the distance
sensor, the relative distance between the distance sensor and the object along the direction inclined with respect to the reference axis of
the boat by a set angle; if the detected distance is greater than a set first reference value (R1): applying (802) to the boat, by one or more
actuators ot a plurality of actuators controlled by a data processing unit, a first force having a first direction from the boat to the object
at the position of the distance sensor along the direction inclined with respect to the reference axis of the boat by a set angle, the step of
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applying (801) comprising a step of modulating (802") the intensity of the first force as a function of the rate of change of the relative
distance between the distance sensor and the object so as to ensure that the boat moves along the direction, inclined with respect to the
reference axis of the boat by a set angle, at a speed having a constant value equal to a set reference value if the distance detected by
the distance sensor is smaller than a set second reference value: applying (803) to the boat, by one or more actuators of the plurality of
actuators controlled by the data processing unit, a second force having a second direction from the object to the boat at the position of
the distance sensor along the direction inclined with respect to the reference axis of the boat by a set angle, the step of applying (803) the
second force comprising a step of modulating (803") the intensity of the second force so it increases as the relative distance (d) between
the distance sensor (S1) and the object decreases if the distance detected by the distance sensor is greater than a set third reference value
(R3): applying (804) to the boat, by one or more actuators of the plurality of actuators controlled by the data processing unit, a third
force having a first direction from the boat towards the object at the position of the distance sensor along the direction inclined with
respect to the reference axis of the boat by a set angle, the step of applying (804) the third force comprising a step of modulating (804")
the intensity of the third force so that it increases as the relative distance between the distance sensor and the object increases.
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DESCRIPTION
“Method for automatically controlling the mooring maneuver of a boat

with respect to an object and related system”

Field of application

The present invention relates to the field of systems for
automatically controlling the movements of a boat on the horizontal plane
and in particular to a method for automatically controlling the mooring
maneuver of a boat with respect to an object and related system.

Technological background

It is known that some types of boats, such as for example offshore
platform support boats, are equipped with dynamic positioning systems for
automatically controlling the position with respect to land which have
evolved over time.

Indeed, the dynamic positioning systems were initially developed to
automatically hold the position and the heading of a ship while carrying out
particular operations (e.g. drilling the sea bed) in bad weather conditions by
means of feedback of the actuators according to the holding/heading error.

Typically, these dynamic positioning systems consist of. a satellite
sensor for the position reference, a gyroscopic sensor for the heading
reference, an anemometric sensor for the environmental reference, a set of
actuators capable of moving the ship freely on the water plane, an electronic
processor for feedback-controlling the actuators according to the data
received from the sensors.

The actuators are not strictly part of a dynamic positioning system

even though they form an enabling system for carrying out the control
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functions processed by the system itself.

The number, position and type of actuators may be arbitrary,
providing they are capable of independently supplying a longitudinal force, a
transverse force and a moment with respect to the vertical passing
amidship.

The dynamic positioning systems have then evolved, including
additional sensors such as, for example, distance/relative distance sensors
with respect to an external stationary or moving object of the hydro-acoustic
or electro-optical or microwave type, and more complicated automatic
control functions of the ship motions, such as for example: the capability to
keep a support boat at given distance with respect to the side of an offshore
platform indefinitely, also in bad weather conditions, without any manual
intervention by the operator and without needing to use mooring
ropes/fenders (“hold distance” function); the capability of advancing or
proceeding with backwards at a given speed, limiting the side swerving and
the rocking of the bow at the same time (“piloting” function); the capability of
moving sideways at a given speed, limiting the longitudinal movements and
the rocking of the bow at the same time (“crabbing” function).

It is known that approaching the mooring quay, for example in the
case of a large-size luxury yacht (also known as “Mega-Yacht” or “MY”) in a
very busy marina in unfavorable wind conditions, is a critical condition which
implies a high risk of collision into the quay or other vessels, and therefore
requires high seafaring experience and skills which are not always available
on boats of this type.

With this regard, the aforesaid dynamic positioning systems were



10

15

20

25

WO 2018/073731 PCT/IB2017/056425

later modified to support the approaching maneuver to the mooring quay of
a boat by means of appropriate combinations of the aforesaid automatic
“piloting”, “crabbing” and “hold distance” functions.

Nowadays, in a continual evolution of the dynamic positioning
systems, the need is strongly felt to be able to guarantee a mooring
maneuver of a boat which is as accurate and reliable as possible,
completely autonomous and safe, also in bad weather conditions (e.g. cross
winds of a given intensity) from the area chosen for starting the mooring
maneuver to the position for mooring on the quay.

It is the object of the present invention to devise and make available
a method for automatically controlling the mooring maneuver of a boat with
respect to an object which makes it possible to avoid at least partially the
drawbacks described above with reference to the known art and in particular
which can fulfill the aforesaid need as much as possible.

Such object is achieved by a method according to claim 1.

A system according to claim 16 is a further object of the present

invention.

Brief description of the figures

Further features and advantages of the method and system
according to the invention will be apparent from the following description of
preferred embodiments, given by way of indicative, non-limiting examples,
with reference to the accompanying figures, in which:

- figure 1 shows, by means of a functional block chart, an automatic
control system of the mooring maneuver of a boat with respect to an object,

according to an embodiment of the invention;
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- figure 2 diagrammatically shows a first example of boat with some
components of the system in figure 1;

- figure 3 diagrammatically shows a second example of boat with
some components of the system in figure 1;

- figure 4 diagrammatically shows the second example of boat in
figure 3 with further components of the system in figure 1;

- figures 5, 6 and 7 diagrammatically show a portion of a boat and an
obstacle during the different steps of the automatic control method of the
mooring maneuver of a boat with respect to an object, according to an
embodiment of the invention;

- figure 8 shows by means of a block chart an automatic control
system of the mooring maneuver of a boat with respect to an object,
according to an embodiment of the invention, and

- figures 9 and 10 show examples of implementation of the automatic
control system of the mooring maneuver of a boat with respect to an object,
according to an embodiment of the invention.

Detailed description

A system 100 for automatically controlling the mooring maneuver of
a boat with respect to an object, hereinafter also automatic control system
or simply system, according to an embodiment of the invention, will now be
described with reference to the figures.

It is worth noting that equal or similar elements in the figures will be
indicated by the same numeric and/or alphanumeric references.

With particular reference to any one of the figures 2-7, 9 and 10, it is

worth noting that the boat, indicated by reference numeral 200 in the
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figures, is adapted to perform the mooring maneuver on a respective
maneuver plane P1, corresponding to the water plane.

More in detail, the boat 200 has a first reference axis N1 (e.g. the
longitudinal axis, also indicated as axis “X”) passing through the boat center
and orientated afore, a second reference axis N2 (also indicated as axis “Y”)
passing through the boat center, orthogonal to the first axis N1 and oriented
astarboard, the first axis N1 and the second axis N2 lie on the maneuver
plane P1, a third reference axis N3 (also indicated as axis “Z”) passing
amidship and oriented downwards, orthogonal to the maneuver plane P1.

The object, indicated in the figures by reference numeral 201, with
respect to which the boat 200 is adapted to perform the mooring maneuver,
develops parallel to a respective reference axis A1 (indicated by a dashed
line in the figures) of the maneuver plane P1 of the boat 200.

For the purposes of the present invention, boat means any naval or
nautical vessel, of small size (up to 30 meters long) or of large size (up to 80
meters or longer), which requires a specific mooring semi-automatic,
automatic or manual maneuver, with respect to one or more objects
arranged on the maneuver plane P1.

“Object” means any object developing parallel to the first reference
axis A1 of the maneuver plane P1 of the boat 200, which the boat 200 must
approach during the mooring maneuver and once it is completed. Examples
of the object 201 may be the quay of a harbor, the side of another boat, the
stern of another boat, and so on.

With reference to figure 1, the system 100 comprises a data

processing unit 101, e.g. a microcontroller or a microprocessor.
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The system 100 further comprises a memory unit (not shown in the
figures), either inside or outside the data processing unit 101, configured to
store both program codes (control logics) which can be loaded and
executed by the data processing unit 101 to implement the method for
automatically controlling the mooring maneuver of a boat with respect to an
object, described below, and the data acquired and processed by the data
processing unit 101 during the implementation of the aforesaid method and
of any other automatic function the execution of which is performed by the
data processing unit 101.

The system 100 further comprises an operator control panel 102,
operatively connected to the data processing unit 101.

The control panel 102 is configured to allow an operator to impart
controls to the data processing unit 101 and, consequently to the
components of the system 100 operatively connected to them, as will be
described below.

With this regard, the control panel 102 preferably comprises a
plurality of physical controls, comprising, for example, a joystick type lever
with three degrees of freedom having a lever for the two horizontal degrees
of freedom, i.e. parallel to the maneuver plane P1 of the boat 200, and a
knob for the rotational third degree of freedom, i.e. vertical with respect to
the maneuver plane P1 of the boat 200, and a plurality of push buttons.

The control panel 102 further comprises a monitor, preferably
implementing touchscreen technology, to allow the operator to interact with
the data processing unit 101 and view the processed data.

Turning back to figure 1, the system 100 further comprises a



10

15

20

25

WO 2018/073731 PCT/IB2017/056425

plurality of distance sensors 103, each of which is operatively connected to
the data processing unit 101.

Now with reference to figures 5, 6 and 7, in which at least one
distance sensor indicated by reference S1 is shown, it is worth noting that
each distance sensor of said a plurality of distance sensors 103 is
configured to detect a relative distance d between the distance sensor S1
and the object 201 along a direction D1 inclined with respect to a reference
axis of the boat 200 by a set angle.

With this regard, it is worth noting that each distance sensor of said
plurality of distance sensors 103 is configured to transmit a respective
measuring signal along the direction D1 inclined with respect to the
reference axis of the boat 200 by a set angle.

It is worth noting that in the case of a distance sensor arranged
afore or astern, the reference axis is the first reference axis N1 of the boat
200 (also indicated as axis “X”), while in the case of a distance sensor
arranged on the left or starboard, the reference axis of the boat 200 is the
second reference axis N2 (also indicated as axis “Y”).

Each distance sensor of the plurality of distance sensors 103 is
preferably of the Radar type or other equivalent technology capable of
ensuring a measuring range having as lower limit not less than 1 meter and
as upper limit at least 100 meters for small-sized boats and at least 300
meters for large-size boats, with a measuring accuracy lower than 0.1
meters in the case of stationary objects or obstacles (e.g. the quay of a
harbor or a moored boat).

With regards to the distribution of the plurality of distance sensors
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103, the system 100 is modular because advantageously such distribution
may freely vary in number and position along the outer perimeter of the hull
of the boat 200 providing that an adequate covering of the sides of the boat
200 concerned by the mooring to the quay is ensured.

With reference to the example in figure 2, in the case of a small-
sized boat 200, the plurality of distance sensors 103 preferably comprises
four distance sensors: a first distance sensor S1 arranged afore, in the
center of the boat 200; the sensor distance sensor S2 arranged astern, in
the center of the boat 200; a third distance sensor S3 arranged on the
starboard side of the boat 200, at the middle line; a fourth distance sensor
S4 arranged on the left side of the boat 200, at the middle line.

With reference to the example in figure 3, in the case of a large-
sized boat 200, the plurality of distance sensors 103 preferably comprises
seven distance sensors: a first distance sensor S1 arranged afore, on the
center of the boat 200; a second distance sensor S2 and a third distance
sensor S3 located astern, respectively on the starboard and left side of the
boat 200; a fourth distance sensor S4 and a fifth distance sensor S5
arranged on the right side of the boat 200, afore and astern respectively; a
sixth distance sensor S6 and a seventh distance sensor S7 arranged on the
left side of the boat, afore and astern respectively.

According to an embodiment, each distance sensor of the plurality
of distance sensors 103 is removable and provided with an appropriate
mechanical system for coupling outside the hull and adjusting the height / tilt
to ensure the adequate covering of the environment surrounding the boat

200.
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According to another embodiment, alternative to the one above,
each distance sensor of the plurality of distance sensors 103 is fixed and
integrated in the exterior plating of the hull of the boat 200 at a set height
with respect to the water level to avoid interferences with the wave surface
and guarantee a sufficient margin for the floating variations of the boat 200.

Turning back in general to the system 100 of the embodiment in
figure 1, the system 100 further comprises a plurality of actuators 104, each
of which is operatively connected to the data processing unit 101.

An actuator of said plurality of actuators 104 is configured to apply
one or more forces, the force being applied in a force application point
corresponding to a position of a sensor S1 of said plurality of sensors 103,
the force being applied along a force application direction corresponding to
the direction D1 inclined with respect to the reference axis N1 (or N2) of the
boat 200, indicated also as axis “X” (or as axis “Y”) of a set angle, in order to
move the boat 200.

Examples of actuators are an in-line stern thruster, a rudder, a
maneuver thruster, and so on.

With regards to the configuration and the distribution of the plurality
of actuators 104 on the boat 200, the system 100 is compatible with any
configuration of actuators, i.e. without distinction of number, type and
collocation, providing they can satisfy the same requirements posed for the
dynamic positioning systems, i.e. providing the configuration of the
actuators is capable of independently generating a given longitudinal force,
a given transverse force and a given moment with respect to a vertical

reference axis (not shown in the figures) passing through the center of the
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boat and orthogonal with respect to the maneuver plane P1.

In this manner, the system 100 can advantageously control the
longitudinal motion, the transverse motion and the direction of the bow of
the boat 200 in independent manner.

With reference to the example in figure 4, typical for many large-size
boats, the plurality of actuators 104 of the system 100 is distributed
according to a set configuration which comprises: a first in-line stern thruster
E1 and a second in-line stern thruster E2 arranged, respectively, on the left
and starboard side of the boat 200, for the main propulsion forwards and
backwards; a first rudder T1 and a second rudder T2, arranged respectively
behind the first stern thruster E1 and the second stern thruster E2, for the
main control of the bow of the boat 200; a bow thruster E3, for supporting
the control of the bow of the boat 200 in case of slow advancement speeds.

According to a further embodiment, shown in figure 1, the system
100 further comprises a direction reference sensor 105 of the boat 200 with
respect to the first reference axis N1, the second reference axis N2
(belonging to the maneuver plane P1) and to the third reference axis N3
(orthogonal to the maneuver plane P1), operatively connected to the data
processing unit 101.

An example of a three-axis direction reference sensor 105 is a
triaxial gyroscope sensor.

It is worth noting that the at least one direction reference sensor 105
of the boat 200 is configured to detect, along the first reference axis N1, the
angular rolling motion, along the second reference axis N2, the angular

pitch motion, along the third reference axis N3, the angular motion of the

10
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bow.

According to a further embodiment shown in figure 1, the system
100 further comprises a position reference sensor 106 of the boat 200 on
the maneuver plane P1, operatively connected to the data processing unit
101.

An example of position reference sensor 106 on the maneuver
plane P1 is a DGPS type sensor (standing for “Differential Global
Positioning System”) for measuring the position of the boat on a XY plane
(e.g. the maneuver plane P1) with respect to land.

According to a further embodiment shown in figure 1, the system
100 further comprises at least one environmental reference anemometric
type sensor 107, operatively connected to the data processing unit 101.

An example of environment reference sensor 107 is a 2D
ultrasound sensor for detecting speed and direction of the wind striking the
boat 200, with respect to the maneuver plane P1 and to the first reference
axis N1 of the boat 200.

Furthermore, according to a further embodiment, shown in figure 1,
the system 100 comprises a video unit 108, operatively connected to the
data processing unit 101, configured to acquire a 360° view of the
environment surrounding the boat 200.

Examples of video units 108 are one or more cameras mounted on
one or more masts of the boat 200 or an aerial drone provided with
orientable camera.

Turning back in general to the system 100 in figure 1, it is worth

noting that the data processing unit 101 is configured to carry out the steps

11



10

15

20

25

WO 2018/073731 PCT/IB2017/056425

of the method for automatically controlling the mooring maneuver of a boat
200 with respect to the object 201, which will be described below.

A method 800, as indicated in figure 8, for automatically controlling
the mooring maneuver of a boat 200 with respect to an object 201,
hereinafter also automatic control method or simply method, will now be
described with reference now to figures 5, 6, 7 and 8.

As previously mentioned, the object 201 develops parallel to a first
reference axis A1 of a maneuver plane P1, e.g. the water plane. The boat
200 is provided with at least one first distance sensor S1 (of the plurality of
distance sensors 103) configured to detect the relative distance d between
the first sensor S1 and the object 201 along a direction D1 inclined with
respect to a reference axis (N1 or N2, as explained above) of the boat 200
by a set angle.

The method 800 comprises a symbolic step of starting ST (figure 8).

The method 800 further comprises a step of detecting 801, by the
first sensor S1, the relative distance d between the first sensor S1 and the
object 201 along the direction D1 inclined with respect to the reference axis
of the boat 200 by a set angle (figures 5, 6, 7 and 8).

With reference now in particular to figures 5 and 8, if the detected
distance d is greater than a set first reference value R1 (figure 8), the
method 800 comprises a step of applying 802 (figure 8) to the boat 200, by
one or more actuators of the plurality of actuators 104 controlled by the data
processing unit 101, a first force F1 having a first direction v1 from the boat
200 to the object 201 at the position of the first sensor S1 along the direction

D1 inclined with respect to the reference axis (N1 or N2) of the boat 200 by

12
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a set angle (figure 5).

It is worth noting that the set first reference value R1 is preferably
defined in advance by the operator according to the mooring maneuver and
the safety margins set for the type of boat 200.

Examples of the set first reference value R1 are comprised in the 1
meter - 5 meters range.

The step of applying 802 comprises a step of modulating 802’ the
intensity of the first force F1 as a function of the rate of variation of the
relative distance d between the first sensor S1 and the object 201 so as to
guarantee that the boat 200 can move along direction D1, inclined with
respect to the reference axis (N1 or N2) of the boat 200 by a set angle, with
a speed having a constant value equal to a set reference value VREF.

It is worth noting that the set reference value VREF is preferably set
in advance by the operator according to the mooring maneuver and the
safety margins set for the type of boat 200.

Examples of the set reference value VREF are comprised in the O
meters per second - 1 meter per second range.

In other words, the step of applying 802 the first force F1 described
above makes it possible to simulate on the boat 200 the action of a winch
rope, meaning with this expression a component capable of applying a
traction force (the first force F1), applied at the position of the distance
sensor S1, directed along direction D1 (along which the distance sensor S1
transmits the respective measuring signal), modulated in intensity with
respect to the variation rate of the relative distance detected between

distance sensor S1 and the external object 201 identified by it, so as to keep

13



10

15

20

25

WO 2018/073731 PCT/IB2017/056425

the speed of the boat 200 at a constant value equal to a set reference value
VREF, along direction D1, precisely as under the bias of a winch rope.

According to an embodiment, the step of applying 802 the first force
F1 (simulating a winch rope) is achieved by simulating a virtual
hydrodynamic system which can be represented by the following formula:

Fi1=—K¥ (d - VREF)—K¥ [ _{d—VREF)dt 1)
wherein:

F1: first force;

d: variation rate of the relative distance d between the first distance
sensor S1 and the object 201 along the direction D1 inclined with respect to
the reference axis (N1 or N2) of the boat 200 by a set angle;

VREF: set reference value of the speed of the boat 200;

KX derivative constant (“D”) of the gain (“K”) of the feedback law of
the winch rope element (indicated with the symbol “W”);

K;": integrative constant (“I’) of the gain (“K”) of the feedback law of
the winch rope element (indicated with the symbol “W”);

T: time constant, set by the control law according to the dynamic
features of the boat 200, for applying the integrative gain ;¥ (“W").

It is worth noting that the step of applying 802 the first force F1 is
activated/deactivated automatically in the moment in which the relative
distance d detected by the first sensor S1 is respectively higher/lower than
the first reference value R1.

With reference now in particular to figures 6 and 8, if the distance d
detected by the first sensor S1 is lower than a set second reference value

R2 (figure 8), the method 800 further comprises a step of applying 803 to

14
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the boat 200, by one or more actuators of the plurality of actuators 104
controlled by the data processing unit 101, a second force F2 having a
second direction v2 of the object 201 towards the boat 200 at the position of
the first sensor S1 along the direction D1 inclined with respect to the
reference axis (N1 or N2) by a set angle (figure 6).

The step of applying 803 the second force F2 comprises a step of
modulating 803’ the intensity of the second force F2 so that it increases as
the relative distance d between the first sensor S1 and the object 201
decreases.

In other words, the step of applying 803 the second force F2
described above makes it possible to simulate on the boat 200 the action of
a mooring fender, meaning with this expression a component capable of
applying a repulsive force (the second force F2), applied at the first distance
sensor S1, directed along direction D1 (along which the distance sensor S1
transmits the respective measuring signal), modulated in intensity so that it
increases as the relative distance d between the first distance sensor S1
and the external object 201 identified by it decreases.

According to an embodiment, the step of applying 803 the second
force F2 (simulating the action of a mooring fender) is made by simulating a
virtual mechanical system comprising an elastic element (spring) and a
damper which can be represented by the following formula:

F2=-KEF-d— K} (d—R2) 2)
wherein:

F2: second force;

d: relative distance between the first distance sensor S1 and the

15
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object 201 along the direction D1 inclined with respect to the reference axis
(N1 or N2) of the boat 200 by a set angle;

d: variation rate of the relative distance between the first distance
sensor S1 and the object 201 along the direction D1 inclined with respect to
the reference axis (N1 or N2) of the boat 200 by a set angle;

KX derivative constant (“D”) of the gain (“K”) of the feedback law of
the mooring fender element (indicated with the symbol “F”);

KF: proportional constant (“P”) of the gain (“K”) of the feedback law
of the mooring fender element (“F”);

R2: set second reference value.

It is worth noting that the step of applying 803 the second force F2
is activated/deactivated automatically when the relative distance d is
respectively higher/lower than the second reference value R2.

In an embodiment, the set reference value R2 is equal to the first
set reference value R1.

In a further embodiment, alternative to the previous one, the set
second reference value R2 is different from the first set reference value R1.

In this case, examples of the set second reference value R2 are
comprised in the 1 meter - 5 meters range.

It is worth noting that the step of applying 803 the second force F2
is defined automatically when the variation rate ¢ of the relative distance d
between the first distance sensor S1 and the object 201 corresponds to an
increase.

With reference now in particular to figures 7 and 8, if the distance d

detected by the first sensor S1 is higher than a set third reference value R3,

le
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the method 800 further comprises a step of applying 804 to the boat 200, by
one or more actuators of the plurality of actuators 104 controlled by the data
processing unit 101, a third force F3 having a first direction v1 of the boat
200 towards the object 201 at the position of the first sensor S1 along the
direction D1 inclined with respect to the reference axis (N1 or N2) by a set
angle (figure 7).

The step of applying 804 the third force F3 comprises a step of
modulating 804’ the intensity of the third force F3 so that it increases as the
relative distance d between the first sensor S1 and the object 201
increases.

According to an embodiment, the step of applying 804 the third
force F3 (action of a mooring fender) is made by simulating a virtual system
comprising an elastic element (spring) and a damper, which can be
represented by the following formula:

F3=—K} -d—KJ (d—R3)
wherein:

F3: third force;

d: relative distance between the first sensor S1 and the object along
the direction D1 inclined with respect to the reference axis (N1 or N2) by a
set angle;

d: variation rate of the relative distance d between the first distance
sensor S1 and the object 201 along the direction D1 inclined with respect to
the reference axis (N1 or N2) by a set angle;

K3 derivative constant (‘D) of the gain (“K”) of the feedback law of

the mooring rope element (also named “Spring” and indicated with the
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symbol “S”).

K%: proportional constant (“P”) of the gain (“K”) of the feedback law
of the mooring rope element (“S”);

R3: set third reference value.

It is worth noting that that the step of applying 804 the third force F3
is automatically activated/deactivated if the detected relative distance d is
respectively higher/lower than the set third reference value R3 preset by the
operator according to the mooring maneuver and the safety margins set for
the type of boat 200.

It is worth noting that the set third reference value R3 is preferably
set in advance by the operator according to the mooring maneuver and the
safety margins set for the type of boat 200.

In an embodiment, the set reference value R3 is equal to the third
set reference value R2.

In a further embodiment, alternative to the previous one, the set
third reference value R3 is different from the second set reference value R2.

In this case, examples of the set second reference value R3 are
comprised in the 1 meter - 5 meters range.

According to an embodiment, shown by dashed lines in figure 8, if
the step of applying 802 the first force F1 is being carried out, the method
800 further comprises a step of interrupting 805, by one or more actuators
of the plurality of actuators 104 controlled by the data processing unit 101,
the step of applying 804 the third force F3.

This is due to the fact that the step of applying 804 the third force F3

(simulating a mooring rope) and the step of applying 802 the first force F1
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(simulating a winch rope) are mutually exclusive for the same distance
sensor S1.

According to a further embodiment, shown by dashed lines in figure
8, either alternatively or in combination with those above, if the step of
applying 804 the third force F3 is being carried out, the method further
comprises a step of interrupting 806, by one or more actuators of the
plurality of actuators 104 controlled by the data processing unit 101, the
step of applying 802 the first force F1.

This is due to the fact that the step of applying 804 the third force F3
(simulating a mooring rope) and the step of applying 802 the first force F1
are mutually exclusive for the distance sensor S1 itself.

According to an embodiment, the step of applying 803 the second
force F2 is carried out, by one or more actuators controlled by the data
processing unit, at the same time as the step of applying 802 the first force
F1.

This is due to the fact that the step of applying 803 the second force
F2 (simulating a mooring fender) may be shared by the same distance
sensor S1 with the step of applying 802 the first force F1 (simulating a winch
rope).

According to a further embodiment, the step of applying 803 the
second force F2 is carried out, by one or more actuators of the plurality of
actuators 104 controlled by the data processing unit 101, at the same time
as the step of applying 804 the third force F3.

This is due to the fact that the step of applying 803 the second force

F2 (simulating a mooring fender) may be shared by the same distance
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sensor S1 with the step of applying 804 the third force F3 (simulating a
mooring rope).

According to an embodiment, in combination with any of those
described above, shown in figure 8 by a dashed line, the method 800
comprises a step of setting 807, by an operator by means of the use of a
control panel 102 operatively connected to the data processing unit 101, the
step of applying 802 the first force F1, the step of applying 803 the second
force F2 and the step of applying 804 the third force F3 before starting the
mooring maneuver of the boat 200.

Indeed, according to the type of mooring maneuver chosen for the
boat 200 and of the configuration of the plurality of actuators 104 available
onboard, the step of applying 802 the first force F1 (simulating a winch
rope), the step of applying 803 the second force F3 (simulating a mooring
fender) and the step of applying the third force F3 (simulating a winch rope)
may be assigned by the operator to each distance sensor of the plurality of
distance sensors 103 distributed on the boat 200, before starting the
mooring maneuver of the boat 200, either alternatively or in combination.

In greater detall, it is worth noting that the automatic performance of
the mooring maneuver of the boat 200 with respect to an obstacle 201 may
be started by the operator by means of the control panel 102 of the system
100, once the boat 200 has been stabilized in the arrangement (bow) and
area (position) defined by the operator him or herself according to the
envisaged mooring scenario.

It is worth noting that that such stabilization is achieved by means of

the “hold heading”/ “hold position” functions implemented by the system 100
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by the data processing unit 101.

With reference for example to figure 9, for a stern mooring
maneuver, by means of the “hold heading” / “hold position” functions, the
boat 200 is stabilized in the arrangement so that the first reference axis N1
of the boat 200 is preferably orthogonal to the first reference axis A1 of the
obstacle 201 representative of the mooring quay and in the position so as to
be arranged at the end of the mooring maneuver, between a second boat
202 and a third boat 203 already moored with the respective longitudinal
axis (N1T’and N17) orthogonal to the first reference axis A1 of the object 201.

It is worth noting that the distance sensor arranged astern, i.e. the
second distance sensor S2 and the third distance sensor S3, may be
considered equal to the distance sensor S1 described with reference to the
figures 5, 6 and 7. In this case, the first reference axis A1 is always the one
along which the object 201, i.e. the mooring quay, develops.

With regards to each distance sensor arranged astarboard of the
boat 200, i.e. the fourth distance sensor S4 and the fifth distance sensor S5,
may be always considered equal to the distance sensor S1 described with
reference to figures 5, 6 and 7, with the difference that the first reference
axis is that one along which the left side of the third boat 203, indicated by
reference A3, develops.

With regards to each distance sensor arranged to the left of the boat
200, i.e. the sixth distance sensor S6 and the seventh distance sensor S7,
may be always considered equal to the distance sensor S1 described with
reference to figures 5, 6 and 7, with the difference that the first reference

axis is that one which develops along the starboard side of the second boat
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202, indicated by reference A2.

As previously mentioned, once the arrangement and position of the
boat 200 have been stabilized, the operator sets, for each distance sensor
of the plurality of distance sensors 103 with which the boat 200 is provided,
one of the steps of applying 802, 803, 804, respectively the first force F1,
the second force F2 and the third force F3, either alternatively or in
combination.

In the example in figure 9, in the case of a stern longitudinal
mooring maneuver to a quay for a boat 200 having a configuration of the
plurality of actuators 104 as shown in the embodiment shown in figure 4, a
possible initial setting by the operator by means of the control panel 102,
may be the following:

- the fourth distance sensor S4, the fifth distance sensor S5, the sixth
distance sensor S6, the seventh distance sensor S7 are initially set to
simulate the function of a mooring fender. Once the simulation of the
mooring fender is activated by the aforesaid distance sensors (according to
the exceeding of the relative distance d detected by each distance sensor of
the set reference value), such distance sensors S4, S5, S6 and S7 are
automatically activated also for the possibility of simulating the function of a
mooring rope so as to stabilize the boat 200 in the set mooring slot;

- the second distance sensor S2 and the third distance sensor S3 are
initially set to simulate the function of a winch rope and the function of a
mooring fender. Once the simulation of the function of a mooring fender, by
the aforesaid distance sensors (S2 and S3) is activated and/or of the

simulation of the function of a winch rope is deactivated (according to the
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comparison of the relative distance d detected by each distance sensor with
respect to the set reference value), such distance sensors S2 and S3 are
automatically activated also for the possibility of simulating the function of a
mooring rope so as to stabilize the boat in the set mooring slot.

In the example in figure 10, in the case of a left side mooring
maneuver to a quay for a boat 200 having a configuration of the plurality of
actuators 104 as in the embodiment shown in figure 4, a possible initial
setting by the operator by means of the control panel 102, may be the
following:

- the first distance sensor S1, the second distance sensor S2 and the
third distance sensor S3 are initially set to simulate the function of a mooring
fender and the function of a mooring rope. Indeed, once the simulation of
the mooring fender is activated by the aforesaid distance sensors
(according to the comparison of the relative distance d detected by each
distance sensor of the set reference value), such distance sensors S1, S2
and S3 are automatically activated also for the possibility of simulating the
function of a mooring rope so as to stabilize the boat 200 in the preassigned
mooring slot;

- the sixth distance sensor S6 and the seventh distance sensor S7
are initially set to simulate the function of a winch rope and the function of a
mooring fender. Once the simulation of the function of a mooring fender, by
the aforesaid distance sensors (S6 and S7) is activated and/or of the
simulation of the function of a winch rope is deactivated (according to the
comparison of the relative distance d detected by each distance sensor with

respect to the set reference value), such distance sensors are automatically
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activated also for the possibility of simulating the function of a mooring rope,
S0 as to stabilize the boat in the preassigned mooring slot.

According to an embodiment, either alternatively or in combination
with any of those described above, shown by dashed lines in figure 8, the
method 800 comprises a further step of setting 808, by an operator by
means of the use of a control panel 102 operatively connected to the data
processing unit 101, the step of applying 802 the first force F1, the step of
applying 803 the second force F2 and the step of applying 804 the third
force F3 at any time during the mooring maneuver of the boat 200.

Indeed, according to the chosen type of mooring maneuver and of
the configuration of the plurality of actuators 104 available aboard the boat,
the step of applying 802 the first force F1 (simulating a winch rope), the step
of applying 803 the second force F2 (simulating a mooring fender) and the
step of applying 804 the third force F3 (simulating a winch rope) may be
assigned by the operator to each distance sensor of the plurality of distance
sensors 103 distributed on the boat 200, at any time during the mooring
maneuver of the boat 200.

According to an embodiment, either alternatively or in combination
with any of those described above, shown by dashed lines in figure 8, the
method 800 comprises a further step of interrupting 809, by an operator
through the use of a control panel 102 operatively connected to the data
processing unit 101, the step of applying 802 the first force F1, the step of
applying 803 the second force F2 and the step of applying 804 the third
force F3 during the mooring maneuver of the boat 200.

It is worth noting that that in an embodiment, the step of interrupting
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809 is preferably performed by the operator by pressing a STOP button
present on the control panel 102.

This advantageously allows the operator to interrupt the automatic
mooring maneuver and to immediately resume manual controls of the single
actuators of the boat 200.

According to an embodiment, either alternatively or in combination
with any of those described above, shown by dashed lines in figure 8, the
method 800 comprises a further step of temporarily disabling 810, by an
operator through the use of a control panel 102 operatively connected to the
data processing unit 101, the step of applying 803 the second force F2,
during the mooring maneuver of the boat 200 to allow a manual control of
the boat 200.

Indeed, the operator by appropriately acting on the control panel
102, may intervene at any moment on the automatic execution of the
mooring maneuver, by temporarily disabling the simulations of the function
of a previously activated mooring fender and immediately take manual
control of the bow of the boat 200.

In an embodiment, the step of disabling 810 is achieved by the
operator by acting on the knob of the joystick included in the control panel
102.

It is worth noting that the previously disabled simulations of the
function of a mooring fender will be automatically re-enabled when the knob
of the joystick is released.

According to an embodiment, either alternatively or in combination

with any of those described above, shown by dashed lines in figure 8, the
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method 800 comprises a further step of temporarily disabling 811, by an
operator by means of the use of a control panel 102 operatively connected
to the data processing unit 101, the step of applying 802 the first force F1
and the step of applying 804 the third force F3 during the mooring maneuver
of the boat 200 to allow a manual control of the boat 200.

Indeed, the operator, by appropriately acting on the control panel
102, may intervene at any moment on the automatic execution of the
mooring maneuver, by temporarily disabling the simulations of the function
of a winch rope and of the function of a mooring rope already activated and
to immediately take manual control of the longitudinal/transverse
movements of the boat 200, acting preferably on the lever of the joystick
included in the control panel 102.

It is worth noting that by returning the lever of the joystick to zero,
the simulations of the function of a winch rope and of the function of a
mooring rope, previously disabled, will be re-enabled automatically.

It is worth noting that according to an embodiment, during the entire
mooring maneuver, also in the case in which the simulations of the function
of a winch rope, of the function of a mooring rope and of the function of a
mooring fender are not activated, the data detected by the distance sensors
will be in all cases continuously processed, by the data processing unit 101,
so as to provide indications/alarms to the operator synchronized with an
optical reference of the video unit 108, described above.

According to a further embodiment, not shown in the figure 8, the
method 800 comprises the steps of:

- detecting, by an anemometric type sensor 107 operatively
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connected to the data processing unit 101, speed and directionof the wind
on the maneuver plane P1 with respect to the first reference axis N1;

- determining, by the data processing unit 101, a triad of aerodynamic
forces and moment on the maneuver plane P1 based on the speed and
direction of the wind detected by the anemometric type sensor 107,

- applying, by one or more actuators of the plurality of actuators 104
controlled by the data processing unit 101, the triad of aerodynamic forces
and moment at the first sensor S1 (figures 5, 6, 7) in addition, by means of a
feed-forward action, to one or more of the first force F1, the second force F2
and the third force F3.

This advantageously makes it possible to automatically compensate
for the wind disturbance action during the automatic/semi-automatic
mooring maneuver according to the data detected by the anemometric type
sensor 107 in terms of speed and direction of the wind striking on the boat
200.

As mentioned above, the relative speed and direction of the wind,
measured in real time by the anemometric type sensor 107, are
transformed, by the data processing unit 101, into a triad of forces and
moment on the maneuver plane P1 by means of an appropriate whole of
aerodynamic coefficients, according to the formula shown below:

; 1 . 4172
Fy = EPAAFCX{}"RN’R

1 72
Fy = 2 Pads Oy (yrIVy

. 1 ~ - 2
My = 2 palr L Culyr)Vy
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wherein:

Fy. force applied by the wind along the first reference axis N1
(longitudinal axis) of the boat 200;

F,. force applied by the wind along the second reference axis N2
(transverse axis) of the boat 200;

M. moment applied by the wind with respect to the third reference
axis N3 (vertical axis) passing through the center of the boat 200;

€. aerodynamic coefficient associated with Fy;

;. aerodynamic coefficient associated with F;

Cy. aerodynamic coefficient associated with #;

4. air density;

A front area of the boat 200 emerged from the water;

4; . longitudinal area of the boat 200 emerged from the water,

L. length of the boat 200;

¥g. Incidence wind direction with respect to the bow of the boat 200;

¥z : relative wind speed with respect to the boat 200 (coinciding with
the absolute speed in the case of stationary boat 200).

Such aerodynamic forces are thus added, by means of the feed-
forward action, in independent manner before being allocated on the
different actuators of the boat 200.

According to a further embodiment, the method 800 further
comprises a step of faithfully reproducing the mooring maneuver of the boat
200, by the processing unit 101 on the basis of a dynamic simulation
method, taking the effect of the wind disturbance into account.

According to a further embodiment, the method 800 further
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comprises, in an off-line operation mode, a step of simulating, by the
operator by means of the dynamic simulation model and the physical
controls of the control panel 102, the mooring maneuver in the actual
environmental conditions.

In the off-line operating mode, the data processing unit 101 of the
system 100 is configured to communicate with an electronic processor
which hosts the dynamic simulation model.

In this mode, the controls imparted by the operator by means of the
control panel 102, are provided to and supplied by the dynamic simulation
model and not by the on-board components (sensors and actuators) of the
boat 200. The results of the simulation are advantageously viewed on a
digital map to support the operator in setting the mooring maneuver and
evaluating the risk level of the maneuver itself.

According to a further embodiment, not shown in the figures, the
method 800 comprises a step of calculating, by the data processing unit
101, a triad of resultant global forces and moment on the boat 200 of the
resultant of the action of each of said first force F1, second force F2 and
third force F3, for a plurality of distance sensors entirely similar to the first
sensor S1.

Such global forces on the maneuver plane P1 and moment can be

represented by the following formula:
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CFSW FsW
My = E R P

i=1
wherein:

Fy. resultant of the forces required by the system simulating
mooring fender (“F”), mooring ropes (“S”) and winch ropes (“W”) along the
first reference axis N1 (longitudinal axis) of the boat 200;

F,.. resultant of the forces required by the system simulating
mooring fender (“F”), mooring ropes (“S”) and winch ropes (“W”) along the
second reference axis N2 (transverse axis) of the boat 200;

M-. resultant moment of the forces required by the system
simulating mooring fender (“F”), mooring ropes (“S”) and winch ropes (“W”)
with respect to the third reference axis N3 (vertical) passing through the
center of the boat 200;

X% force required by the i-th distance sensor along the first
reference axis N1 (longitudinal axis) of the boat 200;

Y% force required by the i-th distance sensor along the second
reference axis N2 (transverse axis) of the boat 200;

x;. longitudinal position of the i-th distance sensor with respect to
the center of the boat 200 (positive forwards);

y;. transverse position of the i-th distance sensor with respect to the
longitudinal axis of the boat (positive astarboard);

N: total number of distance sensors installed on the boat 200.

According to an embodiment, the method 800 further comprises a

step of automatically applying, by the data processing unit 101, a digital filter
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of the low-pass filter or equivalent type to the global force triad and moment
so as to remove the high-frequency disturbances possibly present in the
feedback signal of the distance sensors following the oscillatory motion of
the boat 200.

According to a further embodiment, the method 800 further
comprises a step of allocating, by the data processing unit 101, downstream
of the “pass-low” filter, the global forces on the actuators of the plurality of
actuators 104 currently available on the basis of a force allocation logic.

According to a further embodiment, in combination with the above,
the method 800 comprises a step of providing, by the data processing unit
101, controls to the single actuators so as to provide the force required by
the force allocation logic on the basis of a thrust allocation logic.

The aforesaid force allocation and thrust allocation logics used to
automatically distribute on the single actuators the forces which simulate the
function of a mooring rope, as a function of a winch rope and the function of
a mooring fender, are also used by the data processing unit 101 for the
integrated control of the single actuators according to the manual controls
applied by the operator by means of the actuation on the knob and on the
lever of the joystick included in the control panel 102.

According to a further embodiment, either alternatively or in
combination with those described above, one or more distance sensors of
the plurality of distance sensors 103 may be used for simulating the function
of an actuator.

For example, with reference to the embodiment shown in figure 10,

in the case of a boat 200 provided with two adjustable stern propellers
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situated respectively starboard and left, a starboard stern distance sensor
(fifth distance sensor S5) and starboard longitudinal stern distance sensor
(third distance sensor S3) may be used for simulating the function of a
starboard stern propeller, while a left stern side distance sensor (sixth
distance sensor S6) and a left stern longitudinal distance sensor (second
distance sensor S2) may be used to simulate a left stern propeller. In this
case, the force allocation logic will require a transverse force to the stern
propeller on the basis of the data provided by the stern sensor and a
longitudinal force on the basis of the data provided by the stern longitudinal
sensor; the thrust allocation logic will then control the stern propeller so as
to provide the required forces, e.g. by appropriately controlling the
orientation and the revolution of the propeller.

With reference again to figures 5, 6 and 7, it is worth noting that the
distance sensors are preferably installed on the boat so that the distance D,
along which the relative distance d is detected, by the aforesaid distance
operators between each distance sensor and the object 201, is
perpendicular respectively to the first reference axis N1 of the boat for the
side distance sensors and to the second reference axis N2 for the
longitudinal distance sensors.

In particular, again with reference to the aforesaid figures, the set
inclination angle of the direction D, along which the relative distance d
between the first sensor S1 and the object 201 is detected, with respect to
the first reference axis N1 of the boat 200 is preferably equal to 0° (and thus
preferentially equal to 90° if referred to the second reference axis N2 of the

boat 200), i.e. the aforesaid direction D coincides with the first reference

32



10

15

20

25

WO 2018/073731 PCT/IB2017/056425

axis N1 of the boat 200.

According to a further embodiment, it is further worth noting that the
first reference value R1 is equal to the second reference value R2.

According to a further embodiment, alternatively to the previous
one, the first reference value R1 is instead different from the second
reference value R2.

According to a further embodiment, it is further worth noting that the
second reference value R2 is equal to the third reference value R3.

According to a further embodiment, alternatively to the previous
one, it is further worth noting that the second reference value R2 is equal to
the third reference value R3.

With reference again to figure 8, the method 800 comprises a
symbolic step of ending ED.

It is worth noting that the object of the present invention is fully
achieved.

Indeed, as described above, the method of the invention comprises
specific functions for performing in completely autonomous and safe
manner the mooring maneuver which simulate, by means of the coordinated
action of the various actuators of the boat, the same physical effect of a
system of ropes and fenders applied at the distance sensors available on-
board.

Furthermore, the approaching maneuvers to a mooring quay is
carried out excellently also in presence of unfavorable wind conditions,
because the operator's intervention is made nearly unnecessary and the

use of ropes (winch and mooring) and of physical fenders until the end of
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the maneuver is actually replaced.

The method of the invention is based on the possibility of
simulating, by means of the coordinated management of the various
actuators present aboard by an automatic feedback control on the aforesaid
distance sensors, the same effect on the motion of the boat that the physical
systems would have.

In particular, the method of the invention advantageously makes it
possible to:

- carry out a generic mooring maneuver, such as for example getting
around an obstacle by turning the bow and/or crabbing, in entirely automatic
manner, i.e. without logics wired in the control system which require the
boat to operate a given sequence of predetermined movements;

- manage a generic combination of actuators, distance sensors, quay
and surrounding objects;

- manage a degree of maneuver flexibility and safety equivalent to
the use of a system of winches, ropes, fenders and boathooks by a
coordinated team operating on the quay and on the boat, by simulating the
same effects as the physical system by means of the coordinated action of
the actuators.

Furthermore, the method of the invention makes it possible to
directly compensate for the environmental disturbances during the
automatic mooring maneuver by means of so-called feed-forward action, i.e.
by algebraically adding to the deviation error feedback concerning the
position of the boat with respect to the reference values the action of the

wind forces, estimated in real time on the basis of a dynamic model of the
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boat and of the measurements of the anemometric sensor preferentially
included in the system.

Furthermore, the method of the invention further makes it possible
to remove from the feedback signal the periodical fluctuations due to the
possible residual swell in the harbor area in order not to move the actuators
and to deteriorate the operation of the automatic control system
unnecessarily.

Finally, the method of the invention preferentially also includes an
off-line operating method which allows the operator to simulate, by means of
a dynamic model of the boat, the desired mooring maneuver before is actual
performed to validate the start of the automatic step and to verify the risk
margin of the maneuver itself.

A person skilled in art may make changes and adaptations to the
method and respective system described above or can replace elements
with others which are functionally equivalent to satisfy contingent needs
without departing from the scope of protection of the appended claims. All
the features described above as belonging to one possible embodiment

may be implemented independently from the other described embodiments.
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CLAIMS
1. A method (800) for automatically controlling the mooring maneuver
of a boat (200) with respect to an object (201), said boat (200) being
provided with at least one first distance sensor (S1) configured to detect the
relative distance (d) between the first distance sensor (S1) and the object
(201) along a direction (D1) inclined with respect to a reference axis (N1,
N2) of the boat (200) by a set angle, the method (800) comprising the steps
of:
- detecting (801), by the first distance sensor (S1), the relative
distance (d) between the first distance sensor (S1) and the object (201)
along the direction (D1) inclined with respect to the reference axis (N1, N2)
of the boat (200) by a set angle;
- if the detected distance (d) is greater than a set first reference value
(R1):

- applying (802) to the boat (200), by one or more actuators of a
plurality of actuators (104) controlled by a data processing unit (101), a first
force (F1) having a first direction (vi) from the boat (200) to the object (201)
at the position of the first distance sensor (S1) along the direction (D1)
inclined with respect to the reference axis (A1) of the boat (200) by a set
angle, the step of applying (801) comprising a step of modulating (802") the
intensity of the first force (F1) as a function of the rate of change of the
relative distance (d) between the first distance sensor (S1) and the object
(201) so as to ensure that the boat (200) moves along the direction (D1),
inclined with respect to the reference axis (N1, N2) of the boat (200) by a

set angle, at a speed having a constant value equal to a set reference value
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(VREF);
- if the distance (d) detected by the first distance sensor (S1) is
smaller than a set second reference value (R2):

- applying (803) to the boat (200), by one or more actuators of the
plurality of actuators (104) controlled by the data processing unit (101), a
second force (F2) having a second direction (v2) from the object (201)
towards the boat (200) at the position of the first distance sensor (S1) along
the direction (D1) inclined with respect to the reference axis (N1, N2) of the
boat (200) by a set angle, the step of applying (803) the second force (F2)
comprising a step of modulating (803') the intensity of the second force (F2)
so that it increases as the relative distance (d) between the first distance
sensor (S1) and the object (201) decreases;

- if the distance (d) detected by the first distance sensor (S1) is
greater than a set third reference value (R3):

- applying (804) to the boat (200), by one or more actuators of the
plurality of actuators (104) controlled by the data processing unit (101), a
third force (F3) having the first direction (vi) from the boat (200) towards the
object (201) at the position of the first distance sensor (S1) along the
direction (D1) inclined with respect to the reference axis (N1, N2) of the boat
(200) by a set angle, the step of applying (804) the third force (F3)
comprising a step of modulating (804') the intensity of the third force (F3) so
that it increases as the distance (d) detected between the first distance
sensor (S1) and the object (201) increases.

2. A method (800) according to claim 1, if the step of applying (802)

the first force (F1) is being carried out, further comprising a step of
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interrupting (805), by one or more actuators of the plurality of actuators
(104) controlled by the data processing unit (101), the step of applying (804)
the third force (F3).

3. A method (800) according to any one of the preceding claims, if the
step of applying (804) the third force (F3) is being carried out, further
comprising a step of interrupting (806), by one or more actuators of the
plurality of actuators (104) controlled by the data processing unit (101), the
step of applying (802) the first force (F1).

4. A method (800) according to any one of the preceding claims,
wherein the step of applying (803) the second force (F2) is carried out, by
one or more actuators (104) controlled by the data processing unit (101), at
the same time as the step of applying (802) the first force (F1).

. A method (800) according to any one of the preceding claims from 1
to 3, wherein the step of applying (803) the second force (F2) is carried out,
by one or more actuators of the plurality of actuators (104) controlled by the
data processing unit (101), at the same time as the step of applying (804)
the third force (F3).

6. A method (800) according to any one of the preceding claims,
comprising a step of setting (807), by an operator by means of the use of a
control panel (102) operatively connected to the data processing unit (101),
the step of applying (802) the first force (F1), the step of applying (803) the
second force (F2) and the step of applying (804) the third force (F3) before
starting the mooring maneuver of the boat (200), either alternatively or in
combination.

7. A method (800) according to any one of the preceding claims,
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comprising a further step of setting (808), by an operator by means of the
use of a control panel (102) operatively connected to the data processing
unit (101), the step of applying (802) the first force (F1), the step of applying
(803) the second force (F2) and the step of applying (804) the third force
(F3) at any instant during the mooring maneuver of the boat (200).

8. A method (800) according to any one of the preceding claims,
further comprising a step of interrupting (809), by an operator by means of
the use of a control panel (102) operatively connected to the data
processing unit (101), the step of applying (802) the first force (F1), the step
of applying (803) the second force (F2) and the step of applying (804) the
third force (F3) during the mooring maneuver of the boat (200).

9. A method (800) according to any one of the preceding claims,
further comprising a step of temporarily disabling (810), by an operator by
means of the use of a control panel (102) operatively connected to the data
processing unit (101), the step of applying (803) the second force (F2)
during the mooring maneuver of the boat (200) to allow a manual control of
the boat (200) by the operator.

10. A method (800) according to any one of the preceding claims,
comprising a further step of temporarily disabling (811), by an operator by
means of the use of a control panel (102) operatively connected to the data
processing unit (101), the step of applying (802) the first force (F1) and the
step of applying (804) the third force (F3) during the mooring maneuver of
the boat (200) to allow a manual control of the boat (200) by the operator.
11. A method (800) according to any one of the preceding claims,

wherein the object (201) develops parallel to a respective reference axis
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(A1) of the maneuver plane (P1), the method (800) further comprising the
steps of:

- detecting, by an anemometric type sensor (107) operatively
connected to the data processing unit (101), speed and direction of the wind
on the maneuver plane (P1) with respect to the reference axis (N1) of the
boat (200);

- determining, by the data processing unit (101), a triad of
aerodynamic forces and moment on the maneuver plane (P1) based on the
speed and direction of the wind detected by the anemometric type sensor
(107);

- applying, by one or more actuators of the plurality of actuators (104)
controlled by the data processing unit (101), the triad of aerodynamic forces
and moment at the first sensor (S1) in addition, by means of a feed-forward
action, to one or more of the first force (F1), the second force (F2) and the
third force (F3).

12. A method (800) according to any one of the preceding claims,
wherein the first set reference value (R1) is equal to the second set
reference value (R2).

13. A method (800) according to any one of the preceding claims from 1
to 11, wherein the first set reference value (R1) is different from the second
set reference value (R2).

14. A method (800) according to any one of the preceding claims,
wherein the second set reference value (R2) is equal to the third set
reference value (R2).

15. A method (800) according to any one of the preceding claims from 1
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to 13, wherein the second set reference value (R2) is different from the third
set reference value (R3).
16. A system (100) for automatically controlling the mooring maneuver
of a boat (200) with respect to an object (201), comprising:
- a data processing unit (101);
- a control panel (102) for an operator, operatively connected to the
data processing unit (101);
- a plurality of distance sensors (103), each of which is operatively
connected to the data processing unit (101), each distance sensor of said
plurality of distance sensors (103) being configured to detect a relative
distance (d) between the distance sensor (S1) and the object (201) along a
direction (D1) inclined with respect to a reference axis (N1, N2) of the boat
(200) by a set angle;
- a plurality of actuators (104), each of which operatively connected to
the data processing unit (101), each actuator of said plurality of actuators
(104) being configured to apply one or more forces, the force being applied
in a force application point corresponding to a position of a distance sensor
(S1), the force being applied along the direction (D1) inclined with respect to
the reference axis (N1, N2) of the boat (200) by the set angle, in order to
move the boat (200),

the data processing unit (101) being configured to execute the steps
of the method (800) for automatically controlling the mooring maneuver of
the boat (200) with respect to the object (201) according to any one of the
preceding claims.

17. A system (100) according to claim 16, further comprising:
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- at least one reference sensor (105) of the direction of the boat (200)
on three axes belonging to the maneuver plane (P1), operatively connected
to the data processing unit (101);

- at least one reference sensor (106) of the position of the boat on the
maneuver plane (P1), operatively connected to the data processing unit
(101);

- at least one anemometric type environmental detection sensor (107)
of the boat (200), operatively connected to the data processing unit (101);

- a video unit (108), operatively connected to the data processing unit
(101), configured to acquire a 360-degrees view of the environment

surrounding the boat (200).
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